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9月5日(水)

8:20 
受付開始 8:20-
講演開始以30-

-・・・・聞・・・岨圃・・・・・・・・・・・・司・岡...・・・・圏直且司置.......・・・・・・M・z・・ E・...........
9:20 

オープニング

9:30 
一般講演 5件

(ナノチューブ、の生成と精製・
ナノチューブ、の物性)

9:30-10:45 

10:45 
休憩 10:45-11:00 

11 :00 
特別講演
(岡崎俊也)
11・00-11:30 

11 :30 一般講演 4件
(フラーレンの化学園
金属内包フラーレン)

11 :30-12:30 

12:30 
昼食

(幹事会)
12:30-13:45 

13:45 一般講演 3件
(フラーレンの応用)

13:45-14:30 

14:30 
特別講演

(Kosmas Prassides) 
14:30-15:00 

15:00 
休憩 15:00-15:15

15‘15 

一般講演 4件
(グラフェンの応用)

15:15-16:15 

16:15 
特別講演
(尾辻泰一)
16:15-16:45 

16:45 
休憩 16:45-17:00

17:00 
ポスタープレピ、ユー
(1 P-1 - 1 P-50) 

17:00-17・50

17:50 

ポスターセッション
17・50-19:35

19:35 

フログラム早見表

9月6日(木)

8:30 
受付開始 8:30-
講演開始 9:00-

9:00 

大津賞受賞対象者講演
4件

飯島賞受賞対象者講演
2件

9:00-11 :00 

11 :00 
休憩 11:00-11 : 1 5 

11・15
基調講演
(水谷孝)

11 :15-12:00 

12・00
昼食

12:00-13:00 

13:00 
若手奨励賞表彰式

13・15
総会

13:15-13:45 

13:45 ポスタープレピ、ユ一
(2P-1 - 2P-41) 

13:45-14:25 

14:25 

ポスターセッション
14:25-16:10 

16・10

フォーラム
安全安心社会とナノ科学技術
(含.東日本大震災現地調査)

16:10-18:30 

18・30

懇親会
(ウヱスティンホテル)

18・30-20:30

20:30 

9月7日(金)

8:30 受付開始 8:30-
講演開始以00-

9:00 一般講演 5件
(ナノチューブ、の生成と精製・

ナノチューブ、の応用・
内包ナノチューブ)

9:00-10:15 

10:15 休憩 10:15-10:30

10:30 

一般講演 4件
(ナノチューブ、の物性)

10:30-11 :30 

11 :30 特別講演
(R. Mohan Sankaran) 

11念0-12:00

12:00 
昼食

12:00-13・15

13:15 

一般講演 6件
(グラフェンの物性)

13・15-14・45

14:45 特別講演
(吾郷浩樹)
14:45-15:15 

15:15 
休憩 15:15-15:30

15:30 
一般講演 3件

(ナノホーン・ナノ炭素粒子)
15:30-16幽15

16:15 

ポスタープレピ、ユー
(3P-1 - 3P-42) 

16:15-17:00 

17:00 

ホ。スターセッション
17:00-18:45 

18:45 

基調講演発表40分・質疑5分
特別講演発表25分・質疑5分
大津賞飯島賞対象者講演

発表10分・質疑10分
一般講演発表10分固質疑5分
ホ。ス9ープレビュ一発表1分・質疑なし



September 5 [W ed.] 
8:20| Registration begins at 8:20 

Lecture begin at 9:30 
ーーーーーーー 一 ー ー ー ー ー ー ー ー ー

Opening 

9:30 General Lectures [5] 

[Fonnation and Purification of 

Nanotubes . Properties of 

Nanotubes] 

9:30-10:45 
10:45 

Coffee Break 10:45-11 :00 

11:00 Special Lecture 

[T. Okazaki] 

11 :00-11 :30 

General Lectures [4] 

[Chemistry ofFullerenes . 

Endohedral Metallofullerenes] 

11:30開 12:30

Lunch 

[Administrative Meeting] 

12:30-13:45 

General Lectures [3] 

[Applications of Fullerenes] 

13:45-14:30 

Special Lecture 

[K. Prassides] 

14:30-15:00 

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

15:15 

General Lectures [4] 

[Applications of Graphene] 

15: 15司 16:15

Special Lecture 

[T. Otsuji] 

16:15-16:45 

16:45 
Coffee Break 16:45-17:00 

17:00 
Poster Preview 

[1P-1 through 1P-50] 

17:00-17:50 

Poster Session 

17:50嗣 19:35

19:35 

Time Table 

September 6 [Thu.] 

8:30 Registration begins at 8:30 

Lecture begin at 9:00 

9:00 

General Lectures [6] 

Lectures by Candidates 

for the Osawa Award 

and the Iijima Award 

9:00-11:00 

11:00 
Coffee Break 11 :00司 11:15

11: 15 
Prenary Lecture 

[T. Mizutani] 

11:15-12:00 

12:00 Lunch 

12:00-13 :00 

13:00 
Poster Awards Ceremony 

13:15 General Meeting 

13:15-13:45 

13:45 Poster Preview 

[2P-1 through 2P-41] 

13:45-14:25 

14:25 

Poster Session 

14:25-16:10 

16:10 

Forum 

Safety . Security Society and 

Nano Science . Technology 

[Field investigation ofthe 

Great East J apan Earthquake 

included] 

16:10-18:30 

18:30 

Banquet 

[Westin Hotel] 

18:30-20:30 

一20:30 

II 

September 7 [Fri.] 

8:301 Registration begins at 8:30 

Lecture begin at 9:00 

General Lectures [5] 

[Fonnation and Purification of 

Nanotubes . Applications of 

Nanotubes . Endohedral 

Nanotubes 
10:15 

Coffee Break 10: 15-10:30 

10:30 

General Lectures [4] 

[Properties ofNano印bes]

10:30-11 :30 

Special Lecture 

[R. Sankaran] 

11:30-12:00 

Lunch 

12:00-13:15 

General Lectures [6] 

[Properties of Graphene] 

13:15-14:45 

Special Lecture 

[H. Ago] 

14:45-15:15 

15:15 
Coffee Break 15:15-15:30 

15:30 General Lectures [3] 

[Nanohoms . Carbon 

N anoparticles] 

15:30-16:15 

Poster Preview 

[3P-1 through 3P・42]

16: 15-17:00 

17:00 

Poster Session 

17:00-18:45 
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座長一覧

9月5日(水) (敬称略)

時 間 座 長

一般講演 9:30 ，、.; 10・45 小松直樹

特別講演(岡崎) 11 :00 ，、.; 11 :30 松田一成

一般講演 11 :30 ，、d 12:30 阿 知 波 洋 次

一般講演 13:45 '‘、， 14:30 村 田 靖 次 郎

特別講演 (Prassides) 14:30 ，、.; 15・00 赤阪健

一般講演 15:15 ，.." 16:15 宮本良之

特別講演(尾辻) 16・15 ，、.; 16:45 畠山力=

ポスタープレピ、ュー 17:00 ，、.; 17:50 小久保研

ポスターセッション 17:50 向、， 19:35 高 野 勇 太

9月6日(木)

時 間 座 長

大津賞対象者講演
北浦良9:00 ，、.; 11 :00 

飯島貰対象者講演

基調講演(水谷) 11 :15 ~ 12:00 丸 山 茂 夫

ポスタープレビュー 13:45 ，、.; 14:25 干足昇平

ポスターセッション 14:25 ，、.; 16:10 小林慶太

フォーラム 16・10 ，、.; 18:30 田路和幸

9月7日(金)

時 聞 座 長

一般講演 9:00 ~ 10:15 片 浦 弘 道

一般講演 10・30 ，、.; 11 :30 前田優

特別講演 (Sa山aran) 11 :30 ，、d 12・00 金子俊郎

一般講演 13:15 ，、.. 14:45 岡田晋

特別講演(吾郷) 14:45 ，、.; 15:15 野田優

一般講演 15:30 ，、.; 16:15 若林知成

ポスタープレピ、ュー 16:15 '‘句， 17:00 梅 山 有 和

ポスターセッション 17:00 ，、.; 18:45 阿多誠介

111 



9月5日(水)

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

一般講演 (9:30-10:45)
ナノチューブ、の生成と精製・ナノチューブの物性

1-1 カイラリティ制御における2元金属触媒の効果 7 

0阿知波洋次，見玉健，橋本健朗，城丸春夫，岡崎俊也

1-2 X線照射した二層カーボ、ンナノチューブFのラマン散乱研究 8 

0村上俊也，山本勇樹，木曽田賢治，伊東千尋

1-3 単層カーボ、ンナノチューブへの電気化学的手法によるヨウ素ドープ 9 

0)11崎晋司，ソンハヨン，アルズパイディアヤル，石井陽祐，酒井武信

1-4 単層カーボンナノチューブの選択的化学反応 10 

0前回優，天谷優里，肥後淳基，松井淳，山田道夫，長谷川正， Lu ]ing，永瀬茂，
赤阪健

1-5 拡散フ。ラズマ反応による窒素置換単属カーボ、ンナノチューブの合成と電気伝導特性 11 

0加藤俊顕，村越幸史，安久津誠，畠山力三，金子俊郎

>>>>>休憩 (10:45-11:00) くくくく<

特別講演 (11:00-11 :30) 

1 S-1 カーボンナノチューブr複合物質の創製と評価

岡崎俊也

一般講演 (11:30-12:30) 
フラーレンの化学・金属内包フラーレン

1-6 C70への求核的環式付加反応:反応性の振電相互作用密度解析 12 

0春田直毅，佐藤徹，田中一義

1-7 Thermodynamic Stability and Exohedral Derivatization of Hepta-Fullerene 13 

OWang Wei-Wei， Dang ]ing-Shuang， Xiang Zhao 

1-8 リチウムイオン内包フラーレンの電子移動還元反応 14 

0大久保敬，川島雄樹，福住俊一

1-9 塩化チタンによる金属フラーレンの迅速分離 15 

0秋山和彦，竹内絵里奈，王志永，千葉和喜，中西勇介，野田祥子，篠原久典

>>>>>昼食(12:30ー13:45) くくくく<

一般講演(13:45-14:30) 
フラーレンの応用

ト10 フラーレン添加GaAs薄膜の結晶学的特性

O西永慈郎，堀越佳治

lV 

16 



9月5日(水)

ト11 有機薄膜太陽電池変換効率に対するホスホン酸エステルを有するフラーレン誘導体の側 17 
鎖による影響

O三浦匠悟， Jaebuem Oh， Misun Ryu， Haeseong Lee， Jin Jang，朴鐘震，森山広思

ト12 水溶性水酸化フラーレンを用いたCu一CMP研磨スラリーの新世代 18 

0小久保研，林照剛，田名田祐樹，田近英之，岸田裕貴，鹿野和昌，村井亮太
道畑正岐，大島巧，高谷裕浩

特別講演 (14:30-15:00) 

1 S-2 Superconductivity proximate to antiferromagnetism in fullerene superconductors 2 

Kosmas Prassides 

>>>>>休憩(15:00-15:15) くくくくく

一般講演 (15:15-16:15)
グラフェンの応用

ト 13 ポノレフィリンが共有結合で修飾された化学変換グラフェンの合成と光物性 19 

0梅山有和，三原潤也，今堀博

ト14 ポリグリセロール修飾による水溶性グラフェンの合成 20 

0保田徳，超手Ij，劉剛，青沼秀児，木村隆英，小松直樹

ト15 グラフェン FETデバイスを用いたTHz波検出とGHz帯伝送 21 

Oマハジューブpアカラム，阿部拓斗，磯優平，大内隆寛，鈴木信一，福田秀人，青木
伸之，宮本克彦，尾松孝茂，バードジョナサン，フェリーデ、イビッド，石橋幸治，落合
勇一

1-16 Synthesis of carbon nanosheet films from a solid carbon source and their applications to 22 
solar cell 

uZhipeng Wang， Mao Shoji， Toshiyuki Ito， Hironori Ogata 

特別講演 (16:15-16:45) 

1 S-3 グラフェンテラヘノレツ波レーザーの創出に向けて

尾i士泰一，佐藤昭，リズィーヴィクトール

>>>>>休憩(16:45-17:00) くくくくく

ポスタープレビュー(17:00-17:50) 
ポスターセッション(17:50-19:35) 
フラーレン

(肯)若手奨励賞候補

3 

1 P-1 C60-C70 2成分フラーレンナノウイスカーの成長研究 47 

0平田千佳，下村周一，若原孝次，宮津薫一

1 P-2 C60フラーレンにおける近赤外フェムト秒ノ《ノレス誘起振動ダイナミクス:時間依存断熱状態 48 

会 法によるシミュレーション

O山崎馨，中村尭祉，新津直幸，菅野学，河野裕彦

V 



9月5日(水)

1P-3 光励起によるC60フラーレン解離の動力学の理論的研究

O中村尭祉，新津直幸，菅野学，河野裕彦，上田潔

1 P-4 C26からなる二次元炭素結晶相の構造と電子状態

安 O丸山実那，岡田普

1 P-5 C60tこ内包された水分子の電子密度分布

0青柳忍，佐道祐貴，北浦良，篠原久典，西田智子，村田靖次郎

1P-6 フラーレン成長機構再考

斎藤晋

フラーレンの化学

1 P-7 Fullerene Growth Mechanism and Regioselectivity of Dimeric Carbon Addition 

ODang Jing-Shuang， Wang Wei-Wei， Xiang Zhao 

1P-8 塩化第二鉄を利用するフラーレン誘導体のレトロ反応

0橋口昌彦，上野隆生，松尾豊

1 P-9 アザフレロイドのambidentな塩基性に起因する酸触媒芳香族化反応

0伊熊直彦，土井佑太，三木江翼，中川|晃二，小久保研，大島巧

49 

50 

51 

52 

53 

54 

55 

1P-10 ポリヒドロキシフラーレンの近赤外レーザー誘起振動ダイナミクスと高温状態の反応に関 56 
する理論的研究

O池田旭伸， Naoyuki Niitsu， Manabu Kanno， Stephan Irle，日irohikoKono 

1 P-11 高親水性かっ非界面活性な両親媒性コニカルフラーレンによる固体分散 57 

女 O新田寛久，原野幸治，中村栄一

1 P-12 アルコールー水混合溶媒中における水酸化フラーレンの凝集挙動に対するマジックナン 58 
ノミー効果

O中村友治，上野裕，伊熊直彦，小久保研，大島巧

1 P-13 Synthesis and Photophysical Properties of [60JFullerene-Cobalt Dyads and Triads 59 

*" 0丸山優史， Drik M. Guldi，中村栄一，松尾豊

1P-14 アルコキ、ンフラーレンの選択的合成と分子構造:アノレコールによるオクタプロモフラーレン 60 
の置換反応

O内山幸也，森山広思，与座健治

金属内包フラーレン

1P-15 金属内包フラーレン生成における選択性の発現機構

0阿知波洋次，児玉健，橋本健朗，城丸春夫

1 P-16 医療応用を目指したカルボ、キシ金属フラーレンの合成に関する研究

0竹内絵里奈，秋山和彦，川端庸平，久冨木志郎

1 P-17 カチオン内包アニオンナノ粒子:リチウム内包水酸化フラーレンの合成

大 O上野裕，中村友治，伊熊直彦，小久保研，大島巧

Vl 
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9月5日(水)

1 P-18 The Origin and Mechanism of Non-HPLC Rapid Purification of Metallofullerenes with 64 
TiCl4 

0王志永，中西勇介，野田祥子，秋山和彦，篠原久典

1 P-19 Single-crystal X -ray structural analyses of a series of divalent Yb@Cg2 isomers: 65 

女 Yb@Cs(6)-CS2，Yb@C2(5)-CS2， Yb@C2v(9)-CS2 

0鈴木光明，Xing Lu， Zdenek Slanina，溝品木直美，永瀬茂， Marilyn M. Olmstead， 
Alan L. Balch，赤阪健

1P-20 プラズマ電位制御によるフラーレンへの窒素内包向上

0超順天，畠山力三，金子俊郎

66 

1 P-21 Application of MCD Spectroscopy and TD-DFT to Endohedral Metallofullerモnes.New 67 
lnsights into Characterization of Their Electron Transitions 

O山田道夫， Zdenek Slanina，溝日木直美，村中厚哉，前回優，永瀬茂，赤阪健，
小林長夫

1 P-22 [Li@C60](PF6)塩からのLi@C60単分子層の作製

O山田洋一，田中健，佐々木正洋，笠間泰彦，河地和彦，境誠司

1P-23 リチウム内包フラーレンクラスターのキャラクタリゼーション

0樺堪相，小松健一郎，奥田慎一，河地和彦，笠間泰彦，遠藤智明

フラーレンの応用

68 

69 

1P-24 水酸化フラーレンの形態制御と固体物性 70 

0馬場啓輔，伊藤寿之，緒方啓典

1P-25 水溶性フラーレンベシクルの疎水性表面上におけるポリマ一ナノカブρセルのテンフ。レート 71 
女 合成

Oゴ、/レゴルリカルドミゾグチ，原野幸治，中村栄一

1P-26 光渦の集光照射によるフラーレン薄膜の光重合

1:< 0鳥海直人，土井達也，籾山大輝穐山航宮本克彦尾松孝茂，ジョナサンバー 72 
ド，青木伸之，落合勇一

1P-27 水溶性アミノフラーレン誘導体を用いたsiRNAデリバリー 73 

0南時輔，岡本好司，野入英世，原野幸治，中村栄一

ナノチューブ、の生成と精製

1P-28 分子ノギスによる単層カーボンナノチューブの直径分離 74 

0小松直樹，劉岡11，木村隆英

1P-29 単層CNTのCVD合成過程の分子動力学:オクトパスとVLSモード 75 

0丸山茂夫，久間馨，野口拓哉，川鈴木智哉，高木勇輝，塩見淳一郎，千足昇平

1P-30 触媒微粒子アレイの調整方法による単層CNTフォレストの構造制御 76 

0桜井俊介，稲熊正康，フタパドン，湯村元雄，畠賢治

1P-31 らせん型最短ナノチューブのボ、トムアッフ。化学合成

女 0-杉俊平，中西和嘉，山崎孝史，磯部寛之

Vll 
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9月5日(水)

1P-32 アルコール濃度制御による単層カーボ、ンナノチューブの凝集体の形成と高純度化 78 

0河合英輝，長谷川凱，藤原正澄，竹内繁樹，片浦弘道，中津亨，柳和宏

1P-33 多孔質ガラスを用いたACCVD法により作製した単層カーボンナノチューブFの分散 79 

伊藤洋介， 0鈴木信二，長津浩，小野晶，阿知波洋次

1P-34 表面分解法によるカーボンナノチューブ生成のその場NEXAFS測定 80 

0丸山隆浩，石黒祐樹，榊原悟史，成塚重弥，雨宮健太

1P-35 高真空ガスソース法によるZnu( 0001 )Zn面へのカーボンナノチューブ成長の試み 81 

0河合起，成塚重弥，丸山隆浩

1P-36 高真空アルコールガスソース法によるPt触媒からの単層カーボンナノチューブの低温成 82 

長

0近藤弘基，福岡直也， Y oshihiro Mizutani，ラナジットゴーシ，成塚重弥，丸山隆浩，
飯島澄男

1P-37 SiC表面分解カーボンナノチューブ生成において成長温度が成長速度に与える影響 83 

0矢嶋孝敏，榊原悟史，成塚重弥，丸山隆浩

1P-38 SDS溶液中におけるカーボ、ンナノチューブとゲ、ノレの相互作用の熱力学:金属型/半導体 84 

* 型分離の理解に向けて

0平野篤， Takeshi Tanaka， Hiromichi Kataura 

1P-39 安定的電界誘起層形成法による半導体型単層カーボンナノチューブ高純度分離 85 

ヲた O佐々木扶紗子，井原和紀，斎藤毅，二瓶史行

1P-40 ロゼッタ型冷却容器を用いたプローブ戸型超音波照射による単属カーボンナノチューブの 86 
可溶化

0倉淵祐太， Tatsuki Yasumitsu， Gang Liu， Jean-Marc Leveque， Shinji Aonuma， 
Laurent Duclaux， Takahide Kimura， Naoki Komatsu 

1P-41 The simplest separation of single一chiralitycarbon nanotubes by temperature-controlled 87 
gel chromatography 

0劉華平，卜部泰子，田中丈士，片浦弘道

1P-42 湿式微粒化装置を用いてカゼ、イン水溶液に分散したSW-CNTに対するダメージの評価 88 

0高島正，井上大輔，前回寧，小野慎

1P-43 CVD法における単層カーボンナノチューブ合成の触媒としてのナノタマイヤモンドの安定性 89 

0海野貴徳，中村謙太，井上泰輝，平松典大，千足昇平，本間芳和，丸山茂夫

1P-44 13C炭素源を利用したeDIPS法CNT成長機構に関する解析検討 90 

0平井孝佳，星和明，桑原有紀，柴田怜那，清宮維春，仲野瞬，斎藤毅

1P-45 水平配向単層カーボンナノチューブ?の合成:触媒担持法および水晶表面の影響 91 

0井ノ上泰輝， Grace Meikle， Sai乱lllahBadar，長谷川大祐，千足昇平，丸山茂夫

1P-46 カイラリティ分布の狭い単層カーボ、ンナノチューブの大量合成に向けたパノレスフ。ラズ、マ 92 

1た CVD

0村越幸史，加藤俊顕，畠山力三，金子俊郎

Vlll 



9月5日(水)

1P-47 ガラスビーズろ過法による超長尺SWCNTの分離 93 

0片浦弘道，都築真由美，藤井俊治郎，日中丈士

1P-48 金属ナノ粒子を触媒としたカーボンナノ材料の合成 94 

0パラチャンド、ランジャヤデワン，長田至弘，佐藤義倫，砂山裕貴

ナノホーン

1P-49 シンパスタチン担持カーボ、ンナノホーンが骨形成に与える影響 95 

O山内貴紀子，松村幸子，飯塚正，芝清隆，湯田坂雅子，飯島澄男，横山敦郎

ナノ環境と安全評価

1 P-50 Biodistribution and biocompatibility of water-soluble carbon nanotubes 96 

uShigeaki Abe， Sachiko Itoh， Toshihisa Kobayashi， Takayuki Kiba， Tsukasa Akasaka， 
Yasutaka Yawaka， Shin-Ichiro Sato， Motohito Uo， Fumio Watari， Daisuke Hayashi， 
Tomoya Takada 

lX 



9月6日(木)

基調講演 発表40分 ・ 質疑応答5分
大津賞飯島賞対象者講演発表10分 ・ 質疑応答10分
ポスタープレビュー 発表1分 ・ 質疑応答なし

大津賞対象者講演 (9:00-10:20)

2-1 

2-2 

2-3 

Synthesis of Endohedral Fullerene c60 Encapsulating a Single Molecule of Water 

O黒飛敬，村田靖次郎

陽イオン内包フラーレン， [Lt@C60]，の化学

O岡田洋史，丸山優史，小室貴士，渡遁孝仁，笠間泰彦，飛田博実，松尾豊

金属内包フラーレンを鍵分子とした分子内電子授受システムの構築

0高野勇太， Naomi Mizorogi， M. Angeles Herranz， Nazario Martin， Dirk M. Guldi， 
Shigeru Nagase， Takeshi Akasaka 

23 

24 

25 

2-4 Room Temperature Observation of Single-Electron Tunneling via Fullerene Quantum 26 
Dots in a Si-based Device Structure 

0早川竜馬， Chikyow Toyohiro， Yutaka Wakayama 

飯島賞対象者講演 (10:20ー11:00) 

2-5 A patternable CNT-Cu composite possessing hundred-times higher electrical current- 27 
carrying-capacity than metals 

OChandramouli Subramaniam， Takeo Yamada， Don N. Futaba， Motoo Yumura， Kenji 
Hata 

2-6 Effect of Mechanical Strain on Polycrystalline Graphene 

OMark Bissett， Wataru Izumida， Riichiro Saito， Hiroki Ago 

>>>>>休憩(11 :00-11 : 15) くくくくく

基調講演 (11:15-12:00) 

2S-4 グラフェン電極を有するカーボンナノチューブ電界効果トランジスタ

水谷孝

>>>>>昼食(12:00-13:00) くくくくく

若手奨励賞表彰式(13:00-13:15) 

総会 (13:15-13:45)

ポスタープレビュー(13:45-14:25) 
ポスターセッション (14:25-16:10)
ナノチューブの物性

(女)若手奨励賞候補

28 

4 

2P-1 ホールドープ単層カーボンナノチューブにおける発光スペクトルの温度依存性 97 
0毛利真一郎，岩村宗千代，秋月直人，宮内雄平，松田一成

X 



9月6日(木)

2P-2 CNT分散溶液の凝集状態評価 98 

0永徳丈，丹下将克，加藤晴久，岡崎俊也

2P-3 単層カーボンナノチューブのRBMへの水蒸気の影響に関する分子動力学計算 99 

0本間直樹，佐藤慎太郎，千足昇平，本間芳和，山本貴博

2P-4 X線光電子分光法を用いたCNT表面官能基の評価 100 

0二井裕之，野口俊輔，本行乾一，中川浜二

2P-5 有限長の金属単層ナノチューブ、におけるデ、イラックコーン傾斜とノギススベクトノレ 101 

0泉田渉，辰巳由樹，粛藤理一郎

2P-6 Theorγof electronic Raman scattering in metallic single wall carbon nanotubes 102 

* OEddwi H. Hasdeo， Ahmad R.T. Nugraha，佐藤健太郎，粛藤理一郎

2P-7 Excitonic effects on coherent phonons in single wall carbon nanotubes 103 

* Oヌグラハアフマドリドワントレスナ，サンダースゲイリー，クリストアアースタントン，粛藤
理一郎

2P-8 Thermoelectric Power of Metallic and Semiconducting Single-Wall Carbon Nanotube 104 
Buckypaper 

0本田和也， Yusuke Nakai， Kazuhiro Yanagi， Yutaka Maniwa 

2P-9 電界下における水素終端カーボンナノチューブの静電ポテンシャル 105 

* O山中綾香，岡田晋

2P-10 Analysis of Operation Mechanisms of SWNT Network Field-Effect Transistors Studied 106 
τた via Scanning Gate Microscopy 

OMasahiro Matsunaga， Xiaojun Wei， Kenji Maeda， Tatsurou Yahagi， Kazuaki Tanaka， 
]onathan P. Bird， Koji Ishibashi， Yuichi Ochiai， Nobuyuki Aoki 

2P-11 キャリアドープした単層カーボンナノチューブの発光励起分光 107 

大 0秋月直人，岩村宗千代，毛利真一郎，宮内雄平，松田一成

2P-12 Coherent AC Transport in Metallic Carbon Nanotubes with Disorder 108 

* 0平井大介，山本貴博，渡遺聡

2P-13 Electronic States in Flattened Carbon Nanotubes with E汀ective-Mass Approximation 109 

O中西毅，安藤恒也

2P-14 超微小径単層カーボンナノチューブPの光学特性 110 

O中村俊也，宮田耕充，犬飼恵理，北i甫良，片浦弘道，篠原久典

2P-15 Non-linear and Non-planar Free Thermal Vibration of Single-walled Carbon 111 
Nanotubes in Molecular Dynamic Simulation 

OHeeyuen Koh， ]ames Cannon， Shohei Chiashi， ]unichiro Shiomi， Shigeo Maruyama 

2P-16 CNT-SiC界面における電流挙動 112 

0稲葉優文，渋谷恵大原一慶落合拓海増田佳穂，平岩篤，楠美智子，川原
田洋

Xl 



9月6日(木)

2P-17 Raman Imaging Spectroscopy of Horizontally Aligned Single-Walled Carbon Nanotubes 113 
on Crystal Quartz 

OSai乱ulahBadar， Daisuke Hasegawa， Taiki Inoue， Shohei Chiashi， Shigeo Maruyama 

2P-18 孤立架橋した二層カーボンナノチューブの作製と評価

0北河友世，北浦良，宮内雄平，宮田耕充，松田一成，篠原久典

2P-19 多層カーボンナノチューブフォレストの結晶構造解析

0古田寛，八回章光

ナノチューブ、の応用

2P-20 単層カーボンナノチューブ シリコンヘテロ接合太陽電池の光電変換特性

0小津大知，平岡和志，宮内雄平，毛利真一郎，松田一成

2P-21 Micro-fabrication of stretchable and robust interconnects of conductive CNT rubber 
on a stretchable substrate 

OAtsuko Sekiguchi， Tekao Yamada， Kazufumi Kobashi， Motoo Yumura， Kenji Hata 

2P-22 複合材の導電性を向上させる単層カーボ、ンナノチューブの分散構造

0す好苑，山下基，阿多誠介，湯村守雄，畠賢治

2P-23 スーパーグロース単層CNT導電性ゴ、ムの大量生産を目指した押し出し成形の開発

0阿多誠介，水野貴瑛，す好苑，湯村守雄，畠賢治

2P-24 単一(6，5)カイラリティ単層カーボンナノチューブ厚膜におけるイオンゲ、ルトランジスタ

0工藤光，野房勇希，片浦弘道，竹延大志，柳和宏

2P-25 反応射出成型法を用いたポリマー/カーボンナノチューブ、樹脂複合体の合成と電気特
'性評価

0ホアンテバン，重田真宏，上島貢

2P-26 ビオチン修飾二層カーボンカーボンナノチューブを用いた特異的バイオセンサーの作
製

0長屋祐香，久野晃弘，土屋好司，矢島博文

2P-27 酸化2層カーボンナノチューブへのマンノースの修飾とバイオセンサーへの応用

0武居修平，久野晃弘，土屋好司，矢島博文

2P-28 Dip法による高密度で、均一なカーボ、ンナノチューブP薄膜形成

会 0清水麻希，藤井俊治郎，田中丈士，片浦弘道

2P-29 Conduction-Type Control of Carbon Nanotube Field-Effect Transistors by Pd and Ti 
Overlayer Doping 

OSatoshi Ishii， Masato Tamaoki， Shigeru Kishimoto， Takashi Mizutani 

114 

115 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

2P-30 Switchable thermal conductivity enhancement of phase change composites with single 126 "* walled carbon nanotube inclusions 

OSivasankaran Harish， Kei Ishikawa， Taiki Inoue， Shohei Chiashi， Junichiro Shiomi， 
Shigeo Maruyama 

Xll 



9月6日(木)

2P-31 その場電子顕微鏡法によるカーボンナノチューブ/金ナノ粒子接合の作製と電気伝導 127 

*" 測定

0苅回基志，安坂幸師，中原仁，斎藤弥八

2P-32 気液界面プラズマを用いた間隔制御ナノ粒子複合カーボンナノチューブ〉の合成 128 

2P-33 

0金子俊郎，陳強，畠山力三

Electrochemical durability of single-wall carbon nanotube electrode against anodic 
oxidation in water 

0大森滋和，斎藤毅

129 

2P-34 ポリスチレン粒子を用いたパターンニングpしたカーボ、ンナノチューブ薄膜 130 

0葉原有紀，平井孝佳，斎藤毅

2P-35 セシウム内包単層カーボ、ンナノチューブによる安定なpn接合形成 131 

*" 0安彦嘉浩，加藤俊顕，畠山力三，金子俊郎

2P-36 スーパーキャパシタに向けたナノチューブベース・カーボ、ン白立膜の開発 132 
0キンテーロレストレポリカルド，金東栄，長谷川馨，山田裕貴，山田淳夫，野田優

2P-37 カーボンナノチューブと抗体の反応制御 133 
0飯泉陽子，岡崎俊也，池原譲，小倉睦郎，湯田坂雅子

2P-38 フラーレンデ、ンドリマーによる半導体単層カーボ、ンナノチューブ?の選択的抽出 134 

0鈴木浩紀，岡崎俊也，飯泉陽子，丹下将克，和田卓聡，田島智之，高口豊，
飯島澄男

2P-39 化学ドーフ。半導体単層カーボ、ンナノチューブ/Siヘテロ接合ダイオードの作製と特性 135 
0庄司真雄，中野陸，緒方啓典

2P-40 長期間による胸部軟組織のマクロファージ内で、の化学修飾多層カーボンナノチューブ 136 
の構造変形

O佐藤義倫，横山敦郎，中津英子， Minfang Zhang，湯田坂雅子，本宮憲一，回路
和幸

2P-41 交流電場と流動場の組み合わせによる配向CNTナノ薄膜の構築

0松井淳、改田茂、宮下徳治

フォーラム (16:10-18:30)
安全安心社会とナノ科学技術
(含:東日本大震災現地調査)

Xlll 
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9月7日(金)

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

一般講演 (9:00-10:15)
ナノチューブ、の生成と精製 Eナノチユーフ、の応用・内包ナノチューブ

3-1 蒸気拡散法によって作製した単層カーボンナノチューブ凝集体の性質

0相p和宏， Hideki Kawai， Hikaru Kudo， Kai Hasegawa， Hiromichi Kataura， Ryo 
Nakatzu 

29 

3-2 カーボンナノチューブ、の欠陥性がゴ、ム複合材料の劣化抑制及び、電気伝導性に与える 30 

影響

O長岡朋弥，土屋好司，高橋芳行，矢島博文

3-3 カーボンナノチューブーアルミナ複合材料の製造と応用 31 

0大森守，山本剛，白須圭一，橋田俊之

3-4 単層カーボンナノチューブを陽極として用いたフレキシブ?ル有機薄膜太陽電池の作製 32 

0藤井俊治郎，田中丈士，西山聡子，片浦弘道

3-5 単層カーボ、ンナノチューブを用いた細し、単層窒化ホウ素ナノチューブpの合成 33 

0中西亮，北j甫良，山本悠太，荒井重勇， Jamie H Warner，宮田耕充，篠原久典

>>>>>休憩 (10:15-10:30) くくくくく

一般講演 (10:30-11:30) 
ナノチューブ、の物性

3-6 

3-7 

3-8 

3-9 

細いカーボ、ンナノチューブの光学応答

。是常隆，斎藤晋

酸素ドープカーボンナノチューブの発光測定

0岩村宗千代，宮内雄平，毛利真一郎，川添忠，大津元一，松田一成

単層カーボンナノチューブヌの多重励起子生成による光電流

0小鍋哲，岡田晋

Diameter reduction of SWNTs by nitrogen incorporation and encapsulation of a one-
dimensional nitrogen gas 

OTheerapol Thurakitseree， Christian Kramberger， Heeyuen Koh， Yudai Izumi， 
Toyohiko Kinoshita， Takayuki Muro， Shohei Chiashi， Erik Einarsson， Shigeo 
Maruyama 

特別講演 (11:30-12:00) 

3S-5 Plasma processing of carbon-based nanomaterials 

R. Mohan Sankaran 

>>>>>昼食 (12:00-13:15) くくくくく

XIV 

34 

35 

36 

37 
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一般講演 (13:15-14:45)
グラフェンの物性

9月7日(金)

3-10 ジグザグ'BC2Nナノリボンにおけるエッジ状態に関する数値的研究 38 

0針谷喜久雄，金子智昭

3-11 積層構造がねじれた2層グラフェンにおけるGバンド強度と結合状態密度 39 
0佐藤健太郎，粛藤理一郎， Chunxiao Cong， Ting Yu， Mildred S. Dresselhaus 

3-12 酸化グFラフェンナノシートの光照射によるナノ空孔の形成とイオン伝導性の発現 40 
0鯉沼陸央，緒方盟子，亀井雄樹，晶山一期立石光，根原健吾，谷口貴章，
松本泰道

3-13 単層エピタキシャルグラフェンの近赤外光領域における発光ダイナミクス 41 

0小山剛史，伊藤由人，吉田和真，吾郷浩樹，岸田英夫，中村新男

3-14 Bilayer graphene sandwiched by ionic molecules: Band-gap and carrier type 42 
engmeenng 

OThanh Cuong Nguyen， Minoru Otani， Susumu Okada 

3-15 水分子によるグラフェンの光化学的表面修飾

0里子内亮，三苫伸彦，谷垣勝己

特別講演 (14:45-15:15)

3S-6 グラフェンのエヒ。タキ、ンヤノレCVD成長

吾郷浩樹

>>>>>休憩 (15:15-15:30) くくくくく

一般講演 (15:30ー16:15)
ナノホーン・ナノ炭素粒子

43 

6 

3-16 窒素雰囲気下で生成したカーボンナノホーン集合体の構造と電子物性 44 
0弓削亮太，員子隆志，湯田坂雅子，富山清彦，山口貴司，飯島澄男，中野嘉一郎

3-17 経口投与したカーボンナノホーンの消化管内における挙動 45 

O中村真紀，田原善夫，村上達也，飯島澄男，湯田坂雅子

3-18 AcBとCNBの混合による電気二重層キャパシタのエネルギー密度向上 46 

0岡部雄太， H.lzumi，須田善行，滝川浩史，田上英人，植仁志，清水一樹

ポスタープレビュー (16:15-17:00)
ポスターセッション (17:00-18:45)
内包ナノチューブ

(女)若手奨励賞候補

3P-1 単一カイラリティ(11，10)単層カーボンナノチューブへのC60分子の内包

0河合将手Ij，五十嵐透，客野遥，岡崎俊也，真庭豊，柳和宏

3P-2 ペリレン/カーボンナノチューブ?複合系の光学特性

0恒)11拓也，小山剛史，安坂幸師，官藤弥八，岸田英夫，中村新男

xv 
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9月7日(金)

3P-3 電子線照射下に於ける12CNTおよび13CNTに内包された臭化銀の寿命の差異 140 

0小林慶太，斎藤毅， 1青宮維春，保田英洋

3P-4 カーボンナノチューブ内における構造均一的な導電性ポリマーの創製と物性 141 

女 O宮浦健志，宮田耕充，北浦良，篠原久典

3P-5 TTFおよびF4TCNQ内包による単層カーボンナノチューブへのキャリアドーヒOング 142 

0伊藤靖浩，藤井俊治郎，清水麻希，田中丈土，片浦弘道

グラフェン生成

3P-6 Microwave-assisted exfoliation of graphite in organic solvents without using strong 143 
oxidants 

0沖本治哉， Ryota Tada， Masahito Sano 

3P-7 アルコールCVD法により直接合成したパターン化グラフェンのラマン評価

0鬼頭佑典， Hiroya Yamauchi， Tomoya 1匂mizyukoku，Manabu Suzuki，丸山隆浩，
成塚重弥

3P-8 Cu上の六角形グラフェンのド、メイン境界の評価

0小川友以，河原憲治，宮下雅大，辻正治，吾郷浩樹

3P-9 CVD Growth of Mono-and Bi-Layer Graphene from Ethanol 

女 OXiaoChen， Pei Zhao， Bo Hou， Shohei Chiashi， Shigeo Maruyama 

3P-1Q ヘキサゴ、ナルド、メイングラフェンのシリコン基板上への直接合成

0加藤俊顕，畠山力三，金子俊郎

グラフェンの物性

3P-11 BN単属シート中の炭素不純物に関する第一原理電子状態計算

0藤本義隆，是常隆，斎藤晋

144 

145 

146 

147 

148 

3P-12 電界下におけるこ層グラフェンの電子状態 149 

0小鍋哲，岡田晋

3P-13 X線照射グラブェンのラマン散乱研究 150 

0村上俊也，山崎一樹，鴨井督，蓮池紀幸，播磨弘，木曽田賢治，伊東千尋

3P-14 グラフェンナノリボンの熱起電力へのエッジ効果:第一原理計算 151 

0加藤哲平，白井信志，山本貴博

3P-15 グラフェンナノリボンの電気伝導特性に関する波束ダイナミクスシミュレーション 152 

高田幸宏， 0高島健悟，山本貴博

3P-16 準周期的超格子上にあるグ唱ファフェンにおける複数のデ、イラックコーン 153 

女 O田島昌征，羽田野直道

3P-17 超音波ミストCVDにより銅箔上に作製した窒素ドーフ。グpラフェンの表面抵抗率 154 

0水野貴裕，滝沢守雄，坂東俊治

XVl 



9月7日(金)

3P-18 自立グラフェンのヘリウムイオン顕微鏡によるイメージのシミュレーション 155 

宮本良之

3P-19 グラフェン/六方晶窒化ホウ素薄膜における格子整合とバンドギャッブロ 156 

1た O酒井佑規，斎藤晋

3P-20 グ、ラフェン量子ド、ツトの合成とその光学物性 157 

1た O冬野直人，小津大知，宮内雄平，毛利真一郎，松田一成

3P-21 ハロゲ、ン終端されたアームチェア型グラフェンナノリボ、ンの構造及び電子状態に関する 158 
女 第一原理計算

0賓宝秀幸，大淵真理

3P-22 Novel spintronic phenomena arising from pore-edge polarized spins of ferromagnetic 159 
graphene nanomeshes 

ONaoki Kosugi， Yasuki Hashimoto， Kenshi Sakuramoto， Keigo Takeuchi， Shota 
Kamikawa， Yuko Yagi， Junji Haruyama， Yoshiaki Hashimoto， Kazuhiro Fujita， Yuto 
Kato， Shingo Katsumoto， Yasuhiro Iye， Pei Zhao， Shigeo Maruyama， Apparao Rao 

3P-23 Magnetic behaviors sensitive to foreign-atom termination of pore-edge in graphene 160 
nanomeshes 

OKeigo Takeuchi， Kenshi Sakuramoto， Naoki Kosugi， Yasuki Hashimoto， Yuko Yagi， 
Junji Haruyama， Pei Zhao， Shigeo Maruyama， Apparao Rao 

グラフェンの応用

3P-24 トポロジカル欠陥のある六方晶系窒化ホウ素の電子構造 161 

0富田陽子，岡田晋

3P-25 電子線レジストによるCVDグラフェンへのホールドーヒ。ング 162

0小)11友以，辻正治，吾郷浩樹

3P-26 その場TEM観察に向けた架橋グラフェンナノリボンデノミイスの作製 163 

*" 0鈴木祥司，北浦良，佐々木祐生，加門慶一，宮田耕充，篠原久典

3P-27 グラフェン電極CNT-FETにおけるグラフェン層厚さのI-V特性への影響 164 

0玉置聖人，岸本茂，水谷孝

3P-28 酸化グラフェン還元物へのナノカーボン複合化 165 

OEllya Indahyanti，横井裕之，畠山一期，松本泰道

3P-29 ゲート電界導入によるグラフェンDual-Doubleゲートトランジスタの第一原理、ンミュレー 166 
ション

大淵真理

ナノホーン

3P-30 Apoptotic Mechanism of RAW264. 7 Induced by Carbon Nanohorns 167 

OMei Yang， Minfang Zhang， Yoshio Tahara， Sumio lijima， Masako Yudasaka 
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9月7日(金)

3P-31 ガス導入水中アーク法による金属ナノ粒子分散カーボンナノホーンの合成 168 
0佐野紀彰，タットポーンスントーンロハナクン，チャンタマニープーンジャランシン，
平聞大介，谷口幸助，乗本達彦，石井大河，田門肇，タワチャイチャリンパニットク
ン

ナノワイヤー

3P-32 ポリイン及びシアノポリインの禁制遷移における振電相互作用

0若林知成，和田資子，富岡万貴子

ナノ炭素粒子

169 

3P-33 PtRu担持カーボ、ンナノ材料のメタノール酸化反応特性 170 

0尾崎公洋，須田善行，滝川浩史，田上英人，植仁志，清水一樹

3P-34 無極性溶媒中におけるポリインーヨウ素錯体の赤外吸収スベクトノレ 171 

0和田資子，森津勇介，若林知成

3P-35 カーボ、ンナノチューブ上シリコンナノ粒子のジュール加熱によるカーボンナノカフ。セル 172 

'* の形成

0寺田朋広，安坂幸師，中原仁，驚藤弥八

3P-36 直流アーク放電陰極堆積物中におけるランタン内包カーボンナノカフOセルの分布 173 

O山本和典，社本真一，赤阪健

その他

3P-37 分散時間に対するカーボンナノコイルの長さ依存性

苦々
0丸山時司，須田善行，田上英人，滝川浩史， Hitoshi Ue， Kazuki Shimizu， Yoshito 
Umeda 

174 

3P-38 酸化鉄ナノチューブへのフラーレンドーピング 175 

O白木勇喜，三品雄基，坂東俊治

3P-39 ゼ‘オライト鋳型炭素に内包された水の過冷却およびガラス状態 176 
0客野遥，松田和之，中井祐介，福岡智子，真庭豊，西原洋知，京谷隆

3P-40 核磁気共鳴法によるゼオライト鋳型炭素(ZTC)の研究 177 
O山田健介， Yusuke Nakai， Kazuyuki Matsuda， Yutaka Mani'A引 HirotomoNishihara， 
Takashi 1くyotam

3P-41 SEM内におけるカーボ、ンナノコイルの電気的特性の測定 178 

0園本隆司，米村泰一郎，須田善行，田上英人，滝川|浩史，植仁志，清水一樹，
梅田良人

3P-42 CNTを触媒担体とする燃料電池の開発 179 

0藤ヶ谷剛彦，モノ¥メド・レダ・パーパー，中嶋直敏
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September 5， Wed. 

Special Lecture: 25min (Presentation) + 5min (Discussion) 
General Lecture: 10min (Presentation) + 5min (Discussion) 
Poster Preview: lmin (Presentation) 

General Lecture (9:30・10:45)

Formation and Purification ofNanotubes ・Propertiesof N anotubes 

1-1 Binary alloy effect on the chirality selection of carbon nanotubes 7 

o Yohji Achiba， Takeshi Kodama， Kenro sαshimoto， Haruo Shiromaru， ToshザG

Okazaki 

1-2 Raman study on defects induced double walled carbon nanotube by X -ray irradiation 8 

o Toshiya Murakami， Yuki Yamamoto， Kenji Kisoda， Chihiro ltoh 

1-3 Electrochemical Iodine Doping of SWCNTs 9 

OShinji Kawasαki， Song Ha Yong， Ayαr Al-zubaidi， Yosuke lshii， Takenobu Sakai 

1-4 Selective Functionalization of Single-W alled Carbon N anotubes 1 0 

OYutaka Maeda， Yuri Amagai， Junki Higo， Jun Matsui， Michio Yamada， Tad.ω，hi 
Hasegawa， Jing Lu， Shigeru Nagase， Takeshi Akasaka 

1-5 Fabrication of nitrogen substituted single-walled carbon nanotubes by diffusion plasma 11 

reaction and their electrical transport properties 

o Toshiaki Kato， Koshi Murakoshi， Makoto Akutsu， Rikizo Hatakeyama， Toshiro Kaneko 

> > > > > Coffee Break (10:45-11:00) くくくくく

Special Lecture (11:00-11:30) 

1S-1 S戸lthesisand characterization of carbon-nanotube-based hybrid materials 

Toshiya Okazαki 

General Lecture (11:30-12:30) 

Chemistry of Fullerenes・EndohedralMetallofullerenes 

1-6 Nucleophilic cycloadditions to C 70: Vibronic coupling density analysis for its reactivity 12 

ONaoki Haruta， Tohru Sato， Kazuyoshi Tanaka 

1-7 Thermodynamic Stability and Exohedral Derivatization of Hepta-Fullerene 13 

OWei-Wei Wang， Jing-Shuang Dang， Xiang Zhαo 

1-8 Electron-Transfer Reduction of Li Ion Encapsulated Fullerene 14 

OKei Ohkubo， Yuki kawα'shima， Shunichi Fukuzumi 

1-9 Rapid Separation of Metallofullerenes by Titanium Chloride 15 

OKazuhiko Akiyama， Erina Takeuchi， Zhiyong Wang， Kazuki Chiba， Yusuke Nakanishi， 

Shoko Noda， Hisanori Shinohαra 

> > > > > Lunch Time (12:30・13:45) くくくくく

XIX 



General Lecture (13:45-14:30) 

Applications of Fullerenes 

September 5， Wed. 

ト 10 Crystalline characteristics of ful1erene doped GaAs layers grown by MBE 1 6 

OJiro Nishinagα， Yoshiji Horikoshi 

ト 11 Structural effect of ful1erene derivatives with phosphonic ester in organic photovoltaic 17 

devices 

OShogo Miura， Jaebuem Oh， Misun Ryu， Haeseong Lee， Jin Jang， Chyongjin Pac， 

Hiroshi凡loriyama

1-12 A New Generation ofCu・CMPSlurry using Water-Soluble Ful1erenol 18 

OKen Kokubo， Terutαke Hayashi， Hiroki Tanada， Hideyuki Tachikα， Hirotaka Kishida， 

Kazumasa Kano， RyotαMurai， Mωαki Michihαta， Takumi Oshima， Yasuhiro Takaya 

Special Lecture (14:30-15:00) 

1 S-2 Superconductivity proximate to antiferromagnetism in ful1erene superconductors 2 

Kosmas Prassides 

> > > > > Coffee Break (15:00・15:15) くくくくく

General Lecture (15:15-16:15) 

Applications of Graphene 

ト13 Preparation and photophysical properties of chemically converted graphene covalently 1 9 

白nctionalizedwith porphyrins 

o Tomok，αzu Umeyama， Junya Mihara， Hiroshi 1mahori 

ト 14 Water幽 solublegraphene through polyglycerol grafting 20 

OToku Yasuda， Li Zhao， Liu Gang， Shuji Aonuma， Takahide Kimura， Naoki Komatsu 

1-15 Utilizing graphene FET device for GHz transport and THz detection 21 

OAkram Mahjoub， T. Abe， Y Iso， T. Ouchi， S. Suzuki， H. Fukuda， N. Aoki， K. 

Miyamoto， T. Omαtsu， J. P. Bird， D. K. Ferη， K. Ishibashi， Y Ochiai 

ト16 Synthesis of carbon nanosheet films企oma solid carbon source and their applications to 22 

solar cell 

OZhipeng Wang， Mao Shザi，Toshiyuki 1to，昂 ronoriOgata 

Special Lecture (16:15・16:45)

1 S-3 Toward the Creation of Graphene Terahertz Lasers 

Taiichi Otsuji， Akira Satou， Victor Ryzhii 

> > > > > Coffee Break (16:45・17:00) くくくくく

Poster Preview (17:00-17:50) 

3 

Poster Session (17:50・19:35) (女)Candidates for the Y oung Scientist Poster Award 

xx 



September 5， Wed. 

Fullerenes 

1P-1 

1P-2 
女

1P-3 

1P-4 

*: 

1P-5 

1P-6 

Growth investigation of C60-C70 two-component fullerene nanowhiskers 

OChika Hirata， Shuichi Shimomura， Tak，αtsugu ~αkahara， Kun 'ichi Miyα'zawa 

Simulation ofNear-Infrared Excitation ofRaman Active Modes in Fullerene C60 by a 

Time-Dependent Adiabatic State Approach 
OKaoru Yamazaki， Tak，ωhi Nakamura， Naoyuki Niitsu， Manabu Kanno， Hirohiko Kono 

Theroretical investigation of the fragmentation dynamics of photoexcited C 60 fullerene 

o Takashi Nakamura， Naoyuki Niitsu， Manabu Kanno， Hirohiko Kono， Kiyoshi Ueda 

Geometric and electronic structures of two-dimensional networks of fused C26白llerenes

o Mina Maruyama， Susumu Okada 

Charge density distribution ofwater molecule encapsulated in fullerene C60 

OShinobu Aoyagi， Yuki Sado， Ryo Kitaura， Hisanori Shinohara， Tomoko Nishida， 

Yasujiro Mυrata 

Growth Mechanism ofFullerenes Revisited 

OSusumu Saito 

Chemistry of Fullerenes 

47 

48 

49 

50 

51 

52 

1 P-7 Ful1erene Growth Mechanism and Regioselectivity of Dimeric Carbon Addition 53 

OJing-Shuang Dang， Wei-Wei Wang， Xiang Zhao 

1P-8 FeC13・mediatedretro-reaction of fullerene derivatives 54 

OMasahiko Hashiguchi， Takao Ueno， Yutaka Matsuo 

1 P-9 Dual reactivity of azafulleroid due to its ambident n /π ・basicity 55 

ONaohiko lkuma， Yuta Doi， Tsubasa Mikie， Koji Nakagawa， Ken Kokubo， Takumi 

Oshima 

1 P-1 0 Theoretical investigation on vibrational excitation and reaction dynamics of polyhydroxy 56 

fullerene induced by a near-infrared laser 

OAkinobu lkeda， Naoyuki Niitsu， Manabu Kanno， Stephan lrle， Hirohiko Kono 

1 P-11 Highly Hydrophilic Non-Surface-Active Conical Fullerene Amphiphiles for Dispersion 57 

大 ofSolid Materials 

OHirohisa入Titta，Koji Harano， Eiichi Nakamura 

1 P-12 Magic number effects on aggregation of polyhydroxylated fullerenes in alcohol-water 58 

binary solvent 

OYuj・iNakamura， Hiroshi Ueno， Naohiko lkuma， Ken Kokubo， Takumi Oshima 

1 P-13 Synthesis and Photophysical Properties of [60]Fullerene-Cobalt Dyads and Triads 59 

*: OMωashi Maruyama， Dirk M Guldi， Euchi Nakamura， Yu仰向 Matsuo

1 P-14 Selective synthesis and molecular structure of alkoxyfullerenes: substitution reaction of 60 

octabromofullerene with alcohol 

OKouya Uchiyama， Hiroshi Moriyama， Kenji Yoza 

XXl 



September 5， Wed. 

Endohedral Metallofullerenes 

1P-15 ¥¥もatcauses the selectivity ofthe metallofullerene formation? 61 

o Yohji Achiba， Takeshi Kodama， Kenro H.ωhimoto， Haruo Shiromaru 

1 P-16 Synthesis of Carboxy Metallofullerenes for Medical Application 62 

OErina Takeuchi， Kazuhiko Akiyama， Youhei Kawabata， Shiro Kubuki 

1P-17 Synthesis ofLithium-Encapsulated Fullerenol as “Cation-Encapsulated Anion 63 

Nanoparticle" 
女 OHiroshiUeno， ylザiMαkαmura，Naohiko lkuma， Ken Kokubo， Takumi Oshima 

1 P-1 8 The Origin and Mechanism of N on-HPLC Rapid Purification of Metallofullerenes with 64 

1P-19 

* 

TiC14 

OZhiyong Wang， Yusuke Nakanishi， Shoko Noda， Kazuhiko Akiyama， Hisanori 

Shinohara 

Single-c可制1X-ray structural analyses of a series of divalent Yb@CS2 isomers: 

Yb@Cs(6)田 CS2，Yb@C i5)-CS2， Yb@C2i9)-CS2 

OMitsuaki Suzuki， Xing Lu， Zdenek Slanina， Naomi Mizorogi， Shigeru Nagase， Marilyn 

M Olmstead， Alan L. Balch， Takeshi Ak，α'sakα 

65 

1 P-20 Enhancement of nitrogen encapsulation into fullerene under control of plasma potential 66 

OSoon. C. Cho， Rikizo HatakのJama，Toshiro Kaneko 

1 P-21 Application ofMCD Spectroscopy and TD-DFT to Endohedral Metallofullerenes. New 67 

Insights into Characterization of Their Electron Transitions 

OMichio Yamada， Zdenek Slanina， Nαomi Mizorogi， Atsuya Muranaka， Yuta初 Maeda，

Shigeru Nagase， Takeshi Akasaka， Nagao Kobayαshi 

1 P-22 Fabrication ofLi@C6oMonolayer from [Li@C60](PF6) Sa1t 68 

OYoichi Yamada， Ken Tanaka， Masahiro S，ωαki， Yasuhiko K，αsamα" K.αzuhiko K，ωvachi， 

Seiji Sakai 

1 P-23 Characterization ofEndohedral Lithium Metallofullerene Clusters 69 

OEunsang Kwon， Ken-ichirou Komatsu， Shin-ichi Okud，α， Kazuhiko Kawachi， Yasuhiko 

KasamαTomoaki Endo 

Applications of Fullerenes 

1 P-24 Fabrication and Solid State Properties ofFullerenol Nanostructures 70 

OKeisuke Baba， Toshiyuki lto， Hironori Ogata 

1P-25 Templated Synthesis ofPolymerNanocapsules on Water-Soluble Fullerene Vesicles 71 

* ORicardo Mizoguchi Gorgoll， Koji Harano， Eiichi Nakamura 

1 P-26 Photo Polymerization of C60 Thin Film Using Focused Optical Vortex 72 

* ONaoto Toriumi， Tatsuya Doi， Daiki Momかαma，W.αtaru Akiyama， Katsuhiko 

Miyamoto， Takashige Omatsu， Jonathan P. Bird， Nobuyuki Aoki， Yuichi Ochiai 

1 P-27 siRNA Delivery System Using Water-Soluble Amino-Fullerene Der甘ative 73 

OKosuke Minami， Koji Okamoto， Eisei Noiri， Koji Harαno， Eiichi Nakamura 

XXll 



September 5， Wed. 

Formation and Purification of Nanotubes 

1P-28 
From nanotweezers to nanocalipers : Selective extraction of SWNTs with larger 

diameters 

ONaoki Komatsu， Gang Liu， Takahide Kimura 

74 

1 P-29 A molecular dynamics simulation of SWNT growth by CVD method : Octopus and VLS 75 

modes 

OShigeo Maruyama， Kaoru Hisαma， TakuyαNoguchi， Tomoya Kawasuzuki， Yuki 

Tαkaki， Junichiro Shiomi， Shohei Chiashi 

1 P-30 Catalyst Particle Array Formation Process Adjusted for Growth of Single-Walled Carbon 76 

Nanotube Forest with Different Structures 

OShunsuke Sakurai， Masayasu lnaguma， Don N Futaba， Motoo Yumura， Kenji Hata 

1 P-31 Bottom-up synthesis offinite models ofhelical (n，m )-single田wallcarbon nanotubes 77 

大 OShunpeiHitosugi， Waka Nakanishi， Takashi Yamasaki， Hiroyuki Isobe 

1 P-32 Purification of Single Wall Carbon Nanotubes by Formation of Aggregates Caused by 78 

Control of Alcohol Concentration 

OHideki Kawai， Kai Rι7segawa， Mωazumi Huziwara， Shigeki Takeuchi， Hiromichi 

Kataura， Ryo Nakatsu， K，αzuhiro Yanagi 

1 P-33 Dispersion of single-walled carbon nanotubes made by using ACCVD technique with 79 

porous glass 

Yosuke lto， OShinzo SI印刷，Hiroshi Nagasawa， Akira Ono， Yohji Achiba 

1 P-34 In situ NEXAFS Study on Carbon Nanotube Growth Process by Surface Decomposition 80 

ofSiC 

OTakαhiro Maruyama， Yuki Ishiguro， Satoshi Sak，αkibara， Shigeya Nαritsuka， Kenta 

Amemかα

1 P-35 Carbon Nanotube Growth on ZnO(OOOl) Zn-face using Gas Source Method in High 

Vacuum 

1P-36 

o Takeshi Kawai， Shigeya Naritsuka， Takahito Maruyamα 

Low Tempera印reGrowth of SWNTs on Pt catalyst by Alcohol Gas Source Method in 

High Vacuum 

OHiroki Kondo， Naoya Fukuoka， Yoshihiro Mizutani， Ghosh R仰の・it，Sigeya Naritsuka， 

Takahiro Maru)仰 1G， Sumio lijima 

81 

82 

1 P-37 Effect of Growth Temperature on Growth Rate in Carbon Nanotube Formation by 83 

Surface Decomposition of SiC 

o Takatoshi Yajima， Satoshi Sakakibara， ShigeyαNaritsuka， Takahiro Maruyama 

1 P-38 Thermodynamics ofthe interaction of carbon nanotubes with hydrogels in SDS solutions: 84 

大 Towardunderstanding metal-semiconductor separation 

OHirano Atsushi， Takeshi Tanaka， Hiromichi Kataura 

1 P-39 Highly pure semiconducting single-wall carbon nanotubes obtained by stable electric同 85

"* field-induced layer formation 

OFusako S.αsaki， Kazuki lhara， Takeshi Saito， Fumiyuki Nihey 

XXlll 



September 5， Wed. 

1 P-40 A rosette cooling cell : more effective container for solubilization of single-walled carbon 86 

nanotub巴sunder probe-type ultrasonic irradiation 

o Yuta Kurabuchi， Tatsuki YasUlηitsu， Gang Liu， Jean-Marc Le~匂ue， Shinji Aonuma， 

Laurent Duclaux， Takahide Kimura， Naoki Komαtsu 

1 P-41 The simplest separation of single-chirality carbon nanotubes by temperature-controlled 87 

gel chromatography 

OHuαrping Liu， Yasuko Urabe， r.αkeshi Tanaka， Hiromichi Kataura 

1 P-42 Evaluation of damage to SWCNTs during dispersion process in casein aqueous solution 88 

by using a wet-type super atomizer 

OTad.αshi Takashima， Dαisuke Inoue， Yasushi Maed.α，Shin Ono 

1 P-43 Stability ofNano・Diamondsas the Catalyst for CVD Growth ofSingle-Walled Carbon 89 

Nanotubes 

OTakanori Umino， Kenta Nakamura， Taiki Inoue，入Tor幼iroHiramatsu， Shohei Chiashi， 

Yoshikazu Homma， Shigeo Maruyama 

1 P-44 Reaction analysis on CNT growth mechanism by eDIPS method using 13C carbon source 90 

OTakayoshi}五rai，Kazuaki Hoshi， Yuki Kuwahara， Rena Shibata， Masaharu Kiyomiya， 

Shun Nakano， r.αkeshi Saito 

1 P-45 Growth of Horizontally Aligned Single Walled Carbon N anotubes : Effect of Catalyst 91 

Preparation and Crystal Quartz Surface 

o Taiki Inoue， Grace M診ikle，Saifullah Badar， Daisuke Hasegawa， Shohei Chiashi， 

Shigeo Maruyama 

1 P-46 Pulse plasma CVD for mass production of narrow-chirality distributed single-walled 92 

大 carbonnanotubes 

OKoshi Murakoshi， Toshiaki Kato， Rikizo Hatakeyama， Toshiro Kaneko 

1 P-47 Separation ofultra-long single-wall carbon nanotubes using glass beads filtration 93 

OHiromichi Kataura， Mayumi Tsuzuki， Shunjiro Fザii，Takeshi Tanaka 

1 P-48 Synthesis of Carbon N anomaterials U sing Metallic N anoparticles as Catalysts 94 

OBαlachandran Jeyadevan， Yukihiro Osada， Yoshinori Sato， Yuuki Sunayama 

Nanohorns 

1 P-49 The effect of CNHs absorbed simvastatin on bone regeneration 95 

OAkiko Yamauchi， Sachiko Matsumura， Tadashi Iizuka， KかotakaShiba， Mωαko 

Yudasaka， Sumio Iijima， Atsuro Yokoyαma 

Environmental / Safety Characterization of N anomaterials 

1 P-50 Biodish泊utionand biocompatibi1ity ofwater-soluble carbon nanotubes 96 

OShigωki Abe， Sachiko Itoh， Toshihisa Kobayashi， Takayuki Kiba， Tsukasa Akasaka， 

Yasutaka Yawaka， Shin-Ichiro Sato， Motohito Uo， Fumio Watari， Daisuke Hayωhi， 

Tomoya Ta応。da

XXIV 



September 6， Thu. 

Plenary Lecture: 40min (Presentation) + 5min (Discussion) 

General Lecture by Candidates for Osawa Award and Iijima Award 

: 10min (Presentation) + 10min (Discussion) 

Poster Preview: lmin (Presentation) 

General Lecture by Candidates for the Osawa Award (9:00・10:20)

2-1 Synthesis ofEndohedral Fullerene C60 Encapsulating a Single Molecule ofWater 23 

OKei Kurotobi， Yasujiro Murata 

4 2 一-2 Chemistry 0ぱfCa叩tio∞n.占 ndωohe児ed批ralFu叫Iller問en児拡e広:[Lt@C60J 2μ 

OHiroshi Okada， Masωhi Maruyama， Takashi Komuro， Takahito Watanabe， Yasuhiko 

Kasama， Hiromi Tobita， Yutaka Matsuo 

2-3 Establishment of intra-molecular electron accepting and donating systems based on 25 

endohedral metallofullerenes 

o Yuta Takano， Naomi Mizorogi， M Angeles Herranz， Nazario Martin， Dirk M Guldi， 

Shigeru Nagase， Takeshi Akasaka 

2-4 Room Temperature Observation of Single-Electron Tunneling via Fullerene Quantum 26 

Dots in a Si-based Device Structure 

ORyomαHayakawa， Chikyow Toyohiro， Yutaka Wakayamα 

General Lecture by Candidates for the Iijima Award (10:20-11:00) 

2-5 

2-6 

A pattemable CNT-Cu composite possessing hundred-times higher electrical current-

carrying-capacity than metals 

o Chandramouli Subramaniam， Tcαkeo Yamada， Don N. Futabα， Motoo Yumura， Kenji 

Hata 

Effect ofMechanical Strain on Polycrystalline Graphene 

Ouαrk A. Bissett， Wataru Izumida， Ruchiro Saito， Hiroki Ago 

> > > > > Coffee Break (11:00-11:15) くくくくく

Plenary Lecture (11:15・12:00)

2S-4 Carbon nanotube field effect transistors with graphene contacts 

Takashi Mizutani 

> > > > > Lunch Time (12:00・13:00) < < < < < 

Young Scientist Poster Award Ceremony (13:00・13:15)

General Meeting (13:15-13:45) 

xxv 

27 

28 
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September 6， Thu. 

Poster Preview (13:45-14:25) 

Poster Session (14:25・16:10) (女)Candidates for the Y oung Scientist Poster A ward 

Properties of N anotubes 

2P-1 Temperature Dependence ofPhotoluminescence Spectra in Hole-Doped Single-Walled 97 

Carbon Nanotubes 

OShinichiro Mouri， Munechiyo Iwamura， Naoto， Akizuki， Yuhei Miyauchi， Kazunari 

Matsuda 

2P-2 Aggregation and agglomeration evaluation of dispersed carbon nanotubes 98 

o Takeshi Eitoku， Masayoshi Tange， H.αruhisa Kato， Toshiya Okazaki 

2P-3 Effects of羽TaterVapor on RBM ofSingle-Walled Carbon Nanotubes : Molecular 99 

Dynamics Simulation 

ONaoki Homma， Shintaro Sato， Shouhei Chiashi， Yoshikazu Homma， Tak，αhiro 

Yamαmoto 

2P-4 Evaluation ofFunctionalized Single-Walled Carbon Nanotubes by X-ray Photoelectron 100 

Spectroscopy 

OHiroyuki Nii， Syunsuke Noguchi， Ken-ichi Hongyou， Hamazo Nαkagawa 

2P-5 Ti1ting ofDirac cones and vemier spectrum in finite-length metallic single-wall carbon 101 

nanotubes 

2P-6 

1た

2P-7 

大

2P-8 

2P-9 

* 
2P-10 
女

2P-11 
女

O~αtaru Izumida， Yuki Tatsumi， Riichiro Saito 

Theory of electronic Raman scattering in metallic single wall carbon nanotubes 

OEddwi H. Hasdeo， Ahmad R. T. Nugraha， Kentaro Sato， Riichiro Saito 

Excitonic effects on coherent phonons in single wall carbon nanotubes 

OAhmαd Ridwan Tresna Nugraha， GaηD. Sanders， Christopher J. Stanton， Riichiro 

Saito 

Thermoelectric Power ofMetallic and Semiconducting Single-Wall Carbon Nanotube 

Buckypaper 

OHondaK，αzuya， Yusuke Nakai， Kazuhiro Yanagi， Yutaka Maniwa 

Electrostatic Potential ofHydrogenated Finite-length Carbon Nanotubes under an 

Electric Field 

OAyaka Yamanaka， Susumu Okada 

Analysis of Operation Mechanisms of SWNT Network Field-Effect Transistors Studied 

via Scanning Gate Microscopy 

OMasahiro Matsunag，α，Xiaojun Wei， Kenji Maeda， T(αtsurou Yahagi， Kazuαki Tanaka， 

Jonathan P. Bird， Koji Ishibωhi， Yuichi Ochiai， Nobuyuki Aoki 

Photoluminescence Excitation Spectroscopy of Carrier-Doped Single-Walled Carbon 

Nanotubes 

ONaoto Akizuki， Munechiyo Iwamura， Shinichiro Mouri， Yuhei Miyauchi， Kazunari 

Matsud，α 

2P-12 Coherent AC Transport in Metallic Carbon Nanotubes with Disorder 

食 ODaisukeHirai， Takahiro Yamamoto， S，αtoshi W，αtanabe 

XXVl 
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September 6， Thu. 

2P-13 Electronic States in Flattened Carbon Nanotubes with Effective-Mass Approximation 109 

OTcαkeshi Nakanishi， Tsuneya Ando 

2P-14 Optical properties of ultrathin single-wall carbon nanotubes 110 

o ToshiyαNαkamura， Yasumitsu Miyata， Eri lnukai， Ryo Kitaura， Hiromichi Kataura， 

Hisanori Shinohara 

2P-15 Non同 linearand Non-planar Free Thermal Vibration of Single-walled Carbon Nanotubes 111 

in Molecular Dynamic Simulation 

OHeeyuen Koh， James Cannon， Shohei Chiashi， Junichiro Shiomi， Shigeo Maruyama 

2P-16 Electrical current behavior at CNT -SiC interface 112 

OMasafumi lnaba， Megumi Shibuya， Kazuyoshi Oohara， Takumi Ochiai， Yoshiho 

Masuda， Atsωhi Hiraiwa， Michiko Kusunoki， Hiroshi Kawαrada 

2P-17 Raman Imaging Spectroscopy of Horizontally Aligned Single-Walled Carbon Nanotubes 113 

on Crystal Quartz 

OSaifullah Badar， Daisuke Hasegawa， Taiki lnoue， Shohei Chiashi， Shigeo Mαruyama 

2P-18 Fabrication and characterization of individually suspended DWCNTs 114 

o Tomoya Kitagawa， Ryo Kitaura， Yuhei Miyauchi， Yasumitsu Miyata， Kazunαri 

Matsuda， Hisanori Shinohara 

2P-19 Crystal structure analysis of MWNT forests 115 

OHiroshi Furuta， Akimitsu Hattα 

Applications of Nanotubes 

2P-20 Photovoltaic Properties of Single品TalledCarbon Nanotube/Silicon Heterojunction Solar 116 

Cells 

ODaichi Kozawa， Kazushi昂 rαoka，Yuhei Miyauchi， Shinichiro Mouri， Kazunαri 

Matsudα 

2P-21 Micro-fabrication of stretchable and robust interconnects of conductive CNT rubber on a 117 

stretchable substrate 

OAtsuko Sekiguchi， Tekao Yamada， KazゆImiKobashi， Motoo Yumura， Kenji Hata 

2P-22 Optimizing dispersion structure of SWNT for high electrically-conductive rubber 118 

composltes 

OHowon Yoon， Motoi Yamashita， Seisuke Ata， Motoo Yumura， Kenji Hata 

2P-23 Super-町GrowthSWNT/rubber composite with extruder for commercial applications 119 

OSeisukeAtα， Takααki Mizuno， Howon Yoon， Motoo Yumurα，Kenji Hatα 

2P-24 Ion-Gel Transistors on Thick Films in a Single Chiral State of (6，5) Single-Wall Carbon 120 

Nanotubes 

OHikaru Kudo， Yuki Nobusa， Hiromichi Kataura， Taishi Takenobu， Kazuhiro Yanagi 

2P-25 Synthesis and Electrical Conductivity ofPolymer/CNT Composite Using the Reaction 121 

Injection Molding (RIM) Method 

o Hoang TheBαn， Masahiro Shigeta， Mitsugu Uりzma

XXVll 



5eptember 6， Thu. 

2P-26 Fabrication ofbiotin-labeled double-walled carbon nanotubes for a specific biosensor 

OYukαNαgayα， Akihiro Kuno， Koji Tsuchかα，Hirofumi Yajima 

2P-27 Labeling of mannose to acid-treated double-walled carbon nanotubes for a sensitive and 

specific biosensor 

OShuhei Takesue， Akihiro Kuno， KcゲiTsuchかα，Hiro向miYajima 

122 

123 

2P-28 F ormation of homogeneous and high density thin-film of single-wall carbon nanotube by 124 

大 dipcoating 

OMaki Shimizu， Shunjiro Fujii， Takeshi Tanaka， Hiromichi Kataurα 

2P-29 Conduction-Type Control of Carbon Nanotube Field-Effect Transistors by Pd and Ti 125 

Overlayer Doping 

OSatoshi lshii， Mωαto Tamaoki， Shigeru Kishimoto， Takashi Mizutani 

2P-30 Switchable thermal conductivity enhancement of phase change composites with single 126 

"* walled carbon nanotube inclusions 

OSivasankaran Harish， Kei lshikawa， Taiki lnoue， Shohei Chiashi， Junichiro Shiomi， 

Shigeo Maruyamα 

2P-31 Irトsitutransmission electron microscopy study on electric properties of a junction 127 

大 betweena gold nanoparticle and carbon nanotubes 

o Motoyuki KarUα，K，ザiAsaka， Hitoshi Nakahara， Yahachi Saito 

2P-32 Synthesis of carbon nanotubes conjugated with distance-control1ed nanoparticles using 128 

gas-liquid interfacial plasmas 

o Toshiro Kaneko， Qiang Chen， Rikizo H，αtakeyama 

2P-33 Electrochemical durability of single-wal1 carbon nanotube electrode against anodic 

oxidation in water 

OShigekazu Ohmori， T.αkeshi Saito 

2P-34 Pattemed Carbon Nanotubes Thin Films Fabricated by Polystyrene-Nanosphere 

Templating 

OYukiKuwahαra， Takayoshi Hirai， Takeshi Saito 

2P-35 Fabrication of stable p-n junction diode with Cs encapsulated single-walled carbon 

ヌ nanotubes

o Yoshihiro Abiko， Toshiaki Kato， Rikizo Hatakeyama， Toshiro Kaneko 

2P-36 Nanotube-Based Self-Standing Carbon Films for Supercapacitors 

ORicardo Quintero， Dong Young Kim， Kei Hasegawa， Yuki Yamada， Atsuo Yamada， 

SuguruNoda 

2P-37 Control1ed Functionalization of Carbon Nanotubes with Antibody 

o Yoko Iizumi， ToshZ問 Okazaki，Yuzuru lkehara， Mutsuo Ogura， Masαko Yud.ωαka 

129 

130 

131 

132 

133 

2P-38 Selective Extraction of Semiconducting Single-Wal1ed Carbon Nanotubes by 134 

Fullerodendrons 

OHironori Suzuki， Toshiya Okazaki， Yoko Iizumi， Mωayoshi Tange， Takaaki Wada， 

Tomoyuki Taj・ima，YutakαTak，αguchi， Sumio lijimα 

XXVlll 



September 6， Thu. 

2P-39 Fabrication and properties of chemical1y doped semiconducting single-wal1ed carbon 135 

nanotubes/Si heterojunction diodes 

OMaoShの・i，Atsushi Nakano， Hironori Ogata 

2P-40 Structural deformation of functionalized multi-wal1ed carbon nanotubes in the 136 

macrophage of rat subcutaneous soft tissue over long time 

o Yoshinori Sato， Atsuro Yokoyαmα" Eiko Nakazal仰 ，Miη向ngZhang， Masako 

Yudasaka， Kenichi Motomかα，Kazuyuki Tohji 

2P-41 Ultrathin aligned CNTs film by combining AC electric field with liquid flow 

OJun Matsui， Shigeru Kaida， TokザiMiyashita 

Forum (16:10・18:30)

Safety . Security Society and Nano Science . Technology 

(Field investigation of the Great East J apan Earthquake included) 

XXIX 
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5eptember 7， Fri. 

Special Lecture: 25min (Presentation) + 5min (Discussion) 
General Lecture: 10min (Presentation) + 5min (Discussion) 
Poster Preview: lmin (Presentation) 

General Lecture (9:00-10:15) 

Formation and Purification ofNanotubes . Applications ofNanotubes • Endohedral 

Nanotubes 

3-1 

3-2 

Properties of Single Wall Carbon N anotube Aggregates F onned by Vapor Diffusion 

孔1ethods

OKazuhiro Yanagi， Hideki Kawai，日karuKudo， K，αi Hasegωva， Hiromichi Kataura， 

Ryo Nakatzu 

Effects ofthe Defective Structures for Carbon Nanotube on the Antidegradation and 

Electrical Conductivity ofRubber Composites 

o Tomoya Nagaoka， Koji Tsuchiya， Yoshiyuki Tak，αhαshi， Hirofumi Yajima 

29 

30 

3-3 Fabrication and applications of carbon nanotube-alumina composite 31 

OMamoru Omori， Go Yamamoto， Keiichi Shirasu， Toshiyuki Hashida 

3-4 Fabrication offlexible bulk-heterojunction organic solar cells using single-wall carbon 32 

nanotube thin films as transparent conducting anodes 

OShunjiro Fujii， Takeshi Tanak，α， Satoko Nishiyama， Hiromichi Kataura 

3-5 Thin single-walled boron nitride nanotubes synthesized in single-wall carbon nanotubes 33 

ORyoNakαnishi， Ryo Kitaura， Yuta Yamamoto， Shigeo Arαi， J.αmie H. Warner， 

Yasumitsu Miyata， Hisanori Shinohara 

> > > > > Coffee Break (10:15・10:30) くくくくく

General Lecture (10:30-11:30) 

Properties of N anotubes 

3-6 Optical properties of small-diameter carbon nanotubes 34 

o Takashi Koretsune， Susumu Saito 

3-7 Photoluminescence Spectroscopy ofOxygen-doped Carbon Nanotubes 35 

OMunechiyo Iwamura， Yuhei Miyauchi， Shinichiro Mouri， 1(αdashi Kawazoe， Motoichi 

Ohtsu， Kazunari Mαtsuda 

3-8 Photocurrents with multiple exciton generation in single幽 walledcarbon nanotubes 36 

OSatoru Konabe， Susumu Okada 

3-9 Diameter reduction of SWNTs by nitrogen incorporation and encapsulation of a one- 37 

dimensional nitrogen gas 

OTheerapol Thurakitseree， Christian Kramberger， Heeyuen Koh， Yud.αi IzumI， 

Toyohiko Kinoshita， Takayuki Muro， Shohei Chiashi， Erik Einarsson， Shigeo 

Maruyama 

xxx 
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Special Lecture (11 :30・12:00)

3S-5 Plasma processing of carbon-based nanomaterials 

R. Mohan Sankαran 

> > > > > Lunch Time (12:00・13:15) くくくくく

General Lecture (13:15-14:45) 

Properties of Graphene 

3-10 Numerical Study ofEdge States in Zigzag BC2N Nanoribbons 

OKikuo Harigaya， Tomoαki Kaneko 

5 

38 

3-11 G band intensity and joint density of states of twisted bilayer graphene 39 

OKentaro Sato， Riichiro Saito， Chunxiao Cong， Ting Yu， Mildred S. Dresselhaus 

3-12 Production ofNanopores and Proton Conduction in Graphene Oxide Nanosheets 40 

Prepared by Photoreaction 

OMichio Koinuma， Chikαko Ogata， Yuki Kamei， Kazuto Hatakeyama， Hikaru Tateishi， 

Kengo Gezuhara， Takaaki Taniguchi， Yasumichi Mαtsumoto 

3-13 Photoluminescence Kinetics ofMonolayer Epitaxial Graphene in the Near-Infrared 41 

Region 

o Takeshi Koyama， Yoshito lto， KazumαYoshida， Hiroki Ago， Hideo Kishida， Arao 

Nakamura 

3-14 Bilayer graphene sandwiched by ionic molecules: Band司 gapand carrier type engineering 42 

ONguyen Thanh Cuong， Minoru Otani， Susumu Okada 

3-15 Photochemical modification of graphene surfaces with water molecules 43 

ORyo Nouchi， Nobuhiko Mitoma， Katsumi Tanigaki 

Special Lecture (14:45-15:15) 

3S-6 Epitaxial CVD Growth of Graphene 

HirokiAgo 

> > > > > Coffee Break (15:15・15:30) くくくくく

General Lecture (15:30-16:15) 

Nanohorns • Carbon Nanoparticles 

6 

3-16 Structure and el巳ctronicproperties of carbon nanohom aggregates prepared under 44 

nitrogen atmosphere 

ORyotaれJge，Takashi Manako， Masako Yudasaka， Kiyohiko Toyama， Takashi 

Yamaguchi， Sumio lijima， Kaichiro Nakano 

3-17 Gastrointestinal behavior of orally-administered single-walled carbon nanohoms 45 

OMaki Nakamura， Yoshio Tahara， Tatsuya Murakami， Sumio lijima， Mωαko Yudasakα 
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3-18 Improvement in energy density of electric double-layer capacitors by mixture of AcB and 46 

CNB 

o Yuta Okabe， H. Izumi， YoshかukiSuda， Hirohumi Tiαkikawa， Hideto Tanoue， Hitoshi 

Ue， Kazuki Shimizu 

Poster Preview (16:15-17:00) 

Poster Session (17:00・18:45) (女)Candidates for the Y oung Scientist Poster Award 

Endohedral N anotubes 

3P-1 Encapsulation of C60 into the Single Chirality State of (11，10) Single Wall Carbon 138 

Nanotubes 
OMasatoshi Kawai， Toru Igarashi， Haruka Kyakuno， Toshiya Okazaki， Yutaka Maniwa， 

Kazuhiro Yanagi 

3P-2 Optical Properties ofPerylene / Single-Walled Carbon Nanotubes Composites 139 

OTakuya Tsunekawa， Tak，回 hiKoyama， KcゲiAsaka， Yahachi Saito， Hideo Kishida， Arao 

Nakamura 

3P-3 Difference in encapsulated AgBr lifetime between 12CNTs and 13CNTs under electron 140 

beam irradiation 
OKeitαKobayashi， Takeshi Saito， Masaharu Kかomiya，Hidehiro Yasuda 

3P-4 Fabrication and characterization of structurally uniform conducting polymers within 141 

"* carbon nanotubes 

OKenshi Miyaura， Yasumitsu Miyata， Ryo Kitaura， Hisanori Shinohara 

3P-5 Amphoteric Carrier Doping to Semiconducting Single-Wall Carbon Nanotubes by TTF 142 

and F 4 TCNQ Encapsulation 

o Yasuhiro lto， Shun)・iroFujii， Maki Shimizu， Takeshi Tanaka， Hiromichi Kataura 

Formation of Graphene 

3P-6 Microwave-assisted exfoliation of graphite in organic solvents without using strong 143 

oxidants 

OHaruya Okimoto， Ryot，αTada， Masahito Sano 

3P-7 Raman characterization of pattemed graphene directly synthesized by alcohol chemical 144 

vapor deposition 

o Yusuke Kito， Hiroya Yamauchi， Tomoya Kamizyukoku， Manabu Suzuki， Takahiro 

Maruyama， Shigeya Narituka 

3P-8 Characterization of interface between hexagonal graphene domains grown on hetero- 145 

epitaxial Cu films 

o Yui Ogawa， Kenji Kawaharα， Masahiro Miyashita， Masaharu Tsuji， Hiroki Ago 

3P-9 CVD Growth ofMono-and Bi-Layer Graphene from Ethanol 146 

"* OXiao Chen， Pei Zhao， Bo Hou， Shohei Chiashi， Shigeo Maruyamα 

3P-10 Direct growth ofhexagonal domain graphene on Si02 substrate 

o Toshiaki Kato， Rikizo Hatakeyama， Toshiro Kaneko 
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Properties of Graphene 

3P-11 First聞 PrinciplesStudy of Carbon-Impurity States in Hexagonal Boron-Nitride Monolayer 148 

O 】勺shitakaFujimoto， Ta向shiKoretsune， Susumu Saito 

3P-12 Electronic Structures ofBilayer Graphene under日ectricField 149 

OSatoruKonαbe， Susumu Okada 

3P-13 Raman scattering study on the X-ray irradiation effect of graphene 150 

o Toshiya Murakami， Kazuki Yamazaki， Susumu Kamoi， Noriyuki Hasuike， Hiroshi 

Harima， Kenji Kisoda， Chihiro Itoh 

3P-14 Edge Effects on Thermoelectric Power ofGraphene Nanoribbons : First-Principles 151 

Simulation 

o Teppei Kato， Shinji Usui， Ta此ahiroYamamoto 

3P-15 Wave Packet Dynamics Simulations on Electrical Conduction in Graphene Nanoribbons 152 

Yukihiro Tcαkada， OKengo Takashima， Takahiro Yamamoto 

3P-16 Multiple Dirac points of graphene on a quasiperiodic super1attice 153 

..;. OMωayuki Tcωhima， Naomichi Hatano 

3P-17 Sheet resistivity for nitrogen doped graphene film grown on Cu foil by sonication mist 154 

CVD 

o Takahiro Mizuno， Morio Takizawα， Shunji Bandow 

3P-18 Simulated Image of Suspended Graphene by Helium Ion Microscope 155 

OYoshかukiMiyamoto 

3P-19 Lattice matching and band gap opening in graphene and h-BN stacked thin films 156 

大 oYuki Sakai， Susumu Saito 

3P-20 Synthesis and Optical Properties of Graphene Quantum Dots 157 

..;. ONaoto Fuyuno， Daichi Kozawa， Yuhei Miyauchi， Shinichiro Mouri， Kazunari Matsudα 

3P-21 First-principles study on geometries and electronic structures ofhalogen-terminated 158 

..;. armchair graphene nanoribbons 

OHideyuki Jippo， Mari Ohfuchi 

3P-22 Novel spintronic phenomena arising from pore四 edgepolarized spins of ferromagnetic 159 

graphene nanomeshes 

ONaoki Kosugi， Yasuki Hashimoto， Kenshi Sakuramoto， Keigo Takeuchi， Shota 

Kαmikαwa， Yuko Yagi， Junji Haruyama， Yoshiaki Hashimoto， Kazuhiro Fujita， Yuto 

Kato， Shingo Katsumoto， Y.α'suhiro Iye， Pei Zhα0， Shigeo Maruyama， Apparao Rao 

3P-23 Magnetic behaviors sensitive to foreign-atom termination ofpore-edge in graphene 160 

nanomeshes 

OKeigo Tcαkeuchi， Kenshi Sakuramoto， Naoki Kosugi， Yasuki Hashimoto， Yuko Y.α'gi， 

Junji Haruyama， Pei Zhao， Shigeo Maruyama， Apparao Rao 
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Applications of Graphene 

3P-24 Electronic structures ofhexagonal boron nitride with topologicalline defects 161 

OYoko Tomita. Susumu Okada 

3P-25 Hole-doping to CVD graphene induced by electron beam resist 162 

o Yui Ogawa， Masaharu Tsuji， Hiroki Ago 

3P-26 Fabrication of freestanding graphene nanoribbons devices for in-situ TE恥1 163 

官公 chraracterization 

OShoji Suzuki， Ryo Kitaura， Yuki Sαsaki， Keiichi Kamon， Yasumitsu Miyata， Hisanori 

Shinohara 

3P-27 The effects of graphene-layer thickness on I-V characteristics ofCNT-FETs with 164 

graphene contacts 

OMasato Tamaoki， Shigeru Kishimoto， Takashi Mizutani 

3P-28 Synthesis ofNanocarbon Composites Based on Reduced Graphene Oxides 165 

OEllya Indahyanti， Hiroyuki Yokoi， Kazuto Hatakeyama， Yasumichi Matsumoto 

3P-29 First-principles simulations of graphene dual-double gate transistors: implementation of 166 

gate electric field 

Mαri Ohfuchi 

Nanohorns 

3P-30 Apoptotic Mechanism ofRA W264.7 Induced by Carbon Nanohoms 167 

OMei Yang， Minfang Zhang， Yoshio Tahαra， Sumio Iijima， Masako Yudasaka 

3P-31 Synthesis of carbon nanohoms dispersed with metallic nanoparticles by gas-injected arc- 168 

in-water method 

ONoriaki Sano， TatjヮornSuntornlohanakul， Chantamanee Poonjarernsiljヮ，Daisuke 

Hirαma， Kosuke Taniguchi， Tatsuhiko Nor初lOto，Taiga Ishii， Hajime Tamon， Tawatchai 

Charinpanitkul 

Nanowires 

3P-32 Vibronic interaction in the forbidden electronic transition of polyynes and cyanopolyynes 169 

OTomonari Wakabayashi， Yoriko Wada， Makiko Tomioka 

Carbon N anoparticles 

3P-33 Methanol oxidation reaction characteristics of carbon nanomaterials with PtRu・support 170 

OMαsahiro Ozaki， YoshかukiSuda， Hir祈lmiTakikawa， Hideto Tanoue， Hitoshi Ue， 

Kazuki Shimizu 

3P-34 IR spectra ofpolyyne-iodine complexes in nonpolar solvents 171 

OYoriko Wada， Yusuke Morisawa， Tomonari Wakabayashi 

3P-35 Formation of carbon nanocapsules from silicon nanoparticles deposited on a carbon 172 

大 nanotubeheater 

OTomohiro Terada， Koji Asaka， Hitoshi Nakahara， Yahachi Saito 
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o Yuki Shiraki， Yuki Mishina， Shunji Bandow 
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OHaruka Kyakuno， Kazuyuki Matsuda， Yusuke Nakαi， Tomoko Fukuoka， Yutakα 

Maniwa， Hirotomo入Tishihαra，Takashi Kyotani 
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Synthesis and characterization of carbon-nanotube-based hybrid materials 

oToshiya Okazaki 

Nanotube Reseαrch Center， AIST， Tsukuba 305-8565， Japan 

One of the most characteristic features of single-walled carbon nanotubes (SWCNTs) is 
that they have an inner space with dimensions suitable for accommodating molecules and 
molecular materials. Doping molecules to the inner spaces instead of outside the SWCNTs is 
expected to be a use白1technique品rachieving realistic applications of SWCNTs to increase 
their stability and durabi1ity. For example， low-temperature scanning tunneling spectroscopy 
(LT-STS) revealed that a band gap of ~O.5 eV is narrowed down to ~O.l eV at the site where 
Gd@C82 molecule is inserted in semiconducting (11， 9) SWCNT [1]. Although江provides
possib1e design rules for proposing hybrid structures having a specific type of electronic 
functionality， it was yet unclear from either the experimental or theoretical point of view what 
is the effect of encapsulated fullerene molecules on the band gap modification ofSWCNTs. 

We have studied on the electronic and the phonon properties of白llerenesencapsulating 
SWCNTs (nanopeapods) by using spectroscopic techniques such as photoluminescence (PL) 
[2-5] and resonance Raman scattering [6-8]. The PL peak positions and the radial breathing 
mode (RBM)企equenciesshow characteristic changes upon fullerene encapsulations. For 

instance， the observed shifts in the optical transition energies and the RBM frequencies of 
SWCNTs show strong tube diameter dependence， which can be explained by the van der 
Waals type intermolecular interaction between SWCNTs and the encapsulated白llerenes.

The important finding from these studies is that SWCNTs are ideal templates for 
one-dimensional (lD) organic nanostructures. Howeverラ noother mo lecule has shown 
well-ordered arrangements in SWCNTs even though fullerenes form one-dimensional crystals 

inside SWCNTs. We recent1y demonstrated such lD organization of coronenes， a class of 
planar n-conjugated molecules， by using SWCNTs as templates [9]. Interestingly， the 
assembling structure of the coronene columns is different form the crystal structure of bulk 
coronenes. 

In this symposium， we will first review the spectroscopic studies on fullerene nanopeapods 
and then report several characteristic nanostructures formed inside SWCNTs including 
coronene. The basic properties ofthe produced 1D molecular crystal will be discussed. 

[1] J. Lee et αょう Nature，415， 1005 (2002). [2] T. Okazaki et al.， J Am. Chem. Soc.， 130，4122 (2008). [3] S. 

Okubo et al.， J Phys. Chem.仁ラ 113，571(2009). [4] Y. Iizumi et al.， Chem. Commun.， 46， 1293 (2010). [5] S. 

Okubo et αl吋 JAm. Chem. Soc.， 132， 15252 (2010). [6] S.-K. Joung et al吋 Phys.Rev. Lett.， 103， 027403 (2009). 

[7] S.-K. Joung et al.， Phys. Chem. Chem. Physラ 12.8118 (2010). [8] S.-K. Joung et al.， Phys. Status Solidi B， 

247，2700 (2010). [9] T. Okazaki et al.， Angew. Chem. Int. Ed.， 50， 4853 (2011). 

Corresponding Author: T. Okazaki 
Tel: +81-29-861-4173， Fax: +81-29-861田 6241

E-mail: toshi.okazaki@a国 .go・JP
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Superconductivity proximate to antiferromagnetism in fullerene 
superconductors 

oKosmas Prassides 

Department ofChemistry， Durham University， Durham DHl 3L瓦 UK

A3C60 (A = a1ka1i meta1) superconductors were known to adopt face-centred cubic (fcc) 
structures with their superconducting T c increasing monotonically with increasing 
interfullerene spacing， reaching a 33 K maximum for RbCS2C60 -this physica1 picture had 
remained unaltered since 1992. Trace superconductivity (s/c企action<O.l%) at 40 K under 
pressure was a1so reported in 1995 in multiphase samp1es with nomina1 composition CS3C60・

Despite numerous attempts by many groups worldwide， this remained unconfirmed and the 
structure and composition ofthe materia1 responsib1e for superconductivity unidentified. Thus 
the possibility of enhancing ful1eride superconductivity and understanding the structures and 
properties ofthese archetypa1 mo1ecu1ar solids had remained elusive. 

Here 1 will present our recent progress in this fie1d in accessing high-symmetry 
hyperexpanded alkali fullerides 
in the vicinity of the 
Mott-Hubbard meta1-insu1ator 
boundary and at previous1y 
inaccessib1e intermo1ecu1ar 
separations. The physical 
picture that emerges for the 
a1kali fullerides is that， contrary 
to 10ng-he1d beliefs， they are the 
simp1est members of the 
high-T c superconductivity 
fami1y. We demonstrated this by 
showing that in the two 
hyperexpanded CS3C60 
po1ymorphs (fcc- and 
A15-structured) [1，2]ラ

superconductivity emerges upon 
app1ied pressure out of an 
antiferromagnetic insu1ating 
state and disp1ays an 
unconventiona1 behaviour -a superconductivity dome -exp1icab1e by the prominent ro1e of 
strong e1ectron corre1ations (Fig. 1). 
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[1] Y. Takabayashi et al.， Science 323， 1585 (2009). 

[2] A. Y. Ganin et αょうNαture466ラ 221(2010). 

Corresponding Author: K. Prassides 
Tel: +44・191・334司 2063，Fax: +44-191-334-2051， 

E-mail: K.Prassides@durham.ac.uk 
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Toward the Creation of Graphene Terahertz Lasers 

oTaiichi Otsuji， Akira Satou， and Victor Ryzhii 

Research Institute 01 Electrical Communication， Tohoku University， Sendai， 980-8579， Japαn 

Graphene， a monolayer carbon-atomic honeycomb crystalラhasattracted attention due to its 

peculiar optoelectronic properties owing to the massless/gapless energy spectrum [1]. Optical 
or injection pumping of graphene can exhibit negative-dynamic conductivity in the terahertz 

(THz) spectral range [2， 3]. This paper reviews recent advances toward graphene THz lasers. 
When the photogenerated electrons and holes are heatedラ collectiveexcitations due to the 

carrier-carrier scattering take a dominant roll to perform an ultrafast carrier 

quasi-equilibration (see Fig. 1). Then carriers at high-energy tails of their distributions emit 

the optical phonons， cooling themselves and accumulating around the Dirac points (see Fig. 
1). Due to a fast intraband relaxation (ps or less) and relatively slow interband 

recombination (>>lps) of photoelectrons/holes， the population inversion is obtainable. We 

also theoretically revealed the occurrence of negative dynamic conductivity in a wide THz 

丘equencyrange [3，4] (see Fig. 1). We conducted THz time domain spectroscopy for fs-laser 

pumped exfoliated monolayer graphene samples and showed that graphene amplifies an 

incoming THz field [5]. When the pumping intensity weakens below 1 x 107 W/cm
2 
threshold 

behavior can be seen， testifying the occurrence of amplified stimulated THz emission. 
Optical pumping with rather high photon energy of the order of “~eV刊 significant1y heats 

the carriers， which dramatically increases the pumping threshold， preventing the population 
inversion [6]. Current injection pumping is a best of solution because electrical pumping can 

serve any pumping energy down under the order of "meV" when a p-i-n junction is formed 

like semiconductor laser diodes. Dual gate structure can make a p-i-n junction in the 

graphene channel [3] (see Fig. 2). Waveguiding the THz emitted waves with less attenuation 
is another key issue (see Fig. 2). We theoretically discover the amplification of surface 
plasmon-polariton when traveling along the graphene-channel waveguide under population 

inversion [7]. These new findings can lead to creation of a new type of room-temperature 

operating graphene THz lasers. This work is supported by JSPS GA-SPR and JST-CREST. 
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Fig. 1. Carrier dynamics and conductivity in graphene. Fig. 2. A dua1-gate graphene injection 1aser transistor. 

[1] A.K. Geim and K.S. Novoselov， Nat. Ma町.6， 183 (2007). 
[2]V. R戸hiiet al.， 1. Appl. Phys. 101，083114ρ007). 
[3] V. R同首iet al.， 1. Appl. Phys. 110，094503 (2011). 
[4] A. Satou etal.， Jpn. 1. Appl. Phys. 50， 070116 (2011). 

Correspondi時 Al曲 or:T. Ot臼s吋
Tel: +81ト-22-217岨 6104，Fax: +81-22-217-6104， 

E-mail: otsuji@riec.tohoku.ac.j 

[5] S. Boubanga-Ton枇 :tet al.， Phys. Rev. B 85， 035443 (2012). 
[6]V. R同liiet al.， Jpn. 1. Appl. Phys. 50， 094001 (2011). 
[7] A.A. Dubinov et al.， 1. Phys.: Condens. Ma附 23，145302 。011).
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Carbon nanotube field effect transistors with graphene contacts 

Takashi Mizutani 

Department of Quantum Engineering， Mαgoya University， Nagoya， 464-8603， Japan 

In order to apply carbon nanotube field-effect transistors (CNT-FETs) in electronics， it is 
important to address the issues such as the decrease of the contact resistance， control of the 
conduction type (n channel or p channel)， and suppression ofthe ambipolar behavior. For this 
pu中oseラ wehave fabricated CNT-FETs with graphene contacts and studied the effects of the 
metal overlayer on the CNT channe1. 

The CN下FETswith graphene contacts [1-2] were fabricated by depositing tri-layer 
structure of Au/Ni/a-C on the both ends of the CNT and the following graphitization 
annealing at 800oC. Graphene formation was confrrmed by the TEM observation and the 
Raman scattering measurement. The devices showed p-channel behavior in air ambient with 
smal1er contact resistances than the device with Au contacts. The conduction type changed to 
ambipolar in a vacuum after annealing at 200oC. The p同 typeconduction in air was attributed 
to the adsorbed oxygen on the device sur白ce.The Fermi level of graphene contacts was 
found to be located at slightly below the midgap ofthe CNTs in a vacuum [2]. 

The conduction type of the CNTs with graphene contacts was controlled by the overlayer 
metal deposited on the CNT surface [3]. n-type conduction was realized by using Ti with a 
small work乱mctionas the overlayer metal， and p-type conduction by Pd with a large work 
function. The conduction type control was realized by employing the charge transfer企omthe 
overlayer metal to the CNT channel and the resultant band bending. 

Ambipolar behavior was suppressed by introducing a floating gate which was placed on 
the CNT channel near the drain contact [4]. In the case of the n-channel devices， the metal 
with the small work function was suitable as the :floating gate material because it forms the 
barrier against the holes which might be injected from the drain contact. In the case of the 
p-channel devicesラ Pdwith the large work function was suitable as the floating gate materia1. 

This work is partially supported by Grant-in四 Aidfor Scientific Research on Priority Areas 

fromMEXT. 

[1] Y. Chai et al.， IEEE Trans. ED. 59， 12 (2012). 

[2] M. Tamaoki et al.ラAppl.Phys. Lett. (2012) (in print). 
[3] S. Ishii et al.， 43悶 FNTGSymposium (2012). 
[4] S. Ishii et al.， (to be submitt巳d).

Corresponding Author: T. Mizutani 
Te!:十8ト52-789-5230，Fax: +8ト52-789-5232，

E-mail:凶 izu@nuee.nagoya-u.ac.j
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Plasma processing of carbon-based nanomaterials 

o R. Mohan Sankaran 

Department of Chemical Engineering， Case Western Reserve Universiか"Cleveland， Ohio， 

u.s.A. 

Low-temperature， low-pressure plasmas have played an essential role in the 
microelectronics industry. Generally， these plasmas are used to precisely etch and deposit 
Si-based materials. As new technologies emerge， recent trends have shifted from a focus on 
Si-to carbon-based materials. In particular， carbon-based nanomaterials such as carbon 
nanotubes and graphene are of great interest for nanoscale electronic devices. Howeverラ

carbon is characterized by an enormous range of diversity白瓜 createsa significant synthetic 
challenge. A key challenge is therefore the development of processes that are capable of 
producing well-defined carbon-based nanomaterials. In this talk， I wi1l present our recent 
efforts in this area based on our platform technology， atmospheric-pressure microplasmas. I 
will show that these novel plasma sources are capable of generating size- and 
compositionally-controlled metal nanoparticles for the catalytic growth of chirally-enriched 
single-walled carbon nanotubes.[l] Microplasmas can also serve as an atmospheric-pressure 
source of radicals such as atomic hydrogen to reduce graphene oxide at low temperatures. [2] 
Recently， we have discovered that hydrocarbon precursors can be dissociated in a 
microplasma to homogenously nucleate carbon nanoparticles with diamond phase.[3] I wi1l 
discuss these results in detail， highlighting the potential advantages of plasma processing for 
carbon nanomaterial synthesis and modification. 

[1] W-H. Chiang and R. M. Sankaran， Nat. Mater. 8ラ 882(2009). 

[2] S. W. Lee and R. M. Sankaran， 1. Phys. Chem. Lett. 3， 772 (2012). 
[3] A. Kumar et al.， in preparation. 
Corresponding Author: R. Mohan Sankaran 
Tel: +1-216-368-4589 

E-mail: mohan@case.巳du
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Epitaxial CVD Growth of Graphene 

HirokiAgo 

Institute for Materials Chemistry and Engineering and Graduate School of Engineering 

Sciencω，めlUshuUniversity， Fukuoka 816-8580 

Graphene is emerging as a new material for future applications in electronics， mechanics， 

optics， and energy. Recently， catalytic chemical vapor deposition (CVD) growth has 

attracted considerable interest as an effective means of producing large-area graphene films 

with relatively low cost. However， because most of the CVD growth has been done over 

polycrystalline metal films or foils， as-grown graphene has relatively smal1 grain size and its 

orientation is not control1ed. 

Hereラ wepresent our recent studies on graphene growth using heteroepitaxial Cu and Co 

metal films deposited on sapphire c四 planeand MgO(111) substrates [1-7]. We realized the 

CVD growth ofuniform single-layer graphene not only on the Cu film with low C solubility 

but also on the Co film with high C solubility. These heteroepitaxial metal films enable the 

growth of orientation-control1ed graphene consistent with the Cu and Co lattices [2，3]. 

Furthermore， low energy electron microscope (LEEM) analysis reveals that the graphene 

films grown on heteroepitaxial Cu(1l1) and Cu(100) planes have different domain structuresラ

as illustrated in Figure 1 [7]. Square lattice of Cu( 1 00) gives 

the single-layer graphene with two domain orientations 

rotated by 300
• On the other hand， uniform domain 

orientation is observed for the graphene grown on Cu(111). 

The growth mechanism of single-layer graphene on Cu 

surface is also discussed in terms of evolution of graphene 

domains [8]. Finally， our recent effort for the CVD growth 

of the graphene nanoribbons will be demonstrated [9]. We 

expect our epitaxial CVD approach paves the way for 

high-quality graphene with controlled structure applicable to 

graphene-based electronics and mechanics. 

References: 

Figure 1. Illustration of graphene 
domains grown on two different 
Cu planes 
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C. M. Orofeo， Carbon， 50， 2189 (2012). [5] B. Hu， NewJ. Chem.， 36， 73 (2012). [6] C. M. Orofeo， Nano Res.， 4， 
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Binary alloy effect on the chirality selection of carbon nanotubes 

。YohjiAchiba1
)ラTakeshiKodama1

)ラKenroHashimoto1
)， Haruo Shiromaru1

) and Toshiya 
Okazaki2) 

1 Department 01 Chemistry，おかoMetropolitan University， Hachiの'i，192-039スJapan
L，Advanced lndustrial Science and Technology， Tsukuba， 305-8505， Japan 

Controlling size and chirality distributions in the production of single wall carbon 
nanotubes (S¥¥弓..JTs)is undoubtedly one of the most important issues in the potential 
applications of the SWNTs to nano・material science and technology. So far， many 
experimental attempts have been carried out on the selective production of specific (n，m) 
印besby various kinds of the SWNT production methods. Among these trials， so cal1ed 
“Co乱M匂oCAT"and 
formation has been de白monst仕ra抗tedtωo be of fairly prominence. In these experimentsラ the
selection of the (6，5) tube seems to be realized by combination of CO disproportionation 
reaction and Co metal catalyst. 

On the other handラ thelaser vaporization method combined with RhPd catalyst under some 
specific condition gives another good example for the realization of highly selective SWNT 
growth， in which over 80% selective growth of (6，5) species has clearly been shown， 
suggesting the presence of some special reasons for the favorable growth of (6，5)加be.

In the present work， we will demonstrate how the Rh/Pd binary metal catalyst system does 
work on the chirality selective growth of SWNTs on the basis of some experimental results 
revealed by systematical changes of RhlPd ratio in the laser vaporization SWNT synthesis 
system. The presence of the solid solution phase of Rh/Pd binary metal catalyst system seems 
to play an essential role on the highly chirality selective formation ofparticular (n，m) tubes. 

Figure 1 shows the change of the chirality 
distribution upon adding Pd to the Rh 
mono-metallic catalyst system. All the samples 
shown in Fig. 1 were prepared at 975

0

C fumace 
temperature. It is clear that by increasing Pd 
concentration to the Rh systemラ notonly the size 
distribution changes into the smaller diameter one 
but also the distribution of“near armchair" 
structure is significantly enhanced. It was also 
found that under the extreme condition such as low 
temperature and high concentration of Pd， over 
90% carbon nanotubes in the soot consists of (6，5) 
tubes. We will discuss the reason why such a 
chirality-selective formation of carbon nanotube 
takes place by use ofbinary alloy catalyst system. 
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Fig. 1 The Pd addition effect on the chirality 
distribution of carbon nanotubes produced by a 
laser vaporization-fumace method 
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Raman study on defects induced double walled carbon 
nanotube by X-ray irradiation 

oToshiya Murakami1， Yuki Yamamoto1， Kenji Kisoda2
ラ
ChihiroItoh 1 

1 Department 01 Material Science， Wakayama University， Wakayamα" 640-8510， Japan 
L Department 01 Physics， Wakayαma University， Wakayαmα，640四 8510，~αpan 

Structural modification of carbon nanotube (CNT) results in change of its electronic 
property because of the strong correlation of the electronic structure with its dimater. For 
developing carbon-based nano-electronic devicesラ itis necessary to control CNT structures. 
X-ray irradiation has been shown to modify the structure of single walled carbon nanotube 
(S川市H).[1]D\\弓~T is the simplest multi walled carbon nanotube and possesses common 
properties of SWNT. Therefore. the study on the X-ray irradiation effect in DWNT provides 
insights on interpaly between carbon layers and X-ray induced atomic process in 
nanocarbons. 

In this report， we show the results of the Raman scattering spectroscopy on the soft X-ray 
(277eV) irradiated DWNTs. After X-ray irradiation， the intensity ratio of D-to G-bands 
(D/G) was slightly enhanced compared to the irradiated SWNT with the same experimental 
condition.[1] This small enhancement of D/G in DWNT indicates that DWNTs are more 
stable under X-ray irradiation than SWNTs. In Fig. 1(b)， we show the low-frequency Raman 
spectra of before and after the X-ray irradiation. The peaks at 158 cm.1 and 266 cm-1are 
ascribed to RBMs of outer and inner tubes of DWNT， respectively. X-ray irradiation 
broadened the width of these peaks. However， the increase in FWHM of the outer tube is 
greater than that of the inner tube as shown in Fig. 1(c). The defects were recovered by 
annealing in the vaccum (not shown). Based on these results， we infer that the 
vacancy-interstitial pairs， Frenkel defects， are induced in DWNT by X-ray irradiation. The 
vacancy-interstitial separation of the Frenkel pairs on the outer tube is concievably longer 
than that of the inner tube. 
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Electrochemical Iodine Doping of SWCNTs 

oShinji Kawasaki， Song Ha Yong， Ayar Al-zubaidi， Yosuke Ishii 
Nagoya Institute ofTechnology， Gokiso， Nagoya 466-8555， Japan 

Takenobu Sakai 
Toyota Motor Corporation， 1200， Mishuku， Susono 410・1193，Japan 

The physical properties of single-walled carbon nanotube (SWNT) bundles doped 
with halogens and alkali metals exhibit large differences with respect to the undoped pristine 
material. Among the doped SWCNTs， iodine doped SWCNTs have attracted much interest 
because the electric conductivity of SWCNTs drastically increase by iodine doping and the 
I-doped SWCNTs are stable against air. Usually iodine doping of SWCNTs is carried out by 
immersing SWCNTs in iodine me1t in a sealed glass tube. In the present paper， we will show a 
much easier doping method. 

We fabricated a three electrode configuration cell consisting of a SWCNT bucky 
paper working electrodeラ anAg/ AgCl reference electrode and a Pt counter electrode. The test 
cell is immersed in a Nal aqueous solution. By applying 2 V for 1 h， highly iodine doped 
SWCNTs can be obtained as shown in Fig.1. As shown in Fig. 1， an intense peak at about 172 
cm-

1 

and its overtones are observed after the electrochemical doping treatment. The peak 
indicates the existence of polyiodine ions (probabably 15-ion). We can easily control the 
content of iodine (the doping level) by changing electrolysis duration， electrolyte 
concentration and applying potential. It should be noted that the doped iodine molecules can 
be extracted by applying the opposite potential. 

In the presentation， we will show very interesting physical properties of the iodine 
doped SWCNTs in water. 
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Fig. 1 Raman spectra of (a) pristine and (b) electrochemically I-doped SWCNTs. 
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Selective Functionalization of Single-Walled Carbon Nanotubes 

oYutaka Maeda1， Yuri Amagai1， Junki Higo1， Jun Matsui
2
， Michio Yarp.ada1ラ Tadashi

Hasegawa" Jing Lu-'ラ ShigeruNagase'+， Takeshi Akasaka
J 

1 Department of Chemistry， 日付oGakugei University， Koganei， 184戸 8501，Japan 
2Institute of MultidisciplinmァResωrchfor Advanced Materials， Tohoku Universiか，Katahira， 

Sendai 980-857スJαrpan
3 Department of Physics， Peking Universiか，Beijing 100871， People Rψublic of China 

4 Fukui Institute for Fundamental Chemistη， Kyoto UniversifJぅ伶oto606-8103， Japan 

5L俳 ScienceCenter ofTsukuba Advanced Resωrch Alliance， University ofTsukuba， 

Tsukuba 305-8577， Japan 

The creation of new compounds involving main group elements is currently fascinating 

subject to discover the unique electronic properties that can be applied as new functional 
materials. The unique electronic structure of main group element moiety plays a crucial role 
in characteristic electronic properties and chemical reactivity of organic compounds. Recently， 
we studied the functionalization of single-walled carbon nanotubes (SWNTs) using organic 
compounds involving main group elements. Treatment of SWNTs using amine is effective for 
their individual dispersion and separation of metallic S¥¥明 Ts.[1] The silylation of SWNTs is 
effective for the band-gap tuning of SWNTs， which increases field emission properties of 
SWNTs and enhances the n-type properties of field effect transistors. [2] 

In the present workラ wereport a simple selective functionalization of SWNTs using 
organosulfur compounds. A THF solution of SWNTs containing organosulfur compound was 

sonicated in a bath type sonicator for 2 h. The suspension was 三三:72;zth
irradiated under saturated oxygen with a 500W halogen lamp. As 0.30， ;;:， -;. _1ケ山口onfor14h 
shown in Figure 1， characteristic Raman and absorption spectra ~一一…
assigned to metallic SWNTs was decreased after irradiationラ whichio叶
indicates a he凶凶児叫凶eli

photoreaction showed t也ha瓜tnot only electronic-type selectivity but E …ハハ

also diameter selectivity takes place. In order to clarify the reactionω200 240 280 320 
detailsラ thephotoreaction of SWNTs with organosulfur compound _ 0.12 

under various conditions was conducted and these control ! 0.08 
experiments suggest that the oxygen atom transfer from ! 
thiopersulfinate intermediateラ [3]which generated via photoinduced ~ 0.04 
electron transfer， to SWNTs takes place. The XPS spectra of the ~ 0.00 

SWNTs before and after the pl削 orea伽 1show no peaks160 JZm;::ぷ?m
attributable to sulfur，though the atomic ratio of C to O ([CVIOl)in Fig.IRaman spectra of 

S¥¥明 Tsis decreased， which supports the oxygenation of SWNTs. SWNTs after ~hotoreaction 

[1] Y. Maeda et al. 1. Am. Chem. Soc. 127， 10287 (2005). Nanosca1e 3， 1904 (2011). Nano. 7， 1130001 (2012) 
[2] Y. Maeda et al. Chem. Mater. 18，4205 (2006). R. Kumashiro et al. 1. Phys. Chem. Solids. 69， 1206 (2008). 

[3] S. Lacombe et al. Photochem. Photobiol. Sci. 1， 347 (2003). Y. Maeda et al. Chem. Lett. 40， 1431 (2011). 
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Fabrication of nitrogen substituted single-walled carbon nanotubes by 

diffusion plasma reaction and their electrical transport properties 

OToshiaki Kato， Koshi Murakoshiラ MakotoAkutsu， Rikizo Hatakeyama， Toshiro 

Kaneko 

Department 01 Electronic Engineering， Tohoku University， Sendai 980-8579， Jcαrpan 

Nitrogen doped nanocarbon materials such as single-walled carbon nanotubes (S¥¥弓ITs)

組 dgraphene have attracted intense attentions due to their unique physical and chemical 

features. Up to now， there are many reports relating with the fabrication of nitrogen doped 

SWNTs and graphene. In the case of graphene， the electrical transport properties can be 

changed by doping nitrogen from p-type to n-type， which is consistent with the theoretical 

predictions. Interestingly， howeverラc1earn-type electrical properties have not been observed 

for nitrogen doped SWNTs. To address this issue， we attempt to白bricatenitrogen doped 

SWNTs with di伍lsionplasma reaction and realize n-type S¥¥明Tsfield e盟主cttransistors 

(FETs). 

Nitrogen doping to SWNTs was carried out with in-situ or ex-situ plasma treatment. For the 

in-situ doping， nitrogen gas was mixed during the growth process of SWNTs under plasma 

CVD， whereas nitrogen plasma irradiation was performed to SWNTs as a post treatment for 

ex-situ doping. The properties of SWNTs were measured by Raman scattering spectroscopy， 

X-ray photoelectron spectroscopy (XPS)， and a vacuum probe station under the FET 

configurations. In the case of ex-situ treatment， the 2D Raman peaks of nitrogen doped 

SWNTs tend to shi立dependingon the doping level of nitrogen. The multiple electrical 

measurements for the same SWNTs-FET device shows that the electrical transport property 

gradually changes企omp-type to n-type with an increase in the post plasma treatment time 

and c1ear n-type feat町 esare observed after the long time nitrogen plasma treatment. This 

n-type feature is also observed for nitrogen doped S¥¥明Ts白bricatedby in-situ doping 

process. These results indicate that di白lsionplasma reaction might create the unique doping 

s佐ucturesof nitrogen in SWNTs， which play a role as an electron donor to SWNTs as similar 

with the case of graphene. 

Corresponding Author T. Kato 
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Nucleophilic cycloadditions to C70 : 

Vibronic coupling density analysis for its reactivity 

oNaoki Haruta1， Tohru Sato¥Kazuyoshi Tanaka
1 

1 Department of Molecular Engineering， Graduate School of Engineering， 

めotoUniversiか，めoto，615-8510， Japan 

C70 is the second most abundant fullerene. 

Nucleophilic cycloadditions to C70 have been 

widely studied [IJ. Since el" LUMOs of C70 are 
low-lying， C70 is a good electron acceptor. 

According to experimental findings， cycloadditions 
occur at a-b and c-c bonds (Fig.l). The frontier 

orbital theory， however， encounters difficulty to 
predict its regioselectivity since its averaged LUMO 

density is delocalized over the molecule. In order to 

overcome this difficulty， we discuss vibronic Fig.1 Geometry ofC
70 

(D
Sh 

symmetry)・

(electron-vibration) coupling for a reaction mode. 

We use the concept ofvibronic coupling density (VCD) [2J TJs to explain its regiose1ectivity: 

りs(γ)=L1ρ(r)x vs(r) ， 
where L1p is the electron density difference between a neutral state and a charge-transfer 

(anionized) state， Vs the derivative of the potential acting on a single electron from all the 

nuclei with respect to the reaction mode s. The integration ofηs gives the strength of 

vibronic coupling. Based on the Parr and Yang's principle [3J， we have proposed thatηs can 

be regarded as a reactivity index [2]. Recently， the VCD analysis has been shown to be 

effective to predict the reactivity of C60 [4]. Figs.2 (a) and (b) show the reaction mode s and 

ηs for the E{' () charge-transfer state of C祢 a-band c-c bonds are strongly lengthenedラ while

a-a bonds are strongly shortened. TJs has large distributions on these bonds. The large 

distributions of ηs on a-b 

and c-c bonds are similar to 

ethylene anion (Fig.2 (c)). 

This result indicates that the 

C70 cage has ethylene 

moieties as a functional 

group. On the other hand， TJs 
has the different type of 
distributions on a-a bonds 

top view side view 

(a) (b) (c) 

Fig.2 (a) the reaction mode 久 (b)ηsfor the E{' e anionized state of since a-a bonds are shortened. 

C70， and (c) rJs for ethylene anion placed on the C70 cage. This is the opposite direction 

of the reaction process. 

[1] C. Thilgen， F. Diederich Chem. Rev. 106，5049 (2006). 

[2] T. Sato et al. 1. Phys. Chem. A 112， 758 (2008). 

[3] R. G. Pa汀， W. Yang 1. Am. Chem. Soc. 106，4049 (1984). 

[4] T. Sato et al. Chem. Phys. Lett. 531，257 (2012). 
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Thermodynamic Stability and Exohedral Derivatization of Hepta-Fullerene 

ow.-w. Wang， J.-S. Dang， and X. Zhao* 

Institutefor Chemical Physics & Department ofChemistη¥ FaculかofScience，

Xi 'an Jiaotong Univer，百lか¥Xi'an 710049， China 

Heptagon in carbon s/ nano materials (白llerene，graphene， and nanotube) has been treated 

as an important defect because it can significantly alter the structure and properties of carbon 

allotropes. Very recently， a new C68 fullerene with a 7・memberedring has been cap回redin the 

form of chloride C68Cl6 from a carbon arc plasma in situ by Tan et al.
1 
The exciting findings not 

only imply that the thermodynamically stable hepta-fullerene can be isolated and characterized by 

saturated with adatoms on reactive sites， but also provides direct and powerful evidence for 

demonstrating the rationality of the bottom聞 upgrowth mechanism in which fullerenes are derive 

from atomic carbon or small clusters in elevated temperature range. 

Herein a systematic investigation2 has been performed on the geometries， thermodynamic 

stabilities， and electronic properties of C68 species by using density functional theory (DFT) 

method. A total of 203435 structures (consist of 6332 classical C68 and 197103 hepta四 C68)come 

out from the GSW algorithm program and a hepta-C68 (namely by C6Lid146:Cj) was predicted to 

be the most thermodynamically favorable framework at elevated temperaturesラ whichaccord with 

the experimental results. ln the case of the exohedral derivatives of C6Lid146:CJ， analyses on 

geometrical and electronic characteristics of C68X6 (exohedral derivatives of C6Lid146:C/; X: H， 

F， and Cl) were preformed to clari骨thestability and chemical properties of hepta-白llerene-based

hydride and halogenides. The negative formation energies and rather large HO民10-LU孔10gap of 

the compounds reveal that they are stable derivatives and hydrogenation， fluorination and 

chlorination are all feasible ways to stabilize the carbon cage. Furthermoreラ theregioselectivity 

and addition sequence of six chlorination sites towards C68Cl6 have been elucidated and an 

optimal pathway is proposed according to the analyses on structural and electronic properties of 

C68Cln (n:0~5). 

Figure 1. Structure and chlorination sites (numbered as 1-6) ofC68_id146:C/. 

Reference: 

1. Y. Z. Tan， et al. Nature Comm. 2011， 2， 420. 

2. W. W. Wang， J. S. Dang， J. J. Zheng， X. Zhao J. Phys. Chem. C. 2012. 116， in press. 
* Corresponding author: X. Zhao弓 Email:主治d没必尋盟h盟三ιill
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Electron-Transfer Reduction of Li lon Encapsulated Fullerene 

oKei Ohk:ubo， Yuki Kawashima， Shunichi Fuk:uzumi 

Department of Material and Life Science， Graduate School of Engineering， Osα初 Universiか
and ALCA， Japan Science and Technology Agencyμs刀，Suita， Osaka， 565-0871， Japan 

Fullerene， which has a highly delocalized three-dimensional .n-system， is suitable for 
efficient electron acceptor because the uptake or release of electrons results in minimal 

structural and solvation changes upon electron transfer. The reorganization energy of 
electron-transfer reduction of pristine h-C60 has been determined from the driving force 
dependence of electron-transfer reduction rate constants of C60 with various π-electron donors 
[1]. Endohedral fullerenes have recently gained increased attention with regard to the 
potential applicability due to the specific reactivities. However， there has been no report on 
the systematic comparison between reactivities of electron-transfer reduction of endohedral 

白llereneand C60・ Wereport herein the electron transfer reactivities between lithium 
encapsulated fullerenιLi十@C60，and electron donors. 

Upon nanosecond laser excitation at 430 nm of a benzonitrile (PhCN) solution Lt@C60， a 
transient triplet-triplet (T -T) absorption spectrum is observed with 九ax= 740 nm. The T-T 
absorbance decays obeying first-order kinetics without T -T annihilation. The addition of 
1，4-dimethoxybenzene to a solution ofLt@C60 in 

benzonitrile (PhCN) results in electron transfer 
from 1，4-dimethoxybenzene to the triplet excited 
state of Lt@C60 e(Li+@C60)*] to produce 

1，4-dimethoxybenzene radical cation (λmax = 430 
nm) and Lt@C60'-(λmax = 1035 nm [2， 3]). The 

ket values for electron transfer from electron 
donors to the triplet excited states of Lt@C60 and 
pristine C60 were determined by using various ::S 
electron donors， (Fig. 1). The rate constants of g' 
photoinduced electron transfer of Li十@C60are 

significantly larger than those of C60 when the rate 
constants less than the diffusion-limited value are 

compared at the same Eox values of electron 
donors. Particularly， the ket value of electron 
transfer 企om1，4-dimethoxybenzene (Eox = 1.21 
V vs SCE) to ¥Li十@C60)キ (2.7X 109 M-1 

S-1) is 

390 times faster than that to 3C60* (6.9 X 106M-1 

s l). 
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Fig. 1 Plots of log ket vs the one-electron 
oxidation potentials of electron donors (Eox) 
for electron transfer企omvarious electron 
donors to 3(Li十@C60)* and 3CぶinPhCN.

[1] S. Fukuzumi and K. Ohkubo et al. Chem. Eur. J. 9， 1585 (2003). 

[2] S. Fukuzumi and K. Ohkubo et α1.J. Am. Chem. Soc. 133， 15938 (2011). 

[3] K. Ohkubo， Y. Kawashima， S. Fukuzumi Chem. Commun. 48，4314 (2012). 
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Rapid Separation of Metallofullerenes by Titanium Chloride 

oKazuhiko Akiyarna 1， Erina Takeuchi1， Zhiyong Wang2
ラ
KazukiChiba 1， Yusuke N akanishi

2
ラ

Shoko Noda2， and Hisanori Shinohara2 

21 cmd.School qfsci.αnd Eng.， Tokyo Metropolitαn Univ.， H，αchioji， 192-039スJapan
Dψt. of Chem. & lnst. for Advω1ced Resωrch， Nagoya Univ.， Nagoya 464-8602， Japan 

Endohedral Metallofullerenes (EMF s) are one of the prornlsmg rnaterials for the 
applications in electronics and biornedicine due to their interesting e1ectronic properties and 
novel rno1ecu1ar structures. However， the app1ications of EMFs have not sufficient1y been 
deve10ped because of the difficulties in the separation and purification of EMFs. To overcorne 
these difficulties， severa1 separation and purification techniques using the redox properties of 
EMFs have been reported. Recent1y， Bolsker 
and coworker reported that Gd rnetallofullerenes 
is effective1y separated frorn ernpty fullerenes 
by using strong oxidant of A1Ch・[1]However，ラ

it was found that only about 60% of EMFs was 
recovered and rernained 40% of 
rnetallofullerenes was 10st. [2] Here， we report 
that TiC14 is rnore effective oxidant for the 
EMFs separation and EMFs can be rapid1y 
separated frorn ernpty fullerenes， typically 
within 1 rnin by using TiC14 as oxidant. 

Lanthanurn (La) EMFs were prepared by arc 
discharge rnethod. Crude fullerene extracts 
containing EMFs were extracted白・orngenerated 
soot by 1ム4-trichrolobenzene(TCB).EMFs were 
separated by the rnanner as shown in scheme 1. 
The contents of La EMFs in the “filtrate" and 
“EMFs solution" were determined by the 
cornparison of the HPLC peak intensities at the 
retention time of La@CS2 for each sample with 
those for original “乱lllereneextracts solution". 

Figure 1 shows the separation efficiency of La 
E恥1Fsestirnated from HPLC analysis for each 
solvent used for the separation and each reaction 
time. As shown in the figure， EMFs was 
effectively separated from empty fullerenes with 
less than 10 min of reaction tirne with TiC14， but 
separation efficiency was decreased with increase 
of reaction time. 

[1] J. W. Raebiger et al. J. Phys. Chem. C， 112，6605 (2008). 
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CrystaUine characteristics of fullerene doped GaAs layers grown by MBE 

oJiro Nishinaga 1ぺYoshiji Horikoshi 1 

1 Waseda Institute for Advanced Stu砂，Waseda Universiか"1-6-11¥Tishiwaseda， Shinjuku， 

Tokyo 169-8050， Japan 
2PRESTO，JSZ4-14 Honcho kωvaguchi， Saitama， 332-0012， Japan 

Fullerene C60 molecules crystallize into a face-centered cubic structure on crystalline 
substrates such as Si and GaAs， and C60 molecules have a spherical structure with a diameter 
of 1.0 nm， which is much larger than those of Ga and As atoms. Neverthelessラwefound that 
C60 molecules are absorbed on specific sites of GaAs surfaces， and these sites are determined 
by a three-dimensional relationship between C60 molecules and surface reconstruction of the 

substrates [1]. This finding implies th抗 C60molecules are incorporated into GaAs lattices 
without deterioration of the crystalline quality， and C60 molecules act as quantum dots with 
excellent size uniformity. Indeed， we have successfully fabricated C60 uniformly doped and 

ふdopedGaAs layers by a migration enhanced epitaxy (MEE) method， and the layers are 
confirmed to have good crystalline quality by TEM measurements [2]. C60 uniformly doped 
GaAs layers show highly resistive characteristics and Raman peaks 企omdoped C60 molecules 
are confirmed. These resu1ts suggest that C60 molecules cannot be decomposed into isolated 
carbon atoms and they behave as if they were electron traps or distinct recombination centers. 

In this study.ラ toinvestigate the electron traps induced by incorporation of C60， we fabricate 
C60 uniformly doped GaAs layers by MEE method. The photoconductivity spectra are 
measured with illumination of wavelength range between 600 and 1100 nm. 

Figure 1 shows photoconductivity spectra 

of the C60 doped GaAs layer measured at 4.2 

K. The photoconductivity peak appears 
around the GaAs bandgap energy (Eg， 820 
nm). Howeverラ thesignal also appears even 
when the below-bandgap excitation. The 

peak around 1000 nm is observed only in the 

C60 doped GaAs layers， implying that the 
resonant excitation between C60 trap level 

and GaAs occurs. Figure 2 shows the band 

structure profile of the C60ラ
Sicodoped GaAs 

layer under illumination with energy below 

Eg. The electron transitions from the valence 
band to the C60 trap levels and from the C60 

trap levels to the conduction band may occur Fig.l Photoconductivity spec仕aof C60 doped GaAs. 

simu1taneously. 
[1] J. Nishinaga et al. Jpn. J. Appl. Phys. 48， 025502 
(2009). 

[2] J. Nishinaga et al. J. Cryst. Growth. 323， 135 
(2011) 

Corresponding Author: J. Nishinaga 

Tel: +81・3-5286-3797ラFax:十81・3-5286-3797，
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Structural effect of fullerene derivatives with phosphonic ester 
in organic photovoltaic devices. 

oShogo Miura1， Jaebuem Oh2
ラ
MisunR戸12

ラ
HaeseongLee2，3ラJinJang4

ラ

Chyongjin Pac1ぺandHiroshi Moriyama*l 

21Dqt.4chemisttFア，Toho University， Ml抑ma2-2-1， Funabashi 274・8510，Japan 
TAKOMA Technology Co.， Ltd.， Nosung-myeon， Nonsan-GIか"Chungnam， 320・922，Korea 

JDept.of Advanced Materials Jeorifu University， Wansangu Jeonju， 560-759， Koreα 
4Dept. of lnformation Display，め!ungHee University， Dongdaemun-ku， Seoul， 130-171， Korω 
J Dept. of Materials Chemistry， KoreαUniversiか"Sejong Jochi>t仰 ，Chung-Nam 339-700， Korea 

Bulk heterojunction (BHJ)ーtypeorganic photovoltaic (OPV) cells have attracted 

attention because they can be expected to be a promising next-generation solar cell. BHJs are 

composed of blends of conjugated polymer， such as poly-3-hexyl thiophene (P3HT) and 

fullerene derivatives. [6，6]Phenyl-C61-butyric acid methyl ester (PCBM) is recognized as one 

of the most important electron acceptors so far used in OPVs. For the P3HT/PCBM system， 

high power conversion efficiency (PCE) has been achieved by device optimization. 

In this studyラ wenewly designed and synthesized three electron acceptors analogous 

to PCBM by considering solubility and morphology. The synthetic scheme for these fullerene 

derivatives with phosphonic ester is based on those of PCBM [1-3] as shown below. 

The three electron acceptors， 

(MPPE， HPPEラ andDPPE) have 

the same skeleton with different 

alkyl chains (R CH3， C6H13， 

and C12H25， respectively). 

We fabricated OPV devices using the new electron acceptors and P3HT， and 

compared their PCEs with those ofP3HT/PCBM. It can be noted that the fullerene derivative 

with the shorter alkyl chain showed higher Jsc， and it was shown that the shorter chain 

exhibited the higher PCE. The affinity between electron donor and electron acceptor seems to 

play an important role for higher PCEラjudgingfrom their parameters. 

PO(OEt)2 

fu PJJ 2)C制 /o-DCB R 

1) Pyridineち NaOCH，

S
 

Z
3
dで
ふ
な

Tab1e 1. Photovoltaic parameters using nove1 C60 derivatives. 

-

V

 

主
主
主
主
2
5

Jsc (n叫/cm2) VocCV) FF PCE(%) 

MPPE (R = CH3) 5.47 0.528 33.8 0.98 
HPPE (R = C6H 13) 3.07 0.557 42.5 0.74 
DPPE (R = C12H2S) 1.75 0.453 32.7 0.26 

1，< 
"ト

()< 

、'...ltag<:{司、?

Figure 1. J-V characteristics ofthe devices fabricated with P3HT and nove1 C60 derivatives. 

[1]J. C. Hummelen， B. W. Knight， F. LeP巴q，F. Wudl， J. Yao， C. L. Wilkins， J. Org. Chem. 1995， 60， 532-538. [2] L. J. Goosen， M. K. 
Dezfuli， Synlett.， 2005， 3， 445-448. [3] B. Scheiper，恥1.Bonnekessel， H. Krause， A. Furstner， J. Org. Chem.， 2004ヲ 69，3943-3949. 
Corresponding Author : Hiroshi Moriyama 
TEL: +81-47-472-1211， FAX: +81-47-476-9449， E-mail: moriyama⑧chem.sci.toho-u.ac.jp 
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A New Generation of Cu-CMP Slurry using Water-Soluble Fullerenol 

OKen Kokubo1
， Terutake Hayashi2， Hiroki Tanada2， Hideyuki Tachika2， Hirotaka Kishida

2
， 

Kazumasa Kan02
ラ
RyotaMurai2， Masaki Michihata2

ラ
TakumiOshima1， and Yasuhiro Takaya2 

lDivision 01 Applied Chemistlァ，Graduate School 01 Engineering， Osaka U.ηiversity 
2Depαrtment 01 Mechanical Engineering， Graduate School 01 Engineering， Osaka University， 

Suita，Osαka 565-0871， Japan 

Polyhydroxylated白llerene，so-called fullerenol， has attracted much attention in the 

field of life science and materials chemistry in view of its high water solubi1ity， high 

antioxidant activity， antimicrobial activit弘 anti-inflammatory，unique conductivity， and so on. 

To conduct these studies in a systematic way， a series of fullerenols having various numbers 

ofhydroxyl groups has been desired， and thus we have synthesized novel highly hydroxylated 

fullerenols with 36-44 hydroxyl groups by a faci1e H202 method [1]. Interestingly， the 

partic1e size analysis of these fullerenols in water showed a narrow distribution at ca. 1 nm， 

suggesting the single dispersion with their molecular size. 

In recent years， chemical mechanical polishing (CMP)， a polishing technology in 

which both chemical reaction on the surface of wafer induced by chemical additives and the 

mechanical removal by abrasive grains in the slurryare involved， has become a key and the 

essential technology to achieve ultra-high-density integrated circuits， ULSI， on semiconductor 

devices with multilayer interconnections. However， the desirable continuing reduction in the 

design rule has necessitated abrasive grains having a smaller size than conventional ones. 

In our study， the water-soluble fullerenol was employed as abrasive grains for use in 

the Cu-CMP slurry and indeed the slurry showed high planarization efficiency， which 

improved the roughness of copper wafer sur白ce企omca. 10 nm RMS to less than 0.5 nm [2]. 

The role of fullerenol on copper removal in Cu-CMP process was also investigated to 

elucidate the removal mechanism. In this presentation， we will review our recent progress on 

a novel application of the fullerenols to Cu一CMPtechnology. The detailed results on 

Cu-CMP and the proposed mechanism of the nano司・levelplanarization using water-soluble 

白llerenolswill be presented. 

[1] Kokubo， K. et al. A CS Nαno 2008， 2， 327; Kokubo， K. et al. Nano Res. 2011，4，204. 
[2] Takaya， Y. et al.α'RP Ann-Manuf Technol. 2009，58，45; Takaya Y. et al.α'RP Ann-Manuf Technol. 

2011， 60， 567. 

Corresponding Author: Ken Kokubo 
TEL: +81-6-6879-4592， FAX: +81-6-6879-4593， E-mail: kokubo@chem.eng.osaka-u.ac.jp 
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Preparation and photophysical properties of chemically converted 
graphene covalently functionalized with porphyrins 

oTomokazu Umeyama
1
，2， Junya MiharaJ

ラ
HiroshiImahori

1
，3 

ー 1Graduate School 01 Engineering，め;otoUniversity， Kyoto， 615-8510， Jap仰

34PRESTO，JGPGF1Science GF1d Technolo幻;Agency (JST)， Kawaguchi， 332-0012， Japan 
Integrated Cell-Material Sciences (WPJ-iCeMS)，めotoUniversity， Kyoto， 615-8510， Japan 
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[1] T. Umeyama， J. Mihara， N. Tezuka， Y. Matano， K. Stranius， V. Chukharev， N. V. Tkachenko， H. 

Lemmetyinen， K. Noda， K. Matsushige， T. Shishido， Z. Liu， K. Hirose-Takai， K. Suenaga， H. lmahori， Chem. 

Eur. J. 18， 4250 (2012). 
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Water-soluble graphene through polyglycerol grafting 

oToku Yasuda 1ぺLiZhao乙LiuGang 三ShujiAonuma 1， Takahide Kimura三NaokiKomatu
2 

1 Department 01 Materials Chemistry， Osaka Electro-Communication University， Osaka， 

572-8530， Jcαrpan 
2D々 partment01 Chemistη7， Shiga University 01 Medical Science， Otsu， 520-2192， Japan 

For applications of nanocarbons in biology and medicine， such as imaging probe and drug 

caηier， they have to be well solubilized in a physiological environment. In this context， 

surface chemical functionalization has been extensively investigated to impart strong 

hydrophilicity to nanocarbons. We found recently that polyglycerol (PG) grafting on the 

surface of nanodiamond (ND) made the ND highly soluble in a phosphate buffer [1]. The 

aqueous solution is very stable for months and the solubility of the PG-functionalized ND 

(ND-PG) is as high as 16 mg/mL in phosphate buffer saline (PBS)， which is 400 times larger 

than that ofthe PEG-functionalized ND [2]. In this paperラ wewill present our recent result of 

PG grafting of graphene through ring闇 openingpolymerization of glycidol to prepare 

PG-functionalized graphene (PG-G) soluble in pure water. We carried out the 

PG-functionalization of graphene under similar reaction conditions to those ofthe ND-PG [1J， 

but used commercial graphene as a starting material. The aqueous solution is also very stable 

for weeks and the solubility of PG-G is 1.4 mg/mL in pure water (Fig. 1). PG-G was 

characterized by UV， IR， and Raman spectroscopies， and scanning transmission electron 

microscopy (STEM， Fig. 2). As a resultラ fewlayer graphenes are found to be dominant in 

PG-G. 

Fig. 1 polyglycerol-

白nctionalizedgraphene 

m water 
Fig.2 STEM images ofpolyglycerol-負mctionalizedgraphene 

[1] L. Zhao， T. TakimotoヲM.ItoラN.Kitagawa， T. Kimm孔 N.Komatsu， Angew. Chem.lnt. Ed.， 50ラ 1388(2011). 

[2] T. Takimoto， T. Chano， S. Shimizu， H. Okabe， M. Itoラ M.Moritaラ T.Kimura， T. Inubushi， N. Komatsu， 
Chem. Mater.ラ22ラ 3462(2010). 
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Utilizing graphene FET device for GHz transport and THz detection 
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2 Department 01 Electrical Engineering， University at Buffalo， SUNY， NY 14216， USA 

3 Department 01 Electrical Engineering， The Arizona State University， AZ 85287-5706， USA 
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The graphene had become one of the well-known carbon nanomaterials. With its unique 
structure and performance， a new way to look at quantum interference phenomena has 
become visible to us [1]， thus makes it the ultimate two dimensional conductor. A single sheet 
of carbon atoms arranged into a hexagonal honeycomb crystal structure， with outstanding 
electricalラ opticaland thermal properties. The absolutely unique band structures that express 
the coexistence of band energies and massless Dirac fermions provides this material with 
quality to observe several new quantum coherent interference phenomena. With such 
properties， graphene material is showing a great tendency for microwave applications. The 
massless carrier's transport behavior， the thermal and optical properties combined together， 
makes this material as one of the great candidates for THz sensing devices. The ter叶lertz
(THz) region of the electromagnetic spectrum is of great interest for wide range of 
applications. The realization of THz spectral-imaging systems for applications of such devices 
requires frequency-tunable compact sources and detectors are needed the most. Alongside the 
associated massless carrier's transport properties of grapheme the unique band structure， make 
this material of an ideal interest for high frequency application and opens the means of 
utilizing this material as broadly tunable sensors [2]， for specific application in the THz 
regime. The gap-less spectrum characteristic of single-layer graphene， as well as the small 
elusive gap that appears in the bi-layer grapheme， is ideally well matched to the low (meV) 
energy of photons in the THz regime [3]ラ thereforeit is in a high marked contrast to 
conventional semiconductors whose relevant band gaps are typically several orders of larger 
magnitudes. 

Our experiment reveals the interplay of different photo-response mechanisms， primarily 
involving rectification of and due to THz radiation in the presence of non-linearity as well as 
bolometric effect. The study provides a valuable f同meworkto analyze the photo-response of 
graphene THz sensor. The observation of another effect on bolometric responses shows a 
strong tendency for many applications. 

[1] Y.Ujiie， S. Motooka， T. Morimoto， N. Aoki， D. K. Ferry， J. 

P. Bird， and Y. Ochiai， 1. Phys.: Cond. Matt.ラ 21，pp. 382202， 

(2009). 

[2] A. Mahjoub， S. Motooka， N. Aoki， J. Song， J. P. Bird， Y. 

Kawanoラ D.K. Fe汀y，K. Ishibashi， and Y. Ochiaiラ J.J. A. P.， 

50， pp. 070119， (2011). 

[3] 1. W. Song， G. R. Aizin， 1. Mikalopas， Y. Kawano， K 
Ishibashi， N. Aoki， J. L. Ren05， Y. Ochiai， and 1. P. BirdヲAppl.
Phys. Lett.， 97ラpp.083109， (2010). 

1
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Fig.l: The observed response due to the THz . 
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Synthesis of carbon nanosheet films from a solid carbon source and their 
applications to solar cell 

oZ. Wang
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1 Institute for Sustainability Research and Education， Hosei Universiか，βljimi，02-8160，Japan 
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Due to their excellent mechanicalラ physical，electronic properties， carbon materials， such as 

nanotubes and grapheneラ haveattracted great attention in many fields of electronic devicesラ

catalyst supports， lithium ion batteries， supercapacitors， biosensors， and solar cel1s. Especial1yラ

solar cel1 composing of carbon nanotubes (CNTs) or graphene have been extensively 

investigated. For instance， Wei et al. employed double阻 walledCNTs with n-type si1icon to 
build conventional p-n junctions with a PCE of > 1 % [1]ラ andsubsequently optimized the 

fabrication process of CN下Sisolar cel1s with the PCE of about 7 % [2]. Additionally， Jia et al. 
inserted a thin oxide layer into the CNT-Si interface to create a CNT-oxide-Si heterojunction 
solar cell with higher PCE of above 10 % [3]. Li et al. also deposited graphene sheets on n-Si 

wafer to form Schottky junction solar cell with the efficiencies up to 1.5 % [4]. Miao et al. 
白rtherimprove the PCE of graphene/n-Si Schottky junction solar cell to reach 8.6 % by 

chemical doping [5]. Besides CNTs and graphene， carbon nanosheets (CNSs)， which consist 
of few圃 layergraphene sheets and vertically stand on the substratesラ maybe contributed to 

those heterojunction solar cells because of their controllability of the carrier type and 

concentration by doping [6]. Although the CNSs with porous structures have lower 

conductivity than graphene， they also possess higher transmittance and faster electron transfer 
due to their special structures. 

Here， we explore the CNSs as the energy conversion 

material to construct heterojunction solar cell. The CNSs 
used in this study were grown on the permalloy (45 % Ni 
and 55 % Fe， 10 mm x 25 mm x 20μm) foi1s by 

microwave plasma enhanced chemical vapor deposition 

(MPECVD) with a solid carbon source. From the 
observation of SEM and TEM images shown in Fig. 1 a 

and b， the as-synthesized CNSs have thinner and more 
uniform layers than those previously obtained from a 

gaseous carbon source by MPECVD technique [7]. The 

CNSs on the permalloy foils can be easily transferred to 

any substrates， as shown in Fig. 1c. Fig. 1d shows the dark 
current-voltage characteristic of a CNS-Si diode. The 

detailed results will be presented in the coming 
conference. 

Fig. 1 Typica1 SEM (a) and TEM (b) 
images ofthe CNSs on the permalloy foi1 
by孔1PECVDtechnique from a solid 
carbon source. (c) Optica1 image of 
CNSs on a glass dish. (d) Dark I-V 
characteristic of a CNらSidiode. 

[1] J. Wei et al.， Nano Lett. 7， 2317 (2007). [2] Y. Jia et al.， Adv. Mater. 20， 4594 (2008). [3] Y. Jia et al.， Appl. 
Phys. Lett. 98， 133115 (2011). [4] M. Li et al.， Adv. Mater. 22，2743 (2010). [5] X. Miao et al.， Nano Lett. 12， 
2745 (2012). [6] W. Takeuchi et al.， Appl. Phys. Lett. 92，213103 (2008). [7] Z. Wang et al.， Appl. Sur王Sci.257ラ

9082 (2011). 
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Synthesis of Endohedral Fullerene C60 

Encapsulating a Single Molecule of Water 

oKei Kurotobi1 and Yasujiro Murata 2 

2 1  icdds，めJotodaigaku司 katsura，Nishikyo北u，Kyoto 615-8510， Japan 
lnstitute for Chemical research， Kyoto University， Gokasho，匂i611-0011， Japan 

A single water molecule within a confined 
subnano space is one of the important topics in 
both material and life sciences， in the point of a 
demonstration of its fundamental properties 
compared with bulk water. But water usually 
exists in hydrogen-bonded environments， so a 
single molecule of H20 that is completely 
isolated is rare so far. 

The inner space of the fullerene C60 is suitable 
to entrap a water molecule. When atoms or 
molecules are encapsulated in fullerenes， it is 
often possible to control the properties of the 
outer carbon cage as well as to study the isolated 
species. Endohedral fullerenes encapsulating a 
wide variety of speciesラ suchas metal ions and 
rare gases， have been synthesized with physical methods under harsh conditions.[l] However， 
these methods are not suitable to obtain endohedral fullerenes encapsulating small molecules. 

The molecular surgical approach，[2] involving creation of an opening on the empty 
fullerene cage， insertion of a small guest through the opening， and closure of the opening with 
retention of the guestラ isa promising method to synthesize yet-unknown endohedral fullerenes. 
In order to realize 
endohedral fullerenes 
encapsulating a water 
molecule， which is biggest 
molecule among such 
gestsラ creationas well as 
restoration of a larger 
orifice is needed. Herein 
we report the first organic 
synthesis of H20@C60 
with the dynamic control 
of the opening size under 
mild conditions. [3] 
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References: 
[1] T. Akasaka and S. Nagase， Eds.， Endo.んllerenes:A New Family 01 Carbon Clusters (Kluwer Academic， 
Dordrecht， 2002). 
[2] (a) K. Komatsu， et α1. Science， 2005， 307， 238. (b) M. Murata， et al. J. Am. Chem. Soc.， 2006， 128， 8024 
[3] K. Kurotobi， Y. Murata， Science， 2011， 333， 613 
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Chemistry of Cation-Endohedral Fullerene: [Li+⑧C60] 

oHiroshi Okada1， Masashi Maruyama1， Takashi Komur02， Takahito Watanabe
2
， 

Yasuhiko Kasama3， Hiromi Tobita2， Yutaka Matsuo
1 

1 Depαrtment of Chemistrァ，School of Science， The Universiり10fToわ玖
Toわ10，113-0033， Japan 

2Dψαrtment of Chemistry， Graduate School of Science， Tohoku University， 
Sendai980-8578，Japan 

3 Idea International Corporation， Sendai 980-8579， Japan 

Endohedral fullerenes are particularly attractive nanocarbon materials. One of the most 
intriguing points is a change of properties by encapsulating something. From this point of 
view， C60・・basedendohedral metallofullerenes (M@C60S) are the best materials to examine the 
contrasts between metal-encapsulated and empty fullerene， because of the generality of C60・

Several groups challenged to synthesize and isolate M@C60S， but complete isolation and 
structure determination had not been reported until our group succeeded in the structural 
analysis oflithium endohedral C60 (Li@C60) as its cation salt [1， 2]. 

Li@C60 was synthesized by ion-implantation technique in a vacuumed chamber. Complete 
separation 企oma mixture with empty C60 by extraction or HPLC technique was unsuccessful. 
We presumed that the strong interaction caused by an electron transfer exists between Li@ノC60
and C60， and， thus， tried chemical oxidation of Li@C60 by ammoniumyl cationラ

[(4-BrC6H4)3N](SbC16). This approach successfully gave the cationic salt， [Li@C6o](SbC16). 
We were also able to purify the cation by electrolyte-added HPLC to obtain the PF6 salt， 
[Li@C60](PF6). NMR and UV -vis spectra of Li@C60 cation indicated白atthe cation consists 
of a neutral C60 cage and an encapsulated Li cation， formulated by [Lt@C60]. 

Next， we started chemical functionalizations of [Li十@C60]，and a targets was covalently 
modified [Lt@C60]. One of the most popular fullerene derivatives， PCBM 
([6，6]-phenyl-C61-butyric acid methyl ester) [3]， was chosen as a container of Li+ ion. Thusラ

[Li十@C6o]PF6-smoothly reacted with a diazoalkane (PhC(=N2)CH2CH2CH2COOMe) to 
afford 5，6-opened isomerラ [5，6]-[Li@PCBM]PF6-，which then thermally isomerized to 
6，6-c1osed isomer， [6，6]-[Li@PCBM]PF6-[4]. Another target of chemical functionalizations 
was transition metal complexes of [Li十@C60].We found that [Li十@C60] formed stable 
complexes with electron-rich metal fragmentsラ IrCl(CO)(PPh3hor Pt(PPh3)2， which are also 
known to be coordinated by C60 [5ラ 6].In both chemical modifications， significant differences 
of reactivity between [Li十@C60]and C60 were observed. 

[1] S. Aoyagi et al. Nature Chem. 2， 678 (2010). 

[2] S. Aoyagi et al. Angew. Chem. Int. Ed. 51，3377 (2012). 

[3] J. C. Humme1en et al. J. Org. Chem. 60，532 (1995) 

[4] Y. Matsuo et al. Org. Lett.， in press. 

[5] L. Balch etα1. Inorg. Chem. 30，2940 (1991) 

[6] P. J. Fagan etαl. Science 252， 1160 (1991). 
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Establishment of intra-molecular electron accepting and donating systems 
based on endohedral metallofullerenes 

。YutaTakano1ぺNaomiMizorogi2， M. Angeles Herranz
3
， Nazario Ma此id，

Dirk M. Guldi4， Shigeru Nagase5 and Takeshi Akasaki 

1 Institutefor Integrated Cell-Material Sciences (WPI-iCeMS)，め10toUniversiか，

Kyoto， 615-8510， Japan 
2 L{作ScienceCenter of TsukubαAdvanced Resωrch Alliance (TARA Centeけ，

3UniversiOY Qf1314KMbo，1314K14bG，305857スJapαn
Department of Organic ChemistηL Complutense University of Mαdrid， E-28040， Spαin 

4D々partmentof Chemistryαnd Pharmacy， Friedrich-Alexander-University 

Erlangen-Nurnberg， Erlangen， 91058， Germαny 
5 Fukui Institute for Fundamental Chemistり~め10to Universiか，め10to606-8103， Japan 

Endohedral metallofullerenes have attracted special interest as new spherical molecules 

because they possess unusual physical and chemical properties that are imparted by the 
encapsulated metal atoms. [1] Although electron donor-~cceptor (D-A) conjugates based on 
empty fullerenes have been well investigated as potential materials to be building blocks for 

electronic and optoelectronic devicesラ quite limited number of reports conceming 
metallofullerenes-based D-A molecules are a~ailable. [2] 

In this workラ threetypes of D-A conjugates based on lanthanum-encapsulated fullerenes 

(La2@CSO and La@CS2) were synthesized and fully characterized (Figure). Their unique 
electronic properties involving intra-molecular electron transfer behavior were corroborated 

by UV-vis-NIR absorption spectrometry， electrochemistry and time-resolved spectrometry. 
Characteristic intra-molecular charge-separation and recombination were observed in the 

case of the metallofulleropyrrolidines of La2@CSO which are linked with an electron donor， 
that is n-extended tetrathia白lvalene(exTTF). [3] Utilizing the same addend and electron donor 

(i.e.， pyrrolidine ring connected to exTTF)， we achieved the observation on the intra-electron 

transfer in a paramagnetic endohedral metallofullerene， that is La@CS2・

It is worth mentioning that the D-A conjugates of La2@CSO and tetracyano-9，lO-anthra-
P叩 unodimethane (TCAQ) ..宍へ
demonstrated the u叩 rece- プ宇.， "' jpf J>，. 

dented formation of the ~:::. : ~ 
(La2@C80)'十ー(TCAQ)・-radiωJ千人?二よ 長
ion pair state in the /F/-，.， '" -，".r:<: ". .，手も比一

f-"'I 毎 司監 b 喝 e屯パ b 寄与 、~設現時脚瞥

photo-induced excited state， in 江口←子主与:兵 判ミ
which La2@CSO acts as 卸売こ~九九管 .-~~ 
electron donor. Figure. Schematic dr百九ringsof donor-acceptor conjugates based on 

1anthanum-encapsu1ated fullerenes in this work. (Left) La2@CSO with 
exTTF， (center) La@CS2 with exTTF and (right) La2@CSO with TCAQ. 

[1] For recent review， see: ChemistrアザNanocarbons;T. Akasaka， F. Wud1， S. Nagase Eds.; Wi1ey-VCH; 
Chichester， 2010 
[2] For recent review， see: Cαrbon Nanotubesαnd Re!ated Structures: Synthesis， Charαcterization， 
Functionalization，αndApplicαtions; D. M. Gu1diラ N.Martin Eds.; Wi1ey-VCH; Weinheim， Germany， 2009 
[3] Y. Takano et al. J Am. Chem. Soc. 2010， 132， 8048-8055. 
Corresponding Author: T. Akasaka 
Te1&Fax: ート81-29-853-6409
E-mai1: akasaka@tara.tsukuba.ac.j 
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Room Temperature Observation of Single-Electron Tunneling via 

Fullerene Quantum Dots in a Si-based Device Structure 

oRyoma Hayakawa， Chikyow Toyohiro， Yutaka Wakayama 

lnternational Center for Materials NanoarchitechtonicsρVPI-MANA)， National lnstitute for 
Materials Science， 1-1 Namiki， Tsukubα305-0044， Japan 

A single-electron memory， where Si and Ge nano-dots are adopted as f10ating gates， is a 

promising candidate for fu印reSi-based memory devices [1，2]. Here， we have proposed to 

utilize organic molecules as quantum dots in the devices (Fig. 1) [3]. In particular， C60 
molecules were considered to be excellent quantum dots. This reason is that each molecule 

has very uniform size on nanometer scale， leading to large-scale integration of quantum dots 
(10Ucm"') and stable operation at room temperature. Furthermore， the molecule possesses 
multipJe ionized states， which would fulfill multi-level memory operation. 

We successfully demonstrate single-electron tunneling (SET) through C60 molecules in a 

metal-insulator-semiconductor (MIS) structure which is a basic component of al1 
single-electron memory devices (Fig.2). Note thatラ multiplestaircases were observable in 1-V 

curve and were seen up to 280 K that is almost room temperature. These results c1early 
exhibit that C60 molecules work as quantum dots and have a potential to realize multi-level 

memory operation in a practical device configuration. Additionally， the SETs were found to 
have originated from resonant tunneling via the energy levels of the embedded C60 moleculesラ

e.g.， the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular 
orbital (LUMO). This finding indicates that the threshold voltages for SET are tunable 

according to the molecular orbital. Our results suggest that the incorporation of molecular 

dots into the Si嗣 MISstructure has considerable potential for realizing novel memory devices 

and achieves large-scale integration of individual molecular functionalities. 

Si02 

Si(100) 

Fig. 1 A schematic illustration ofthe MlS structure with 
C60 molecules as quantum dots. 
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[1] S. Tiwari今 F.Rana， H. Hana目、 H.HaratsteinラE.F. Crabbeヲ K.Chanラ Appl.Phys. Lett.68， 1377・1379(1996). 

[2] C. Pace， F. Crupi， S. Lombardo， C. Gerardi， G. Cocorullo， Appl. Phys. Lett. 87，182106-1・182106-3(2005). 

[3] R. Hayakawa， N. Hiroshiba， T. Chikyow， Y. Wakayama， Adv. Funct. Mater. 21ラ2933-2937(2011). 
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A patternable CNT -Cu composite possessing hundred-times higher 

electrical current-carrying-capacity than metals 

o Chandramouli Subramaniam'， Takeo Yamada'ぺDonN. Futaba1ぺMotooYumura 1ぺKenji
1，2，3 Hata" 

1 Technology Research Association for Single 肋 IICarbon Nanotubes (TASC)， Central 5， 1-1-
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Here， we present a unique carbon nanotube-copper (CNT-Cu) composite possessing 100 
times higher current-carrying-capacity (ampacity) than any metal， while matching the 
electrical conductivity of Cu. Specifically， the CNT闇 Cucomposite has an ampacity of 6 x 1 O~ 
Alcm2 (Cu: 5 x 106 Alcm2) and an electrical conductivity of 4.7 x 105 S/cm (Cu: 5.7 x 10

5 

S/cm). Further， with a density of 5.2 g/cm3 (Cu: 8.9 g/cm3) this material is a light-weightぅ

high-performance electrical conductor. The stand-out performance of CNT -Cu composite is 
c1ear1y seen in a map of ampacity versus conductivity for all common materials (Fig. 1). In 
the mapラ metals(Cu， Au etc.) possess high conductivity yet low ampacity whi1e nanocarbons 
(nanotubes， graphene) have high ampac江yand low conductivity. CNT -Cu composite occupies 
a singular place with both high ampacity and high conductivity. 

This result assumes significance in the context of progressive miniaturization of electrical 
devices and gadgets， with current densities limits ofCu and Au about to surpassed in 2014[1]. 
1010 3 Critically important to achieve these properties was 

to develop a process to deposit Cu uniformly throughout 
CNT-Cu I the long， alignedラ bulk，pre-formed Super-growth CNT 

• I structure. This was done using a two-stage nuc1eation-
growth strategy. Initial-stage electrodeposition of Cu 
seeds on CNT was done in organic medium to increase 
wettabi1ity of hydrophobic CNT surface. Subsequent 
growth by aqueous electroplating resulted in well-
distributed CNT intertwined with continuous Cu. The 
large CNT -Cu interface area thus created， is vital for 
achieving high ampacity and conductivity. 

Versatility of this strategy provides compatibility 
with solid-state micro-fabrication processes， enabling 
precise patteming of CNT -Cu into multi-dimensional， 
intricate geometries resembling back-end-of-line 
electronic circuits and interconnecting with identical 
electrical properties. 
[1] Intemationa1 Techno1ogy Roa伽 Pfor Semiconducto民 2012
Ed. 
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Effect of Mechanical Strain on Polycrystalline Graphene 

oMark A. Bissett1， Wataru Izumida2
ラ
RiichiroSait02， Hiroki Ago 
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lInstitute 01 Materials Chemistry and Engineering，めJushuUniversiか"Fukuoka， 816-8580 
ぷ Depαrtment01 Physics， Tohoku University， Send，αi，980-8578 

Since its discovery graphene has been the focus of a wide field of research aimed at 
understanding its unique properties and developing novel applications. These properties 
include high tensile strength， f1exibility， transparencyラ andmost importantly very high 
mobility. It has been shown previously that exfoliated graphene consists of large single 
domain areas， while CVD-grown graphene consists of a patchwork of smaller domains [1]. 
The presence of these smaller domains leads to the formation of domain boundaries due to the 
mis-orientation of adjacent lattices. Domain boundaries in graphene have been shown to have 
a significant effect on the carrier mobilityラ mechanicalproperties and electronic structure of 
CVD graphene [2]. Mechanical strain on graphene is also of interest for electronics 
applications， as it has the ability to a1ter the electronic structure. Previous studies of strained 
graphene have focused on exfoliated graphene in contact with various polymers [3]. However， 
for future device applications where large scale films are required CVD graphene is preferable. 
Thus， it is important to gain an understanding of what affect the presence of domain 
boundaries has on strained graphene. In this work we compare the behavior of both 
CVD-grown and mechanically exfoliated graphene while undergoing mechanical strain. 

Raman spectroscopy provides a quick 魚 G'Exfolia凶 J;;;;{GEXfoliated

and versatile technique to investigate the ~ ¥2吋
ー、 2688 、~

structure of graphene. When mechanical :i¥¥f  jFF53 
strain is applied to graphene the ~\\;:;~ ~ 

明、 n 吋ママ r ¥注 680 昔characteristic Raman peaks (D， G， and G') A y= 山 91x+ 2677.5\冶;~;; i. y ~ -

each shift in frequency due to distortion of -0.25 -0.2 -015 -0.10.05 2676 心2502-150j-005-o1345 

the lattice structure. Figure 1 shows the "" G' CVD 27凹

plots of Raman peak frequency with applied i 民¥26951 y=41.136x+ I問
strain for both exfoliated and CVD grown ~ -----¥26叩 2
graphene. The plot of exfoliated graphene ~ ""¥¥ 2685 a 
peak shift matches literature [3]. However， & Yニ72.291x+ 2677.5 ¥ Z叩 3
the CVD graphene shows an opposite slope -0.350.3 0.250.20.15 心i叩 om03025 心zJ150l b05-0 1582 

日間in(%) Strain (覧)
for the shift in G and G' peaks. This Fig. 1: Pì~t~~~fRaman peak position;'CG ~~d 0') for 
indicates that the CVD graphene is behaving exfo1iated and CVD-grown graphene 
differently when strain is applied. It is believed that the presence of domain boundaries affects 
the shifting of Dirac cones a 
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[1] Huang， P.Y. et alラ Nature，469， 7330， (2011) 
[2] Song， H.S. et al.， Sci巴ntificReports， 2， 337， (2012) 
[3] Ferralis， N.， Joumal ofMaterials Science， 45，19， (2010) 
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Properties of Single Wall Carbon Nanotube Aggregates 
Formed by Vapor Diffusion Methods 
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， Hikaru Kudo 1， Kai Hasegawa， Hiromichi Kataura
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Recent progress of purification techniques enables us to obtain high-purity metallic， 
semiconducting single wall carbon nanotubes (SWCNTs)， and SWCNTs in a single-chiral 
state [1]. By using those purified SWCNTs， remarkable transport and optical characteristics 
reflecting intrinsic properties of SWCNTs have been reported in their networks [2]， however， 
random orientations of SWCNTs have degraded transport performances. In our group， to 
solve this problem， we have tried to develop techniques to control orientations of SWCNTs 
during formation of their aggregates， and to make crystals of SWCNTs as our fu加regoa1. We 
applied a vapor diffusion method to form SWCNT-aggregates [3]. Vapor diffusion method is 
typically used for crystallizations of membrane protein. Membrane proteins are hydrophobic 
nano-materials， and thus surfactants are needed to mono-disperse them into water， which are 
similar to SWCNTs. Thus we applied this method to control aggregate formation of SWCNTs. 
After more than 800 screening tests， we found that needle-like crystals were formed in a 
proper condition. Micro Raman measurements revealed that SWCNTs were contained in the 

crystals and tended to be aligned along with the crystal axis， and also the purity of SWCNTs 
was improved through the formation of the crystals. However， surfactants were also 
sometimes crystallized in a proper condition， alignment ratio of SWCNTs was very low， and 
correct evaluation of the amount of SWCNTs contained in the crystals was difficult [3]. Thus 
we applied another approach to make SWCNT aggregates. In previous vapor diffusion 
processes， water vapor diffuses from a sample drop to a reservoir (Fig. l(a)). We applied 

another approach using alcohol vapor diffusion 
(Fig. 1 (b )). In this approach， alcohol vapor 
diffuses from the reservoir to the sample drop， 
increasing the concentration of alcohol in a 
controlled manner without reducing the amount of 

sample solution. This approach enabled us to 
obtain pure SWCNT聞 aggregateswithout forming 

aggregates of surfactants. Moreover， (6，5) purity 
was improved by this method (Fig. 1 (c)). 

[1] H. Liu et al.， Nature Commun. 2，309 (2011)， M. Kawai， 
K. Yanagi et al.， J Am. Chem. Soc. 134，9545 (2012). 
[2] Yanagi et al.， ACS Nano 4， 4027 (2010)， Yanagi et al.， 
Adv. Mater. 23，2811 (2011) 
[3] H. Kudo， K. Yanagi， et al.， Abstract of The 42th 
Fullerene-Nanotubes G巴neralSymposium (2012). 
Corresponding Author: K. Yanagi 
Tel:十81-42-677-2494，Fax: +81-42-677幽2483

E-mail: yanagi-kazuhiro@tmu.ac.j 
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Fig 1. Schematic illustrations of (a) previous 
vapor diffusionラ and (b) alcohol vapor 
diffusion methods. (c) Improvement of purity 
by the alcohol vapor diffusion method. 
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Effects ofthe Defective Structures for Carbon Nanotube on the 

Antidegradation and Electrical Conductivity of Rubber Composites 
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Department of Applied Chemistry， Faculty ofScience，おかoUniversity of Science 
1-3 Kagurazaka， Shinjuku-ku， Toか0162-8601，Japan 

Carbon nanotubes (CNTs) have been expected to be effective as fillers in polymer 
matrices for their functionalization due to CNT:ピ outstandingelectrical/mechanical 
properties and peculiar structures. However， because of the highly entangled 

agglomerates owing to strong van der Waals interaction， it is di白cu1tto individually 
disperse CNTs in polymer matrices. In our previous study with respect to the 
fabrication of electrically conductive rubber-composite materials consisting of 
styrene-butadiene rubber (SBR) and CNTsラ wedemonstrated a novel mixing technique 
with the combination of ultrasonication and a rotation/revolution mlxmg without 
mechanical shear [1]. As a result， it has been found that the percolation threshold of 
the composites produced with our novel mixing method was significantly low (< 1 phrラ

phr parts per hundred rubber)ラ comparedto that (ca. 10 phr) of the composites 
prepared with a conventional Banbury mixer. In the present studyラ wehave reported 
the antidegradation functions ofmulti-walled carbon nanotubes (MWNTs) incorporated 
into isoprene rubber (IR). F下IRspectra revealed that the intensity of the peak 
corresponding to carbonyl group (-C=O) for the MWNT/IR composite remained 
unchanged even after heat treatment， which suggested that the degradation of IR was 
suppressed by the addition of MWNTs. However， the antidegradation ability of 
MWNTs was strongly dependent on the difference in structural characteristics of 
MWNTs， in which some孔1WNTspecies had no antidegradation ability. Furthermore， 
the inhibition effect of MWNTs on the generation of radical owing to mechanical 
stretching for the MWNT IIR composite films was measured by means of ESR equipped 
with ourーownmaking tensile test machine. The ESR results implied that the rate of 
radical elimination was increased with the defect degree of grapheme-like structures in 
MWNTs. Consequently， the disordered structure of MWNTs was suggested to give 
rise to the antidegradation， since there exist considerably high charge densities around 
the defects such as pentagons， heptagons and holes involved in a high affinity for 
radicals (polymer radicals or peroxy radials) generated by the heat and 
mechanical-stretching treatments. The inf1uence of the defects of孔1WNTson 
percolation thresholds was also examined for the electrically conductive IR composite 
materials. The additi 

[ 1] K. Tsuchi ya et al.ラ Compos.Sci. Technol. 71 (2011) 1098-1104 
土CorrespondingAuthor: Hirofumi Yajima 
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Fabrication and applications of carbon nanotube-alumina composite 

oMamoru Omori， Go Yamamoto， Keiichi Shirasu， Toshiyuki Hashida 

Graduate School 01 Engineering， Tohoku University， Sendai， 980-8579， Japan 

Fabrications of carbon nanotube (CNT)-alumina composite have been done in many places. 
However， composites with enough mechanical properties for application have not been 
prepared because of agglomeration of CNTs. We tried two attempts， using aluminum 
hydroxide instead of alumina powder and selecting dispersive multi-walled carbon nanotubes 
(MWNTs). MWNTs are c1assified into two groups ofthick and thin. Thick MWNTs consist of 
a large number of graphene and grows more than 30 nm in diameter， and they are produced at 
limited factories. Thin MWNTs of a small number of graphene are less than 30 nm in 
diameter and are dealt with many companies in the wor1d. The stiffness of MWNTs depends 
on a number of grapheme and diameter. Thick MWNTs are high stiffness and less 
agglomerated when they are mixed in water slurry. Thin MWNTs with low stiffness can not 
avoid agglomeration and differ 合omeach other about it. The small size of agglomerated thin 
M¥¥弓..JTsmay not greatly reduce strength of composite. There is a thin MWNT order1y 
agglomerated less than ten microns. The size of this agglomerated thin MWNT is expected to 
be less than several microns in composite and not to lower strength greatly. The composites 
were prepared 企om0.3 to 5 mass% of these MWNTs by spark plasma sintering (SPS). Thick 
MWNTs were individualized in the composite consisted of less than 1 mass% of them. Thin 
MWNTs were not individualized and agglomerated less than 5 microns in the composite. The 
strength of all the composites was more than 400 MPa and the toughness was more than that 
of the alumina compact synthesized from a commercial alumina powder. The dispersed thick 
MWNT increased the strength and toughness of 
the composite by bridging and pullout of it. The 
composite was characterized by high strength 
and toughness， electric conductorラ mlcrowave
absorption and low friction. To promote 
applications of the compositeラ itwas coated with 
graphite film by rubbing graphite powder on its 
surface and tumed into a low 丘ictionmaterialラ as
shown in Fig. 1. The graphite film from 2 to 3 
μm was bonded to the MWNTs exposed on the 
surface of the composite by van der Waals force 
and not peeled away by rubbing with paper or 

c1oth. 
Various industrial materials can be derived 

Fig. 1 SEM image of fractured surface of the 
5% thick MWNT (2600

0

C) composite 
coated with又raphitefilm. from this composite. 1. Electric conductive 

alumina: dust-企eecomponents for IC production and photocopy machine and plating 
substrate. 2. Microwave absorber. 3. Low friction: self lubricating bearing and acetabular cup 
in total hip joint replacement. 

Corresponding Author: M. Omori 
Te1: +81-22-795-7524， Fax:十81-22-795-4311， 
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Fabrication of flexible bulk-heterojunction organic solar cells using 

single-wall carbon nanotube thin films as transparent conducting 

anodes 
oShunjiro F可ii1，2ぺTakeshiTanaka 1ぺSatokoNishiyama3， Hiromichi Kataura 1ム3

1 Nanosystem Research Institute， Nationallnstitute of Advanced Industrial Science and 
Technology (AIS刀，Tsukuba， Ibαraki305-8562，Japan 
2JST， CREST， Kawaguchi 330-0012， Japan 
3 Technology Reseαrch Association for Single Wall Carbon Nanotubes (TASC)， Tsukuba， 

Ibaraki305-8565，Japan 

Organic solar cells (OSCs) are of special interest owing to their advantages of 

low-cost and solution-processable fabrications in addition' to their compatibility with 

flexible plastic substrates. OSCs are often built on indium tin oxide (ITO) coated 

substrates because ITO offers high transparency in the visible region as well as good 

electrical conductivity. However， the poor mechanical stability of ITO can cause device 

failures when an ITO-coated flexible substrate is bent [1]. In additionラ thelimited 

supply of indium will increase the cost of ITO in future. Recently there are some reports 

on OSCs using single冒 wallcarbon nanotube (SWCNT) films as anode instead of ITO 

electrode [2，3]. However， most of the OSCs were fabricated on glass substrates， and 

those on flexible substrates have not yet been developed. In this study， we fabricated 

bulk-heterojunction (BHJ) OSCs using SWCNT films as transparent conducting anodes 

on flexible plastic substrates. 

The BHJ OSCs were fabricated based on poly(3占exylthiophene)(P3HT) and 

(6，6)-phenyl C61 butyric acid methyl ester (PCBM) on conducting polyethylene 

terephthalate (PET) by spin-coating technique. We first1y fabricated the OSCs on 

ITO-coated PET substrate to optimize thermal annealing conditions with minimal 

deformation of the PET substrate. Next， we fabricated OSCs on SWCNT filmJPET 

substrates. SWCNT film on PET substrate was fabricated by 

bar-coating. By replacing ITO electrode with SWCNT film， a 

power conversion efficiency of the OSC was improved from 

1.3% to 1.7% (30% increase). In this presentation， detailed 

characteristics of the OSC will be discussed. 

[1] T. Z. Chen et al.， Thin Solid Fi1msラ394，202(2001). 
[2] T. M. Bames et al. Appl. Phys. Lett. 96， 243309 (2009) 
[3] T. P. Ty1er et al. Adv. Energy Mater. 1，785 (2010) 
Corresponding Author: Hiromichi Kataura 
E-mail: h-kataura@aist.go.j 
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Thin single-walled boron nitride nanotubes synthesized in 
single-wall carbon nanotubes 

oRyo Nakanishi1
， Ryo Kitaura1， Yuta Yamamot02， Shigeo Arai

2
， Jamie H Warner

3
ラ

Yasumitsu Miyata1 and Hisanori Shinohara
1 

1 Department of Chemistry & Institute for Advanced Research， Nagoya Universi帆 Nagoya，

464-8602， Japan 

2EcotopiαScience Institute， Nαgoya University， Nagoya， 464-8603， .fIαpαn 

3 Department of Materials， University of 0.ボord，Oxford， OXl 3PH， UK 

Due to the cylindrical structureラ single-wallcarbon nanotubes (SWCNTs) can be used as 

nano-scale test tubes to synthesize a new class of one-dimensional nanomaterials such as 

atomic wires [1]. Howeverラ thesmal1 band gap of SWCNTs causes charge transfer between 

CNTs and atomic wires， which modulate properties of atomic wires. Boron nitride nanotubes 
(BNNTs)批 alsonano-scale cylindrical tubes consisting of hexagonal boron nitride sheets. 

One ofthe most important features ofBNNTs is that BNNTs possess a large band gap (~ 6.0 

eV) irrespective of the chiralities [2]. Therefore， single-walled BNNTs (SWBNNTs) with 
narrow diameters are the ideal nano-scale vessel to explore physical properties of atomic 

wires encapsulated. Selective and bulk synthesis of narrow diameter SWBNNTs is， however， 
stil1 in its infancy. Here， we have focused on a development of a novel synthesis method of 

SWBNNTs using SWCNTs as nano四 reactor. ( a ) 

We selected Meijo-SO type SWCNTs， which have a narrow 
diameter distribution (1.4::1::0.1 nm) as a templateラ and

ammonia-borane complex (AB) as a precursor of SWBNNTs. 

AB was sealed into a glass tube with cap-opened SWCNTs 
under high vacuum (10-6 Torr) ， and was encapsulated into (b) 

them with heating at 823 K for 3 days. After capped those 

ends with C60 and washed with deionized water for 1 hour， AB 
encapsulated SWCNTs (AB@SWCNTs) were annealed at 
1673 K for 3 days. Transmission electron microscopy (TEM) 

image (Fig. 1 (a)) shows tubular possessing honeycomb 

structure inside SWCNT， which is almost identical to that of 

double-wall CNTs. Scanning TEM (STEM) -high-angle 村)

annular dark-field (HAADEF) image (Fig. l(b)) shows that 

there is a white line-shaped contrast inside SWCNTs， which is 二
consistent with the TEM observation. Electron energy-loss 思

spectroscopy (EELS) spectrum shown in Fig. 1 (c) displays ~ 

clear features ansmg both from carbon K-edge and boron 
K-edge. We have also observed peaks arising from nitrogen Ener喜ういき eY

K-edge. These results clearly demonstrate thatSWBNNTs Fig. 1 (a) TEM image， (b) STEM-

are successfully fabricated inside SWCNTs. HAADF image， and (c) EELS 

[1] R. Kitaura et. al.， Angew. Chem. Jnt. Ed. 48，8298 (2009). analysis result of SWBNNT 

[2] N. G. Chopra et α1.， Science 269， 966 (1995). synthesized in SWCNT. 

Corresponding Author: Ryo Kitaura and Hisanori Shinohara 
Tel: +81-52-789-2483， Fax:十8ト52-747-6442，E-mail: r.kitaura@nagoya-u.jp.noris@nagoya-u.jp 
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OpticaI properties of smaII-diameter carbon nanotubes 

oTakashi Koretsune and Susumu Saito 

D々 partmentof Physics， Tokyo Jnstitute ofTechnology，おか0，152-8551，Japan

The optical properties for most of carbon nanotubes have been well understood based on 

the band structure of graphene with some curvature effects. In the small-diameter nanotubes， 
however， it is well known that the curvature drastically affects the electronic structures[1，2]; 
for example， (5，0) tube should be semiconducting in the naive cutting line picture while 
density-functional theory (DFT) predicts that it is metallic. Since it is now possible to 

synthesize such small-diameter nanotubes experimentally， it is of great importance to 

reconsider the optical properties of these small-diameter tubes 丘omfirst principle. Thus， we 

theoretically study most of small-diameter nanotubes including chiral ones using the DFT， 
and predict the radial breathing mode and the absorption and emission properties within the 

single-particle picture. 

In this paper， we focus on all kinds of nanotubes with diameters of 3.5 A < d < 7 A and 

perform electronic structure calculations within local density approximation in the framework 

of DFT. We use norm-conserved pseudopotential and a plane wave basis set with a cutoff 

energy of 60 Ry. The supercell approach is adopted to calculate isolated nanotubes and the 

geometry is fully optimized by keeping a sufficiently large interwall distance. 

Figs. l(a)ー(c) show the electronic band structures of (4，3)ラ (6ユ)and (7刈 tubesラ

respectively. In (4，3) tube， there is a large band gap of 1.33 e V， which is almost as large as 

that expected from the cutting line pic加re，indicating that the electronic structure and the 

optical properties of (4ラ3)tube can be understood as in larger tubes. On the contrarγ， in (6ヱ)
and (7，0) tubes， band gaps are 0.69 eV and 0.22 eV， respectively， which are considerably 
smaller than those 合omthe cutting line picture and the band structures are qualitatively 

different. We discuss that this is due to the M-point wavefunction in the Brillouin zone of 

graphene， and that as a result， the luminescence should be suppressed significantly. 

(a) 3.0 (b) 3.0 (C)3.0 

2.0 2.0 2.0 

5) 由;- 1.0 54E3 1.0 5423 10 

6; 0.0 
は2」φ c 3』 Gao 

A -1.0 ~\\;\ 
c G3 
凶 -1.0 一1.0

-2.0 -2.0 -2.0 

-3.0 -3.0 -3.0 
F X r X F X 

Fig. 1 Electronic band structures of(a) (4，3)， (b) (6，2)， and (c) (7，0) nanotubes. 

[1] X. Blase， L. X. Benedict， E. L. Shirley， and S. G. Louie， Phys. Rev. Lett. 72， 1878 (1994). 

[2] K. Kato and S. Saito， Physica E 43ラ 669(2011). 

Corresponding Author: T. Koretsune 
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Photoluminescence Spectroscopy of Oxygen-Doped Carbon Nanotubes 

oMunechiyo Iwarnura1
ラ
YuheiMiyauchi1，ヘ ShinichiroMouri 

1， Tadashi Kawazoe
3
， 

Motoichi Ohtsu3， Kazunari Matsuda1 

21InMitttte QfAdlymcedEF16rg，boto uniwmioy，Eグi，Kyoto， 611-0011， Japan 

3PRESTO，JGpmScience md  Technolog Agency，KGWGgitchi，SGitGmG，332-0012，JGpm 

Depαrtment of Electrical Engineering and Information Systems， Tokyo University， Bunわ叫
おか0，113-8656， Japan 

Single-walled carbon nanotubes (SWNTs) are attractive as quasi-one dirnensional (1D) 

rnaterials not only for the fundarnental 1D physics researches [1，2] but also various 

optoelectronics applications such as nanosized light ernitters. However， their typically low 
lurninescence quanturn yield (QY) [3] has lirnited the perforrnance of nanotube-based light 

ernitting devices. 

Here we report that the localized electronic states generated by oxygen doping in (6， 5) 

SWNTs (E11 *) have rnuch larger QY than that of the Ell excitons in the sarne SWNTs. 

Oxygen-doped SWNTs were prepared based on the procedure developed by Ghosh et al. [4]. 

Figure 1 shows typical photolurninescence (PL) spectra ofpristine and oxygen-doped S\\弓~Ts.

By cornparing PL spectra ofvarious sarnples with different oxygen-doping conditions， the QY 

of the E11 * exciton is deterrnined to be rnore than one-order larger than that of the Ell excitonラ

based on the exciton diffusion rnodel. 
In order to clarぜythe ongm of the enhanced QY， we conducted tirne-resolved PL 

rneasurernents. The effective PL lifetirne of about 100 ps was observed for the E11 * excitonsラ

while the intrinsic Ell excitons exhibited the lifetirnes of only less than 20 ps. Frorn these 

results of the effective PL lifetirne and the QY， we found th剖 theradiative recornbination 

lifetirne of the Ell * exciton is 2-3 tirnes shorter than the intrinsic Ell exciton. The enhanced 
QY of the Ell * state is therefore attributed to the two rnain factor民thelonger PL lifetirne and 

the shorter radiative recornbination lifetirne. 
Furtherrnore， we observed ternperature dependence of PL intensities of both Ell and Ell * 

states. The integrated PL intensity of Ell * peak slightly decreased with decreasing 

ternperature， while the El1 intensity behaved like 1D 

state being proportional to T1/2. These results are 

attributed to different dirnensionality of Ell (quasi-1D) な
and EI1

* (quasi-OD) excitons. さ
コ
心

[1] P. Avouris， M. Freitag， and V. Perebeinos， Nature Photon. 2，話

341 (2008). 〉、

[2] Y. Miyauchi， H. Hirori， K. Matsuda， and Y. Kanemitsu， Phys. き
ω 

Rev. B 80， 081410(R) (2009). 主
[3] J. Lefebvre， D. G. Austi時，J.Bond

ラ andP. Finnie， Nano Lett. 6，二
1603 (2006). 0... 

[4] S. Ghosh， S. M. Bachilo， R. A. Simonette， K. M. Beckingham， 

and R. B. Weisman， Science 330，1656 (2010). 

Corresponding Author: M. Iwamura 
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Photocurrents with multiple exciton generation in single圃 walledcarbon 

nanotubes 

oSatoru Konabe1，2 and Susumu Okada1，2 

1 Graduαte School 01 Pureαnd Applied Sciences， Universiか01Tsukuba， Tsukubα，lbaraki 
305-8571， .fcαrpan 

2.fcαrpan Science and Technolo幻!Agency， CREST， 5 Sanbancho， Chiyoda，おか0102-0075，

Japan 

Multiple exciton generation (MEG) could boost the power conversion efficiency of 

photovoltaic devices by creating multiple excitons from a single photon. It has been 

demonstrated that MEG has been realized in the system with low-dimension and nanometer 

scaleラ suchas semiconductor nanocrystal and carbon nanotubes [1，2ラ3，4].However， even 

though MEG occurs， it does not necessari1y mean that the photocurrents increases since the 

neutral exciton itself does not directly contribute to photocurrents. Therefore， it is important 

to investigate the amount of carriers or photocurrents that are generated by dissociating 

excitons to discuss the power conversion. This is particular1y important for carbon nanotubes 

since excitons in carbon nanotube have huge binding energy that becomes up to several 

hundred of meV For the exciton dissociation， there are two mechanisms: an electric field 

generated by a p-n junction and the Auger ionization [5] which is peculiar to nano-scaled 

materials that have a strong Coulomb interaction between excitons. 

In the present paper， we performed numerical simulations of photocurrents in single-

walled carbon nanotubes. Our simulation is based on simple kinetic equations for the number 

of excitons and carriers. The simulation proper1y inc1udes the MEG process [6] and the Auger 

ionization process [5]， in addition to the exciton generation by absorbing photons， radiative 

recombination， and exciton dissociation by an electric field. From our simulation resultsラ we

found that the photocurrent strongly depends on parameter， such as excitation energy， laser 

intensity， and electric field that dissociates an exciton. 

Referenc巴s:
[1] A. Ueda et al. Appl. Phys. Lett. 92，233105 (2008). 

[2] N. M. Gabor et al. Science 325， 1367 (2009). 

[3] S. Wang et al.， Nano L巴t1.10，2381 (2010). 

[4] Y. Li et al.ラAPEX4，065101 (2011). 

[5] S. Konabe et al.， APEX. 2ラ 092202(2009). 

[6] S. Konabe ad S. Okada Phys. Rev. Lett. 108，227401 (2012). 
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Diameter reduction of SWNTs by nitrogen incorporation and encapsulation of 
a one-dimensional nitrogen gas 

o Theerapol Thurakitseree
1
， Christian Kramberger

2
， Heeyuen Koh

1
? Yudai Izumi

3
， 

Toyohiko Kinoshita
3， Takayuki Mur03

ラ
ShoheiChiashi¥Erik Einarsson 1へShigeoMaruyama 1 

lDepartment 01 Mechanical Engineering， The Universiかofあわ!o，おか0113-8656，Japan 
2Facul，かザPhysics，University 01打開na，Yれ7ie仰nn叩α，A-109卯O，A血us岬tr

3].α叩pα仰nS吟yn舵1chrotr01仰nRαdiαωtiわonRεSεαr陀ch1.μns訓tit仰ut花e，Hyogo 679-5198， Japan 

4Global Center 01 Excellence戸rMechanical Systems Innovation， The Universiか01あわ!o，Tokyo 113-8656， Japan 

Direct structure-controlled synthesis of single-walled carbon nanotubes (SWNTs) is 

desirable in order to obtain homogeneous SWNT properties. By incorporating nitrogen during 

synthesis， the nanotube structure can be modified. Here we report a significant reduction in 
SWNT diameter once N was introduced during no-flow chemical vapor deposition (CVD) 

process [1， 2]. Synthesis was performed using ethanol feedstock containing varying 

concentrations of acetonitrile (CH3CN). Based on analysis of optical absorption spectra， the 
mean diameter of vertically aligned SWNTs decreased from 2.1 nm to less than 1 nm with the 

addition of less than 3 vol.% of acetonitrile in the ethanol feedstock. Notably， the small.圃diameter

SWNTs remained vertically aligned [3]. 
X-ray photoelectron spectroscopy and X-ray absorption spectroscopy were used to 

investigate the incorporation into the SWNTs and the bonding configuration. The total N content 

was found to saturate at 1.2 at.%. Interestingly， the majority ofthe incorporation (approximately 
l瓜%)was found to be from N2 molecules contained inside the small-diameter SWNT 

containers， with only minor contributions企omSp2 and pyridinic configurations [4]. 
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[1] S. Maruyama et al.， Chem. Phys. Lett. 360， 229 (2002). 
[2] H. Oshima et al.， Jpn. J. App1. Phys. 47ラ 1982(2008). 
[3] T. Thurakitseree etαlヲ Carbon50，2635 (2012). 
[4] C. Kramberger et al.， submitted. 
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Numerical Study ofEdge States in Zigzag BC2N Nanoribbons 

oKikuo Harigaya
1 
and Tomoaki Kanek0

2 

21  lVGnosystem Reseorch Institute，AISEEztktibG305-8565，JGPGF1 

Computational Materials Science Unit， NIMS， Tsukuba， 305-0047， Japan 

Graphene nanoribbon (GNR) is a finite width graphene sheet. The electronic properties of 

GNRs strongly depend on the edge structures [1 J. GNRs with zigzag edges have the so-called 

edge states. Recently， graphene nanoribbons were fabricated by several ways [2]. Quite 

recently， the edge states in GNRs were confirmed by STM/STS measurement [3]. On the 

other hand
ラ
BC2N sheet is organic analogous of graphene. The electronic properties of 

nanoribbons made with BC2N were investigated by several authors [4J. Howeverラ
thereare no 

reports on the presence of the f1at bands and edge states in BC2N nanoribbons. In this paper， 
we investigate the electronic properties of BC2N nanoribbons with zigzag edges as shown in 

the left part of Fig. 1 (a) using a tight binding model. In this figure， B and N atoms are 

indicated by the black and gray circles， and C atoms are located the empty vertices. 

Figure 1 (b) shows calculated band structure of BC2N nanoribbon. We observed the f1at 
bands. The calculated local density of states at E=O is presented in the right part ofFig. 1 (a). 

We observed the of the edge state but the charge distribution at both edges are different each 

other， i.e.， the charge distribution at the edge where the outermost sites are occupied with C 

atoms is similar to that at the conventional zigzag edge， while the charge of the edge states at 
the edge where the outermost sites are occupied with B and N atoms distributes the both 

sublattice sites. The former is similar to the edge state at the conventional graphene zigzag 

edge but the latter is similar to the edge states at the zigzag where the outermost C atoms are 

replaced with B and N altemately [5]. 
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Fig.1 Schematic il1ustration of BC2N nanoribbon treated in this paper (1eft side) and calculated LDOS 

iri!!ht side). ib) The band structure ofBC刊 nanoribbon.

[1] M. Fujita et al.， J. Phys. Soc. Jpn. 65， 1920 (1996); K. Nakada et al.， Phys. Rev. B 54， 17954 (1996). 
[2] M. Y. Han et al.， Phys. Rev. Lett. 98， 206805 (2007); D. V. Kosynkin et al.， Nature 458， 872 (2009); L. Y. 

Jiao et al.， Na加reNanotech. 5， 321 (2010); J. M. Cai et al.， Nature 466， 470 (2010). 
[3] C. Tao et al.， Nature Nanotech. 7， 616 (2011). 
[4] P. Lu， et al.， J. Phys. Chem. C 115， 3572 (2011); Appl. Phys. Lett. 96， 133103 (2010); B. Xu， et al.， Phys. Rev. 
B 81， 205419 (2010); L. Lai and J. Lu， Nanoscale 3， 2583 (2011). 
[5] T. Kaneko， K. Harigaya and H. Imamuraヲ

(inpreparation) 
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G band intensity and joint density of states of twisted bilayer graphene 

o Kentaro Sato 1， Riichiro Saito ¥ Chunxiao CongヘTingYu 2，3ラ MildredS. Dresselhaus 4，5 

2lDRpartmmt QfPhysics，Tohoku uniwmioy，sendGi，980-8578，Jαrpan 
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3lVGnymg  TechnologicolUF1ilusiOY963737l，Singopore 
Department ofPhysics， Faculty ofScience， National University ofSingapore， 117542， 

Singapore 
4 Department of Electrical Engineering ~nd Computer Sciences， Massachusetts 
5Institute QfTechF10loup CGmbridge，M402139-430スUSA.
Department of Physics， Massachusetts Institute of Technology， Cambridge， 

Massαchusetts 02139-4307， USA 

When the first layer of AB stacked bilayer graphene rotates about an axis perpendicular to 

the second layer of bilayer graphene， a commensurate structure with a much larger unit cell 
than that of monolayer graphene appears at a specific rotation angle. Such a bilayer graphene， 
which is cal1ed twisted bilayer graphene， has interesting physical properties. For example， the 
Fermi velocity of twisted bilayer graphene decreases with decreasing twisting angle relative 
to that for monolayer graphene [1]. Thus it is important to know the twisting angle of twisted 
bilayer graphene to understand its physical properties. 

Resonance Raman spectroscopy has been used to study optical properties of graphene 
related systems [2]. The resonance Raman spectra give us rich inforτnation to characterize not 

only the number of graphene layers but also the stacking structure. Several groups reported 
that the G band intensity of twisted bilayer graphene is enhanced at a specific twisting angle 

for a given laser excitation energy (E1a悶 ) [3-5]. It is considered that such a behavior gives us 
information to help evaluate the twisting angle of a twisted bilayer graphene sample using 
only resonance Raman spectroscopy. 

In this presentation， we calculate the G band Raman intensity of twisted bilayer graphene 
as a function of E1a悶 andtwisting angle. Raman intensity is given by calculating 
electron-photon and electron-phonon matrix elements based on the extended tight binding 
(ETB) scheme. The electronic structure of twisted bilayer graphene is calculated by using the 
ETB method. The calculated results show that the G band intensity enhancement occurs at the 

energy gap that the joint density of states is singular. Hereラ wecal1 s山 hthe energy gap Eii 
like single wall carbon nanotubes. To estimate twisting angle， we show a relation between the 

lattice constant of twisted bilayer graphene and Ell [6]. We compare our calculations with 
expenments. 

[lJ G. Tramb1y de Laissardiere et al.， Nano Lett. 10，804 (2010). 
[2J A. Jorio et al.， Raman Spectroscopy in Graphene Re1ated Systems， Wi1ey-VCH (2011). 
[3] Z. Ni et α1.， Phys. Rev. B 80， 125404 (2009). 
[4] R. W. Havener et al.， Nano Lett. 12，3162 (2012). 
[5] K. Kim et al.， Phys. Rev. Lett. 108，246103 (2012). 
[6] K. Sato et al.， submitted (2012). 
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Production of N anopores and Proton Conduction in Graphene Oxide 
N anosheets Prepared by Photoreaction 
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へ
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ぺKazutoHatakeyama 
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，2， Kengo Gezuhara1
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1 Graduate School ofScience and Technology， Kumamoto University， 2-39-1 Kurokami， 

Kumαmoto， 860-8555， Japan 
2 JST， CREST， K's Gobancho 6F， 7 Gobancho， Chiyoda-ku， Toわ叫 102-007丘Japan

Graphene Oxide (GO) nanosheets have interesting properties such as photoluminescence， 
ferromagnetism， electrodes， and water permeation. Reduced graphene oxide (rGO) nanosheets 
are highly conductive and can be used in various electrical devices. They are prepared企om
GO nanosheets by various reduction methodsラ suchas thermal and hydrazine treatments. 
Simple photoreduction methods using UV light at room temperature have also been 
developed. [1] Irradiation in water produces many nanopores and results in ferromagnetic 
properties， which arise 企omthe edges ofthe pores and small broken pieces ofrGOY] 

The GO was prepared using Hummers' method. The suspension was diluted with pure 
water， placed on mica， and then dried under vacuum. The surfaces morphology and the 
composition of the oxygenated groups of the GO single nanosheets were observed using AFM 
and XPS. The DC current and the AC resistance of the GO were measured with a comb 
electrode. Products， such as CO2 and H2， were analyzed using online gas chromatography. 

Many unique properties of graphene oxide (GO) strongly depend on the oxygenated 
functional groups and morphologies. Hereラ thephotoreaction process is demonstrated to be 
very use向1to control these factors. We report the a) 0 h b) 1 h 
fast， simple production of nanopores in porous 
GO via photoreaction in O2 under UV irra diation 
at room temperature as shown in Fig.l. 
Quantitative analysis using X-ray photoelectron 
spectroscopy showed that nanopores were 
produced in areas of oxygenated groups (Sp3 
carbon bonds) creating porous reduced graphene 
oxide (rGO). The photoreaction mechanism was 
proposed based on changes in the number of 
oxygenated groups. Proton conduction occurred at 
the basal plane of epoxide groups in virgin GO， 
even at low humidity， and剖 carboxylgroups for 
porous rGO at high humidity. Thusラ GOand rGO 
samples with various morphologies， oxygenated 
functional groups， and conduction types can be 
easily fabricated by controlling the photoreaction 
conditions. 

[1] Y. Matsumoto et al. Chem. Lett. 39， 750 (2010)ヲACSAppl. Mater. & Inteゆces2，3461 (2010) 
[2] Y. Matsumoto et al. J. Phys. Chem. C 115， 19280 (2011). 
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Photoluminescence Kinetics of Monolayer Epitaxial Graphene 

in the Near-Infrared Region 
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Graphene is a zero band-gap semiconductor showing unique electronic and optical 

properties owing to its linear dispersion band. The linear‘dispersion band also characterizes 

the dynamics ofphotoexcited carriers. Recent time-resolved measurements [1] and theoretical 

studies [2] have shown that photoexcitation between the linear dispersion bands initially 

creates nonequilibrium carriers which experience ultrafast thermalization via electron-electron 

and electron-phonon scatterings followed by cooling via the electron-phonon scatterings. In 

this studyラ weinvestigate the dynamics of photoexcited carriers in monolayer graphene on a 

Si02 substrate by time-resolved luminescence measurements. 

The monolayer graphene used in this study was epitaxially grown over 

Cu(111 )/sapphire by chemical vapor deposition [3]， and then transferred onto a Si02 substrate. 

Raman spectra were measured for characterization of the obtained graphene: The number of 

layer was identified to be one from the spectral shape of 2D band， and the Fermi energy shift 
due to the hole doping in air was determined to be -0.225 e V by the peak position of G band. 

Photoluminescence (PL) kinetics were observed using femtosecond time-resolved 

luminescence spectroscopy based on the frequency up-conversion technique [4]. The light 

source was a mode-locked Ti:sapphire laser (82 MHz， 800 nmラ and100 fs)， and the excitation 
density was 3.8 x 10-

2 
J m-2 per pulse. The absorbed pulse energy was estimated to be 8.7 x 

10-
4 J m-2

• All measurements were conducted at room temperature in air. 

Figure 1 shows PL decay kinetics at 0.9 eV in the sample. The observed PL kinetics 

is analyzed based on the carrier cooling model taking into account the electron-phonon 

interaction. When the F ermi energy shift due to the hole doping is consideredラ theobserved 

kinetics can be well reproduced (solid line). In contrast， the kinetics cannot be reproduced， 
when the doping effect is neglected (dashed line). This indicates that the doped carriers play 

an important role in the cooling dynamics of photoexcited carriers. The model analysis shows 

that the maximum electron temperature is ~450 K. It is 

found that， even at such a low temperature， the carrier 
cooling is govemed by the coupling with optical phonons. 

0.6 

Fig. 1. PL decay kinetics at 0.9 eY. 
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[1] M. Breusing et al.， Phys. Rev. B 83，153410 (2011). [2] R. Kim et 

al.， Phys. Rev. B 84， 075449 (2011); E. Malic et al.， Phys. Rev. B 84， 

205406 (2011). [3] B. Hu et al.， Carbon 50，57 (2012) ; C. M. Orofeo 

et al.， Carbon 50ラ 2189(2012). [4] T. Koyama et al.， Phys. Chem. 

Chem. Phys. 14， 1070 (2012). 
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Bilayer graphene sandwiched by ionic molecules: Band-gap and carrier 

type engineering 

oNguyen Thanh Cuong1，3， Minoru Otani1，3， Susumu Okada2，3 

lNanosystem Research Institute， Nationallnstitute of Advanced Industrial Science and 

Technology (AIS刀，Tsukubα305司 8568，Japan 

2Graduate school of Pure and Applied Sciences， University ofTsukuba， Tsukuba 305-8571， 

Japan 

3Japαn Science and Technology Agenり，CREST， 7 Gobancho， Chiyodり-ku，ToAσ0102-0076， 

Japan 

Graphene has been keeping a premier position not only in the field of the low-dimensional 

sciences but also in the semiconductor device engineering due to its unique structural and 

electronic properties. However， graphene is a metal with a pair of liner dispersion bands at the 

Fermi levelラ sothat they are not utilized in logical electronic devices [1]. Thereforeラ itis 

important to tune the electronic structure and to get a semiconducting graphene. Several 

efforts have been made to control the band-gap of graphene， such as chemical doping [2] and 

an electric field [3]. In this work， we propose the new and easy procedure how to control the 

electronic structure and conducting properties of graphene by adosrbing ionic materials to two 

surfaces of bilayer graphene. Our first-principles calculations show that bilayer graphene 

sandwiched by the anion and cation ionic molecules is a semiconductor with 0.28 eV 

band-gap due to the strong local dipole field induced by cation-anion pair. Furthermore， we 

can control the semiconducting carrier type of a bilayer graphene sandwiched by ionic 

molecules: i-type (intrinsic)， n-type or p-type by changing cation and anion molecule species. 

These findings open a possibility for realizing the graphene-based semiconducting devices by 

using the hybrid structure comprising graphene and ionic molecules. 

[1] F. Schwierz， Nαture Nanotech. 5，487 (2010). 

[2] X. Tian， J. Xu， X. Wang， 1. Phys. Chem. B 114， 11377 (2010). 

[3] H. Miyazaki， K. Tsukagoshi， A， Kanda， M. Otani， and S. Okada， Nano Letters 10 (2010) 3888. 
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Photochemical modification of graphene surfaces with water molecules 

oRyo Nouchi 1，2， Nobuhiko Mitoma3
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599-8570， Japan 

2 WPI Advanced Institutefor Mαterials Research， Tohoku University， Sendai， 980-857ス
Japan 

3 Department of Physics， Tohoku Universiか"Sendai， 980-8578， Japan 

Graphene is a sing1e 1ayer of graphite， indicating that all carbon atoms constructing 
graphene be10ng to its surface. Thus， graphene is known to be sensitive to various 
surface/interface phenomena. We have investigated interfaces with metallic e1ectrodes [1-4] 
and chemica1 modification of graphene surfaces [5，6]ラ whichhas exemplified that the 
surface/interface phenomena exert a significant influence on e1ectrica1 properties of graphene. 
In this presentation， we will focus on our recent finding that microscopic Raman spectroscopy 
measurements with a high power 1aser irradiation can cause a structura1 change of graphene 
[7-9]. 

Sing1e 1ayer graphene flakes were 
formed onto a high1y-doped Si substrate 
with a 300-nm-thick therma1 oxide 1ayer 
on top of it by a conventiona1 mechanica1 
exfo1iation. Two types of substrates were 
prepared; one type of substrate was 
hydrophi1ically treated so that the substrate 
surface is covered with water mo1ecu1es. 
As shown in Fig. 1， graphene deposited on 
the “wet" substrate exhibited an increase in 
the D band intensity. On the other hand， 
graphene on a substrate without the 
hydrophi1ic treatment did not show such 
evo1ution of the D band. The necessity of 
water mo1ecu1es suggests a photochemica1 modification of graphene surfaces with water 
mo1ecu1esラwhichis triggered by the microscopic Raman measurement itse1f [7 -9]. 
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Fig.l Evolution of the Raman D band of graphene 
formed on a hydrophilically-treated substrate. The peaks 
are normalized to the peak intensity of the G band. 
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[1] R. Nouchi， M. Shiraishi and Y. Suzuki， Appl. Phys. Lett. 93， 152104 (2008). 
[2] R. Nouchi and K. Tanigaki， Appl. Phys. Lett. 96， 253503 (2010). 
[3] R. Nouchi， T. Saito and K. Tanigaki， Appl. Phys. Express 4， 035101 (2011). 
[4] R. Nouchi， T. Saito and K. Tanigaki， J. Appl. Phys. 111，084314 (2012). 
[5] X.-Y. Fan， R. Nouchi， L.欄C.Yin and K. Tanigaki， Nanotechnology 21ラ475208(2010). 
[6] X.-Y. Fan， R. Nouchi and K. Tanigaki， J. Phys. Chem. C 115， 12960 (2011). 
[7] N. Mitoma， R. Nouchi and K. Tanigaki， The 72nd JSAP Autumn Meeting， la-E-2 (2011). 
[8] N. Mitoma， R. Nouchi and K. Tanigaki， The 59th JSAP Spring Meeting， 16a-B2-2 (2012). 
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Structure and electronic properties of carbon nanohorn aggregates 
prepared under nitrogen atmosphere 
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31nstitutefor Advanced Research， Nagoya Universiか"Nagoya， 464-8602， Japan 

4Department of Materials Science and Engineering， Meijo University， Nagoya 468-8502， 

Japan 

Single-wall carbon nanohoms (SWNHs) are single-graphene tubules with nanometer回 scale

diameters， and about 2000 of them gather and form a spherical aggregate with diameters of 

50-200 nm. Many fundamental and application studies have been done since its discovery in 

1998 [1]. SWNHs with high purity are usually produced by CO2 laser ab1ation of graphite 

without using a catalyst at a high production rate of 1 kg/day [2]. Here， we tried to s戸lthesize

SWNHs under N2 atmosphere for achieving the low cost and investigated thoroughly the 

structures and electronic properties. 

The CO2 laser ablation was operated at 3.5 kW. During 30 seconds laser ablation， the target 

was rotated at 2 rpm. The buffer gases were N2， or Ar. The gas flow rate and pressure were 10 

L1min and 760 Torr， respectively. The obtained samples are denoted as NγSWNHs or 

Ar-S¥¥乃..JHs.

Shapes of N2-SWNHs observed by a scanning electron microscopy and scanning 

transmission electron microscopy were quite similar to those of Ar-SWNHs. However， X-ray 

photoelectron spectroscopy results ofN2-SWNHs showed that the binding energy ofN1s peak 

was 398 cm-1 and that of C1s peak shifted to lower binding energy. Electron spin resonance 

spectra also indicated that localized spins and free electrons ofN2-SWNHs became about two 

times more than those of Ar-SWNHs. Thereforeラ webelieve that the nitrogen atoms were 

incorporated into graphene lattice of SWNHs and carrier densities increased when SWNHs 

was synthesized under N2 atmosphere. The details are shown in the presentation. 

[1] S. Iijima et al. Chem. Phys. Lett. 309， 165 (1999). 

[2] T. Azami et al. J. Phys. Chem. C， 112， 1330 (2008). 
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Gastrointestinal behavior of orally-administered single-walled carbon 
nanohorns 

o Maki N akamura 
1， Y oshio Tahara 1， Tatsuya Murakami2， Sumio 均imalぺMasakoYudasaka 

1 

311vmotube Resωrch Center， AIST， 1-1-1 Higashi， Tsukuba 305-8565， Japan 
Institute for Integrated Cell-Material SciencesρVPI-iCeMS)， Kyoto University，めoω

606-8501， Japαn 
3 Meij・oUniversity， 1-501 Shiogamaguchi， Nagoyα468-8502， Japan 

Single-walled carbon nanohoms (SWNHs) are expected to be applicable to drug carriers of 
drug delivery systems. We previously demonstrated that local injection of prednisolone-
loaded SWNHs into the tarsal joint of rats with collagen-induced arthritis showed an 
anti-inflammatory effect [1]. The use of SWNHs as drug carriers by oral administration 
assumes to be useful， since graphitic SWNHs would tolerate acidic and alkaline environment 
in a gastrointestinal tract (e.g.， stomach acid and digestive enzyme). However， such study has 
not been conducted yet. We show in this report the gastrointestinal behavior of 
orally-administered S\\市~Hs and discuss the possibility of SWNHs as oral drug carriers: 

For the quantity measurement of SWNHs， Gd203-embedded S\\弓~Hs (Gd-NHs) [2] were 
used in this s印dy.Gd-NHs (2 mg per mouse) were administered orally into 8-to与week-old
female mice (BALB/cA). After 4， 8， 16， 24 and 48 h， the mice were sacrificed by rapid 
collection of blood from the inferior vena cava， and removed liverラ

spleen，stomach， small 
intestine， cecum， and colon. Feces were also collected. After the combustion and acid 
dissolution treatment of blood， organs， and feces， the quantities of Gd from Gd-NHs in these 
samples were measured by inductively coupled plasma atomic emission spectroscopy. 

The Gd in Gd-NHs was detected from gastro同

intestinal tract (i.e.， stomach， smal1 intestine， 
cecum， and colon)ラ andfeces; but not from liver， 
spleen， and blood. Almost 98% of SWNHs were 
excreted within 24 h， and over 99% after 48 h (Fig. 
1). These results indicated that orally-administered 
SWNHs were not absorbed into the body through 
the gastrointestinal tract， and excreted in fecesラ

suggesting that neither accumulation of orally-
administered SWNHs in the body nor associated 
toxicity would be observed. SWNHs could be 
riskless oral drug carriers in drug therapy of 
gastrointestinal diseases， such as ulcerative colitisラ

colon cancer， and so on. 

[1] M. Nakamura et al. Nanotechnology 22， 465102 (2011). 
[2] J. Miyawaki et al. ACS Nano 3ラ 1399(2009). 
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Fig. 1 Gastrointestinal behavior of Gd-NHs 
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Improvement in energy density of electric double-Iayer capacitors by 

mixture of AcB and CNB 
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1 Department of Electrical and Electronic Iriformation Engineering， 
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Electric double layer capacitors (EDLC) use carbon nano materials as electrode. It performs 

charge and discharge by the electric double layer which arises in the interface of an electrode 

and an electrolysis solution. In order to use EDLC for hybrid cars or 

electric vehicles， we have to increase energy density. In this research， 

to raise the energy density of EDLC， carbon nano materials which 

have different structures were mixed. We used two kinds of carbon 

materials. One is the arc black (AcB)， and the other is the carbon 

nano balloon (CNB). AcB includes an amorphous ingredient most1y 

and has a large specific surface area. Then AcB has larger specific 

capacity than CNB. On the other hand， surface of CNB is graphitic 

and it has high conductivity. In order to utilize each characteristic of 

AcB andCNBラtheywere used for the main material of the electrode 

by the ratio of 1: 1. Fig.l shows that the specific capacity became 

higher than capacitors which used each alone at the rate from 100 

mV/s to 500 mV/s， and the characteristic at a high rate was 

improved. Furthermore， Fig.2 shows a Ragon plot of EDLC and that 

exhibited a high energy density by mixing AcB and CNB. 
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Fig.l Specific capacitance 

品
リ

ω

、t

h

l

l
F

ヘ

¥

・

わ

い

時

K
1
;
o

ぱ
州

!

r

 

r

h

l

-

S

 

B
、}
1

九

百

h
午、

~

4

1

0

山

.

h

h

i

t

 

ひ~品

M

3

日

」
J
1
1イ
守
寸
斗
雪
守

3

一

'
m
w

河

川

町

一

ω

去
一
戸
一
人
さ
さ
き
て
出
副
主
主

Fig.2 Ragon plot 

This work has been partly supported by the Research Project of the Venture Business 

Laboratory 企omToyohashi University of Technology (TUT); the Core University Programs 

(JSPS-CAS program in the field of "Plasma and Nuclear Fusion") from the Japan Society for 

the Promotion of Science (JSPS); and a Grand-in-Aid for Scientific Research from the JSPS. 

[1] Cheng Zheng， et al.: 1. Power Sources， 195，4406-4409 (2010) 

Corresponding Author: Yoshiyuki Suda 

E-mail: suda@ee.tut.ac担，Tel: 0532-44-6726 

-46 -



ポスター発表

Poster Preview 

1P -1 ~ 1P -50 

2P -1 ~ 2P -41 

3P -1 ~ 3P -42 



1 P-1 

Growth investigation of C60・C70two-component fullerene nanowhiskers 

oChika Hirataラ ShuichiShimomura1， Takatsugu Wakahara and Kun'ichi Miyazawa 

Fullerene Engineering Group， Cαrbon Composite Materials Groupl， 

Mαteriαls Processing Unit， Nationallnstitute戸rMaterials Science(NIMS)， 

1-1 Namiki， Tsukuba 305-0044， Japan 

The liquid-liquid interfacial precipitation simple method (LLIP method) has been used to 

synthesize various fullerene nanowhiskers. Since it is very important to study the size control 

of fullerene nanowhiskers for their practical application， we have been developing various 

methods by modifying the original LLIP method proposed in 2002 [1]. 
The factors that influence the growth of C60NW s are light， temperature， growth time， waterラ

and the kind and composition of solvent. 
It is reported that the diameter control of C60NW  s is possible by controlling the area of 

liquid-liquid interface [2]. Additionally， we synthesized C60NWs using several bottles of 

different inner diametersラ andmeasured the length and diameter OfC60NWs [Fig.l， Fig2]. It 
is found that the length and diameter of C60NW s increase with increasing the size of glass 

bottle. A1though we reported the fabrication of C60-C70 two-component nanowhiskers [3]， the 
influence of composition on the growth of C60-C70 nanowhiskers have not been clarified. 

Hence we investigate how the powder composition influences the growth of fullerene 

nanowhiskers. 

In preparing the C60四 C70NWsラ toluenewas used as a good solvent and isopropyl alcohol 

(IPA) as a poor solvent of C60・C60powders containing C70 were dissolved in toluene (2.8 

mg/ml) and the C6o-C7o-toluene solutions were ultrasonicated for 30 minutes to obtain 

C60-C70-saturated toluene solutions. The solutions were filtered to remove undissolved 

residuals of C60 and C70・IPAwas gently added to the C60鴫 C7o-saturatedtoluene solutions， and 
manually mixed 30 times. The synthesis temperature was 150C. It has been found that the growth 
rate of C60-C70 nanowhiskers varies depending on the composition of C60 and C70・
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[1] Fullerene Nanowhiskers， Kun'ichi Miyazawa (Ed.) (Pan Stanford Publishing， 2011). 

[2] T.Wakahara， Kぶ1iyazawa，Y.Nemoto， O.1to， Carbon49 (2011) 4644-4649 

[3]K. Miyazawa， 1. Minato， T. Mashino， T. Yoshii and T. Suga， Trans. Mat. Res. Soc. Japan 30 (2005) 
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Simulation of Near-Infrared Excitation of Raman Active Modes in 
Fullerene C60 by a Time-Dependent Adiabatic State Approach 

oKaoru Yamazaki， Takashi Nakamura， Nao戸lkiNiitsu， Manabu Kanno， and Hir叶likoKono 

Dψαrtment 01 Chemistry， Graduate School 01 Science， 

Tohoku University， Sendai， 980-8578， Japan 

Q

J

U

V

〆
-
-

c
r
.
a
a
 

区

O
W
A
n

何

恥

吋

-m

mm白
川

&

T

 

l

F

m

o

 

、
3

『

U

4

8

1
れし

d

n

R

g
泊
・
旧

斗

-m
仰

い

叶

品

開

M

K
削

u
b
ω
m
 

y
ι
c
g
 

b

h
、

a

d
・
培
ぱ
企

渇

t
i
c

u
込

町

出

凶
一
m
m
h

・1

3

a

o

b

3
1
n
u
 

由
討

y
o

c
n
d
出

町

-m
吋
ん
か

削

即

問

問

ω
品

m
q吋

cwd旬
ぬ

可

f
・
町
副
首
山
「
ト
ト

L

o

n

p
孔

n

n
白

n

r
・
m

m
1
・

旧

持

団

岡

山

剖

h
-
u

n

t
副

C

2

田

町

時

主

-
E

t
e
-
-
s
f
O

叶

-
L

，
-
g
∞
m
r
F
町

出

s
m
t剖
叩

却

問

o
t
8
m
r
p
M
m
均
・
旬
、
m
出

な

b
出

昨
日
・

m
m比
企

訂

叫

n
s
e
n
n
s
n
f
i
n
H
d
l

F

σ

l

o

M

P

・旧

d
(
a
I
d
c
r
e
叫

e
臼

ぽ

仰
い
官
吋
一
山
M
M
m
m

巾
な
叫
川
口
市

tμ
ぃ
a
c
川

T
M
.
n
d
m
d
何

m
l
J
M
V
M

由々
9
S

』
凶
・
刊
日
側

m
l
u
u
創

出

伽

加

川

-
M
・思

n
M
り

吋

刷

W

M
山

α
n
.
n
.
n
U
4
氏

E
m
一

h
I
F
a
s
d
u
w
・
旧
ら

問

問

伽

帥

白

山

側

伽

m
i
m
m
削

ω

m
吋
刷
畑
山
一
化
巾

ぽ

-
M
L

加

h

c

h

d
凶

勾

白

d

M
仰

n

h
叩

d

阻
止

d
ω

∞
町
・
1

郎

町

町

叩

[

∞

羽

弔

問

A
O
H
w
n
O

M
一

仙

伽

州

刷

出

山

首

相

州

問

削

u
m

吋川一口

w
o
t
c
n
r
・
-
n
は
企

m
∞
山

w
n
b
I
t
n

(1) Laser -molecule interactions (t::: 100 fs)→ Energy capturing 

rt~'叩 pulse

tJ開局

*安 Vibronic 

-・時
Electronic Electronic呂lIy畠

vibrationally hot excited states 

(2) Structural transformations (t= ps-同
F一一回目『

~~.... ~ 

川崎儲Jz
Inlra-molecular 
vibrational energy Rearrangement & 

Redistributions (ps) fragmentation (ns-!s) 

Fig. 1 Laser induced processes of nanocarbons 

Toward efficient simulations of laser induced structural dynamics in larger nanocarbons 
such as carbon nanotube and graphene， we developed a new theoretical method， which ena-
bles the calculation of laser-induced dynamics of nanocabons in the nanosecond (ns) time-
scale. In this method， we combined the time-dependent adiabatic state approachラ whichcan 
properly describe the distortion of potential energy sur白cesof nanocarbons by near-IR laser 
fields [6]， and the DFTB theory [4] which can treat nシscalereaction dynamics of nanocarbon 
semi-quantatively [5]. In this presentation we discuss the dynamics of near-IR excitation of 
Raman active modes in白llereneC60 as a test case. 

[1] R. Stohr et al.， ACS Nano 5，5141-5150 (2011). 
[2] T. Laannann et al.， Phys. Rev. Lett. 98， 058302 (2007). 
[3] D. Porezag， et al.， Phys. Rev. B 51，12947-12957 (1995). 
[4] M. Elstner， et al.， Phys. Rev. B 58， 7260-7268 (1998). 
[5] N. Niitsu， K. Yamazaki et al.， J. Chem. Phys. 136， 164304 (2012). 
[6] Y. Sato， H. Kono， S. Koseki， and Y. F町imura，1. Am. Chem. Soc. 125，8019-8031 (2003). 

Corresponding Author: H. Kono 
Tel & Fax: +81~22-795-7720 

E-mai1: hirohiko-kono@m.tohoku.ac.jp 

-48 -



1 P-3 

Theoretical investigation of the fragmentation dynamics of 

photoexicted C60 fullerene 

oTakashi Nakamura
1， Naoyuki Niitsul

ラ
ManabuKanno

l， Hirohiko Konol
ラ
KiyoshiUeda

2 

1 Graduate School of Science， Tohoku University， Sendlαi 980-8578， Japan 

2Institute of Multidisc伊linaηResearchfor Advanced Materiαls， Tohoku University， Sendai 980-857えJap仰

【Introduction】Itis experimentally known that ionizat悶 1competes with fragmentation when C60 fullerene is 

irradiated by intense laser pulses. The ratio between ionization and fragmentation can be controlled by 

changing the photon energy and pulse width. F or instance， using near infrared laser pulses (λ= 800 nm)， 

fragmentation is promoted by a pulse with 5 ps duration. For a shorter pulse with 25 fs duration， multiply 

charged cations are created and fragmentation is relatively suppressed [1]. On the other hand， irradiation of 

X-ray free electron lasers (XFELs) is expected to produce multiply charged cations C60
n十 upto nニ 12via the 

different process consisting of inner shell ionization， rearrangement of electrons， and Auger ionization. The 

multiply charged C60 cations are considered to dissociate due to its excess vibrational energy， which can be 

estimated from the energy of emitted electrons. The information on the dynamics of C60
n
+ can be obtained 

from the observation of its fragments. We theoretically investigated the vibrational and fragmentation 

dynamics of C60 n+ with high excess energy. 

【Method】Onthe assumption of irradiating C60 with XFEL， we optimized the structures of C60
n
+ (n = 8ラ 10，

12) and added 40~120 eV of energy. We investigated the dynamics of C60
n十 suchas fragmentation time and 

fragmentation patterns using molecular dynamics (MD) calculations based on a density-functional tight-

binding method. 

【Resultsand Discussion】Variousfragmentation patterns were observed depending on energy. For lower 

energies of 40~60 eV， C2 evaporation proceeds after Stone-Wales rearrangement shown in Fig.1 [2]. The 

activation barriers for Stone-Wales rearrangement of C60 n+ are 

less than 10 eV. The excess energy is therefore high enough to 

cause Stone-Wales rearrangement. For higher energies of 

80~120 eV， two types of企agmentationshown in Fig.2 are 

observed， as in the case of neutral C60 [3]. In Process 2， the cage 

cleaves first and then small fragments are ejected. The lifetime 

of C60 n+ for fragmentation becomes shorter as the charge and 

energy increase. In the poster， we report the dependence of 

fragmentation on the charge and energy ofC60
n
+. 

[1] 1. V. Hertel et a1.， Adv. At.Mol. Opt. Phys. 50，219 (2005). 
[2] A. J. Stone and D. J. Wal巴s，Chem. Phys. Lett. 128，501(1986) 
[3] N. Niitsu et a1.， J. Chem. P均ys.136， 164304(2012) 
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Fig. 1 Stone-Wales rearrangements for lower 
initial energy (40~60 e V) 

議1望377
Fig. 2 Two fragmentation processes of C60

n
+ 

(n = 8，10，12) for higher energy (80~120 eV). 
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Geometric and electronic structures of two-dimensional networks of fused 

C26 fullerenes 

oMina恥1aruyamaand Susumu Okada 

Graduate School of Pure and Applied Sciences， University ofTsukuba， Tennodai， Tsukuba 305-857スJapan

Hollow-cage carbon c1usters， fullerenes， are known to form condensed phases in which the 
fullerene is a constituent unit as in the case of atoms in the conventional solids. Since 
fullerenes have moderate chemical reactivity， various new carbon network materials derived 
丘omfullerenes have been synthesized and studied intensively. For instance， C60 molecules 
form covalent bonds with its adjacents leading to interesting forms of one-， two-ラ and
three-dimensional carbon allotropes with three司 foldand four-fold coordinated C atoms. 
Electronic structures of these novel carbon allotropes derived from C60 strongly depend on 
their dimensionality and morphologies. Small fullerenes， Cn where n<60， are possible 
candidates as a constituent unit for such new forms of C allotropes with mixed coordination. 
Indeed， geometric and electronic structures of such smaller fullerenesラ suchas C20 and C36， 
were studied in theoretically. Here， we design a novel two-dimensional covalent network with 
hexagonal symmetry comprising of small白llereneC26・SinceC26 has D3h symmetry， we can 
construct a two-dimensional hexagonal covalent network of C atoms generated by a fused C26 

unit. To examine stability， stable geometries， and electronic structures of condensed phase C26， 
we perform the first-principles total-energy calculations in the framework of the density 
functional theory .. 

Figure 1 shows an optimized structure of 
two-dimensionally polymerized C26・Asshown 
in figureラ thecondensed phase of C26 forms a 
two-dimensional hexagonal network as in the 
case of graphene sheet. Therefore， the resultant 
material is the candidate for novel layered 
materials with large interstitial sites and the host 
materials for foreign atoms and molecules. By 
focusing on the bonding network of this materialラ

the polymer comprises two-fold and three-fold 
coordinated C atoms. Furthermoreラ accordingto 
the structural relaxation， C26 unit no longer is a 
polyhedron consisting of pentagons and 
hexagons but it contains octagonal rings besides 
pentagons and hexagons. 

Corresponding Author: M.Maruyama 

Te1: +81-29-853-5600， Fax: +81-29-853-5924， 

E-mail: mmaruyama@comas.frsc.tsukuba.ac.j 
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Fi只.1 Optimized structure of C26 po1ymer. 
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Charge density distribution of water molecule encapsulated in fullerene C60 

oShinobu Aoyagi ¥ Yuki SadoへRyoKitaura 2， Hisanori Shinohara 2ラ

Tomoko Nishida乙YasujiroMurata 3 

1 Department of Information and Biological Sciences， Nagoya City Universiか，

Nagoya 467-8501， Japan 

2D句partmentof Chemistry and Institute for Advanced Research， Nagoya Universi肌

Nagoya 464-8602， Japan 

3 Institute for Chemical Research， Kyoto University，句i，Kケoω 611-0011，Japan 

An endohedral fullerene with a dipole moment wi11 be achieved by an encapsulation of a 
polar molecule such as water molecule. Recently， fullerene C60 with a water molecule inside， 
H20@C60 (Fig.l) has been synthesized by the molecular surgical method [1]. The effective 
dipole moment of H20@C60 should depend on the orientation and dynamics of the 
encapsulated water molecule. The X-ray structure analysis of a co-crystal of H20@C60 and 
octaethylporphyrin nickel (Ni(OEP)) has revealed th剖 theOH bonds of the water molecule 
located at the cage center direct toward the Ni atoms of the Ni(OEP) ligands outside the 
carbon cage [1]. The molecular orientation would be changed in a pure H20@C60 crystal 
without any ligand and solvent molecules. Indeed it has been found that the endohedral 
structure of Li+@C60 depends on the specie and arrangement of coordinated counter anions 
[2，3]. In order to reveal the molecular orientation and thermal motion of the encapsulated 
water molecule in the pure H20@C60 crystal， the crystal structure analysis was carried out by 
means ofthe synchrotron radiation X-ray diffraction at SPring-8 (Hyogo， Japan). 

The structure of pure H20@C60 crystal is very similar to that of pristine C60 crysta1. The 
crystal has a cubic structure and undergoes a phase transition due to a 企eezingof free rotation 
of the carbon cage at around 260 K. The carbon cage in the low temperature phase has a 
disordered structure in which two kinds of cage orientation coexist. The molecular structure 
ofH20@C60 at 20 K was successfully determined except the position ofhydrogen atoms. 

To visualize the hydrogen atoms， the charge density distribution of the encapsulated water 
molecule was obtained by the maximum entropy method (MEM). Charge density peaks for 
hydrogen atoms were not c1early observedラ whilea peak for an oxygen atom was observed at 
the cage center. This result demonstrates that the orientation of the encapsulated water 
molecule is disordered even at 20 K. Broad charge density distribution for the disordered 
hydrogen atoms was observed in the difference MEM 
charge densities which are obtained by subtracting 
model charge densities without hydrogen atoms 合omthe 
experimental one. Possible orientations of the 
encapsulated water molecule are discussed based on the 
difference恥1EMcharge densities. 

[1] K Kurotobi and Y. Murata Science 333，613 (2011). 
[2] S. Aoyagi et al. Angew. Chem. Int. Ed. 51，3377 (2012). 
[3] S. Aoyagi et al. Nature Chem. 2， 678 (2010). 
Corresponding Author: S. Aoyagi 
Tel:十81・52-872-5061，Fax:十8ト52-872-3495，
E-mail: aoyagi@nsc.nagoya-cu.ac.jp 
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Growth Mechanism of Fullerenes Revisited 

o Susumu Saito 

Dψαrtment of Physics， and 
Research Center for Nanometer-Scale Quantum Physics 

Tokyo lnstitute ofTechnology 
2-12-1 Oh-okayama， Meguro-ku， 日付。 152-8551，Japan 

Ever since the macroscopic production of C60 fullerenes more than two decades ago [1]， 
C60 and other fullerenes have been intensively studied in many fields of science and 

technology. On the other handラ theorigin of the extreme abundance of C60 in soot as well as 

the microscopic formation process of C60 and other fullerenes still remains to be revealed. In 

our previous work addressing the formation process of carbon clusters and fullerenes using 

the transferable tight-binding Hamiltonian with long-range interatomic interaction [2]， it has 
been revealed that carbon clusters should take closed-cage geometries with mainly hexagons 

and pentagons from the size of C40 [3]. Also，企omthe first-principles density-functional study 

we have confirmed that the reactivity of C60 with the C atom is smaller than that of C70 
although the C70 is energetically more stable than C60 [4]. In the present work we discuss the 

growth mechanism of fullerenes and the time evolution of the abundance of carbon clusters 

using the statistical analysis [5]. In addition to the “growth reactions" of carbon clusters， the 
C2 loss processラ whichhas been confirmed to be more "popular" process in fullerenes larger 

than C60ラ istaken into account. It is revealed that in certain conditions the carbon-cluster 

system considered can possess extremely abundant C60 fullerenes (Fig. 1). 
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[1] W. KratschmerヲL.D. Lamb， K. Fostiropou10s， and D. R. Huffman， Nature 347，354 (1990). 

[2] Y. Omata， Y. Yamagami， K. Tadano， T. Miyake， and S. Saito， Physica E 29， 454 (2005). 

[3] Y. Ueno and S. Saito， Phys. Rev. B 77， 085403 (2008). 
[4] Y. Ueno and S. Saito， Physica E 40， 285 (2007). 
[5] Y. Ueno and S. Saito， to be published. 

Figure 1 

ヮ“
戸町

υ

Corresponding Author: s. Saito 
Tel: 03聞 5734-2070，Fax: 03-5734-2739 

E-mail: saito@stat.phys.titech.ac.jp 



1 P-7 

Fullerene Growth Mechanism and Regioselectivity of Dimeric Carbon Addition 

OJ.-S. Dang， W. 

Institute for Chemical Physics & D々 partmentofChemistり1，Faculty ofScience， 

Xi' an Jiaotong University， Xi' an 710049， China 

Ever since the discovery and macroscopic scale synthesis of lh-symmetric C60， several 

hypothetical models have been established to elucidate the formation process of fullerenes from 

graphite or amorphous carbon. Based on mass spectrome仕yinformation elicited from previous 

experiments，白llerenesare believed to derive from atomic carbon or small clusters. Such a growth 

model is defined as a bottom-up mechanism. A heptagon-corporation chlorinated C68 species was 

captured and isolated recently from carbon arc plasma in situ，l which provides important evidence 

for the rationality ofthe formation modeling. 

In the present work， a bottom-up topological pathway was established to elucidate the growth 

of small fullerenes and the generation of Ih-symmetric C60・ Incontrast to countless growth 

mechanisms， the model described herein has two distinctive f切れlres.First， each fullerene on the 

route possesses the lowest potential energy or exhibits a predominant molar fraction at elevated 

temperatures in the corresponding series. Second， a C2 insertion without any high-barrier 

rearrangement process (such出 Stone-Walestransformation) can connect two a司jacentmolecules 

on the route directly. These two characteristics imply that the fullerene stabi1ity can be inherited 

through continuous insertion of a C2 cluster during carbon-cage enlargement. Furthermore， an 

investigation of the regioselectivity of C2 addition using density functional theory (DFT) is 

reported and the kinetic calculation results2 demonstrate that the reaction to the most stable 

product exhibits the highest chemical reactivityラ indicatingthat the proposed growth route is 

favorable both thermodynamically and kinetically. 
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Figure 1. Growth pathway from C24 to C60・

Reference: 

1. Y. Z. Tan， et al. Nature Comm. 2011， 2， 420. 

2. J. S. Dang， W. W. Wang， J. J. Zheng， X. Zhao， et al. J. Phys. Chem. C， 2012， //6， in press 
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FeCh・mediatedretro-reaction of fullerene derivatives 

oMasahiko Hashiguchi 1， Takao Ueno 1， Yutaka Matsuo 2 

1 Fullerene Development Group， Pe宅formanceProducts Division， Mitsubishi Chemical 
Corporation， Kitaわlushu，806-0004， J(苧仰

2 Department ofChemistry， The University ofTokyo， Toわ叫 113-0033，Japan 

We have reported faci1e synthetic methods of fullerene derivatives (p01yary1ated fullerenes 
and fullereny1 esters) using inexperience iron trichloride (FeCh)[1，2l. Herein we report a new 

retro-reaction offullerene derivatives by using FeCh・

ICMA (indene-C60 monoadduct) and PCBM (pheny1-C61-butyric acid methy1 ester) are 

common1y used n-type component in organic photovoltaics， therefore the retro-reaction 
cannot occur simp1y by heating at 1500C in 1，1ム2-tetrach10roethane. However， 
FeCh-mediated retro-reaction of their fullerene derivatives proceeded at 250C with 

approximate1y 100% conversionラyie1dedan unsubstituted C60 (up to 37% yield) . 

.. FeCI3 

1，1，2，2・tetrachloroethane 

25 oC. 1h 

ICMAけ) 2 

O 
¥ 
Me 

FeCI3 

1，1，2，2・tetrachloroeth ane 

25 oC， 1h 
PCBM (3) 2 

Scheme 1. Retro-reaction of fullerene derivatives 

Other Lewis acids and a Bronsted acid were tested; FeChラ A1Ch，BF3・Et20，RuCh， NiCh， 

CoChラ ZnChラ andp-t01uenesu1fonic acid all gave poor results. We surmise that strong 

e1ectron accepting ability to oxidize the fullerene unit is necessary for this retro-reaction. The 

detail will be shown in the poster presentation. 

[1] M. Hashiguchi， K. Watanabe， Y. Matsuo， Org. Biomol. Chem. 9， 6417 (2011). 

[2] M. Hashiguchi， N. Obata， M. MaruyamaラK.S. Yeo， T. Ueno， T. Ikebe， I. Takahashi， Y. Matsuo， Org. Lett. 

14，3276 (2012). 
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Dual reactivity of azafulleroid due to its ambident nhトbasicity

ONaohiko Ikuma， Yuta Doi， Tsubasa MikieラKojiNakagawa， 

Ken Kokubo and Takumi Oshima 

Diνision 01 Applied Chemistry， Graduate School 01 Engineering， 

Osaka University， Suita 565 -{)871， Japan 

Azafulleroidラ derivedfrom 1，3-dipolar cycloaddition of azide with C60 and nitrogen evo-

lution， behaves as an ambident nuclephile containing one basic nitrogen and two reactive 

bridgehead double bonds with larger HOMO-coefficients (Figure 1). Thusラ aza白lleroidcan 

be useful synthetic precursor for various fullerene derivatives， depending on its electronic 

and/or steric effects around the reaction sites. 

Here， we report the acid-promoted arylation of variously substituted azafulleroids. This 

reaction was promted by excess amount of CF3S03H， while no reaction occurred with 

CH3S03H. It was found that the products depended on the substituents ofthe bridged nitorgen 

atom; the alkyl-substituted azafulleroid provided l，4-arylaminofullerene， while the 

aryトsubstitutedazafulleroid gave tetrakis-or pentakis-adducts. The difference in the reactiv-

ity would be ascribed to which site of the enamino moiety the protonation initially occured， as 

illustrated in Scheme 1. 

bridged nitrogen R 
HN 

N protonation 

，R 
N 

R =Alkyl 
CF3S03H 

+ ArH 

πprotonation 

R =Aryl 
CF3S03H 

n = 4，5 

Figure 1. HOMO of azafulleroid (R = Me) Scheme 1 
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Theoretical investigation on vibrational excitation and reaction dynamics of 

polyhydroxy fullerene induced by a near圃 infraredlaser 
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Fig. 1: Proposed mechanism for laser司

induced transformation of C60( 0町24[1]. 
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【Introduction】Polyhydroxyfullerenes (C6o(OH)24) are 

rapid1y heated when irradiated even by a low-intensity 

1aser (<10
3 
W/cm

2
)ラ andthen energetic fullerene 

collide， 1eading to disintegration 

larger nanocarbons. (Fig. 1) [1]. This type 

reaction does not occur in the case of fullerenes or their 

cages 

mto 

of 

coalescence or 

vanous 

derivatives with other functional groups. To reveal the 

mechanism of this reaction， we investigated the behavior 

of polyhydroxy白llerenesin a continuous-wave (CW) 

laser and the subsequent reaction dynamics ofthe heated 

polyhydroxy fullerene. 

【Method】Wecalculated the nanosecond dynamics of C6o(OH)24 irradiated by a near-IR 

pulse (103 
W/cm三785nm， 5 ns) with a rectangular pulse shape as well as the subsequent 

dynamics of vibrationally excited C6o(OHh4 and C6o(OH)4 with the density-functional 

tight-binding method. The dipole interaction with laser fields was described in 

time司 dependentadiabatic state approach [2]. 一 一

[Results] We found that a自erthe laser field is 

tumed on (t = 0)ラ 0-H stretching vibration is first 

excited. This indicates that hydroxyl groups can be 

easily heated by a low-intensity laser. At t > 2 ns， 

the skeletal vibrations of the fullerene cage are also 

the 

O

Q

o

 

g

r

n

4

 

X

¥

U
・5
H司
』
泊
仏
Z
H
O
T
一弘

5.0 

1u 

2.0 3.0 
Time! ns 

Fig. 2: Temporal change in the temperature of 

C6o(OHb for near-IR laser excitation. 

result， the kinetic energy 

C6o(OH)24 was rapid1y increased by 140 K at t ~ 5 

ns (Fig. 2). This indicates that enormous rise in 

temperature is expected for a C W  laser excitation. 

In addition， the subsequent dynamics of highly 

heated C6o(OH)24 and C6o(OH)4 suggests that dehydration reactions tend to occur between 

adjacent hydroxyl groups. Both the electronic structure calculation of the transition state 

(B3LYP/6-31G料)and the Arrhenius p10t for the dynamics of C6o(OH)4 showed that the 

activation energy ofthe dehydration reaction is about 2 eY. 

4.0 1.0 。。

of a As observed. 

[1] V Krishna， N. Stevens， B. Koopman， and B. Moudgil， Nature Nanotechnology 5，330 (2010). 

[2] Y. Sato， H. Kono， S.Koseki， and Y. Fujimura， J. Am. Chem. Soc. 125， 8020 (2003). 
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Highly Hydrophilic Non-Surface-Active Conical Fullerene Amphiphiles for 

Dispersion of Solid Materials 

o Hirohisa Nitta， Koji Harano， Eiichi Nakam町

Department ofChemistry， The University ofToわ叫 Hongo，Bunkyo-A叫
Tokyo 113-0033， Japan 

Surfactants are amphiphilic molecules that have been widely used in daily life and 
industries as detergents and dispersion agents， and the functions are determined by critical 
micelle concentration (CMC). Surfactants preferably adsorb onto air-water interface， and it is 
only after full coverage of the surface or above CMC that they start to self-assemble in bulk. 
Lowering CMC while retaining enough water solubility is necessary because the performance 
of surfactants become sufficient at concentrations above their C孔1C.

Considering the self-assembly process， we envisaged that non-surface-active amphiphiles 
would serve as good dispersion agents. Because non-surface active amphiphiles do not adsorb 
onto an air-water interface， they can directly assemble in water， resulting in low CMC. 
Matsuoka and his co-workers have proposed a theoIγof non-surface activity of amphiphilic 
block copolymers [1]. They say that a charged amphiphilic molecule generates image charge 
in air when it approaches water surface. If the molecules have multiple charged groups， strong 
electrostatic repulsion between the original charges and the image charges inhibits adso叩tion
onto water surface. 

Here we developed non-surface active conical fullerene amphiphilesラ andapplied them for 
dispersion of solid materials (Fig. 1). The molecules are designed to have multiple charged 
groups so that they have high water solubility， and were expected to show non-surface-active 
character due to the multiple charges getting closer to air phase upon approaching to water 
surface. As expected， the amphiphiles did not show surface activityラ andas a result， showed 
significantly low CMC. The ability of the amphiphiles for dispersion of solid materials was 
demonstrated by dispersion of nanocarbons (single-wall carbon nanotubes (SWNTs)， carbon 
nanohoms (CNHs)ラandgrapehene). The newly developed fullerene amphiphiles dispersed the 
nanocarbons successfully with higher efficiency compared to conventional surfactants. In 
addition， the dispersion efficiency was better than KC60Phs [2]， a similar conical fullerene 
derivative with a single hydrophilic group and lower CMC， highlighting the advantage of the 
molecular design with both high hydrophilicity and non-surface activity. 

No Surface Activity Nanocarbon Dispersion 

NMe" coコH，
NMe31 

Conical [60]Fullerene Amphiphiles 

Fig. 1 Structur久間lf-assemb1y，and function of conical [60]fullerene amphiphi1es. 

[1] A. Ghosh， S. Yusa， H. Matsuoka， Y. Saruwatari Langmuir 27，9237 (2011). 
[2] S. Zhou， C. Burger， B. Chu， M. Sawamura， N. Nagahama， M. Toganoh， U. E. Hack1er， H. Isobe， E. 

Nakamura Science 291， 1944 (2001). 
Corresponding Author: Eiichi. Nakamura， Tel/FAX: +81-3-5841-4356， E-mail: nakamura@chem.s.u-tokyo.ac.j 
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Magic number effects on aggregation of polyhydroxylated fullerenes 

in alcohol-water binary solvent 

o Yuji Nakamura， Hiroshi UenoラNaohikoIkuma， Ken Kokubo， Takumi Oshima 

Division of Applied Chemistry， Graduαte School of Engineering， Osaka Univeηi帆

Suita， 565-0871， Japan 

As the size of nanopartic1es decreases， property of the sur白cebecomes more dominant 

than that in the bu1k. We have developed the facile synthesis ofhighly hydroxylated白llerenes，

so-called fullerenols C60(OH)36 and C6o(OH)44， and have found their partic1e sizes in water are 

only ca. 1 nm as small as the molecular size [1]. The property ofhydroxylated surface ofthe 

fullerenol is very interesting in view of the aggregation manner because of the attractive 

intermolecular hydrogen bond. Herein， we report the notable aggregation behavior of 

釦llerenolsby changing the solvent polarity. 

The partic1e size of two types of fullerenolsラ water-insoluble C6o(OH)1O and 

water-soluble C6o(OH)36ラ ina binary polar solution was measured using Induced Grating (IG) 

method [2]. By increasing the ratio of alcohols in aqueous C6o(OH)36 solutionラ thehighly 

dispersing C6o(OH)36 molecule (ca. 1 nm) sharply aggregated up to ca. 6-7 nm (Fig. 1). Then 

the further addition of alcohols brought about 

the secondary gradual aggregation. Such an 

appreciable two-step aggregation implied the 

formation of “magic number" c1uster， as 

exemplified for the (C60)n c1usters (e.g.， n = 13， 

19， 39ラ andso on) in gas-phase [3]. This c1uster 

formation may be caused by the characteristic 

solute-solvent interaction between the 

fullerenol and the solvent molecules mainly due 

to the hydrogen bond of hydroxyl groups. By 

contrastラ DMSO-waterbinary solvent did not 

show the similar two-step aggregation behavior. 

18 
16 

吉14
ε12 
0 
自10
叫

ω8  
0 
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伺
c.. 4 

2 

• methanol/water 
o ethanol/water 
企 1・propanol/water
x DMSO/water 

。
o 20 40 60 80 100 

Ratio of added solvent (mol%) 

Figure 1. Particle sizes of po1yhydroxy1ated 

白llereneC60(O町36aggregate in binary solvent 

(1 mM) measured by IG method on varying 

mo1ar ratio of methano1 (・)， ethano1 (0)， 

1・propano1(A)， and DMSO (x). 

[1] K. Kokubo et al. ACS Nano 2， 327 (2008); K. Kokubo et al. Nano Res. 4ラ204(2011). 

[2] Y. Wada et al. Opt. Exp. 14，5755 (2006). 

[3] W. Branz et α1. Chem. Phys. Lett. 328， 245 (2000). 

Corresponding Author: K. Kokubo 
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Synthesis and Photophysical Properties of [60]Fulleren←Cobalt 
Dyads and Triads 

oMasashi Maruyama1， Dirk M. Guldi2， Eiichi Nakamura1， Yutaka Matsuo
1 

1 Department of Chemistη， School of Science， The UniversiかofToわ叫 Hongo，Bunわlo-ku，
日付o113-0033， .fIαrpan 

2 Department of Chemistry and Pharmacy and Inte--"disciplinary Center for Molecular 
Materials， Friedrich-Alexander-Universitat， Erlangen-Nurnberg， Germany 

Connection of [60]fullerene moieties and chromophores is a widely known methodology 
for creation of photo-induced charge or energy transfer systems. Aiming at utilization of a 
wide range of regions in sunlight， dyad or triad systems bearing chromophores with 
complementary absorptions have been intensely studied.[l] Especially， efficient uses of 
long-wavelength light are of great importance in artificial photosynthesis， photovoltaic 
systems， and so on. 

Penta四 aryl[60]fullerene derivatives are known as highly functionalized [60]fullerene 
derivatives， which are capable of affording columnar liquid crystals， self-assembled 
monolayers， various metal complexes， photovoltaic materials， and so on.[2] Photophysical 
properties， especially time-dependent behaviors， have been studied in some cases， and their 

potentials in photo-functional systems were elucidate.[3] However， charge or energy transfer 
dynamics of penta-aryl [60]fullerene derivatives upon long-wavelength light irradiation have 
long remained unknown because of the synthetic limitations of such systems. 

Thus， we developed several synthetic 

methods to obtain a variety of 
[60]fullerene-cobalt dyad and triad 

materials， which can be represented as 

A' -A (acceptor -acceptor)ラ A-D(acceptor-

donor) ， and A-D-A (acceptor-donor 

acceptor) systems (Figure 1). Their 

photophysical properties were investigated 
with time-dependent spectroscopic Figure 1. Structures of [60]fullerene dyads and triads 

measurements. Details of the dynamics in investigated in this work. 

excited states are to be discussed in the 
poster session. [ 4] 
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[1] For reviews， (a) D. M. Gu1di， Chern. Soc. Rev. 31，22-36 (2003) (b) 1. Be1etskaya， et al. Chern. Rev. 109， 

1659-1713 (2009). 

[2] (a) M. Sawamura， et al. Nature， 419， 702-705 (2002). (b) Y. Matsuo， et al. 1. Arn. Chern. Soc.， 130， 

5016-5017 (2008). (c) Y. Matsuo et al. Chern. Rev.， 108， 301か3028(2008). (d) T. Niinomi， et al. 1. Mater. 
Chern.， 19， 5804-5811 (2009). 
[3] (a) D. M. Gu1di， et al. 1. Arn. Chern. Soc.， 128， 9420-9427 (2006). (b) M. Renata， et al. 1. Arn. Chern. Soc.， 
130，16207-16215 (2008). (c) Y. Matsuo， etal. 1. Arn. Chern. Soc.， 132， 6342-6348 (2010). 
[4] (a) Y. Matsuo， et al. 1. Arn. Chern. Soc.， 131， 12643-12649 (2009). (b) Y. Matsuo， et al. 1. Nanosci. 
Nanotech. in press. (c) M. Maruyama， et al. CSJ Annual Meeting (2012) 
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Selective synthesis and molecular structure of alkoxyfullerenes: 
substitution reaction of octabromofullerene with alcohol 

oKouya Uchiyama 1， Hiroshi Moriyama *1， Kenji Yoza 

1 Department ofChemistry， Toho University， Funabashi， 274-8510， Japan 
3BY14key-AX3;}bkohGmo，22l-0022，JGPGn 

Regioselective synthesis of fullerene derivatives with multiple addends is still a 

challenging issue because of the inevitable formation of many isomers. In veiw of further 

application of fullerene derivativesラ itis important to establish synthetic methods for 

multifunctionalized fullerene derivatives without any isomers. 
Halofullerenes C60Xn， such as chlorofullerene and bromofullerene， can be obtained 

quantitatively and easily without any isomers. They have relatively weak C-X bonds; 

therefore， substitution reactions with various nucleophiles can occur. Such reactions make it 
possible to prepare not only fullerene derivatives that cannot be prepared by the direct 

addition reaction to fullerene but also 

multifunctionalized fullerene derivatives selectively. In 

particular， C6oC16 reacts with nucleophiles such as 

MeLi and NaOR to form isostructural C6oMe6 [1] and 
C6o(OR)sCl [2]， respectively. While the substitution 

reaction of C6oC16 is a power白1selective synthetic 

method for multifunctionalized fullerene derivativesラ

substitution reaction of bromofullerenes has not been 

studied intensively compared with C6oC16 because of 

their low solubility in organic solvents， although 
selective replacement of bromine has been achieved in 
a partially brominated fullerene derivative [3]. 

Here， we report a se1ective substitution reaction of 

octabromo白llerene C60BrS [4] with methanol and 
ethanol in the presence of a silver salt， which facilitates 
the substitution reaction of bromine. The products， 
alkoxyfullerenes C60(OR)s (R CH3， C2Hs)， were 
shown to have C2v symmetry， the same as C60Brs by 1 H 
and 13C NMR spectroscopy， in which 13C NMR spectra 

exhibited 17 signals for a fullerene skeleton. The 

single-crystal X-ray crystal structure (Fig. 1) was 
totally consistent with the 1H and 13C NMR spectra and 

the addition pattem for alkoxyfullerenes was found to 

remain as shown in the scheme. 
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Figure l. Crystal structure ofC60(OM巴)8・

This work was supported by a MEXT同 SupportedProgram for the Strategic Research Foundation at 
Private Universities. 
[1] H. AI-Matar， A. K. Abdu1-Sada， A. G. Avent， P. W. Fow1er， P. B. Hitchcock， K. M. Rogers， R. Tay1or， J. Chem. Soc.， 
Perkin Trans. 2002，2，53-58. [2] A. G. Avent， P. R. Birkett， A. D. Darwish， S. Houlton， R. Tay1or， K. S. T. Thomson， X.-w. 
WeiラJ.Chem. Soc.， Perkin Trans. 2001， 5， 782-786. [3] Z. Jia， Q. Zhang， Y. LiラL.Gan， B. Zheng， G. Yuan， S. Zhang， D. 
Zhu， Tetrahedron 2007，63，9120-9123. [4] P. R. Birket 
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What causes the selectivity of the metallofullerene formation? 

o Y ohji Achiba， Takeshi Kodama， Kenro Hashimoto and Haruo Shiromaru 

Department of Chemistry， ToかoMetropolitan University， Hachioji， 192-039スJapαn

Since 1985， the discovery of fullerene mo1ecu1e， the iso1ation and characterization of 
metallofullerenes has been one of the biggest issues in the fullerene science and techno1ogy. 
Actually， after the first iso1ation and purification work of La@C82 with a bu1k quantity in 
1993')， a 10t of iso1ation works on metallofullerenes have been appeared in the 1iteratures， and 

13 historically， some of their cage structures have been well characterized by '-'c NMR in 
solution. Furthermore， during the 1ast 10 years， a sing1e crysta1 X-ray diffraction method has 
been successfully introduced to carry out the crystallographic identification of a particu1ar 
isomer for a particu1ar size of metallofu1eren久 andso far， over 36 different cage structures 
have been examined and identified2). On the basis of these experimenta1 progresses in 
determining cage structures， in the present work， we are intended to clarify “what causes the 
selection of a particular cage structure in the metallofullerene growth process". 

In order to construct a growth mode1 for such a se1ective formation of a particu1ar isomer 
structure， firstラ wehave to consider the reason why a particu1ar isomer structure is 
experimentally iso1ated and stabilized. There might be at 1east four key-factors by which some 
of metallofullerene isomers formed in the soot are actually experimentally iso1ated: 1) 

energetics (stability of “a particu1ar charged state" of the πcage network with a particu1ar 
size)， 2) chemica1 stability of the particu1ar charged state (large HOMO-LUMO gap is better， 
preventing from po1ymerization or other reactions)， 3) 5/6 network structure superiority 
(close1y re1ated to network growth rate)， and 4) cage size (non IPR cage structure becomes to 
be much more important in the smaller size r羽 1ge).These four factors are definite1y more or 
1ess re1ated with each other even on the way of network forming processラ butin the present 
work we will emphasize the important ro1e of specific network structures of intermediate 
precursors for the iso1ated fullerenes. 

Figure 1 shows four different cap 
structures (5/6 network with 6 pentagons) 
which common1y appear in the cage 
structures of the experimentally identified 
metallofullerenes with a sing1e meta1 atom 
inside. For examp1eラ threecage structures 
of four identified M@C82 mo1ecu1es 
consist of the cap Cラ andthe remammg 
one's cap is B. Furthermore， it shou1d be 
quite interesting to note th 

10 

::〆 ;:iJ8 

A (6，6) B (8，4) C (6，6) D (10，0) 
Fig. 1. The cap structures commonly 
appeared among 36 structurally identified 
metallofullerenes. 
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Synthesis of Carboxy Metallofullerenes for Medical Application 

o Erina Takeuchi， Kazuhiko AkiyarnaラYouheiKawabata， and Shiro Kubuki 

Department ofChemistry， Tokyo Metropolitan University， Hachioji， 192-039スJapan

Water-soluble endohedral rnetallofullerenes (EMFs) are expected to use for the rnedical 
applications. For exarnple， water-soluble Gd EMFs are applicable for high sensitive rnagnetic 
resonance irnaging (MRI) contrast reagent [1] and neutron cap加retherapy [2]. In these 
water町 solubleEMFsラ carboxyEMFs are one of the prornising reagent for the drug derivery 
systern (DDS)， because these are conjugated with desired peptide of rnorbidity parts by arnide 
bond. We had reported that synthesis of carboxy EMFs encapsulating La by radiochernica1 
approach for radioirnrnunotherapy [3]. Howeverラ thisrnethod wasn't suitable for synthesis of 
carboxy EMFs encapsulating short-half-life radionuclide because it takes 48 hour to 
synthesize carboxy EMFs. In this study， we report rapid synthesis of carboxy EMFs and 
properties of these synthesized carboxy EMFs with this rnethod. 

La@CS2 was separated frorn crude fullerene extracts by TiC14 [4] and then purified by 
HPLC. After that， purified La@CS2 was dissolved to o-dichlorobenzene (DCB). Succinic acid 
peroxide (SAP) was added to La@CS2/DCB solution under Ar gas flow and sealed in the 
PTFE bottol. This solution was heated by rnicrowave oven for few rninutes. Products were 
extracted by 0.2 M NaOH solution. Extracted products was separated by gel filtration 
chrornatography (colurnn: TSKgel G3000PWXL， eluent: 0.1 M phosphate buffer solution/ 
acetonitrile 8/2). Molecular weight of these 
products were estirnated frorn the retention tirne of 
GFC with Sodiurn Polystyrene Sulfonate (PSS回Na))
as the rnolecular weight standard. Addition of 
ethylenecarboxy group was confirrned by the addition 
of fluorescent reagent (9-anthryldiazo rnethane ~必
(ADAM)) to fraction. UV/vis abso中tionspectra and ~守
srnall angle X-ray scattering (SAXS) was also ~) 3.5 

rneasured. 

Elution peaks derived frorn carboxy EMFs were 
observed at 19.0 rnin， 19.7 rninラ 20.9rnin， and 23.0 
rnin. Fig.l shows the corelation between observed 
retention tirne and rnolecular weight of PSS-Na. 
Estirnated rnolecular weight of produced carboxy 
EMFs frorn this calibration curve were about 3700. 
3000， 2000， and 1100， respectively. Particle diarnete; Fig.1 The叫伽ationωvebetween observed 

deterrnined by SAXS was about 2-3 nrn. These 
results indicate that carboxy E孔1Fsare dispersed in 
aqueous phase as a single rnolecule. 
[1] M.Mikawa et al. Bioconjugate Chem. 12， 510-514 (2001). 
[2] Y.Horiguchi et al. Sci. TechnoI.Adv.Mater. 12，044607 (2011) 
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Synthesis of Lithium-Encapsulated Fullerenol as 

“Cation-Encapsulated Anion Nanoparticle" 

oHiroshi Ueno， Yuji Nakamura， Naohiko Ikuma， Ken Kokubo， Takumi Oshima 

Division of Applied Chemistη， Graduαte School of Engineering， 

Osaka University， Suita， 565-0871， Japan 

Lithium-encapsulated fullerene Lt @C60， as SbC16 -salt [1]， has attracted a growing 

attention in the field of organic electronics because of its strong electron accepting ability and 
great ionicity due to the encapsulated lithium cation. On the other hand， hydroxylated 
fullerenes， so-called fullerenols C60(OH)n， have also attracted a considerable attention owing 
to their prominent hydrophilicity， bioactivity， and unique conductivity. Thus， the combination 
ofthese properties willlead to a new class ofnanocarbons which can play a significant role in 
the field of materials chemistry. In our previous paper [2]， we reported the synthesis of 
Li@C60(OH)18 along with C6o(OH)18 by the hydroxylation of Li@C60 cluster (as a mixture 
with C60) and its physicochemical properties. However， the amount of Li+ encapsulated 
白llerenolwas too low (12%) to discuss the details of properties [2]. Here， we report the 
synthesis of lithium-encapsulated白llerenolLi+@C600-(OH)11 by hydroxylation of pure 
[Lt@C60](PF6-) and its notable properties induced by the lithium cation and the outer 
hydroxyl groups. 

The hydroxylation of [Li+ @C6o](PF6-) was carried out by the reported fuming sulfuric 
acid method under the optimized reaction conditions [3]. The spectral data by IR， NMR， 

MALDI-TOF-MS， and elemental analysis clearly suggested the formation of lithium 
encapsulated fullerenol with eleven -OH groups and one fullerenoxide anion (C600一)moiety. 
Very interestingly， each ofthe hydroxyl protons 
resonated separately on 1 H NMR， whereas the 
reference empty fullereno 1 synthesized by the 
same procedure showed the highly broadened 
OH signal probably because of the presence of 
a wide variety of isomers. Furthermoreラ江 lS

noteworthy that a counter anion PF 6 
completely disappeared as indicated by both 
the 31p and 19F NMR analyses. In 7Li NMR 
spectrum (Figure 1)， the encapsulated Li+ was -14 -15 .1告静岡-17 将 司19L

foundωbe more shielded (ca. -15 to -19 ppm) ………一…一市内向叶寸前吋明

than the previously reported value of -10.5 

ppm for [Li+@C60](SbC16)salt.This abnormal Hgu悶1.ILi NMR叩即位umof Li十 encapsulat巴d
upfield shi立maybe caused by the increased fuíì~~~n~1 i~DMSO-ct The D20 solution 'of LiCl 
diamagnetic shielding by the attractive was used as an侃 temalstandard. 

negative fullerenoxide moiety. 

5 .5 -10 
ppm 

組15

[1] Sawa， H.; Tobita， H. et al.， Nature Chem. 2010ラ2ラ 678-683.
[2] Ueno， H. et al.， Nano Res. 2012， in press. 
[3] Chiang， L. Y. et al.， J Org. Chem. 1994， 59， 3960-3968. 
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The Origin and Mechanism of N on-HPLC Rapid Purification of 
Metallofullerenes with TiCl4 

oZhiyong Wang1， Yusuke Nakanishi1， Shoko Noda1， Kazuhiko Akiyama2， 
Hisanori Shinohara

1 

1 Department of Chemistry and lnstitute戸rAdvanced Research， Nagoya University， Nagoyα 

464-8602， Japan 
2 Graduαte School of Scienceαnd Engineering， Tokyo Metropolitan University， Hachioji 

192-0397， Japan 

Large scale separation/purification of metallofullerenes is a critical step towards the 
practical applications of metallofullerenes. Unfortunately， the isolation of metallofullerenes 
with high performance liquid chromatography (HPLC) is quite time consuming and expensive， 
and usually only milligram scale of metallofullerenes can be obtained and purified by using 
HPLC. Very recentlyラ tocircumvent the drawbacks of the HPLC separation/purification， we 
have developed an extremely efficient non-chromatographic method based on reactions with 
TiC14 Lewis acid [1]. We have found that metallofullerenes react very quickly， typically 
within several minutes， with TiC14 to form insoluble complex in such solvents， for example， 
as carbon disulfide and tolueneラ whereasmost of the empty白llerenesare almost completely 
non-reactive towards TiC14・

Here， we report our findings on the origin and mechanism of non-HPLC rapid purification 
of metallofullerenes with TiC4・Thereactivity of metallofullerenes has been found to be 
critically dependent on their frrst oxidation 
potentials. A lower oxidation potential leads 
to a higher reactivity. The thresho ld in the first 
oxidation potential for reaction with TiC14 is 
determined to be 0.62-0.72 V vs. Fc/Fc十 (Fig.
1). All types of metallofullerenes with first 
oxidation potentials lower than this threshold 
can be separated企ominert empty fullerenes. 
Electron transfer企ommetallofullerenes to 
TiC4ラ evidencedby the change in absorption 
spectrum， offers an interpretation of the 
relation between reactivity and oxidation 
potential. This study provides a白ndamental
principle for the future quantitative work on 
separation/purification of metallofullerenes 
with TiC14・
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Single-crystal X-ray structural analyses of a series of divalent Yb⑨Csz 

isomers: Yb⑧Cs( 6)-Csz， Yb⑨Cz(5)圃 Csz，Yb⑨Czv(9)帽 Csz

oMitsuaki Suzuki1
， Xing Lu1， 2， Zdenek Slanina1， Naomi Mizorogi¥Shigeru Nagase3， 

Marilyn M. Olmstead4， Alan L. Ba1ch4， and Takeshi Akasaka1 

1L俳 ScienceCenter ofTsukuba Advanced Research Alliance， UniversiかofTsukuba，Tsukuba， 

lbaraki 305-8577， Japan 
2 College of Materials Science and Technology， Hu~zhong University of Science and 

Technology， 1037 Luoyu Road， 防 han430074， China 
J Fukui lnstitute for Fundamental Chemistη，めotoUniversity， Kyoto 606-8103， Japan 

ザDψartmentof Chemistη~ University of California， One Shields Avenue， Davis， California 

95616， United States 

Endohedral metallofullerenes (EMFs) have attracted great attention because of their novel 

structures and fascinating properties resulted from the electron transfer from the metallic 
species to the cage. M@CS2 species (M = Sc， Y， and lanthanides) are among the most popular 
EMFs because they are normally more abundantly synthesized using the arc discharge method. 

It has been revealed that in these species the intemal metal transfers three electrons to the 

白llerenecage， and thus the formed EMFs are called仕ivalentEMFs. However， when a 

divalent metal is encapsulated， the yield ofthe corresponding divalent EMFs is extremely low， 
which has hindered further characterization dramaticallyl. 

Molecular structures of M@CS2 determined by single crystal X -ray diffraction study are 

confined to La@C2v(9)-Csl and Gd@C2v(9)-CS2
3

ラ
although ¥3C-NMR studies of 

M@C2v(9)-CS2 (M = La4， y5， Ce6， and pr7) and La@Cs(6)闇 CS2S have also shown great success 

in establishing their cage structures. In all these cases， the intemal takes a trivalent valence 

state. We report here for the first time the molecular structures of Yb@C2(5)-CS2， 
Yb@Cs(6)-CS2， and Yb@C2v(9)-CS2 that have been revealed by single crystal X-ray 
crystallographic analyses performed on cocrystals with NiIl octaethylporphyrin [NiIl(OEP)]. 

In these EMFs， the yb is divalent. 

References 
[1] (a) End，φlllerenes: A New Family ofCarbon Clusters， T. Akasaka， S. Nagase， Eds.; Kluwer: Dor古echt，The 
Netherlands， 2002， (b) Chemistη of Nanocarbons， T. Akasaka， F. Wudl， S. Nagase， Eds.; Wiley品 lackwell:
Chichester， 2010. 

[2] S. Sato， et al. Angew. Chem. Int. Ed. 51， 1589 (2012). 
[3] M. Suzuki， et al. Inorg. Chem. 51， 5270 (2012). 
[4] T. Akasaka， et al. J. Am. Chem. Soc. 122，9316 (2000). 
[5] L. Feng， et al. Chem. Phys. Lett. 405， 274 (2005). 
[6] T. Wakaharaヲetal. J. Am. Chem. Soc. 126，4883 (2004). 
[7] T. Wakahar丸 etal. Chem. Phys. Lett. 360， 235 (2002). 
[8] T. Akasaka， et al. J. Phys. Chem. B 105，2971 (2001). 
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Enhancement of nitrogen encapsulation into fullerene 

under control of plasma potential 

o Soon Cheon ChoラRikizoHatakeyamaラToshiroKaneko 

Department of Electronic Engineering， Tohoku University， Send，αi， 980-8579， ~αrpan 

The nitrogen-atom endohedral fullerene (N@C60) attracts interest because N@C60 could 

have some unique advantages in isolating the atom from its environment， thereby providing a 

bui1ding block for the qubits of the quantum computer [1]. Howeverラ oneof the problems of 

probing the properties of this N@C60 is the difficulty in producing them in large amounts and 

high purity. Therefore， the pu中oseof this study is to a司justthe plasma structure for N@C60 

synthesis using the energetic nitrogen ion irradiation in order to improve the yield [2]. We 

examine the effects of end-plate voltage (Vep) for control of plasma space-potential (Os) with 
increasing RF -power (PRF) in order to maintain the suitable ion irradiation-energy Ei [= e (Os -
Vsub)] for the high purity N@C60 synthesis. Here， grid voltage (Vg = -90 V)， substrate voltage 
(九ub= -90 V)， gas pressure (PN2 =25 Pa) is fixed. 

Figure 1 shows the purity and Os as a function of PRF for (a) Vep= floating and (b) Vep= 0 V 

under the conditions of an oven temperature Tov = 850 oc. For Vep= floating， the purity 
increases with PRF but changes to decrease for PRF > 500 W， because <ts decreases with an 

increase in PRF， resulting in the decrease in Ei・Inorder to keep the suitable Ei， we apply the 

Vep which can control the Os， As shown in Fig. l(b)ラ the体isalmost kept constant even when 

the PRF increases up to 900 W， and thus， the purity increases with increasing PRF・Inaddition， 

as shown in Fig. (2)ラ itis found that the purity increases with an increase in Tov because 

sublimation of C60 with dispersed form as Tov increases. We proved that there is an optimum 

condition ofthe nitrogen plasma for the high-purity synthesis ofN@C60， which consists ofthe 
high plasma density with suitable Ei 丘om70 to 80 eV and control of C60 behaviors. As a 

result， the N@C60 is synthesized in high purity of 0.83 %， which is the highest in the wor1d. 
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[1] L. Franco， S. Ceola， C. Corv勾a，S. Bolzonella， W. Hameit， and M. Maggini， Chem. Phys. Lett. 422， 100 
(2006) 
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Application of MCD Spectroscopy and TD-DFT to Endohedral 
Metallofullerenes. N ew Insights into Characterization of Their Electronic 

Transitions 

o Michio Y amada， 
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3
. Yutaka Maeda，l 
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2 Lt井ScienceCenter of Tsukuba Advαnced Research Alliance， UniversiかofTsukuba， lbaraki 

305-857スJapαn
3 Advanced Elements Chemistry Labor，αtory， Advanced Science lnstitute， R1KEN， Saitama 

351-0198， Japan 
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We describe， for the fir前 timeラ theapplication of magnetic circular dichroism (MCD) 
spectroscopy and time-dependent density functional theory (TD-DFT) ca1culations using 
B3L YP and M06-2X functionals to characterize the electronic trans山s幻itionsof e叩ndohe児ed世ra叫l 

metallofi白ullerenes(但EMFs).lRes乱叩ultsr 
La向2@1，ιh-CS叫0仏ラ and SC3州N@I，ιh冒 Csωocan be aωss幻19伊ne吋dusing t由hesetechniques. Particular1y， a 
difference in the electronic transitions between La2@lh-Cso and SC3N@h-Cso， which is 
invisible in the absorption spectra， was observed c1ear1y in MCD spectra. The observed MCD 
bands agree well with the oscillator strengths ca1culated using B3L YP functiona1. In addition， 

the MCD bands ofLa2@h-Cso were altered upon [5，6]-additionラ demonstratingthat the MCD 
spectroscopy is sensitive to chemical functionalization of EMFs， and that it is therefore 
powerful to distinguish the [5，6]-adducts from pristine La2@lh-Cso although no marked 
difference exists in their absorption spectra. 
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Fabrication of Li⑨C60 Monolayer from [Li⑧C6o](PF 6) Salt 

o Y oichi Y amada 1， Ken Tanaka ¥ Masahiro Sasaki 1， Yasuhiko Kasama2ラ KazuhikoKawachi
2
， 

and Seiji Sakai 3 

lInstitute 01 Applied Physics， Tsukuba Uniνersi肌 Tsukuba，305-8573， .11αp仰

2 Idea International Inc.， Sendai， 980-8579， Japan 
3.11αrpan Atomic Energy Agency， Tokai， 319-J195， Japan 

Although the endohedral doping of metal atom in the C60 cage is promising way to modify 
the electronic orbitals of C60， purification of the metallofullerene has been challenging due to 
its high reactivity. Recently， a stable salt of Li@C60 and anionic counterpart (PF 6， SbC16) has 
been realized with good crystallinity and high Li@C60 concentration up to 95% [1]. Here we 
demonstrated the vacuum evaporation of the [Li@C60](PF6) salt to form a monolayer of 
Li@C60 on the metal substrates. 

Two distinct evaporations from the [Li@C60] (PF6) salt were seen at different temperatures 

of about 200 oC and 400 oC， monitored by quartz microbalance (Fig.1). XPS measurements 
suggested that the former evaporation is due to PF6-related materials and the latter is due to 
Li@C60-related materials. SIMS measurements of the latter products reveled that the Li 
concentration became approximately 113 of the original [Li@C60] (PF6) salt. It is thus 
speculated that Li atoms desorb from the C60 cage during the evaporation. It is also found that 
the latter products contains small amount ofF atoms. This may be as a result ofthe desorption 
ofPF5抗 thefrrst stage of the ev叩oration，which should leave one F atom per one Li@C60 
molecule. 

STM measurements ofthe evaporated film on the Cu(111) or HOPG substrates revealed the 
formation of a well-ordered monolayer which consists of Li@C60 and C60 molecules (Fig.2). 
Two molecules exhibit different contrast in the STM image and the contrast depends strongly 
on the applied bias voltage. The observation reflects significant difference in the electronic 
states of Li@C60 and C60 molecules. It is noted that a random aggregation of molecules was 
not found in spite of the high reactivity of Li@C60・Thisshould be owing to significant 
molecule-substrate interaction preventing the molecular aggregation. In additionラ passivation
ofLi@C60 by residual F atoms should also be a key to hinder the aggregation. 
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Fig.l Change in frequency ofQC孔1during 
evaporation of[Li@C601 (PF6) salt 
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Fig.2 Filled and empty state STM images ofLi@C60-Cωmixed 
monolayer， taken with bias of -2.8 and十2.8V， respectively 
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Characterization of Endohedral Lithium Metallofullerene Clusters 

oEunsang Kwon 1， Ken-ichirou Komatsu三Shin-ichiOkudaヘKazuhikoKawachi 2ラ

Yasuhiko Kasama乙TomoakiEndo .J 

1 Reseαrch and Analytical center戸rGiant Molecules， Graduαte School 01 Science， TohoAω 

2universiか，Sendai， 980-8578， Japan 
Idea Internαtional Co・，Ltd， 981-0922， Japan 

3 Sendai National College ofTechnology， 981-1239， Japαn 

Metallofullerenes are expected to have novel potential applications in material science. 
Since the highest symmetry and the most stable fullerene cage， C60ラ dopedwith 

alkali-metal are interesting particularly because of their superconducting properties [1]， 
analogous to the series of the endohedral metallofullerenes， alkali-metal@C6oラ hasalso 
at1racted considerable attention in the field of novel material development. Although only the 
isolation and characterization of lithium@C6o have been reported [2] among the series of the 
alkali metal@C6o， the structure of the precursor cluster which was generated in the process of 
the low energy ion bombardment method [3] is still unclear. 

In the present work， we studied the 
characterization of the cluster by 
high-resolution NMR spectroscopy combined 

with theoretical calculations and other 
analytical techniques. As shown in Fig. 1 (a)， 
the solid-state 7Li NMR spectrum of the crude 

products exhibit two main signals at -14.9 and 
0.9 ppm (relative to the external LiCl 
reference). The signal at -14.9 ppm can be 
assigned to the Lt in C60， and the one at 0.9 
ppm to the lithium of the LiOR (R = alkyl 
group) with the support of theoretical 

(a) 

(b) 

calculations using gauge-independent atomic 
Fig.l Solid-state 7Li NMR spectra ofthe cluster (a) 

orbital (GIAO) method at the level of density 
functional theory (DF'T before treatment with gamma圃 cyclodextrinand (b) 

B3LYP/6同 311++G( d，p) level of theory). The after treatment with gamma四 cyclodextrinラfollowed

peak at -14.9 ppm was significantly increased by washing with water and drying. 

after treatment with excess 
gamma-cyclodextrin， followed by washing with water and drying (Fig.1 (b)). The mean 
particle size of the cluster after desorption of C60 using gamma-cyclodextrin from the crude 
products was determined by DLS to be about 120 nm with narrow size distribution. The 
positive ion mode LDI-TOF mass spectra ofthe resulting cluster showed a molecular ion peak 
of Li@C60 as a base peak. These results indicated that the structure of the cluster should be 
surrounded by C60 which could combine by LiOR species. 
[1] A. F， Herbard， et al. Na旬re，350， 600 (1991). [2] S. Aoyagi et al. Nature Chemistry， 2， 678 (2010). [3] R. 

Tellgmann et al. Nature， 382， 407 (1996). 
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Fabrication and Solid State Properties of Fullerenol N anostructures 

oKeisuke Baba1， Toshiyuki Ito 1ラHironoriOgata 1，2 

1 Department ofChemical Science and Technology， Hosei University， Koganei 184-8584， 

Jαrpan 
2 Research Center for Micro-Nano Technology， Hosei University， Kog，αnei 184同 0003，.lcαrpan

Ful1ereno1 (Po1yhydroxy1ated Fullerene: C6o(OH)x) have been thought to have potentia1 

application in a variety of areas， including optoe1ectronics， medica1 therapeuticsラ

biotechno1ogy， chemica1 mechanica1 po1ishing， and fue1 cel1s， owing to their high solubility in 

a 1arge variety of solvents (depending on the number of hydroxy1 groups， x). The study of 
nanomateria1s is one of the most active areas due to their interesting properties that differ 

from those ofbu1k substances， and their wide possibi1ities of applications. 
We previous1y reported the fabrication of both nanosheets and nanocrysta1s consist of 

water-inso1ub1e fullereno1(C6o(OHh，8) by the liquid phase growth method using both good 

and poor solvents. In this study， we prepared and fabricated water-so1ub1e ful1ereno1 
nanostructures by the liquid phase growth methods. Fig.1. shows the SEM(a) and TEM(b) 

images of water可 01ub1efullereno1 crump1ed sheet fabricated by reprecipitation method. From 

TEM image， one can see that nanocrysta1s are on the sheet. Average diameter and coefficient 

of variation were estimated to be 8.1 nm and 12%， respective1y. These va1ues are simi1ar to 
those of C6o(OH)7.8 nanocrysta1s previous1y reported. 

In this presentation， solid state properties and mo1ecu1ar dynamics of ful1ereno1s will be 
reported. 

Fig.l. SEM image(a) ofwater司 solub1efullereno1 Crump1ed sheet. 
And TEM image(b) of nano-crysta1s on the sheet. 

[1] Akito M. et al.， Jpn. J. Appl. Phys. 48ラ050206(2009) 

[2] Chiang et al. J. Org. Chem.， 59， 3960 (1994) 

[3] K. Kokubo， etα1.， ACS Nano， 2， 327 (2008) 

[4] K. Baba， et al.ラThe42nd Fullerenes-Nanotubes-Graphene Genera1 Symposium， 2-5 (2012) 
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Templated Synthesis of Polymer Nanocapsules 
on Water-Soluble Fullerene Vesicles 

oRicardo Mizoguchi Gorgol1， Koji Harano， Eiichi Nakamura 

Department of Chemistry， The UniversiかofToわ叫
Hongo， Bunわlo-ku，Toか0，113-0033， .fIαrpan 

The control1ed synthesis of polymer (a) 

nanocapsules， vital for their effective 

biological application， is a chal1enging task. 
Nanocapsules can be obtained from the 

polymerization in template structures; 

however size and shape control comes with 

a trade-off for template removabilityoo 

Our group reported the preparation of 

nanometer-sized bilayer vesicles from 

self-assembly of nonpolar/polar/nonpolar 

ful1erene amphiphiles (Figure la)oo In this 

vesicle， para-subsituted phenyl groups are 
exposed on the surface creating a nanosized 

hydrophobic environment in water.1 We 

applied the unique surface of ful1erene 
vesicles as a confined space for olefin 

metathesis and synthesis of polymer 

nanocapsulesoo 

Catalyst-embedded vesicles were prepared 

by the introduction of a fluorous-tagged 

Grubbs' catalyst to the vesicle solution 

(Figure lb)oo Reactivity of the catalyst was 

confirmed in olefin metathesis reactionsoo 

Confinement of the catalyst in the rigid and 

hydrophobic fullerene membrane resulted in 

size selectivity ofthe substrateoo 

We demonstrated the fullerene vesicles as 

a novel soft template with rigid framework 

for nanocapsule synthesisoo Polymer 

nanocapsules with uniform size were 

obtained by polymerization on the vesicle 

surface and extraction from the template 

solution (Figurel c)oo 

Fullerene 
Amphiphile Rigid Framework 

(b) Surface of Catalyst-
Embedded Vesicle ぬよム∞2
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Figure 1. (a) Self-assembly of fullerene amphiphiles 

into bilayer vesicles in water. (b) Olefin metathesis on 

catalyst-embedded白lleren巴V巳sicles.(c) Schematic and 

SEM images of polymer-coated vesicle and STEM 

image of polymer nanocapsule after removal of 

template 

[1] Homma， T.; Harano， K.; Isobe， H.; Nakamura， E. AngωV. Chem. lnt. Ed. 2010，49， 1665-1668. Homma T.; 
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Photo Polymerization of C60 Thin Film Using Focused Optical Vortex 

oNaoto Toriumi¥Tatsuya Doi 1， Da出ikiMo凹ml
Tak王泊ashigeOma抗tsu1，Jonathan P. Bird2 

ラ
Nobu戸lkiAoki1， and Yuichi Ochiai

1 

1 Graduate School of Advanced Integration Science， Chiba Universiか"Chiba， 263-8522 Japan 

2D仰 rtmentof Electrical Engineering， Universityαt Buffalo， SUN工Buffalo，NY 

14260-1920， USA 

Recently， a state of the art photo-po1ymerization of a C60 thin fi1m has been rea1ized by 
irradiation of topo1ogica11aser beam name1y optica1 vortex (OV). Since the beam has a he1ica1 
wavefront and a torque appears a10ng the tangentia1 directionラ aconfinement force can be 
expected a10ng the periphera1 direction of the beam and the po1ymerization takes a progress 
with a compressive photon-pressure under a high-beam-power density. Therefore， it can be 
expected to achieve a high1y-packed and uniform photo-po1ymerization in a C60 thin fi1m. 
Moreover.ラ combiningwith circu1ar po1arizationラtota1angu1ar momentum of 1ight can be 
controlled [1]. 
In our study， thermally evaporated C60 thin fi1m was deposited 50 nm on a Si02 1ayer on top 
of a heavi1y doped Si substrate. A continuous-wave 532 nm 1aser beam was used for the 
optica1 source. The OV was produced by using a spira1 phase p1ate and irradiated onto the 
samp1e through an objective 1ens. After the irradiation， the samp1e was soaked in to1uene for 3 
minutes to remove non-po1ymerized C60 films on the samp1e surface. 

In our tria1 of irradiation of a focused OV beam on a C60 thin fi1m， circu1ar pattems have 
successfully reso1ved after・theirradiations for a few minutes. A peak shi抗ofRaman spectrum 
corresponding to Ag(2) mode suggests a po1ymerization of the C60 mo1ecu1e [2]. Moreover， 
the photo-polymer shows a metallic 100 

characteristic， a linear current-vo1tage 
characteristic and a1most no gate vo1tage 80 

dependences as shown in Fig. 1. It is 吉田

comp1ete1y differe附 from the n-type i 

• I オ5

・-， J '" 

.吉 1
・~I 旨

• I U semiconductor characteristics observed in a δ 削

C60 thin film po1ymerized by UV light 
I 0.5 

20 c I 

irradiation [3]. Moreover.ラ no significant 
o L 圃圃・・・・圃-町 O 

cracking cracks were confir祖 edin the -40 -30 -20 -10 10 20 30 40 -40 -30 主o-10 10 20 30 40 

Back gate voltage (V) Back gate voltage (V) 

po1ymerized region by Ov. Therefore， Fig. 1， Gate voltage dependence of C60 photo-polymer 
non-conventiona1 po1ymerization regime 

by UV (left) and OV (right) irradiation 
can be expected in the photo-po1ymer by 
OV irradiation. 

[1] T. Omatsu et al.， Opt. Express 18 (2010) 17967. 
[2] S. J. Duc10s et al.， Solid State Commun. 80 (1991) 481. 
[3] Y. Chiba et al.， J. Phys.: Conf. Ser. 159 (2009) 012017. 
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siRNA Delivery System Using Water-Soluble Amino-Fullerene Derivative 
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RNA interference (RNAi)
1 
has gained significant attention as an altemative method to 

traditional gene therapy using DNA. However， RNA inc1uding siRNA is unstable and rapidly 

degraded in physiological environment. In addition， siRNA is highly soluble in waterラ soit is 

difficult to permeate through hydrophobic cell membranes. Therefore， the transfection 

reagents to protect and deliver siRNA into cells are required. Cationic liposomes or polymers 

are commonly studied as the transfection reagents， but they have significant dose-dependent 

cytotoxicity
ラ
whichmakes the therapeutic application difficult. 

We focused on a water-soluble cationic amino-fullerene， 

epoxide (TPFE， Figure 1)， which had been reported as the DNA 

transfection reagent in vitro 2 
and in vivo. 3 TPFE has 

cytotoxicity， effectively stabilized DNA and delivered DNA into 

cells. In this presentation， we reported the application of TPFE 

for the siRNA delivery system. 

TPFE dissolved into acidic buffer and mixed with siRNA to 

form siRNA-TPFE complex as a 100 nm-ordered globulesラ

derived from the electrostatic interaction between cationic 

amines and anionic phosphate RNA backbone， and hydrophobic effect of fullerene core. The 

siRNA-TPFE complex showed significant resistance of degradation under the simulated 

biological condition. In addition， we carried out the siRNA transfection analysis in cultured 

cells. Lipofectamine2000， which is commercially available 

transfection reagent and consist of cationic liposomes， was used 

as a positive control. The knockdown efficiency of TPFE was 

higher than that of lipofectamine2000， when we used not only 

chemically stabilized siRNA (Stealth RNA， invitrogen) but also 

a・eesiRNA (Figure 2). Importantly
ラ
siRNA-TPFE complexes 

showed no cytotoxicity. Therefore
ラ itis expected that TPFE has 

the potential to apply the siRNA delivery systems. 

(Tetrapiperazino)白llerene

4.CF3C02~ 

100 I 

-
--1田Lipofectamine2000

~. nnl口TPFE
旦::- 801 
c 
o 
gJ 60 
0 

~ 40 
由

由
c 
由。

O 
Stealth RNA Free-siRNA 

Figure 2. Transfection in vitro. 

Figure 1. Structure of TPFE. 
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From nanotweezers to nanocalipers: 
Selective extraction of SWNTs with larger diameters 

oNaoki Komatsu， Gang Liu， Takahide Kimura 

Department 01 Chemistry， Shiga Universiか01Medical Science， Seta， Otsu 520-2192， Japan. 

We have been working on separation of SWNTs through molecular recognition. 

Tweezer-shape molecules have been employed as a host to realize diameter-based separation 

of SWNTs [1]. Although SWNTs with smaller diameters such as (6，5) were separated in high 

purity [2]， the selectivity toward larger diameters was relatively low. Therefore， we change 

the molecular design of the host 企omnanotweezers to nanocalipers shown in Fig. 1. In this 

paper， we report on large enrichment of (1O，5)-SWNTs through the extraction of HiPco with 

the nanocalipers 1. 

After bath-

sonication of the 

suspension of HiPco 

and 1， the extracted 

SWNTs were 

concentrated， washed， 

and dissolved in 

D20/SDBS by use of a rosette cooling cell [3]. The absorption spectra of the solution were 

measured as shown in Fig. 2. While SWNTs with smaller diameters (0.90 -1.03 nm)， such as 
(7，6)， (9，4)， (8，6)， and (8，7)， decreased significantly in their absorbanceラ only(10，5) and (11，3) 

were enriched by the extraction. In particular， (10，5)ーSWNTshaving 1.05 nm in diameter are 

found to be a dominant component from the absorption spectra. The Raman spectra also 

support the selective extraction of SWNTs with the above diameter range by use of the 

nanocalipers. 

fkr~kRv-vk¥/、"¥ s γ、1
時叫£刷 、判的{ 円-kPゎ q，llO-，C州 ，N.. N{ CH~Ph PI~H/r ;N， ~，q 附r::o)!恥 Pt1H2C 民?之 .. NhCOii-B;1 

H"\ z，~ }lザ 村正 Zt:}-/- H 'Ìぺ Z~ ，)f(何 付 Jω}(H

同 C叫 f~ N { 叩;COァ市町GH: ， ~N{ 制CO)-Bu t，BuO;CH¥l 対 N1 CH，Pη~"BV07C~N ，-~ w¥ CHダー

〆J 、!Ji>J^)，;J

Fig 1. Structures of chira1 diporphyrin nanoca1ip白人 (R)-and (S)-1. 

[1] G. Liuち N.Komatsuラ inHandbook 01 

carbon nano materials (Eds.: F. D'Souza， K. 

M. Kadish)， World Scientific， 2012， vol. 3， 

pp. 203-232; X. Peng， F. Wang， A. F. M. M. 

Rahman， A. Bauri， and N. Komatsu， Chem 

Lett.ヲ2010，39， 1022. 

[2] F. Wang， K. Matsuda， N. Komatsu，1. Am 

Chem. Soc. 2010，132，10876. 

[3] T. Yasumitsu， G. Liu， J.ーM.Leveque， S. 

Aonuma， L. Duclaux， T. Kimura， N. 

Komatsu， Ultrason. Sonochem.， in press 

(10.10 16/j .ultsonch.20 12.06.009). 
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A molecular dynamics simulation of SWNT growth by CVD method: 
Octopus and VLS modes 

oShigeo Maruyama， Kaoru Hisama， Takuya Noguchi， Tomoya Kawasuzuki， Yuki Takaki， 
Junichiro Shiomi， Shohei Chiashi 

Deψpαぽrt仰m仰 toザ(M凶le釘chα仰niたCαalE凸n智g評ine仰e臼er巾刈

In order to explore the possible chirality-controlled growth 

process， the growth mechanism of single-walled carbon 
nanotubes (SWNTs) was studied by molecular dynamics 
simulations. We adopted a newly developed Tersoff-type 
classical potential for carbon and several metal atoms， such as 
Co， Ni， Pt， Fe and Ti. We used a genetic algorithm to optimize 
the potential functions for various solid structures and 
graphene-metal model predicted by density functional theory 
[1 ]. 

A metal cluster of certain size and at certain temperature is 
prepared and is exposed to carbon vapor at certain vapor 
density (pressure) [2]. We can observe the nucleation and 
growth of SWNTs at certain temperature range and pressure 
range depending on metal species (as shown in Fig. 1). In 

generalラ highertemperature and lower pressure are preferred 
for all metal species tested (Co， Fe， Ni， Pt). Higher pressure 
below the threshold pressure resu1ts faster growth simply 
proportional to the pressure. With the higher pressure beyond 
the threshold pressure， carbon coating of metal cluster with 
fullerene-like structure prohibited the growth of SWNTs. 

Lower temperature than the threshold temperature also results 
this carbon-coating. Higher temperature simply increased the 
growth rate with the pseudo-Arrhenius type dependence with 
an activation energy of about 0.4 eV for Fe. This activation 

energy is ascribed to the surface or sub-surface diffusion of 
carbon atoms on a metal cluster. 

The threshold temperature is strongly dependent on metal 
species; much lower for Fe compared to Co. Furthermore， 
carbon structure interacting to metal cluster during the growth can be classified to two 
apparently different modes. A preferred structure at lower temperature is "Octopus" mode 
where several carbon chains are wrapping the metal cluster. Another structure appeared at 
higher temperature is "VLS" mode where carbon atoms are dissolved in metal cluster. The 
diameter of nanotube is similarto the metal cluster size for Octopus mode in contract to the 
VLS mode where the diameter is determined in the nucleated cap structure. The chirality of 

nanotubes grown in different MD  conditions will be discussed. 

Fig. 1. Octopus mode growth 
from a C060 cluster at 1600K. 
Carbon density corresponds to 
about atmospheric pressure 

[1] T. Matsuo， master thesis， http://www.photon.t.u-tokyo.ac.jp/thesis/2011/2011matsuo.pdf 

[2] Y. Shibuta and S. Maruyama， Chem. Phys. Lett.， 382 (2003) 381. 
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E-mai1: maruyama@photon.t.u-tokyo.ac.jp 

F
D
 

門

i



1 P-30 

Catalyst Particle Array Formation Process Adjusted for Growth of 
Single-Walled Carbon Nanotube Forest with Different Structures 

oShunsuke Sakurai
1
ぺMasayasuInaguma 1， Don N Futaba 1ぺMotooYumura 

1

へ
and KerリiHata1，2 

INanotube Research Center， National Institute of Advαnced Industrial Science 

20F1d  Technology fAIS刀，Tsukuba 305-8565， Japan 
Technology Resωrch Association戸rSingle Wall Carbon Nanotubes (TASC)， 

Tsukuba 305-8565， Japan 

Catalyst partic1e array for single-walled nanotube (S¥¥尽n)forest growth should achieve 

strict requirements， such as small partic1e sizes (< 3 nm) and high partic1e density (spacing below 20 

nm) at the growth temperature typically above 700 oC. The most common method to satisfシtheabove 

requirements is to use an AIOx layer to support the Fe catalysts. In this method， annealing in H2 

immediately prior to CNT growth (denoted as catalyst formation process)， invoke the diffusion of Fe 

into AIOx layer (subsurface diffusion)， and transform the Fe thin film into a very high density array of 

small Fe catalysts array suited for SWNT forest growth. We have proposed that the offsetting effects 

of surface diffusion of Fe (Ostwald ripening effect) and subsurface diffusion is playing an important 

role to control the catalyst partic1e size [1]. 

ln this study， we investigated the impact of independent control of the experimental 

conditions during catalyst formation process and CNT growth process. Since catalyst formation 

process continues until immediately prior to CNT growth， we build up the infrared lamp向mace

system enabling us to heat up and cool down the fumace temperature very fast. Catalyst formation 

processes were conducted in different temperature， H2 concentration， and total gas flow， though 

conditions during CNT growth process was fixed to conventional water-assisted CVD condition to 

synthesize SWNT forest. 

E 
U 

的

temperature and 削 ea剖叩削s幻叩11叫I

catalyst formation proc印es回s.We also have found the 

The diameter of S¥¥明 T forest can be 

reduced from 3.2 nm to 1.9 nm by decreasing 

strong correlation between diameter and density. 

Density of forest (ρ) goes up to 0.12 g/cm3 and 

estimated number of SWNT per area (area density) 

reached to 2.5x1012 cm大 withdecreasing SWNT 

diameter. The mechanism of diameter control and 

correlation between diameter and density is 

discussed from the view point of catalyst 

formation process. 
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Figure: SWNT diameters， densities， and area 

densities of the SWNT forest synthesized after 

catalyst formation with different conditions. 
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Bottom-up synthesis of finite models of helical (n，m)-single-wall carbon 
nanotubes 

oShunpei Hitosugi， Waka Nakanishi， Takashi Yamasakiラ HiroyukiIsobe 

Depαrtment of Chemistη， Tohoku University， Sendai， 980-8578， Japan 

Bottom-up synthesis of hoop-shaped aromatic hydrocarbons is currently attracting great 
interest because of both the difficulty with which these compounds are synthesized and the 
fact that they contain tubular structures that can serve as finite models of single-wall carbon 
nanotubes (SWNTs). Although the synthesis offinite models for armchair (n，n)-SWNTs has 
been intensely investigated with cycloparaphenylenes (CPP) over the past few years，l the 
synthesis and isolation of models for chiral (nラm)-S¥¥明 Ts(n学m)，particularly those bearing 

persistent structures with optical activity， has not been achieved. 
We found that model compounds of helical (n，m)-SWNT (n拘1)were synthetically 

accessible by using chrysenylene unit as a building block. 2 Thus， a stepwise 
maαocyclization of dibromochrysene derivative 1 afforded [4 ]cyclo-2ラ8-chrysenylene2 
([何CC)in high yield (Scheme 1).3 Although we used a strategy similar to that of the 
pioneering studies of Yamago for the synthesis of [8]CPp，lC we found that the arylated 
Pt-complex could be obtained straightforwardly through the reaction of boronate ester with 
divalent platinum. Unlike the previous examples of CPP，4 the chrysenylene unit in [4]CC 
did not rotate under ambient temperature to give six rotational isomers. We succeeded 
complete isolation and identification of six isomers and achieved synthesis of the first 
optically active helical SWNT models ((P)!(M)-(12，8)-2， (P)!(M)-(12，8)-2). Finallyラ we
examined enantioenrichment in the synthesis and obtained the (P)-helical isomer in up to 17% 
eeラbyusing cholesterol derivative as a chiral source. 

Scheme 1. Syn吐lesisof [4]cyclo-2，8-chrysenylene 2 
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[3] S. Hitosugi， W. Nakanishi， T. Yamasaki， H. Isobe， Nat. Commun. 2， doi: 1 0.1038/ncomms1505 (2011). 
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Purification of Single Wall Carbon Nanotubes by Formation of 

Aggregates Caused by Control of Alcohol Concentration 

oH. Kawai1
， K. Hasegawa1

ラ
M.Fujiwara2， S. Takeuche， H. Kataura3， R. Nakatsu

4
ラ

K.Ymagil* 
1 ToかoMetropolitan Univ.， 

2
Hokkaido Univ. & Osaka Univ.， 

3 AIST/JST-CREST， 
4KアotoUniv. 

Single wall carbon nanotubes (SWCNTs) show various properties depending 

their chiralities. Recent1y， it becomes possible to obtain high -purity 

SWCNTs with a single chirality by density gradient ultracentrifugation and gel 

chromatography and so on [1]. Those techniques enable us to investigate the 

physical properties of SWCNTs with uniform electronic structure， but those 

techniques can't control orientations of SWCNTs in their network. In our 

group， we applied vapor diffusion method (VD method) to control 

orientations of (6， 5) chiral SWCNTs [2]. We found that content ratio of (6， 5) 

SWCNTs was significant1y increased by VD method. Figs. l(a) and (c) show 

Raman spectra of buckypaper and SWCNT-aggregates produced by VD 

method， respectively. We estimated (6，5) purity by comparing RBM peak 

intensities. VD method improved purity from 53% to 84%. Furthermore， we 

found that the aggregates formed by addition of alcohol in 

concentration could improve the purity. 

Fig. l(b) shows Raman spectra of this 

method using isopropyl alcohol (IPA). This 

method improved purity企om53% to 76%. 

This is very simple， but can improve chirality 

proper a 
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Dispersion of single-walled carbon nanotubes 

made by using ACCVD technique with porous glass 

Yosuke Ito1
， oShinzo Suzuki1

， Hiroshi Nagasawa2， Akira On03
， Yohji Achiba

4 

1 Department of Physics，めlotoSangyo University，めoto603-8555， Japan 

2Nαno-support Co・，Ltd.， Kanagawa 251-0024， Japan 

3 Department Of Engineering， Kanagawa Universiか~ Yokohama 221-8686， Japan 

4Department ofChemistry， Tokyo Metropolitan University， Tokyo 192-0397， Japan 

Abstract: 

Single-walled carbon nanotubes (S\\弓~Ts) made by using alcohol CVD (ACCVD) 

technique combined with porous glass (PG) were tested for dispersion in DNA and SDS 
solution. SWNTs in dispersed solution and residue were investigated by Raman spectroscopy. 
The experimental condition for making SWNTs by using this PG-ACCVD technique was 

similar to the condition described in the previous work [1]. 
Briefly， 3.0 wt% of Co (as cobalt acetate) was introduced in PG (30 nm pore size) in 

ethanol solution. This solution was then sonicated for 30 min， centrifuged at 2000G for 30 
seconds. After removing ethanol， the resultant PG was placed in a quartz tube (i.d. 20 mm)， 
heated at 800C for 12 hours in air， and was further used for ACCVD treatment [2] using 

ethanol as carbon supply. The ambient temperature condition was varied between 700 oC and 

8000Cラ andthe temperature dependence ofSWNTs for the dispersion was investigated. 
It was found thatラ althoughSWNTs can be made at each different temperature， almost no 

SWNTs were dispersed in the solution at 800 oC， where SWNTs were found to be still on PG 

a丘町 strongsonication and ultracentrifugation process. On the other hand， most of SWNTs 
made at 700 oC were destructed and dispersed in the solution. The different behaviors of 

SWNTs made at different temperature， and comparison with the purification process using 
acidlbase treatment [3]， are presented and discussed. 

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

[2] Y. Aoki， S. Suzuki. S. Okubo. H. Kataura， H. Nagasawa， and Y. Achiba， Chem. Lett.， 34， 562(2005). 

[3] S. Okubo， T. Sekine， S. Suzuki， Y. Achiba， K. Tsukagoshi， Y. AoyagiラandH. Kataura， 

Jpn. J. Appl. Phys.， 43， L396(2004). 
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In situ NEXAFS Study on Carbon N anotube Growth Process 
by Surface Decomposition of SiC 

oTakahiro Maruyama1， Yuki Ishiguro1
ラ
SatoshiSakakibara 1， Shigeya N aritsuka

1 
， 

kenta Amemiyd 

1 Department 01 Materials Science and Engineering， Meij・oUniversity， Nagoyα468-8502， 
Japan 

2 Photon FactoηJ， Tsukuba 305-0801， Japan 

Carbon nanotube (CNT) growth by surface decomposition of SiC is a unique growth 

method， since zigzag-type CNTs are selectively formed only by heating SiC crystals in a 

vacuum without any catalyst. At the initial stage of CNT formationラ nanosizedhemispherical 

structures composed of carbon atoms are formed on SiC surface [1]. These “carbon nanocaps" 

determine the structure of CNTs， thereforeラ itis important to clarify the formation process of 

carbon nanocaps. In this study， we carried out in situ NEXAFS measurements at high 

tempera旬reto investigate the formation mechanism ofthe carbon nanocap. 

After HF etchingラ 6H-SiC(000-1)substrates were placed in a high vacuum chamber and 

gradual1y heated to an intended temperature. C K edge NEXAFS spectra were measured at 

BL-7 A in Auger electron yield mode， keeping the sample at the heating temperature. For all 

temperature， the NEXAFS measurements were carried out with two different incident angles 

(8)，300 and 900， to investigate the orientation ofthe C-C bond. 

Fig. 1 shows NEXAFS difference spectra of SiC(OOO-l) at 960 and 13800C， where the 
spectral component of SiC was subtracted.π* resonance peaks of C-C bond were clearly 

observed for the two incident angles for each 

temperature. In contrast to the spec仕aat 9600Cラ theπ* 

resonance peak at normal incidence was stronger than 

that for 8=300 at 1380 oC. This indicates that the 

orientation of C-C bond changed as temperature rose. 

Based on the QM/MD calculation [2]， we wil1 discuss 

the formation process ofthe carbon nanocaps. 

A part of this work was supported by the JSPS， 

a Grant-in-Aid for Scientific Research (c) 21510119. 

The NEXAFS measurements were performed under the 

approval of Photon Factory Program Advisory 

Committee (Proposal No. 2011G539). 
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Carbon Nanotube Growth on ZnO(OOOl) Zn-face 

using Gas Source Method in High Vacuum 

oTakeshi Kawai， Shigeya Naritsuka， Takahiro Maruyarna 

Department 01 Mαterials Science and Engineering， Meij・oUηiversiかjNagoya 468-8502， 

Japan 

For fabrication of carbon nanotube (CNT) devicesラ growth of CNTs on 

serniconductor rnaterials has been desirable. However， only few studies have been reported 

about direct growth of CNTs on serniconductor surfaces. Arnong cornpound serniconductor 

rnaterials， ZnO has a direct wide band gap of 3.3 e V and shows a wide variation in resistivity， 

therefore， it has been anticipated as transparent conducting rnaterials. In this study， using the 

gas source rnethod [1]， we atternpted to grow CNTs on ZnO(OOOl) surfaces. 

ZnO(OOOl) (Zn-face) substrates (Tokyo Denpa Co. Ltd.) and Fe and Pt catalysts were 

used for the CNT growth. After rnetal catalysts were deposited on the ZnO(OOOl) surfaces， 

they were transferred into a vacuurn charnber and heated to the growth ternperature in a 

hydrogen atrnosphere. Then， CNT growth was carried out by the gas source rnethod using 

rnethane. The growth ternperature was set to be 700oC. The sarnples were characterized by 

SE孔1observation and Rarnan spectroscopy. 

Fig. 1 shows the sarnple surface in which the growth was carried out frorn Fe catalyst 

at a rnethane pressure of 1.0 x 10四 1Pa. Entangled fiber-like products were observed on sorne 

portions of the sarnple surface. Taking into account the Rarnan results， there was a possibility 

that rnulti-walled CNTs grew. When the rnethane pressl江ewas reduced below 1.0 X 10四2Pa， 

the arnount of products were fairly reduced. On the other hand， when the Pt catalyst was 

used， no products were observed， irrespective of the rnethane pressure. 

This work was partially supported by the JSPS， 

Grant-in-aid for Scientific Research (c) 21510119 and 

the Instrurnent Center of the Institute for Molecular 

Science (IMS). 
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Low Temperature Growth of SWNTs 00 Pt catalyst 
by Alcohol Gas Source Method io High Vacuum 

oHiroki Kondo1，Naoya Fukuoka1， Yoshihiro Mizutani 1， Ranajit Ghosh1， Shigeya Narits此 a
1
ラ

Takahiro Maruyama1， Sumio 吋ima1
，2

1 Department 01 Materials Science αnd Engineering， Meijo Universi肌Nagoya468-8502， 

Japan 

2 AIST， Tsukuba， Ibarαki 305・8565，Japan 

Single-wal1ed carbon nanotubes (SWNTs) have been anticipated for applications in a lot 

of白turenanodevices. To fabricate SWNT devices in a conventional LSI processラ itis 

important to grow SWNTs at low temperature under high vacuum. In this study， using Pt 

catalyst， we carried out SWNT growth on Si02/Si substrates under various growth conditions 

and succeeded in SWNT growth at 4000C under an ethanol pressure of 1 x 10-4 Pa. 

After deposition of Pt catalyst on the Si02/Si substrates using a pulsed arc plasma gun， the 

S¥¥明Tgrowth was carried out using alcohol gas source method in a high vacuum [1， 2]. The 
growth temperature was set between 4000C and 8000Cラ andthe ethanol pressure was varied 

between 1 x 1 0-5 Pa and 1 x 10-1 Pa. The grown SWNTs were characterized by SEM， TEM and 

Raman spectroscopy. 

When the growth temperature was decreased to 4000Cラ theG band intensity was 

reduced， but the RBM peaks were stil1 observed. The diameter distributions estimated from 

RBM peaks of SWNTs grown with Pt at 400 and 7000C are shown in Fig. 1. Compared to the 

SWNTs grown at 700oC， both average diameter and diameter distribution decreased 

drastically at 400oC. In addition， in the SWNT growth at 4000Cラ theaverage diameter of the 

SWNTs grown with Pt was much smaller than that grown with Co. These results showed that 

Pt catalyst is suitable for the growth of SWNTs with the smal1er-diameter and the narrower 

diameter distributions. Based on the Raman results， we wil1 discuss the chirality of SWNTs 

grown from Pt catalyst and show that Pt catalyst is suitable for the growth of semiconductor 

SWNTs. 

This work was partial1y supported by the 

Japan Society for the Promotion of Science (JSPS)， 

Grant-in-aid for Scientific Research (c) 21510119 

and the Instrument Center of the Institute for 

Molecular Science (IMS). 
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Effect of Growth Temperature on Growth Rate in Carbon Nanotube 
Formation by Surface Decomposition of SiC 

。TakatoshiYajima， Satoshi Sakakibara， Shigeya Naritsuka， Takahiro Maruyama 

Department 01 Materials Science and Engineering， Meijo Universiか~ Nagoya 468-8502， 

Japan 

Carbon nanotube (CNT) growth by surface decomposition of SiC is a synthesis 

method to obtain vertically aligned， high-density CNTs only by heating SiC single crystal at 

high temperature (> 13000C) in a vacuum. In addition， CNTs grown by this method are 

atomically bonded to SiC at the interface [1]， which is desirable for device applications. In 

order to realize CNT devices， it is important to control the CNT length accurately. In this 

study， we investigated the effect of the growth condition on the growth rate in the surface 

decomposition method to control the CNT length. 

6H-SiC(0001)(n-type) (CREE) was used for the CNT growth. After the substrates 

were cleaned with acetone and methanol by the ultrasonic 

cleaning， they were etched by immersing in 10% HF for 

10 min. Thenラ thesubstrates were heated in a high vacuum 

(base pressure ~ 1.0 X 1O-5pa) to grow CNTs. The samples 

were characterized by SEM and Raman spectroscopy. 

Figure 1 shows the relationship between the 

growth time and the length of CNTs for various growth 

temperatures ((a) : 1580oC， (b) : 16500C、(c): 17800C)). 

Up to 30 min， the CNT length increased linearly with the 

growth time， irrespective of the temperature. After the 

growth for 30-60 min， the growth rate became slower and 

the CNT length seemed to be saturated at 1580oC. These 

results showed that the decomposition of SiC and the 

sublimation of Si atoms strongly depend on the 

temperature. The effects of the growth temperature on the 

CNT growth will be discussed. 

This work was partially supported by the Japan 

Society for the Promotion of Science (JSPS)， Grant四 in-aid

for Scientific Research (c) 21510119 and the Instrument 

Center of the Institute for Molecular Science (IMS). 
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Thermodynamics of the interaction of carbon nanotubes with hydrogels in 
SDS solutions: Toward understanding metal/semiconductor separation 

oAtsushi Hirano 1へTakeshiTanaka 1今 HiromichiKataura 1，2 

1 Nanosystem Research lnstitute， Nαtionallnstitute 01 Advanced lndustrial Science and 
Technology， Tsukuba， lbaraki 305-8562， Japan 

2 JST， CREST， Kawaguchi， Saitama， 332-0012， Japan 

One of key technologies for the industrialization of single-wall carbon nanotubes 

(SWCNTs) is separation of SWCNTs into metallic and semiconducting species. W勺ehave 

P刊I

me∞chani臼sm1おsstill unclear. In this study， we found that the interaction of SWCNTs with 

hydrogels in sodium dodecyl sulfate (SDS) solutions follows the Langmuir isotherm. The 

hydrogels used here were agarose gel and Sephacryl， both of which are effective in the 
separation. [H] Metallic and semiconducting SWCNTs were found to be different in the 

adsorption constant. Thermodynamic analysis showed for the first time that the adsorption is 

endothermal reaction， i.e. entropy-driven. These resu1ts suggest the separation of SWCNTs 

using the hydrogels is accounted for by structural changes of coexisting SDS. 

Figure 1 shows a model for the adsorption of SWCNTs hydrogels 
SWCNTs onto the hydrogels based on the 

Langmuir isotherm that is expressed by one 

adsorption constant (め.U sing this model， the 
adsorption constant was obtained 白'om

measurement of the amount of adsorbed 

K 
+ 4一一令

どIH>0 尋

令2
房長

Fill. 1. Model for the adsorotion of SWCNTs onto 
SWCNE onto the hydrogels For both agarose hjlrogels kdmmtlmdiLrptionconstant 
gel and SephacIγ1， the constants for 

semiconducting SWCNTs were larger than that for 

metallic SWCNTs (Figure 2)， indicating that the 

semiconducting species interact more strongly with the 

hydrogels in equilibrium. Importantly， the constants 

increased with increasing temperature so that the 

adsorption was appeared to be endothennal reaction. In ;，，: 

other words， enthalpy for the adsoption is positive (A-l> E 

0). Because adsorption reaction has ordinarily negative 

enthalpy.ラ coexistingSDS should compensate the potential 

negative enthalpy with large positive entropy through its 

structural changes such as desorption or rearrangement. 
This is the first report of the thermodynamic analysis that 

provided new mechanistic insight into the interaction of 

SWCNTs with the hydrogels in SDS solutions. Such 

mechanism should work not only in the separation but 
also in the purification using the hydrogel columns. [4] 

3.20 

1fT (K
1
) 

Fig. 2. Adsorption constants of metaIlic 
and semiconducting SWCNTs onto the 
hydrogels at various temperatures. 

[1] T. Tanaka et al. Appl. Phys. Expr巳ss2， 125002 (2009). [2] A. Hirano et al. 1. Phys. Chem. C 115う 21723

(2011). [3] H. Liu et al. Nat. Commun. 2， 309 (2011). [4] A. Hirano et al. 1. Phys. Chem. C 116， 9816 (2012). 
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Highly pure semiconducting single-wall carbon nanotubes 

obtained by stable electric-field-induced layer formation 

。FusakoSasaki 1
ラ
KazukiIhara 1，三 TakeshiSait03， Fumiyuki Niheyl， 2 

1 Technology Resωrch Associationfor Single助 11Carbon N.αnotubes (日SC)，Tsukuba， 305-8565， Japan 

C Smart Energy ResωrchLαbor，αtorIes， NEC Corporation， Tsukuba， 305-8501， .f1αpω1 

3National Jnstitute ofAdvanced lndustrial Science and Technology (A1S刀，Tsukuba， 305-8565， Japan 

Since single闇 wallcarbon nanotubes (SWCNTs) are produced as a mixture of metallic and 

semiconducting ones by commonly-used synthesis methodsラ theyhave to be separated for 

electronic applications such as thin-film transistors. Furthermore， ion-free separation 

processes are preferable to enable the stable operation of electronic devices. We have 

proposed a method to separate metallic and semiconducting SWCNTs by electric回

field-induced layer formation (ELF) with a nonionic surfactant as a dispersing agent [1]. 

Previously， repeated ELF trea抗tm児entおshave been requiなredto obtain semiconducti凶ngS明WCNTs

(いsc肩-S

S民c-SWCNTsby u山1隠singa mod副if白ie吋dse叩pa訂ra坑ぬt“i叩oncell. Highly pure (up to 98%) sc-SWCNTs were 

obtained by a single step of ELF treatment. 
SWCNTs synthesized by chemical vapor deposition (diameter d = l.0， l.3 and 1.7 nm) 

were dispersed in D20 with 1 wt % of polyoxyethylene (100) stearyl ether (Brij700) by 
sonication and ultracentrifugation. The solution was introduced into a vertical glass cell with a 

pair of electrodes. The cell has an anode column and a cooling jacket to stabilize the 

formation of SWCNT layers. Samples were fractionated after the application of voltage at 120 

V for 190 hours. UV-Vis-NIR spectroscopy and Raman spectroscopy were conducted for each 

fraction. Photographs in Fig. 1 show the evolution of SWCNT solution (d =1.3 nm). Lower 

(semiconductor-rich) and upper (metal四 rich)layers were created and concentrated as time 

proceeded Raman spectra of separated samples (d = 1.3 nm) are shown in Fig. 2. Relative 

RBM intensities suggest that the purity of sc-SWCNTs (F1) is 98 %. Similar results were 

obtained for the samples with d = 1.0 and 1.7 nm. 

This work was supported by New Energy 

Organization (NEDO). 
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Fig. 2 Raman spectra of separated samples 

[1] K. Iharaラ狂 EndohラT.SaitoラandF. Nih巳y.1.Phys. Chem. C 115，22827 (2011). 
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A rosette cooling cell: more effective container for solubilization of 

single-walled carbon nanotubes under probe-type ultrasonic irradiation 

o Yuta Kurabuchi 1ぺTatsukiY asumitsu 1ぺGangLiu1
， Jean-Marc Leveque3， Shuji Aonuma

2
， 

Laurent Duc1aux3， Takahide Kimura1， Naoki Komatsu1 

1 Department 01 Chemistry， Shiga Universiか01Medical Science， Setα， Otsu 520-2192， Japan. 

2 Department 01 Applied Chemistη， Osaka Electro-Communication University， Neyagawa， 

Osaka 572-8530， Japan. 

3 LaboratorアザMolecularChemistry and Environment， University 01 S，αvoie， 73376， Le 

Bourget du Lac Cedex， France. 

Sonochemical process plays an essential role to manipulate nanomaterial in liquid phase in 

terms of deagglomeration and dissolution. In spite of its importance， the sonochemical 

processing of SWNTs has not been considered seriously. Herein， we report on a more 

efficient cooling cell for probe-type ultrasonication. As compared with a conventional 

cylindrical cell， the concentration of the SWNTs solubilized in water was found to be almost 

double in a rosette cooling cell after ultracentrifugation [1]. 

When the aqueous suspensions of HiPco were probe-sonicated in the presence of SC 

(sodium cholate) or SDBS (sodium dodecylbenzenesulfonate)ラ thesupematant from a rosette 

cell gave larger intensity of absorption than that from a cylindrical cell after 

ultracentri白gationas shown in Fig. 1. From 

the peak intensity in E
S 
11 and ES 

22 regionsぅ the

concentration of SWNTs in a rosette cell is 

estimated to be twice as large as that in a 

cylindrical cell. Upon dissolvation of other 

kinds of SWNTs such as CoMoCAT， a rosette 

cooling cell also showed much higher 

efficiency than a conventional cylindrical cell 

under probe-type sonication. 

[1] T. Yasumitsu， G. Liu， J.-M. Leveque， S. Aonuma， 

L. Duclaux， T. Kimura， N. Komatsu， Ultrason. 

Sonochem.， in press (10.10 16/j.ultsonch.20 12.06.009). 

Corresponding Author: N. Komatsu 

Tel: +81-77-548-2102， Fax: +81-77-548-2405. 

E-mail: nkomatsu@belle.shiga-med.ac.j 
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The simplest separation of single-chirality carbon nanotubes by 
temperature-controlled gel chromatography 

oHllaping Lilt，2，YaSIlkoUmbel，tTakeshi Tanakal，HiroIIlichi kataura l，2 

j Nanosystem Research lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 
Technology (AIS刀，Tsukuba， lbaraki 305-8562， Japan 

2 Japan Science and Technology Agency， CREST， Kawaguchi， Saitamα330-0012， Japan 

噂侍。附
O(附7日5引) 。M。M

0(7，6) 

0{8，6) 

diagram of single-chirality 

separation of SWCNTs by temperature-controlled 

gel chromatography. 

Utilizing single-wall carbon nanotubes (SWCNTs) in the fields of electronics and 
optoelectronics requires single-chirality SWCNTs with well-defined electronic properties， 
which drives scientists to pursue single-chirality carbon nanotube rnaterials. Recently， we 
developed a novel rnulti-stage gel chrornatography and realized large-scale single-chirality 
SWCNT separation [1， 2]， but this technique usually requires repeated separation to achieve 
high-purity single-chirality nanotubesラwhichis tirne-consurning and costly. 

Most recently， we found that ternperature could chirality-dependently tailor the interaction 
strength between the SDS-wrapped SWCNTs and allyl dextran-based gel. According to this 
new finding， we developed ternperature-controlled gel chrornatography， allowing the 
extraction of (n， m)-enriched fl‘action in a single-step separation process [3]. Lowering the 
separation ternperature chirality-dependently decreases the interaction between the 
SDS-wrapped SWCNTs and gel. When the 
separation ternperature is set at a low degree at 
which only (nj， mj) SWCNTs having the strongest 
interaction with the gel can be adsorbed， pouring 
SWCNT dispersion into the gel colurnns directly 
leads to the separation of the high-purity single 
species. Sirnilarly， another (的， m2) SWCNTs 
having the second strongest interaction with the gel 
could be sorted out at a slightly higher ternperature. 
In this rnanner， we sorted out seven (n， m) 

single-chiralities frorn the HiPco-SWCNTs at a 
series of ternperatures (Fig. 1). The rnain feature of 
this ternperature-controlled gel chrornatography is 
that ternperatures resolve (n， m) single-species， 
which drarnatically sirnplifies the separation 
process of single-chirality SWCNTs. In this reportラ

we will present additional interesting results on 
single-chirality separation of carbon nanotubes by 
ternperature-controlled gel chrornatography and 
also will propose a chirality-separation rnechanisrn. 

Schematic 
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[1]且 Liuet al. Nat. Commun. 2， 309 (2011). 

[2] H. Liu et al. Phys. Status Solidi B 248， 2524 (2011). 
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Evaluation of damage to SWCNTs during dispersion process in casein 
aqueous solution by using a wet圃 typesuper atomizer 

oTadashi Takashima1， Daisuke Inoue2， Yasushi Maeda3
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2ljVGF10-tech Division，YosJ1idokiKGi Co.LId，Tokyo 146-0093，Jαrpan 
Nαnoαnd Functional Materials and Science， Graduate School of Science and Engineering， 

3UF1ivenjoy tずToyαma，Toyama 930-8555， Japan 
Graduate School of Engineering， UniversiかofFukui，Fukui 910-8507， Japan 

Single-walled carbon nanotubes (SWNTs) have received much attention as promlSlng 

materials due to their mechanical and electronic properties. For their industrial applicationう

dispersion of SWNTs in water and organic media is important. For dispersing SWNTs， 

ultrasonication has been widely used. Since ultrasonication is too strong to disperse SWNTs 

without destruction and shortening of SWNTs， development of a method for dispersing 

SWNTs in water and organic media without destructive damages has been needed. 

In our previous work， we examined whether SWNTs can be dispersed in water containing 

proteinsラ caseinand bovine serum albumin (BSA)， by using a wet-type atomizer“NanoVater" 

(Yoshida Kikai Co. Ltd.). Since the Nanovater uses collision of solution under ultra-high 

pressure (max. 200 MPa) to disperse CNTs， the destruction of CNTs during dispersion process 

is expected to be reduced. Although casein was found to act as a good dispersant for 

SWNTs， the destructive damages of SWNTs in the dispersion process was not evaluated. In 

this work， we prepared casein-SWNTs dispersion solutions by using Nanovater and measured 

the Raman spectra ofthem to evaluate the destructive damages ofSWNTs. 

HiPco and CoMoCAT SWNTs (each 20 mg) were mixed with 40 ml of casein solution (5 

mg/ml) and the mixtures were treated by the NanoVater under pressures around 180 MPa. 

These treatments were repeated 500 times and 1 ml samples at 100 times intervals were 

withdrawn. The sample suspensions were centrifuged and the supematant was subjected to 

the Raman spectroscopic analysis. In the case of CoMoCAT SWNTs， no significant change 

in the G/D ratio of their spectra was observed during 500 times-repeated treatment. A 

comparison of the G/D ratio between the dispersion solutions prepared with the Nano Vater 

and the Sonifier (Branson) showed that the dispersion process with NanoVater can reduce the 

destructive damage to SWNTs. We wiU also report the influence of the treatment with the 

NanoVater on HiPco SWNTs and discuss a usefulness of the NanoVater for dispersing not 

only SWNTs but also MWNTs in aqueous media. 

仁orrespondingAuthor: Tadashi Takashima 
T巳l&Fax:+81-594-49-2255/+81-594-49司 2277

E同mail:takasima@yoshidakikai.co.j 
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Stability of N anかDiamondsas the Catalyst 

for CVD Growth of Single-Walled Carbon Nanotubes 

OTakanori Umino ¥Kenta N akamura 1ラ TaikiInoue 1， Norihiro Hiramatsu 1 

Shohei Chiashi 1， Y oshikazu Homma 2and Shigeo Maruyama 1 

1 Department of Mechanical Engineering， University ofToわ叫 Toわ10J J 3-865丘Japan
~ Department of Physics， Tokyo University of Science， Tokyo J 62-8601， Japan 

Structure control is still challenging topic in the research of SWNT growth. 

Controlling catalyst structure is one of the expected methods for structure control of 

SWNT人andcontrollable and stable catalyst particles at even high temperature are 

needed. Here， we perform CVD by using nano-diamond particles as the catalyst [1] and 

investigate the stabi1ity ofnano-diamond. To decrease diameter， nano-diamond particles 

were oxidized on silicon substrates in air at 600 or 800 oC before CVD. For comparison， 

Co/Mo catalyst prepared by using dip-coat process [2] was used. The catalyst stabi1ity 

was investigated by annealing treatment: one was annealed in Ar/H2 gas for 2 hours at 

900 oC before CVD and the other was not annealed. 

S¥¥t弓ぜTswere characterized by using TEM and Raman scattering spectroscopy. 

TEM image and RBM peaks ofSWNTs from nano-diamond are shown in Fig. 1. The 

G-band intensities of SWNTs from annealed Co/Mo catalysts were significantly smaller 

than those from non-annealed Co/Mo catalysts. In contrast， in the case of nano-diamond 

catalystsラtheannealing treatment effect did not appear in Raman scattering spectrum. It 

indicates that the diameter distribution of nano-diamond did not change after the 

annealing treatment， while Co/Mo catalysts 

aggregated and became larger particles. (A) 

Unlike Co/Mo catalysts， nano-diamond 

particles are quite stable at high temperatureラ

which would suggest that it is possible to 

control the detail structure of SWNTs by 

controlling nano聞 diamondstructure in 

advance. 一一 10 nm 轟轟"''*-''骨a陵町・園田・蚕

』
」
由
)

References: 
[1] D. Takagi， et al.， 1. Am. Chem. Soc.， 131 (2009) 
6922. 
[2] Y. Murakami， et a1.， Chem. Phys. Lett.， 377 
(2003) 49. 
Corresponding Author: Shigeo Maruyama 
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Fig.l (A) TEM image ofSWNTs grown 
from nano-diamond. (B) Raman scattering 
spectra (RBM peaks) ofSWNTs grown from 
nano-diamond particles. The oxidization 
treatment was performed at (A) 600 oC (B) 

800 OC and the CVD temperature was 800 oC. 
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Reaction analysis on CNT growth mechanism by eDIPS method 
using 13C carbon source 
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Among the various chemical vapor deposition (CVD) techniquesラ the

direct-injection-pyrolytic-synthesis (DIPS) method is excellent for the growth of carbon 

nanotubes (CNTs) in terms of its high yie1d and low production costs. Our group has reported 

various synthetic techniques with DIPS methodラ andthen proposed enhanced DIPS (eDIPS) 

method where the tube diameter distribution can be controlled gradually and selectively by 

simple tuning of injected two carbon source (liquid organic solvent and gaseous 

hydrocarbon)[l]. In order to further optimization of the CNT productionラ theclarification of 

the growth mechanism is extremely important. Recently we have reported the reaction 

analysis of the eDIPS growth in which efficient carbon precursors for the SWCNT growth has 

been investigated by the analysis of the gas-phase decomposition products from various 

carbon sources [2， 3]， laser ionization time-of-flight mass spectroscopy (TOF-MS) and 

CEMKIN simulation [3]. In this study， we report the results of the novel reaction analysis 

using carbon isotopes， that is， 13C labeled gaseous hydrocarbon and liquid organic solvent. 

Typical experimental procedures were carried out as repo巾 d;feedstocks were prepared by 

dissolving ferrocene into suitable 13C-labeled or non-labeled organic solvents and adding the 

appropriate amount of sulfur source as a catalytic promoter. Those feedstocks were injected 

into the reactor through the spray nozzle under H2/ Ar atmospheres. And as a second carbon 

sourceラ theappropriate amount of 13C司 labeledor non-labeled gaseous hydrocarbon was 

injected. Under a reaction condition using natural toluene (as a primary carbon source) and 

3C-labeled ethylene (as a secondary carbon source) at the ratio of 13C/12C= 0.36， the 

percentage of 13C in produced CNTs was evaluated to be 67% by the shift amount of G-band 

in the resonant Raman spectrum [4]. This result means that the preferential carbon source 

consumed for CNT growth is ethylene rather than toluene. The result of laser ionization 

TOF-MS in the gas-phase decomposition products also supported the preferential 

consumption of ethylene as the carbon source in the eDIPS growth of CNTs. 

This work has been supported by New Energy and Industrial Technology Development 
Organization (NEDO) project 

[1] T， Saito et al.， Appl. Phys. Express， 2 (2009) 095006. 

[2] B. Shukla et al.， Chem. Commun.， (2009) 3422. 
[3] B. Shukla et al.， Chem. Mateχ，22 (2010) 6035. 
[4] S. D. Costa et α1.， Cαrbon， 49 (2011) 4719. 
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Growth of Horizontally Aligned Single Walled Carbon Nanotubes: 
Effect of Catalyst Preparation and Crystal Quartz Surface 

oTaiki Inoue1
ラ
GraceMeikle1

へ
SaifullahBadar1， Daisuke Hasegawa¥Shohei Chiashi 1， 
Shigeo Maruyama 

1 

lDψαrtment of Mechanical Engineering， The University ofToわ叫 7-3-1Hongo， B聞かo-ku，
あわ叫 Japan

2 Department ofPhysics， University ofNot~e Dame， Notre Dame 46556， lndiana， 

United States 

Horizontally aligned single walled carbon nanotubes (HA-SWNTs) have been grown along 
a particular lattice direction on crystal quartz substrates [1-3). High-density arrays of 
HA-SWNTs are desired for the fabrication of high-performance electronic devices. In this 
studぁweexamined the effect of surface structure of quartz substrates and catalyst preparation 
methods on the growth ofHA-SWNTs. 

Several types of quartz substrates polished by different procedures were prepared and 

surface structures of the substrates were investigated by atomic force microscopy (AFM). We 
observed marks (or defects) caused by polishing processes on substrate surfaces and found 
that the number density of the polishing marks varied with different polishing procedures. 
Then HA-SWNTs were grown on the quartz substrates by the alcohol chemical vapor 
deposition method [4). Scanning electron microscopy (SEM) observation showed that 
misalignment of HA-SWNTs occurred more frequently on the quartz substrates with more 
polishing marks. This revealed that surface structures of quartz substrates due to different 
polishing procedures had a significant effect on the degree of alignment of HA-S¥¥弓..JTs.

Furthermore， we investigated the effect of catalyst preparation methods. Catalysts with 
stripe pattems were deposited on quartz substrates either by a dry process (vacuum deposition 
of cobalt) or a wet process (drop casting of cobalt acetate solution). It was found that the 
density of HA-SWNTs grown 合omthe wet process catalysts was reproducibly higher than 

that from the dry process catalysts. Figure 1 shows an SEM image of HA-SWNTs with a 
density of ~20 tubes/μm grown from the wet process catalysts. AFM observation revealed that 
the number density of nanoparticles 合omthe wet process was lower and the diameter 

distribution of that was broader than those from the dry process. Low density of catalysts is 
considered to reduce the possibility that adjacent SWNTs will form bundles in the catalyst 
area， causing their alignment to be disturbed. Additionally， we believe that the broad 
distribution of catalyst particle size allows for reproducible formation of nanoparticles with 
the appropriate size for SWNT nucleation independent of slight changes in the catalyst 
deposition condition. 

[1] C. Kocabas et al. J. Phys. Chem. C 111， 17879 (2007). 

[2] L. Ding et al. 1. Am. Chem. Soc. 130， 5428 (2008). 

[3] S. Chiashi et al. J. Phys. Chem. C 116， 6805 (2012). 

[4] S. Maruyama et al. Chem. Phys. Lett. 360， 229 (2002). 

Corresponding Author: S. Maruyama 
Tel: +81-3-5841-6421， Fax:十81・3-5800-6983

E-mail: maruyama@photon.t.lトtokyo.ac.jp

Fig.l SEM image of HA-SWNTs grown from 
cobalt catalysts prepared by the wet process on 
the quartz substrate with less polishing marks. 
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Pulse plasma CVD for mass production of narrow-chirality distributed 
single-walled carbon nanotubes 

oKoshi Murakoshi， Toshiaki Kato， Rikizo Hatakeyama， Toshiro Kaneko 

Department ofElectronic Engineering， Tohoku University， Sendai， 980-8579 Japan 

One dirnensional single-walled carbon nanotubes (SWNTs) are potential materials for 
future nanoelectronics. Since the electronic and optical properties of SWNTs strongly depend 
on their diameter and chirality， the selective synthesis of SWNTs with desired chiralities is 
one of the rnajor challenges in nanotube science and applications. Recently， we have 
demonstrated a narrO¥トchiralitydistributed growth of SWNTs by time-programmed plasma 
CVD [1]. In this rnethod， we used very short time growth ofSWNTs. Based on the systematic 
investigations， it has been revealed that there is a close correlation between incubation time 
(tD and SWNT structures. Since ti of the small diameter (or specific chirality) S¥¥明Tsis 
shorter than that of the larger (or other chiralities) one， selective growth of narrow-chirality 
distributed SWNTs has been realized by adjusting the growth time during plasma CVD. Due 
to the short growth time， however， only the srnall amount of narγow -chirali ty distributed 
SWNTs can be grown with this method. 

In this study， we imp戸1

strategy to realize the mass production of narrow-chi註ra計li託tydiおst仕n出bl凶l託tedS羽WNTsusing pu叫11s臼C 

pμla部srnaCVD. In the pulse plasma CVD， multiple short time growth of SWNTs can be 
possible by repeating the plasma generation. We used Co catalyst on Si02 / Si substrate and 
made the inductively-coupled plasrna 合ornmixture of CH4 and H2• In this system， we can 
easily control the time同 programmedplasma generation. In order to analyze the diameter and 
chirality， we used the Raman scattering spectroscopy. The amount of SWNTs was also 
estimated by the intensity of G-bandラwhichwas normalized by the intensity of Si. 

When we carried out the pulse plasma CVD for S¥¥乃.JTsgrowth， it is found that the amount 
of SWNTs increases with an increase in the total growth time. Interestingly， it is also revealed 
that the initial narrow-diameter distribution of SWNTs can be maintained even after the pulse 
plasma CVD. We think this is because that only specific diarneter or chirality SWNTs can be 
grown during each pulse of plasma CVD due to their very short ti・Thisresult indicates that it 
should be possible to realize the mass production of narrow心hiralitydistributed SWNTs with 
our established novel approach. 

[1] T. Kato and R. Hatakeyama， ACS Nano 4， 7395 (2010). 
Corresponding Author: K. Murakoshi 
Tel: +81刷22四 795-7046，Fax:十81-22-263-9225，
E白mail:murakoshi10@ecei.tohoku.ac.j 
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Separation of ultra-Iong single-wall carbon nanotubes 
using glass beads filtration 

oHiromichi Kataura， Mayumi Tsuzuki， Shunjiro F可ii，Takeshi Tanal正a

Nanosystem Research lnstitute (NRl)， National lnstitute of Advanced lndustrial Science and 
Technology (AIS刀，Tsukuba， lbaraki 305-8562， Jap仰

Safety test of nanomaterial is very important for its practical use in the industrial products. 
Especially in the case of single-wall carbon nanotubes (SWCNTs)， possible toxicity of 

SWCNTs longer than 10 μm is now hot issue， because macrophage cannot eat long SWCNTs. 
To see how the length affects the toxicity of SWCNTs， we have to prepare“long門 and“short刊

SWCNT samples for experiments. It is well known that the short SWCNTs can be easily 
prepared by strong ultrasonic treatment that can cut SWCNTs into short pieces. On the other 
hand， preparation of long SWCNTs is not easy because raw SWCNTs contain both short and 
long pieces. To get only long SWCNTs， we need to separate SWCNTs into short and long 

pieces. To date， however， there was no good way to separate SWCNTs longer than 10μm. 
We have developed a new column fi1tration method to extract ultra-long SWCNTs 

majority of which is longer than 10 μm. In this study， eDIPS-SWCNTs (Nikkiso) were used 
as a long SWCNT source and natural deoxyribonucleic acid (DNA) was used as a dispersant. 
After a mild dispersion， SWCNT/DNA aqueous solution was introduced into a column filled 

with glass beads with 100 μm in average diameter. Some SWCNTs were trapped in glass 
beads column while the other SWCNTs flowed through the column. After washing the 
column with water， glass beads were recovered with trapped SWCNTs. Figure 1 shows the 
length distributions of trapped and 
the flow through SWCNTs measured 
by atomic force microscopy. F or the 
trapped portion， SWCNTs longer 

than 10μm were highly enriched up 
to 65.8 % and short SWCNTs were 京50%

almost removed. On the other hand， 
the flow through SWCNTs shows 
similar length distribution to the raw 
SWCNTs but the abundance of long 
SWCNTs was considerably 
decreased. These results clearly 
indicate that the ultra-long SWCNTs 
were selectively trapped in the 
column. This selective filtration 
probably originated from attractive 
interaction between DNA and glass 
beads， which is often used to collect 
DNAs in the field ofbiology. 
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Figure 1. Length distribution of SWCNTs before and after 
the separation. 
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Synthesis of Carbon Nanomaterials Using Metallic Nanoparticles as 
Catalysts 

o Balachandran J eyadevan 1， Yukihiro Osada 1， Y oshinori Sat02 and Yuuki Sunayama 
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lDψαrtment 01 Materials Science， The University 01 Shiga Pr，φcture， Hikone， 522-8533， 
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Though sputtered metallic or alloy films with controlled grain size and composition have 
been used in CVD technique to synthesize carbon nanomaterialsラtheyundergo morphological 
change during the reaction and the degree of change depends on the reaction conditions and 
cannot be controlled easily. As a consequence， the properties of the carbon materials， which 
depend on the properties of the catalyst， cannot be designed. On the other hand， if metallic 
nanopartic1es can be used as catalyst， the control over their size during carbon nanomaterials 
synthesis can be controlled and would lead to the production of designed carbon material. 
Thus the feasibility of using iron nanopartic1es for the synthesis of MWCNTs and also the 
effect of partic1e size on their morphology has been examined. 

The synthesis of carbon nanomaterial was attempted using iron nanoparticles with different 
diameters as catalyst. The control over their diameters was attempted using iron particle 
dispersions with varying solid concentrations and treating the spin-coated iron particle 
monolayer on a silicon substrate at different reaction temperatures. And the products were 
characterized using SEM， TEM and Raman spectroscopy. The solid concentration of 
nanoparticle suspension and the reaction temperature inf1uenced the ultimate size of the 
catalyst that assisted the growth of MWCNTs. The diameter of the particles increased for any 
increase in solid concen仕ation(Fig. ] (a)) and reaction temperature (Fig. ] (b)). Consequently， 
the morphology of the nanotubes was inf1uenced very much by the size of the nanoparticles 
and the diameter of the nanotubes increased with any increase in the particle diameter (Fig. 1 
(c). The syntheses of magnetite nanoparticlesラ whichwere used as the source for the 
preparation of iron nanoparticle catalyst and also their inf1uence on the morphological change 
in carbon nanomaterials will also be discussed in detail. 

Fig. 1 The influence of particle concentration and reaction time on particle 
diameter and subsequent effect on M¥¥弓H diameter 
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The effect of CNHs adsorbed simvastatin on bone regeneration 
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3 Nanotube Reseαrch CenteηNationallnstitute of Advanced Industrial Science and 

Technology， Tsukuba， 305-8565， Japan 
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Purpose: Previously we reported that application of carbon nanohorns (CNHs) for guided bone 

regeneration (GBR) technique was effective on bone regeneration1). The pu中oseof this study is to 

evaluate the effect of CNHs adsorbed simvastatin on bone regeneration. 

Materials and Methods: One milligram of CNHs was dispersed in 5 ml of 50% ethanol solution. 

Simvastatin was dissolved in CNHs suspension， and it was fixed on porous 

polytetrafluoroethylene (PTFE) membrane by vacuum fi1tration (S-CNHs/PTFE). CNHs without 

simvastatin was also fixed on PTFE membrane (CNHs/PTFE)l). Bone defects of 7 mm diameter 

were created in calvarial bone ofmale Wistar rats (10-week-old). The animals were randomly assigned 

to 3 groups. The defects were covered with CNHs/PTFE membrane (NH groups) and S-CNHs/PTFE 

membrane (S-NH groups)， or left untreated for control (C groups). The rats were sacrificed at 2 and 8 

weeks after the surgeryラ andsoft x-ray radiographic and histological evaluation were carried out. 

Resu1ts & Discussion: In soft x-ray， NH and S-NH groups showed more radiopacity than those of C 

groups at 2 weeks. The radiopacity of S-NH groups was the most extensive among the three groups at 

8 weeks. In histological evaluation， new bone was formed in the center area in NH and S-NH groups， 

while bone formation from the only marginal area of the bone defects was observed in C group at 2 

weeks. At 8 weeks， newly formed bone in S-NH groups was larger than those in the other groups. The 

results suggested that CNHs might be the excellent carrier of simvastatin. 

Conclusions: It was concluded that CNHs adsorbed simvastatin was effective on bone regeneration 

for GBR technique. 

[l]Kasai T， Matsumura S， Iizuka T巴tal. Carbon nanohoms accelerate bone regeneration in rat calvarial bone 

defect. Nanotechnology 22，065102，2011 
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Biodistribution and biocompatibility of water-soluble carbon nanotubes 
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Recently， carbon nanotubes have received much attention for their potential applications to 
electric， mechanical， chemical and biotechnological fields. ln particular， many researchers 
have paid attention to the interactions of CNTs with living organisms or the environment. The 
assessment of the effects on the human body is an important problem facing the potential use 
of CNTs for biomedical applications， such as drug or gene delivaery systems， cancer tracking今

and tissue engineering scaffolds. However， the effects of CNTs on animals， living organisms 
or cells have not been investigated enough. Some of the numerous materials considered 
biocompatible at the macrolevel have shown toxicity in vitro when the particle size reaches 

the micro-/nano-leve1. In this study， we prepared two-types ofwater-soluble carbon nanotubes 
(CNTs) and investigated their biodistributionin mice as well as biocompatibility. After 
administration， their organs were excised at various post-injection times， then observed using 
both otpical and transmission electron microscopy (TEM). The color of the liver and lung 
markedly darkenedラ suggestingthat administered CNTs reached these organs. By TEM 
observation， the CNTs were found in the liver and lung. They were observed even in the 
kidney and spleen， though their distributions in those organs were accumulated in the liver 
and lung. However， the time profile of the body weight of CNT-administered mice was close 
to that of control group. In additionラ weestimated the cytotocompatibility ofthe water-soluble 

CNTs for hepatocytes and XXx. According to a TNF-αassay of the cells cu1tured with CNTs， 
the expression level was almost the same as that of the control. These resu1ts suggested that 
the water-soluble CNTs have good bio-/cyto-compatibility under this condition at least. 

S.Abe et al. Nano Biomed. 1ラ 143(2009) 
S.Abe et al. J. Australian Ceram. Soc. 46， 48 (2010) 
T. Takada， D. Santida and S. Abe， Nano Biomed. 2， 147 (2010) 
S.Abe et al. Jpn J. Appl. Phys. 50， 01B.T021 (2011) 
S.Abe et al. Physics Procedia， 14， 147 (2011) 
S.Abe et al. Mol. Cryst. Liq. Cryst.， 538， 258 (20 11) 
S.Abe et al. J. Surf. Sci. Nanotechnol. 9今 80(2011) 
S.Abe et al. J. Nanosci. Nanotechnol. 12， 700 (2012). 
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Dimensionality is one of the important factors to understand the optical properties of 

materials. The temperature dependence of photoluminescence (PL) intensity in single-walled 

carbon nanotubes (SWNTs) has been explained by characteristic temperature dependence 

(T
1
/
2
) of one dimensional (1D) excitons radiative decay rate [1]. 1n hole-doped SWNTs， not 

only the excitons but also the t1叩ns(charged exciton) play important roles to determine 

optical properties [2]. However， the dimensionality of trions， i.e. localized or delocalized is 
under discussion. 1n this study， we measured the temperature dependence of PL spectra of 

hole-doped SWNTs and discussed the dimensionality oftrions and excitons. 

The PFO dispersed CoMoCAT sample with efficient p-type dopant F 4 TCNQ， was used for 
hole-doped SWNTs [3]. 1nset of Fig. 1 shows the PL spectra ofhole-doped SWNTs at 5、150，
and 250 K. The trion PL peak around 1 e V almost does not changeラ whilethe exciton PL peak 

around 1.16 eV increases drastically below 100 

K. Figure 1 shows the tempera知redependence _ 1.4 

of PL intensity of trions (black filled squares) 主
and excitons (gray open circles). The behavior と
of temperature depende即 eof the PL intensity き1

IS ml凶 differentbetween the excitons and コ
traions. The invariable behavior of trion PL a.. 

可3
ω 
N 

intensity is explained associated with the 

radiative decay rate of localized (OD) states that 

is independent of temperature [4]. On the other 

hand， the increase of exciton PL intensity at low 

temperature reflects 1 D nature. These results 

strongly indicate the different dimensionality of 

excitons and trions in the hole-doped SWNTs. 
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Fig. 1 Temperature dependence of normalized 
PL intensities of trions and excitons. lnset shows 
the PL spectra at 5， 150， and 250K. 

[1] 1. B. Mortimer and R. J. NicholasラPhys.Rev. Lett. 98， 

027404 (2007). 
[2] R. Matsunaga， K. Matsuda， and Y. Kanemitsu， Phys. 
Rev. Lett. 106，037404. (2011). 
[3] S. Mouri and K. Matsuda， J. Appl. Phys. 111ラ094309(2012). 
[4] J. Feldmann， G. Peter， E. O. Gobelラ P.Dawson， K. Moore， C. Foxon， and R. J. Elliott， Phys. Rev. Lett. 59， 
2337 (1987). 
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The evaluation of aggregation and agglomeration of CNT solution has been one of a 
serious problem in the CNT community. Currently， direct-imaging techniques such as 
transmission electron microscopy (TEM)， scanning electron microscopy (SEM)， and atomic 
force microscopy (AFM) are most commonly used to characterize the average dimensions of 
CNT. However， these methods can often suffer from certain disadvantages originated 企omthe 
conditions of samples， since samples should be dried and fixed on a substrate or grid in the 
most case of these techniques. The results obtained thus do not necessarily ref1ect the in situ 
morphology and state of aggregation of CNT in solution. Moreover， there is a strong 
possibility of interaction between the sample and the substrate (grid) that can affect 
aggregation and resolvability. For these reasons， the establishment of bulk evaluation 
protocols in solution phase by spectroscopy or other techniques is strongly required. 

Here we introduced a simple method based on depolarized dynamic light scattering 

(DDLS) performed at multiple scattering angles to characterize the size and morphology by 
monitoring the rotational diffusion and the translational diffusion， and compared results with 
the statistics obtained by TEM image analysis. We examined three types of multiwall carbon 
nanotube; MWNT made by arc-discharge method， MWNT made by CVD method， and 
tangled MWNT made by CVD method. It was found that we can easily estimate the shapeラ

aspect ratio， and size of dispersed CNT by DDLS method， and that the results were almost 
consistent with the TEM image analysis. We also employed laser light scattering (Mie 
scattering) and Coulter counter techniques. The detailed analysis will be discussed in the 
symposmm. 
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vibrational (RBM) is 

SWNT， because it is possible to uniquely assign the chirality to an 

and 

lmportant 町lOstof the one mode Radial breathing 

modes of an 

determining its frequency 

comparing with theoretical calculations. It is known that ωRBM does depend on local 

environment around a tube [1]， but the nature of interaction between an SWNT and 

by and intenslty， ωRBM by SWNT individual 

the environment remains to be elucidated. 

In this study， we investigate effects of water vapor on RBM of SWNTs using 

molecular-dynamics (MD) simulation in the NVT ensemble. Figure 1 A shows the 

simulated RBM of the (a) (13，0) SWNT in vacuum and (b) (13，0) SWNTs wrapped 

by water molecules. The RBM frequency of the (13，0) SWNT in vacuum was f=222 

cm-lラ andit up-shifted by 11f:::;+7 cm-1 in the water vapor. Our MD  result is ln 

excellent agreement with the experimental result in Fig.1 B. Moreover， we revealed 

that the blue shift of RBM is caused by forming a condensed state of water on the 

“hydrophobic" carbon nanotube surface at room temperature. The condensed state 

consists of lateral hydrogen bonding of water molecules confined in the weak van 

of the the underlying 

condensed state of water on an SWNT surface will be discussed in the presentation. 
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Chemical functionalization of carbon nanotubes (CNTs) has been studied by many re-

serchers to improve their solubility and electrochemical properties. Although X-ray photo由

electron spectroscopy (XPS) is one of the suitab1e too1s for quantitative analysis of the sur聞

face composition and functional groups， it is di面cu1tto evaluate the functional groups of the 

CNTs quantitatively because C ls spectrum of CNTs shows an asymmetric line shape [1]. 

In this study， we conducted a quantitative evalu-

ation of functionalized single-walled carbon nan-

otubes (SWNTs) by XPS using a peak fitting pro-

cedure. 

Figure 1 shows the (a) C 1s and (b) 0 1s spec-

tra of a SWNT functionalized with carboxylic acid 

groups， purchased from sigma-aldrich， together 

with the results of the curve fitting. A pseudo 

Voigt function (a sum of a Lorentzian and a Gaus四

sian) was used for the curve fitting， while a C-C 

peak of a highly oriented pyrolytic graphite (HOPG) 

was used to reproduce the C-C(CNT) peak because 

C 1s peak of the HOPG composed of graphene 

sheets also shows asymmetric line shape. A nar-

row main peak obserbed at 284.2 e V is assigned to 

C-C of the SWNT and the peaks obserbed at 290.8， 

288.6，286.3，532.9， and 53l.4 eV were assigned to 

a shake-up satellite， O=C-O， C-O， O-C， and O=C 

groups， respectively [2]. Results of a quantitative 

analysis of all elements are reported in Table 1. This 

indicates that the SWNT functionalized with car-

boxylic acid groups contains about 4 % of the O=C四

o bonds and about 3 % of the C-O bonds. This is in 
good agreement with the compositions of O. 
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Tilting of Dirac cones and vernier spectrum 
in finite-Iength metallic single-wall carbon nanotubes 

o Wataru IzumidaラYukiTatsumi， Riichiro Saito 
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Fig. 1 (a)， (b) Energy bands for M回 S¥¥明Tsaround the Fermi 
energy. Inset in (a) shows tilted Dirac cones near the K point 
for (4，4) S¥¥明T. (c) Vemier structure of quantized energies 
with two different level spacings peaks from 1eft and right 

sides， for LNT二 100nm (6，6) SWNT. 
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Theory of electronic Raman scattering in metallic 

single wall carbon nanotubes 

o Eddwi H. Hasdeo， Ahmad R. T. Nugraha， Kentaro Sato， and Riichiro Saito 

Department of Physics， Tohoku Universiが Sendai980-857~Japan

lnelastic (Raman) scattering of light is a remarkable tool for studying elementary excitations in 

condensed matter systems. Although a lot of features that appear in the Raman spectra of carbon 

nanotubes are mostly related to the phonon Raman scattering processヲ therehave been some studies 

which showed that electronic Raman scattering could also give a significant contribution to the Raman 

spectra [1]. Recently Farhat et al. [2] reported the first observation of the ERS feature in metallic 

single wall carbon nanotubes (M-SWNT). The ERS feature with a broad shape (100cm-1
) is observed 

at the transition energy Mi (ith van Hove singularity energy of a M-SWNT)， which is independent of 

the incident laser energy and the ERS feature does not observed for semiconductor SWNTs. The 

low-energy Raman shift indicates that the incident laser light is scattered by excitation of electron-hole 

pair within the linear energy band， which is confirmed by changing the Fermi energy [2]. However， the 

electron-hole pair creation in the metallic linear band is optically forbidden due to the vanishing 

electron-photon matrix element [3]. The electron聞 holepair can be excited by electron-phonon 

interaction which is known as the Kohn anomaly effect [4]， but the electron-phonon interaction can 

be ruled out since the ERS feature has no corresponding phonon mode. Thus， the reasonable candidate 

to explain ERS is by an energy-momentum transfer between the photo-excited carrier and the 

electron-hole pair at the linear energy band via the Coulomb interaction. In order to describe the ERS 

spectra， we ca1culate the exciton-exciton matrix elements， which describe the transition probability of 

the excitation of the electron-hole pair creation， using the tight-binding approximation [5]. From this 

calculation， we found that the first-order ERS process vanished for q = 0 momentum though the 

electron-electron interaction as a function of q becomes the maximum at q O. We argue that the 

vanishing exciton-exciton matrix element at q = 0 is due to the wave function symmetry. Therefore， 

we now have to consider second-order process which may contribute to the ERS feature in MSWNTs. 

[1] T. P. Devereaux and R. Hackl， Rev. Mod. Phys. 79ラ 175-233(2007). 

[2] H. Farhatetal.， Phys. Rev. Lett.l07， 157401 (2011). 

[3] A. Gruneis et al.， Phys. Rev. B 67， 165402 (2003). 

[4) K. Sasaki et al.， Phys. Rev. B 78， 235405 (2008). 

[5] J. Jiang et al.， Phys. Rev. B 75， 035407 (2007). 
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Excitonic effects on coherent phonons in single wall carbon nanotubes 

o Ahmad R.T. Nugraha1， Gary D. Sanders2， Christopher J. Stanton
2
， Riichiro Saito
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'Department 01 Physics， Tohoku Universiが Sendai980-8578， Japan 
2D々partment01 Physics， University 01 Florida， Florida 32611-8440， USA 

U1trashort laser pulse pumped to a single wall carbon nanotube (SWNT) sample can induce 

photo-excited carriers which appear at the same time in the excited states of the SWNT. Before 

recombination of the electron-hole pairs， the lattice starts vibrating coherently in the same phase， 

which is known as coherent phonon spectroscopy. The most easily observed coherent phonon modes 

in SWNTs are the so-called radial breathing mode， in which the tube diameter and the ribbon width 

can initially expand or contract depending on their types and excitation energies [1・2].Previously we 

have developed a microscopic theory for the generation and detection of coherent phonons in S¥¥明Ts

within an extended tight binding mode1 and effective mass theory [3-5]. We found that such expansion 

and contraction simply originate from k-dependent e1ectron-phonon interaction in SWNTs. However， 

a1though the coherent phonon theory within electronic picture already described some features of the 

coherent phonon phenomena in SWNTs， we sti11 neglected the presence of excitons in SWNTs which 

have a strong binding energy even at room temperature [6]. Due to this白ct，the previous work could 

not explain the coherent phonon spectra lineshape which shows symmetric double peaks at the 

transition energies [1]. Instead， the calculation shows asymmetric double-peaked spectra [3]. 

Furthermore， excitonic effects should also give the Gaussian-1ike driving force in the real space 

instead of the constant driving force considered previously. Therefore， we modify the coherent phonon 

equation motio11 by inc1uding the spatial dependence based 011 a periodic Gaussian structure. The 

equation of motion now becomes a wave equation with a defined driving force，合omwhich we can 

solve for the osci11ations amplitudes. We then suggest that the generation of coherent phonons in 

S¥¥明Tsis actually due to the coupling of excitons and phonons with all wavevectors along the tube 

cutting line， not only a single zero phonon wavevector as considered in the previous work [3]. 

[1] J.-H. Kim et al.ヲ Phys.Rev. Lett. 102，037402 (2009). 

[2] Y.-S. Lim et al.， ACS Nano 4ラ 3222-3226ρ010).

[3] G. D. Sanders et al.， Phys. Rev. B 79ラ 205434(2009). 

[4] A. R. T. Nugraha， G. D. Sanders， et al.ラ Phys.Rev. B 84ラ174302(2011). 

[5] G. D. Sanders， A. R. T. Nugraha， R. Saito， C. J. Stanton， Phys. Rev. B 85， 205401(2012). 

[6] J. Jiang et al.， Phys. Rev. B 75，035405 (2007). 
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Thermoelectric Power of Metallic and Semiconducting Single-Wall Carbon 

N anotube Buckypaper 

o Kazuya Honda 1， Yusuke N akai 1， Kazuhiro Yanagi 1， Yutaka Maniwa 
1
，2 

1 Department 01 Physics， Graduate School 01 Science and Engineering， 

おかoMetropolUω1 Universi帆おか0192-039スJapan

2 JST， CREST， K，ωvaguchi， 332-0012， Japan 

Thermoelectric power (TEP) is very sensitive to band structure at the Fermi energy and can 

in principle distinguish a metal or semiconductor. Previous studies on TEP of single-wall 

carbon nanotubes (SWCNTs) were mainly performed in buckypaper and indicate unusual 

behavior such as a large value (~50μV/K) at room temperature， metallic tempera旬re

dependence， and great influence of oxygen molecules [1][2]. Howeverラ theseTEP studies 

have been done on buckypaper with an uncontrolled mixture of metallic and semiconducting 

SWCNTs. TEP of separately-prepared high司 puritymetallic and semiconducting SWCNTs thus 

remains unc1ear. 

Recent progress of separation techniques by using density gradient ultracentrifugation 

enables us to obtain buckypaper of separated metallic and semiconducting SWCNTs [3][4]. 

We measured TEP of three sheets of buckypaper with different metallic-semiconducting 

SWCNT ratios. These samples with an average diameter of ~ 1.4 nm were made by an arc 

discharge method. We confirmed the good separation between metallic and semiconducting 

SWCNTs by means of optical absorption as shown 

in Fig. 1. 

We found that TEP of semiconducting SWCNTs 

is 10 times larger than that of metallic S羽TCNTsat 

room temperature. Details on our experimental 

results as well as discussion on possible origin of 

the large TEP will be shown. 

[1] J. Hone et al.， Phys. Rev. Lett. 80， 1042 (1998). 

[2] K. Brad1ey et al.， Phys. Rev. Lett. 85，4361 (2000). 
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(2008). Mll and S22 indicate the optical transition of the 
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Electrostatic Potential of Hydrogenated Finite-length Carbon Nanotubes 
under an Electric Field 

oAyaka Yamanaka， Susumu Okada 

Graduate School of Pure and Applied Sciences， University ofTsukuba， Tennodαi， Tsukuba 
305-8577， .l!αpαn 

In this decade， carbon nanotubes are attracting much attention due to its possible 
application for semiconductor electronic devices in the next generation. Therefore it is urging 
us to unravel fundamental properties of carbon nanotubes under an electric field for designing 
and fabricating nanotube-based electronic devices. In our previous work， we elucidate that 
capped carbon nanotubes nonuniformly screen the extemal electric field. The screening 
strongly depends on the local atomic arrangement due to the inhomogeneous charge 
distribution ansmg from the bond altemation induced by the pentagonal ring at caps of 
nanotubes. In the present work， we study the electronic structure of finite-length carbon 
nanotubes with the open ends which are terminated by hydrogen atoms to unravel the effects 
of the caps of nanotubes. 

All calculations are performed by using the density functional theory. To express the 
exchange correlation potential between interacting electrons， we apply the local density 
approximation. We use an ultrasoft pseudopotential to describe the interaction between 
valence electrons and ions. The effective screening medium (ESM) method is applied to 
investigate behaviors of carbon nanotubes under the electric field in the framework of the 
first-principles calculations. 

We study the electronic properties of hydrogen-terminated finite-length armchair and 
zigzag nanotubes with 7爾 angstromdiameter under an electric field of which direction is 
parallel to the tube axis. We analyze the electrostatic potential on each C atomic site to 
uncover how the electric field affects 
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on the electronic properties of the 
carbon nanotubes. Although the 
pentagonal rings associated with the 
nanotube-cap are absent， we find that 
the electrostatic potential also strongly 
depends on the atomic site as in the 
case of capped nanotubes (Fig. 1). 

The fact indicates that the 
structure-dependent screening against 
the extemal electric field is essential 
for any carbon nanotubes irrespective 
to their edge morphology. 
Furthermore， in the zigzag nanotubesラ

we find that the unusual screening 
against the extemal field associated 
with the peculiar edge localized state. 

Fig.1 E1ectrostatic potentia1 in armchair carbon nanotubes. 
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Analysis of Operation Mechanisms of SWNT Network Field-Effect 
Transistors Studied via Scanning Gate Microscopy 

oMasahiro Matsunaga1
， Xiaojun Wei1
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1
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ラ
KojiIshibashi3

ラ
YuichiOchiai1 and Nobuyuki Aoki
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1 Graduate School 01 Advanced Integration Science， Chiba University 

1-33 Yayoi， Inage， Chiba 263-8522， Japan 

2 Department 01 Electrical Engineering， University at BujJalo， SUNY 
BujJalo， New York 14260-1920， USA 

3 Advanced Device Laboratoη， RIKEN， 2-1 Hirosawa， Wako， Saitama 351-0198， Japan 

Carbon nanotubes (CNTs) have been regarded as one of the rnost fascinating rnaterials for 

scientific researches and industrial applications because of their potential for high-speed 

electronics due to the high electron velocity in CNTs and for flexible electronics due to their 

elasticity [1]. Field effect transistors (FETs) whose channel is cornposed of a network of 

single wall carbon nanotubes (SWNTs) have also been studied for the practical applications. 

Scanning gate rnicroscopy (SGM) is one of techniques for local transport characteristics in 

serniconductor nano-structures and it has also been applied for SWNT FETs [2]. In the SGM， 

a tip of atornic force rnicroscope (AFM) is used as "a rnobile point gate" and a change of the 

source-drain current is stored as the SGM irnage [3]. 

In our study， we have applied the technique for the study of SWNT network FET to 

deterrnine the rnechanisrn of the FET operation in the channe1. Two kinds of SWNTs， 

synthesized by CoMoCA T⑧ process and serniconductor enriched ones by density gradient 

ultra-centrifuge separation rnethod (DGU)， were used in this study. Clear SGM responses are 

observed at inter-tube junctions in a network of CoMoCAT SWNTs. This would be 

corresponds to that the Schottky junctions forrned with rnetallic and serniconducting SWNTs 

in the network and they would play an irnportant role in the FET operation. In case of a 

network using serniconductor enriched SWNTs by DGU， rnultiple rings are observed in the 

SGM irnages suggesting an existence of discrete energy levels at roorn ternpera旬re.We will 

discuss on the di宜erenceof the operation regimes in these SWNT networks and on a realization of 

high-perfonnance FETs. 

[1] Q. Cao et al.， Na同re454 495 (2008). 

[2] D. Bozovic et al.， Phys. Rev B 67， 033407， (2003). 

[3] X. Wei et α1.， Jpn. J. Appl. Phys. 51.04DN05 (2012). 
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Photoluminescence Excitation Spectroscopy of Carrier-Doped 

Single-Walled Carbon N anotubes 

oNaoto Akizuki 1， Munechiyo Iwamura 1ラ ShinichiroMouri 1ラ YuheiMiyauchi 1，三 and
Kazunari Matsuda 1 

21IF1Mitttte QfAd1YGF1cedEnergy，めoω University，句i，Kyoto 611-0011， Japan 
Japan Science and Technology Agency， PRESTO， 4-1-8 Honcho， 1<，ωllaguchi， Saitama 

332-0012， Japan 

Carrier-doped single-walled carbon nanotubes (SWNTs) have been of great interest 

as nearly ideal one-dimensional (1D) electronic systems for the investigation of 1D 

many body physics and optoelectronics applications including LED and photovoltaic 

cells. Especially， stable charged excitons called as trions have been recently discovered 

in hole-doped SWNTs [1]. The application of trions for spin manipulation has been 

expected because of their non-zero spin and charge. However， the formation mechanism 

of trions has not been clarified yet. It is therefore important to clarify the mechanism 

and efficiency oftrion formation in hole-doped S¥¥弓..JTs.

Here we studied photoluminescence (PL) excitation (PLE) spectra of hole-doped 

(7，5) SWNTs probed at the trion PL. SWNTs (CoMoCAT) were dispersed with PFO in 

toluene. Hole-doped SWNTs were prepared using F 4 TCNQ as p-type dopant. The inset 

in Fig. 1 shows PL spectra of pristine and hole-doped SWNTs. The peaks around 

1.01eV indicated by arrows have been 

assigned to trions [1]. Figure 1 compares 

the PLE spectrum probed at the trion PL 

with the absorption spectrum. We found 

that the intensity ratio of the E22 peak to 

the Ell peak in the PLE spectrum is 

smaller than that in absorption spectrum， 

indicating that the quantum yield of the 

trion PL depends on the excitation energy. 

Based on these observationsラ thetrion 

formation mechanism will be discussed. 

[1] R. Matsunaga et al.， Phys. Rev. Lett. 106， 

037404 (2011). 
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E-mail: akizuki.naoto.88x@st.kyoto-u.ac.jp 
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Coherent AC  Transport in Metallic Carbon N anotubes with Disorder 

oDaisuke Hirai1， Takahiro Yamamot02ラ SatoshiWatanabe 1 

21 D々partmentof Materials Engineering， The University ofTo付。
Department of Electrical Engineeringαnd Liberal Arts， ToかoUniversiかofScience

Metal1ic carbon nanotubes (M-CNTs) are potential candidates for interconnects in 

next-generation ultra-high-frequency electronic devices， owing ωtheir larger allowable 
current density and higher carrier mobility than those of conventional materials. Recent 

theoretical research on the AC response exhibited that inductive response become prominent 

with the CNT length [1]. In order to c1arify the influence of defect， we analyzed the AC 

response of M-CNTs with a single atomic vacancy， and found that capacitive response is 
induced by electron scattering by the vacancy level [2，3]. However， we have not yet 

understood the influence of disorder on the AC response， which is known to affect 

significant1y the DC transport properties [4]. 

2.0再~ーよー In出lSS印dy，we analyzed influence of disord町
「\~------ぺJ--()-吋 on the AC response of M-CNTs. For cωalcωu叫la叩tin時g 

1叶6可f~ -li-ト W恥=斗G引1仇 i a刈袖d出ml
1.4l- ¥ Lノ司 4

~ i1岨 function method within the nearest-neighbor 
1.2ト 」¥ →ト凶刊号内 イ

l oiXL]e  …~ n-orbital tight-binding approximation and 

o討はR~ ~ wide-band limit approximation [1-3]. We focused 

川山~~ 1 on sub-THz frequency 時 ime， where the 
O.4L一一一」一 一羽 admittance，Y (ω)， can be expanded as Y(ω)こ

o 200 400 600 800 1000 
1400P----一←- 一「一一一ァ'¥'1 GDC + iEhω. Here GDC， E， and ω are the DC 

~1200トゲif~~ conductance， t批heemi 

∞側州O叶卜仁人いすLい-，一一dじT ¥/〆Y 一 1 AC bias voltage， respectively. In our 幻叩slm山mu叫山山la加a剖幼tio∞nラ 白e
三1守r剖T忠引!計lドlndl山nd叫1吋山d仇L

τ ;お出山 r/ゲ〆~ I ~ I ::; W， where Vi and W are localized 仰 tential
¥j 200~ d七 atith carbon atom in M -CNT and strength of 

誌 Or--二一二二ユ斗1以よ止コ唱唱桔仏ミq噌宅=喧笠己丘ここ…ご;二二一工;ニ一土:明ご了了アアアf咽…………'駒……匂巾一柵一'蜘一…………可叩一一一制一一…噂欄一aωe
之却仰OωO叶fドCa叩叩捌脚apacl伊阿附閃a凱討ねClゴi山U出山vc 弘 1 一J dependence of t批heD町Cconductance and emittance at 

-400L-Mo  the Fermi level averaged over 10ラ000samples. The 

DC conductance d世rasは叩ti民ca叫llyde∞cr印'eaωse凶swith CNT 
L (い何凶nm

Fig. 1. CNT-le己ngt偽hdep 巴叩nd巳nc 巳 of the DC length in the case of W = 0.5 eV. This is because 
conductance (upper panel) and emittance of Anderson localizationラ and the estimated 
(lower panel) of a (10，10) MぐNT. localization length is 597 nm. The emittance 
Go = e2jh is the conduιtance quantum. behavior， on the other hand， changes drastically 

with the strength of disorder. This phenomenon is 

attributed to the competition between the inductive response related to the kinetic inductance 

[1 J and the capacitive resp 
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Electronic States in Flattened Carbon Nanotubes 
with E百ecti討ve-圃.Mas路sA pproximation 

o Takeshi N akanishi 1
う
andTsuneya And02 

1 Nanosystem Rcscarch Institute， AIST， Japan 

2 Depaltment of Physicsフ TokyoInstitute of TecJl1l010gy， Japan 

Flattened carbon nanotubes are new kinds of quantU11l wires topologically different fro11l 

the conventional wires fabricated at se11liconductor heterostructures. The fiattened carbon 

nanotubes are distinguished fro11l single wall carbon nanotubes by inter-l句引 couplingsin 

a collapsed region. The purpose of this study is to show electronic states of the fiattened 

carbon nanotubes with sy11l11letry considerations. 

The fiattened carbon nanotubes consist of fully collapsed region with layer spacing of 

3.3A and curved regions. The fully collapsed 町 gionis a bilayer grapheneぅ whereasone of 

the curved regions is a part of a carbon nanotube or a 11l0no-layer graphene. The fiattened 

carbon nanotubes are obtained through such way that inner tubes are extracted fro11l 11lUlti-

wall carbon nanotubes by vigorous sonication with wアatercontaining surfactants. TEM 

observation of ther11lally treated graphite show that the zigzag and ar11lchair edges are 11l0st1y 

closed between adjacent graphene 1ayer and the bi1ayer graphene often exhibits AA stacking. 

Both ends of the bi1ayer graphene is continuously connected to the mono-layer graphenes 

at straight boundaries with zigzag and armchair atomic structure in a model of the乱attened

carbon nanotubes. vVe consider AA and AB stacking in the bilayer graphene.Boundaryア

conditions between the mono-laJァerand bilayer graphene are derived in an e妊ective-mass

schemc. The results show that the envelope function in the 10wcr 1ayer of the bilayer graphene 

is continuous1y connected to mono-layer grapheneう asωcpectedう butthe condition in upper 

laycr sensitive1y depends on the edge structure and mixes the K and Kう valleysat the 

ar11lchair strncture and does not at the zigzag structure. 

Double Dirac cones repu1se each other due to the inter-1ayer interaction in the bilayer 

graphene with AA stacking and are corresponding to bonding and anti-bonding bands. The 

inversion symmetry of the bilayer graphene with AA stacking holds in the presence of the 

curved regions of the fiattened carbon nanotubes. 

Thusう thebonding and anti-bonding bands 

does not mix in the fiattened carbon nan-

otubesぅ asshown in Fig. 1. Finite width of 

the fiattened carbon nanotube shou1d possess 

discrete wave vector corresponding to stand-

ing waves typical of a confined quantum p紅白

ticle as the case of graphene ribbons. Edge 

states are shown by b1ue lines‘ and are qual-

itatively different from that in the graphene 

ribbons. 

Fig. 1: Calculated energy dispersion of 

AA stacking graphene with zigzag bound-

ary in tight-bindi時 mode1(red lines) and in 

effective-mass scheme (b1ack and b1ue li即 s). 
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Optical properties of ultrathin single-wall carbon nanotubes 

o Toshiya Nakamura1， Yasumitsu Miyata1， Eri Inukai
1
， Ryo Kitaura

1
ラ

Hiromichi Kataura2ぺHisanoriShinohara 1 

1 Department of Chemistηl， Nagoya University & Institute戸rAdvanced Resωrch， 

Nagoya 464-8602， Japan 
2Nanosystem Research Institute， AIST， Tsukuba 305-8562， Japan， 3JST-CREST 

The curvature of C-C bonds in sing1e-wall carbon nanotubes (SWCNTs) p1ays an 
important ro1e in their e1ectronic structure. The recent ca1cu1ation resu1ts based on the density 
function theory show that the band gaps of ultrathin nanotubes with high curvature tend to 
posses much narrower va1ues than these based on the zone-fo1ding approximation [1]. 
However， this prediction has not clarified yet experimentally so far due to the 1ack of 
avai1ab1e samp1es of u1trathin nanotubes. To overcome this issue， we have deve10ped an 
efficient process to prepare samp1es containing SWCNTs with diameter around 0.5 nm [2]. 

Here， we report the spectroscopic characterization of ultrathin SWCNTs by using optica1 
absorption， Ramanラ photo1uminescence(PL) spectroscopy. In the present samp1esラ PLpeaks 
appear at 701 and 723 nm under light excitations at 412 and 539 nm， respective1y， as shown in 
Fig.1. These peaks are unambiguous1y assigned to the PL of (4，3) and (5，3) SWCNTs from 
the resonance Raman spectra (Fig. 1 b) together with the empirica1 Kataura p10t [3]. 
Resonance Raman spectra a1so indicate the presence of another ultrathin nanotubes with a 
chira1 index of (7ラ 2)in the present samp1es. Interesting1y， an emission peak of (7， 2) tubes has 
never been seen at the predicted energies even under resonance excitation. In the presentationラ

we will discuss the optica1 properties of these u1trathin semiconducting SWCNTs. 

(a) 600 

E e 550-
ー“

五g 500 
G 〉

偲2450 。
事EEU= 』 柑 O

700 750 320 360 400 440 

Emission wavelength I nm Raman shift I cm-1 

Figure 1. (a) A photo1uminescence counter map and (b) resonance Raman spectra at 
700 nm， 633 nm and 532 nm excitations of separated samp1es. 

[1] K. Kato and S. Susumu， PIiσ'sica E. 43，669 (2011). 
[2] T. Nakamura et al.， The 42th FNTG General Symposium. 

[3] R. Weisman et al.， Nano Lett. 3， 1235 (2003). 
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N on-linear and N on-planar Free Thermal Vibration of Single-walled Carbon 

N anotubes in Molecular Dynamic Simulation 

Heeyuen Koh， James Cannonラ ShoheiChiashi， Junichiro Shiomi and Shigeo Maruyama 

Department ofMechanical Engineering， The University ofTokyo 
7-3-1 Hongo， Bunkyo幽ku，Tokyo 113岨 8656，Japan 

Phone: +81ふ 5841-6421E-mail: maruyama@photon.tル

Vibration of suspended and cantilevered carbon nanotubes has been studied for electronic 
circuits such as transistor， mixer and sensors and in mesoscopic quantum theory. Recent1y， it is 
reported that the power spectrum of the企eethermal vibration of cantilevered single walled 
carbon nanotubes (SWNT) can be well expressed by Euler beam and Timoshenko beam theory 
and the portion of the energy which can be explained by the continuum mechanics among the 
total thermal energy is about 97 percent [1， 2]. 

We observed that the cantilever beam motion is non planar and has beating and 
bifurcation in NVE condition using molecular dynamics (MD) calculation. As the reason ofthis 

nonlinear motion， we found constant strain along the tube axis in both armchair and zigzag 
S\\乃~Ts at 50K and 300K. Based on this conditionラ wecan apply the nonlinear continuum beam 
equation [3] which can consider the mode coupling in different direction. The analytical 
solutions of this nonlinear equation are integrated using Galerkin method and Krylov-

Bogoliubov-Mitropolski (KBM) method. Some similarities of MD  calculation and nonlinear 
continuum theory in Poincare map are found as shown in Fig. 1， and this theory shows having 
couple of beating企equencyaround 1 sl mode cantilever motion is unavoidable. 
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Fig.1. Poincare map ofthe cantilevered 8 nm (5，5) SWNT at 50 K. The trajectory is come from the tip location. (a) 
MD calculation and (b) N onlinear Continuum theory. 

Reference 
[1] E. H. Feng and R. E. Jones， Phy. Rev. B， 81，125436 (2010). 

[2] E. H. Feng and R. E. Jones， Phy. Rev. B， 83，195412 (2011). 

[3] C.-H. Ho， R. A. Scott and J. G. Eisley， Joun. Soun. Vib.， 47ラ333(1976). 
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Electrical current behavior at CNT -SiC interface 

o Masafumi lnaba 1
ラ
MegumiShibuya1， Kazuyoshi Oohafa

1
， Takumi Ochiai

1
九
YoshihoMasuda

2
， 

l Atsushi HiraiwaラMichikoKusunoki"" Hiroshi Kawarada' 
S.choolofScienceαnd Engineering， wtωedαUniversity， ToわiO169-8555， Japan 
L Eco Topia Science Institute， NagoyαUniversity， Aichi 464-8603， Japan 

1. Contact resistivity of CNT 
To app1y carbon nanotube (CNT) to electron devices， metallic properties of CNT forest as e1ectrode 

can be app1icab1e企0.1)1nal}o size via structure of Si-ULSI to 1arge meta1 contact of SiC powcr̂Oevice. 
Dense1Y~irown (~1012 cm'2) CNT has been rea1ized by remote p1asma CVD (RPCVD CNTi1ヱl.CNT 
synthesized with.siC ~ux~ace decomposition method (CNT on SiC) exhibits the most densely packed 
CNT forest (~1013 cm.2i3，4l. Comparing RPCVD CNTand CNT 01;，1 SiC using conductive atomic force 
microscopy (c-AFM)， very 10w contact resistivity of ~5x lO'~ Qcm

L has been exhibited. Here we report 
the measurement and eva1uation of Au electrode deposited CNT on SiC e1ectric properties. 
2. AFM current mapping of CNT forests 

CNT on SiC is synthesized on th~ C-face (0001) 
on幽 axisn-type 4H-SiC substrate C:-)O'L Qcm) with SiC 
surface decomposition methodlO，"J. This CNT is 

10" 

10" 

doub1e-wall dominant， dense1y a1igned (~10U cm'L
). Au ~ .n21 

100 nm/ Ti 30 nm is sputtered on CNT forest as top E IU 

e1ectrode. CNT on SiC s乱u巾bs抑t仕ra瓜tei臼sf五lxe吋dusing conductive s 叩n仰四

paste (Agθ)ラ andcurrent-voltage proper討出tiesare observ吋-ved 主 目山

》

Wl江th2-probe n悶 t由hod. .~ 1ぴ
R 3. Electrical current behavior of CNT-Si仁interface ;又

CNT on SiC I-V curve shows rectification at CNT-SiC 
interface which stems from the Schottky barrier 
formation. Since SiC has low resistivityラ CNT-SiCcontact 
is expected to have a Schottky barrier thin enough to form 

10" 

Silicon 

Carbon 

600 

Depth (nm) ohmic contact by tunneling. Fig.I shows the secondary 
ion mass spectroscopy (SIMS) result on SiC and CNT 
S紅白ce.During the SiC surface deposition in high 

Fig.l Nitrogen density by SIMS 

tempera加reannea1ing， the nitrogen (donor) in SiC 
decomposition region is pi1ed up and donor in bu1k 
substrate is out diffused to SiC-CNT contact region. 
From the current-voltage re1ationship， the cun百 ltva1ue is 
~ 1 IlA at 16 m V app1ied by c-AFM probe (~φ10 nm)， 
while ~6μA by Au e1ectrode deposition (~φ100μm)， 
Even though the Au electrode contacting area is ~ 1 Od 
times 1arger than that of c-AFM， current va1ue is on1y 
severa1 times. Generally， 1atera1 conductivity of CNT 
forest is 10wer than horizonta1 conductivity. However， the 
early ideally packed CNT causes the 1atera1 conducting 

paths.h case of c-AFM(Fig.2)，conducting path spreads Fig2 
to the comparab1e size of Au e1ectrode (~φ100μm). 
Conducting paths of Au e1ectrode deposition (Fig.3) a1so 
spreads， yet the spreading ratio is respective1y small. 
CN 

-112 -

Fig.3 

Current paths in case of using 
c-AFM(φ10nm) 

~<Dl00μm 

Current paths in case of Au 
electrode (φ100μm) 
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Raman Imaging Spectroscopy of Horizontally Aligned Single-Walled 
Carbon Nanotubes on Crystal Quartz 

o Saifullah Badar， Daisuke Hasegawa， Taiki Inou久 ShoheiChiashi， Shigeo Maruyama 

Depαrtment of Mechanical Engineering， The University ofToわ帆おわ叫 113-865丘Japan

Horizontally Aligned Single Walled Carbon-Nanotubes (HASWNTs) hold great promise for 

印刷refield effect transistors (FET)， high frequency transistors and other semiconductor 
electronic devices. Crystalline quartz substrates with several different surface cuts have been 

shown to give near perfect horizontal alignment of the nanotubes. This alignment of 

nanotubes on the substrate is driven by interaction between the nanotubes and quartz crystal 

lattice [1]. Recent Raman spectrographic studies have shown that the nanotubes grown on 

these substrates show clear up-shifts in the G-band of the spectra [2]. These up-shifts have 

been hypothesized to stem from compressive strain along the axis of the nanotubes [3]. 

In this studyラ wehave used line scanning Raman spectroscopic imaging to study the G-band 

shifts of HASWNTs. The presence of both kinds of nanotubes， i.e. nanotubes with Raman G-

band up-shifts and without up-shifts， were observed to exist simultaneously on the same 

substrate. Also， the G-band intensity for the unshifted nanotubes was higher than a typical 

nanotube with G-band up-shifts. The interaction with the substrate affects the intensity of the 

Raman G-band peaks. 
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Fig 1: (a)， (b) and (c) show the Raman G-band intensity image ofthe same area for peaks at 1591cmー¥1613cm一l

and 1621cm-1 respectively. (d) shows the G-band peak intensity and position for the brightest nanotube. 

[1] Xiao 1. et a!， Nano Lett. (2009) 9ラ4311.

[2] Ding L. et al， Nano Res (2009) 2ラ903.
[3] Oze1 T. et al， ACS Nano (2009) 3， 2217 
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Fabrication and characterization of individually suspended DWCNTs 

oTomoya Kitagawa
1， Ryo Kitaura1ラYuheiMiyauchi

2， Yasumitsu Miyata
1
， Kazunari Matsuda

2 

and Hisanori Shinohara
1 

1 Department of Chemistη & Institute for Advanced Resωrch， Nagoya University， Nagoya 
464-8602， JIαrpan 
2 Institute for Chemical Resωrch， Kyoto Universiか，巧i，めJoto611-0011， Japan 

The physical properties of carbon nanotubes (CNTs) strongly depend on their structure: chirality， defects 

A free-standing individual double-wall carbon nanotube (DWCNT) is an ideal and the number of walls. 

system to investigate how the number of walls， namely the layer-layer interaction， affects the properties of 

In this study， we have focused on fabrication of free-standing individual DWCNTs devices and CNTs. 

investigated the correlation between their structure and optical transitions using transmission electron 

microscopy (TEM) and Rayleigh scattering spectroscopy[l]， respectively. 

Suspended DWCNTs devices were prepared by using chemical vapor deposition. Briefly， Co and Mo 

bimetal catalyst nanoparticles were deposited onto pre-fabricated substrate possessing electrodes and a 

penetrating slit of ~ 1 0 μm x 1.5 mmラ whichwas followed by alcohol catalytic chemical vapor deposition 

Figures 1 and 2 show a TEM image and (ACCVD) at 1173 K using ethanol as a carbon source. 

TheTEM corresponding electron dif仕actionpattem of a suspended DWCNT bridged between electrodes. 

image clearly shows that the suspended CNT is surely a DWCNTラ whichis consistent with the observed 

Based on the electron diffraction pattem， we have determined that the electron diffraction pattem. 

Fi思lre3 shows a Rayleigh scattering DWCNTs have chiral indices of(41，1)/(25，12) or (42，1)/(25，13). 

spectrum of a suspended DWCNT showing several peaks arising from optical transitions between the 

In the presentationラ detailsof the device preparation and further van-Hove singularities of each layer. 
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analyses of diffraction pattern and Rayleigh spectrum will be discussed. 

Fig. 2 Electron di飴actionpattem of a 

suspended DWCNT. 

[1] M. Y. Sfeir， et al.， Science 306， 1540 (2004). 
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Crystal structure analysis of MWNT forests 

oHiroshi Furuta1
，2， Akimitsu Hatta1

，2 

2l  Electronic GF1dphotonic砂'stemsEngineering， Kochi UniversiかofTechnology， 

Institute for Nαnotechnology， Kochi University ofTechnology， Kochi， 782戸 8502，.fcαrpan 

Carbon nanotube (CNT) forests， vertically a1igned high-density CNTs grown on substrates， 
attract researcher 's attention because their excellent properties of 1arge surface areaラ

uniformity in 1engthラ anda1so the possibility in mass-sca1e production in wide1y spreading 
CNT app1ication fie1ds. It is known the unique and outstanding functiona1 properties (physica1， 
chemica1ラ e1ectrica1，and optica1 etc.) of carbon nanotubes (CNTs) are directly derived from 
their unique nano-sca1e structures， such as (a) high-density fie1d emission current ofpattemed 
emitter using a high-density CNT forest， (b) anisotropic e1ectrica1 conductivity oOf 
horizontally p1aced /grown CNTs on substrates， and (c) anisotropic optica1 absorption for 
vertically a1igned CNTs grown on substrates. Thusラ detai1edcrysta1 structure ana1ysis of the 
CNT forests is quite important and has been desired to improve the functiona1 properties 

(inc1uding physica1ラ chemica1，e1ectrica1 and therma1 and so on) of CNT forests. 
We reported a nove1 crysta1 structure ana1ysis method [1] for the vertically a1igned MWNT 

forests by 28χ/中scanningcross-sectiona1 XRD measurements， in which crysta1 structures 
(1ayer numberラ alignment白ctor，and d002 inter1ayer spacing) of the MWNT forests inc1uding 
their statistica1 composition were obtained. In the report [1]， the estimated 1ayer numbers of 
MWNTs in the MWNT forests were consistent with the distribution of the layer numbers 
observed by TEM， and the alignment factor derived from the XRD spectra showed good 
agreements with the cross-sectiona1 SEM images. Analysis of the cross-sectiona1 XRD， SEM 
and Raman spectroscopy of the MWNT forests of various structures， grown with various 
conditions， will be discussed in this presentation. 

Figure 1 shows 28χ/中XRDspectra of the therma1 CVD M¥¥明 Tforests grown at various 

temperatures. The 28χ/中ang1esof the d(002) peak were reduced with decreasing the growth 
temperatureラ whichmeans the increase of d(002) spacing ofM¥¥明Tsin the forests. 

We be1ieve the cross-sectiona1 XRD method， which revea1 the statistical information of the 
crysta1 structure (1ayer number， alignment factor， d002 inter1ayer spacing) of MWNT forests， 
will be a powerfu1 and convenient too1 to improve the functiona1 properties ofMWNT forests 

for the future e1ectrica1， mechanica1， chemica1， optica1 applications. 

[1] H. Furuta et a1，“Crysta1 Structure Ana1ysis of 
Multiwalled Carbon Nanotube Forests by Newly 
Developed Cross-Sectional XRD Measurement‘'， Appl. 
Phys. Express 3，105101 (2010). 
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Web site: hiroshifuruta.wordpress.com 
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Photovoltaic Properties of Single-Walled Carbon Nanotube/Silicon 
Heterojunction Solar Cells 
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LHitachi Zosen Corporation， 2-2-11 Funamachi， Taisho， Osaka 551-0022， Japan 

J Japan Science and Technology Agency， PRESTO， 4-1-8 Honcho Kawaguchi， Saitama 

332-0012， Japan 

Carbon nanotubes have attracted a great deal of interest for photovoltaic applications due 

to their excellent physical and electronic propertiesラ inc1udinga band gap that is widely 

tunable by controlling the tube diameter and high carrier mobility along their one-dimensional 

axis [1-3]. Recently， the heterostructures of carbon nanotubes and Si have been extensively 

studied to realize highly efficient photovoltaic cells. However， the roles of the single-walled 

carbon nanotube (SWNT) network and Si layer in the photovoltaic processes are not well 

understood. Thus， the photovoltaic properties of SWNT/n-Si solar cells should be understood 

in detail to improve their conversion efficiency. We report the photovoltaic properties of 

SWNT /n-Si heterojunction solar cells [4]. 

Figure 1 shows the photovoltaic conversion efficiency ηof SWNT/n-Si solar cells as a 

function of transmittance T of the SWNT network film at 550 nm wavelength. The inset 

shows current density-voltage (J-V) characteristics of a typical SWNT/n-Si cell under light 

illumination. The photovoltaic conversion 

efficiency strongly depends on the thickness of the 

SWNT network and shows a maximum value of 

2.4% at the optimized thickness of T~60%. The 

mechanism of photovoltaic conversion based on 

the results from the incident photon to charge 

carrier efficiency spectra and detailed analysis of 

current-voltage curves using the equivalent circuit 

model wil1 be discussed in the presentation. 

[1] Z. Li et al.， ACS Nano 3ラ 1407(2009). 

[2] L. Pang et al.， Nanotechnolo幻i21， 105203 (2010). 

[3] J. Yi et al.， Nano Lett.， 11，1901 (2011) 

[4] D. Kozawa et al.， Appl. Phys. Eξp. 5，042304 (2012). 
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Micl・o・fabricationof stretchable and robust interconnects of 

conductive CNT rubbers on a stretchable substrate 
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Stretchable and robust conductors are key and inevitable elements in the 

development of wearable and ambient electronicsラ whichhave many potential applications in 

biological devices， robotic skins， wearable displays and power-generating systems. The 

conductive rubber composed of single walled carbon nanotube (SWNT) and fluorinated 

copolymer is one of the promising materials as elastic conductor for these applications with 

its mechanical stretchability and robustness. 

In this study we succeeded in the micro-fabrication ofthe conductive CNT rubber on 

the polydimethylsiloxane (PDMS) substrate by combining lithography technique and transfer 

process. This process is advantageous to implement the conductive CNT rubber interconnects 

into the integrated circuits containing the transistors， capacitors and/or sensors of 

nano-materials and organic materials. 

We deposited thin and flat film of conductive CNT rubber on Si substrate with 

thickness of approximately 15 f.lm by spray coating of buckey ge1. In the filmラ SWNTshows 

the configuration like trunks of a tree enabling simultaneous realization of a rubber-like 

mechanical properties and electrical conductivity. To achieve the surface flatness enough for 

conformal resist coatingラ thefilm is hot-pressed by mirror-like finishing plate. Then， 

micro-patteming process is carried out on the Si02/Si substrate to prevent the process damage 

to a rubber substrate. The conductive CNT rubber is pattemed by reactive ion etching with 

oxygen plasma. Finally the pattemed conductive CNT rubber is transferred to a rubber 

substrateラ inwhich PDMS is spin-coated on the pattemed structure followed by immersion in 

KOH aqueous solution to dissolve Si02 and Si substrate. 

The fabrication process established here could be a key technology to realize the physically 

adaptable and durable integrated circuits with the conductive CNT rubber as interconnects. 
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Optimizing dispersion structure of SWNT 
for high electrically-conductive rubber composites 

oHowon Yoon1， Motoi Yamashita1， Seisuke Ata1， Motoo Yumura1ぺKenjiHata1，2 
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Carbon nanotubes (CNTs) have a wide range of potential applications in many industrial 
areas due to their outstanding electrical and mechanical properties. Ever-increasing interest in 
applying CNTs in many different fields has led to continued efforts to develop dispersion 
technique. To employ CNTs as effective reinforcement in composites， proper dispersion has to 
be guaranteed. However， single-walled carbon nanotubes (SWNTs) are supplied in the fonn 
ofheavily entangled bundles， resulting in inherent difficulties in dispersion. 

This research investigates that the effects of various dispersion methods such as high shear 
flowラultrasonicationand milling， on morphology of SWNTs and their interactions in the fluid 
phase. Furthermoreラ itis demonstrated that the relation between SWNT dispersion and the 
electrical property ofSWNT/rubber composites. 

The dispersibility and bundle exfoliation of SWNTs have been quantitatively evaluated 
using Raman spectroscopy， laser diffraction and zeta-potential measurement. It was found that 
the dispersion state of SWNTs for higher electrical property of rubber composites containing 
10 wt% S\\弓~Ts is dependent on decreasing the particle size of SWNTs and increasing G/D 
ratio and the value of zeta-potential (Fig.l). Especially， the dispersion by High-pressure 
jet-mill and Nanomizer shows the enhanced electrical conductivity compared to other 
dispersion methods. The results indicate that these two techniques are effective to minimize 
the shortening of SWNTs and fonn debundled mesh structure， leading to higher electrical 
conductivity. 
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Electrically conductive elastomers or rubbers have a variety of applications such as 
electro-magnetic shielding， vacuum sealing and in f1exible electronic devices. Previously， we 
reported high performance conductive rubber with long and high aspect ratio single wall 
carbon nanotubesラ synthesizedby water司 assistedchemical vapor deposition， denoted as 
“supergrowth" (SG-SWNT). 

In spite of several advantages of such SG-SWNT conductive rubber， its industrial mass 
production was an important issue to be solved. While the technological challenges for 
SG-SWNT mass production has been addressed through a pilot plant (production capacity of 

100g/h)， a similar process for SG-SWNT/rubber (resin) composites needed to be established. 
Here， we demonstrate such a scalable process for mass production of conductive SG-SWNT 
/rubber (resin) composites， with a specially designed extrusion set-up. 
Matrices such as rubber and resin are kneaded with SG-SWNT， insider the extrusion set-up， 

followed by their molding into desired shapes. Versatility of this process allowed for forms 
ranging from sheets to tapes and blocks to be白bricatedwith the SG司 SWNT/rubber(resin) 
composite. Furtherラ theshape-formability is limited only by the shape of the mould. To 
achieve this， the rotation blades of the extruder were custom-designed to avoid scission and 
damage of long， high aspect ratio SG-SWNT. Further， molding conditions such as blade 
rotation speed (rpm) ， temperature and duration were optimized for each matrix (f1uorinated 
rubber and polyurethane rubber). 
The resulting SG-SWNT/rubber composites showed identical electrical conductivity and 

elasticity compared to its smaller counterparts made by wet， laboratorγ-scale processes. Thus， 
easy scalability is established without loss of functionality. In addition， the conductivities of 
SG-S¥¥明 T/日uorinatedrubber are 100-times higher than similar composites made with other 
conductive 日llers (carbon-black， multi-wall carbon nanotubes and single-wall carbon 
nanotubes). Thusラ weare able to retain the advantage of SG四 SWNTsand establish a mass 
production protocol for SG-SWNT rubber composites. 

iむ今
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Ion-Gel Transistors on Thick Films in a Single Chiral State 

of (6，5) Single-Wall Carbon Nanotubes 
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2
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Recent progress of separation techniques enables us to get metallic， semiconducting or single chiral 

SWCNTs [1]. Semiconducting SWCNTs have better heat durability and chemical stability than organic 

materials， and flexibility than inorganic materials. Therefore it is of great importance to investigate 

semiconducting char・acteristicof SWCNTs for development of a next-generation flexible electronics 

devices. Transistor performance of SWCNTs is significantly influenced by the morphology ofthe SWCNTs 

network. Thus， it was difficult to find out the intrinsic semiconducting property caused by the electronic 

structure of SWCNTs. 

ln recent years， however， by using ion gel as gate dielectrics， a carrier control of all the SWCNTs that 

served as the channel was achieved. As a resultラ itis known that the FET characteristic reflecting the 

density of states of SWCNTs tend to appear. In the previous researchラ themixed chiral state of 

semiconducting SWCNTs was used. In this research， in order to investigate relationships between intrinsic 

characteristic and FET performance， we used a thick film ofhigh purity (6ラ5)single chiral SWCNTs which 

were obtained by gel separation and density gradient ultracentrifugation. 

CoMoCAT S065 SWCNTs were used as a starting 

material. We separated the (6，5) chiral by combination of 

gel chromatography and density gradient ultracentri向gation.

We formed a thick film of (6，5) SWCNTs (the thickness was 

approximately 600nm) as a channel. After that， an ion gel 

was put on it as gate dielectrics. Then we measured its FET 

characteristics. 

Figurel shows the transter characteristics ofthe FET. The 

on/off current ratios were good， approximately 104. The 

highest carrier mobility was 46 cm2V-1s一

[1] H. Liu et al.， Nature Commun. 2， 309 (2011)， M. K品Wal

el aし1.Am. Chem. Soc. 134，9545 (2012). 
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Synthesis and Electrical Conductivity of Polymer/CNT Composite 
Using the Reaction Injection Molding (RIM) Method 
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Polymer/CNT composite combines the advanced mechanical property of polymer and the 
outstanding electrical and thermal conductivities of the carbon nanotubes (CNT). The 
fabrication of polymer/CNT composites has been carried out via three processes， i.e.ラ dry，wet， 

and in situ polymerization. Because of the fact that all these processes have their strong and 
weak points， it is necessary to develop new processes for the mass production of highly 
functional and low cost polymer/CNT composite materials. 

We have recent1y reported that the electrical conductivity of the polymer/CNT composite 

could be remarkably improved through the enhancement of the π田 πstackinginteraction 

between CNT surfaces and the conjugated C-C double bonds located in the main chains of the 
cyclic olefin polymer synthesized from the in situ ring opening metathesis polymerization in 
the organic solution.1 On the other hand， we have also found that the CNT percolation 
network in the polymer/CNT composite might be controlled via adjusting the size and shape 
of the polymer composite particles synthesized from the in situ emulsion polymerization in 
the aqueous solution.2 Although the presence of solvents in the fabrication of polymer/CNT 
composites effectively improved the homogeneous dispersion of CNT into the polymer 
matrixes， it is a costly and energy consumed process. This work thus reports our recent results 
on the development of a very simple and efficient process for the fabrication of the 
polymer/CNT composite based on the reaction injection molding (RIM) method wherein the 
costly solvent removal process was absolutely omitted. 

A typical fabrication process of the polymer/CNT composite using RIM method is shown 
in Fig.l. CNT used in this work is the supergrowth CNT (SGCNT)， and polymer is the cyclic 
olefin polymer (COP). The significant difference between the RIM and the other fabricating 

methods is that SGCNT is directly dispersed into a highly reactive 
cyclic olefin monomer liquid instead of a polymer matrix. As soon 
as the monomer/CNT liquid and catalyst are mixed and injected 
into the mold cavity at elevated temperatures， a polymerization 
chemical reaction will occur to form a completed polymer/CNT 
composite product which was then directly collected from the 
mold without any further treatments. 

In order to improve the homogeneous dispersion of CNT into 
the monomer liquid， we have develope 

ι副

Fig.l: RIM fabrication process of 
po1ymer/CNT composit巴

;HTB叫工Nagamune;M.Shigeta; M.Uejima， POかmerPrepr帆 Jap札 制61，No.l， 1225，2012 
H.T.Ban; T.Nagamun巴;M.Shigeta; M.Uejima， The 42"d Fullerene.色村wnotubes-GrapheneGener，αl 砂mp.，p.155， 2012. 
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Fabrication of biotin-labeled double-walled carbon nanotubes for a 

specific biosensor 
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Double-walled carbon nanotubes (DWNTs) have attracted a great deal of attention in 

their specific optical properties and possible technological applications in various fields 

because of the possession of advantageous features of both single-walled carbon 

nanotubes (SWNTs) and rnu1ti-walled carbon nanotubes (MWNTs)， such as electrical 

properties and therrnal and rnechanical stabilities. Recently we reported the fabrication 

of a novel field effect transistor (FET) type biosensor with a high sensitivity using 

D¥¥乃.JTs，the outer wall of which was rnodified by chernical oxidation. The FET -type 

biosensor using DWNT achieved the u1trasensitive detection for 250aM bovine serurn 

alburnin (BSA) solutionラ inspite of the unspecific substrate. In order to gain 

u1trasensitive biosensor for “specific" substrate， the present study airns to produce 

biotin四 labeledDWNTs， which are allowed to specifically react with avidin. 

DWNTs were oxidized by rnixture of sulfuric acid and ni仕icacid (3: 1) to create 

carboxyl groups on their surface. The oxidized DWNTs are then allowed to react with 

5-(biotinarnido )pentylarnine through amine coupling using l-ethyl-3-(3-dimethylarnin 

opropyl) carbodiimide hydrochloride (EDC) and sulfo-NHS 

The obtained DWNTs were measured by Fourier transforrn infrared spectroscopy 

(FTIR) to structure of the DWNTs， examined the reactivity with avidin by 

isotherrnal titration calorimetry (ITC). This study suggested the possibility of producing 

an u1trasensitive biosensor for specific substrate using biotin-labeled DWNTs. 

*Corresponding Author: Hirofumi Yajima 
Tel:十81-3四 3260-4272(ext.5760)，Fax: +81-3-5261-4631， 

E-mail: yajima@rs.kagu.tus.ac.jp 
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Labeling of mannose to acid-treated double-walled carbon nanotubes 
for a sensitive and specific biosensor 

oShuhei TakesueラAkihiroKuno， Koji Tsuchiya， and Hirofumi Yajimaキ
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1-3 Kagurazaka， Shinjuku-ku，おか0162-8601，Japan 

Double-walled carbon nanotubes (DWNTs) are expected to apply ultrasensitive biosensors 

based on field-effect transistors (FETs) because of their superior electrical properties. In the 

present study， for specific FET-type biosensorsラ weprepared the mannose-labeled DWNTs 

through an EDC尽~HS amine coupling method. 

The preparation process consists of the following two steps. (1) DWNTs were oxidized by 

mixture of sulfuric acid and nitric acid (3: 1 ratio) to create carboxyl acid groups on their 

surfaces. (2) The modified carboxyl acid groups were activated by l-ethyl-3-(3-dimethyl 

aminopropyl)-carbodiimide hydrochloride and N-hydroxysuccinimide (NHS) to form NHS 

esterラwhichis allowed to react with the amine group of p-aminophenyl mannose. 

The functional groups on the DWNT 

surface were characterized by Fourier 

transform infrared abso中tion(FTIR) 

spectroscopy. Figure 1 shows the FTIR 

spectra of p-aminophenyl mannose 

and mannose-labeled DWNT. Fig.l 

confirms that the amine group of 

p-aminophenyl mannose and the 

carboxyl group of DWNTs were 

coupled to form an amide bond. Now 

we are trying to detect the amount of 

concanavalin A specifically bonded 

with the mannose groups of D\\弓~Ts.

3800 3400 3000 2600 2200 1800 1400 1000 600 

Wavenumber (cm-1) 

Fig.l FTIR spectra of (a) aminophenyl mannose and 

(b) mannose-labeled DWNT. 
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Formation of homogeneous and high density thin-film of 

single-wall carbon nanotube by dip coating 
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Single-wall carbon nanotubes (SWCNTs) have great potential to fabricate thin and highly 
transparent 2D material. Especially， the semiconducting SWCNTs (s-SWCNTs) can be 
applied to thin film transistors (TFTs). However， their commercial use has not been realized 
yet because of the difficulties in controlled， reproducible assembly of SWCNT thin films. We 
reported the preparation of s-SWCNT thin films for TFTs by drop coating method [1]. 
However， it was difficu1t to control the concentrations of sur白ctantand SWCNTs because the 
method includes evaporation process， resu1ting not only poor reproducibility of SWCNT 
density but also high inhomogeneity due to coffee stain effect. In this study， we fabricated thin 
films by dip coating which does not include evaporation process. This method enabled us to 
control the concentration of SWCNT and surfactant. We investigated the concentration 
dependence to know the optimum condition to get the high density individual SWCNT 
network that suits for high performance TFTs. 

We prepared twelve kinds of solutions compnsmg different combinations of the 
concentrations of SWCNT (0.1ラ 0.2，0.4 mg/ml) and sodium deoxycholate (0.1， 0.25， 0.5ラ l
wt%). The 3-aminopropy1triethoxysilane functionalized Si02/Si substrates were dipped in 
these solutions for one day. Then the substrates were immersed in water to remove the 
remaining surfactant. 
Figure 1 shows the atomic force microscopy images of the thin films. The density of 

SWCNTs was greatly influenced Surfactant 
by the concentrations of the 1 wt'うも な5wt協 な25

SWCNTs and sur白ctant. The 
high density thin films were 
obtained when the surfactant 
concentration was low and the 
SWCNT concentration was high. 
When the SWCNT density was 
too highラ however，the thick 
bundles were observed. In the 
presentation， transport properties 
of these thin films and variability 
of the devices will be discussed. 

[1] S. Fujii et al. Phys. Stat. So1. B 248 

(2011) 2692 
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Fig.l AFM images of the thin films formed 
from twelve different concentration solutions 
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Conduction-Type Control ofCarbon Nanotube Field-Effect Transistors by 
Pd and Ti Overlayer Doping 
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Carbon nanotube field-effect transistors (CNTFETs) have been expected to be applied for 

the complementarγlogic circuit， and therefore both the p-and n-type CNTFETs are required. 

In order to implement n-channel CNTFETs， the CNTFETs with Al overlayer was reported [1]. 
This was explained by the doping effect of the Al overlayer. In this study， we propose the 

conduction-type control of the CNTFETs by charge transfer from metal overlayers with 

different work functions (Pd (世=5.1eV) and Ti (ヂ4.4eV)) deposited onto the side surface of 

the CNT channelラ asshown in Fig. 1. 

The graphitic carbon (G幽 C)contacts were used to study the doping effects (Fig. 1)， since 
the CNTFETs with G-C contacts were confirmed to show ambipolar behaviors [2]. The 

conduction properties of the devices were measured in the nitrogen-gas filled glove box after 

baking the fabricated devices in vacuum without exposure to air. 

The device without overlayer showed p“dominant ambipolar behavior (Fig. 2(a))， as 
reported previously [2]. On the other hand， the device with Pd overlayer showed the 
p-channel behavior (Fig. 2(b)). In contrast， the device with Ti overlayer showed 1トchannel

behavior (Fig. 2( c )). 

These results can be explained based on the energy-band diagrams of each device as 

follows. The energy band of the device without metal overlayer can be drawn as shown in 

the inset of Fig. 2(a)ラ takinginto account the Fermi level of the G-C contacts [2]. On the 

other hand， in the case of the device with Pd overlayer， the electrons are expected to transfer 
from the CNTs to the Pd overlayer due to the larger work function of Pd as compared to the 

CNT (o=4.8 eV). That is， hole doping in the CNT. This makes the barrier height for 

electrons higher than that for holes (inset of Fig. 2(b )). In the case of the device with Ti 

overlayer， the electrons are expected to transfer from the Ti overlayer to the CNTs due to the 
smaller work function of Ti as compared to the CNT. That isラ electrondoping in the CNT. 
This makes the barrier height for holes higher than that for electrons (inset ofFig. 2(c)). 
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Fig. Schematic of the Fig.2 ID-VGS characteristics and schematic energy-band diagrams of the 
CNTFET with meta1 overlayer. CNTFETs (a) without overlayer， (b) with Pd overlayer， and (c) Ti overlayer. 
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Switchable thermal conductivity enhancement of phase change composites 
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Thermal energy storage using phase change alkanes is often employed in waste heat recovery， 

solar energy storage etc. However， utilizing this technology for large scale applications is often 

hindered by the low thermal conductivity ofthe composite which inhibits the energy storage and 

release rate. Recently， Zheng et al. [1] demonstrated an efficient technique using graphite 

suspensions to tune the thermal and electrical conductivity using temperature regulation. In this 

work， we report the thermal conductivity enhancement of phase change a1kanes with single 

walled carbon nanotube (SWNT) inclusions which has a less increase in the fluid viscosity also 

performs in a similar manner comparable to that of graphite suspensions. Thermal conductivity 

measurements in solid and liquid state were carried out using a transient hot wire technique. In 

the liquid state a nominal increase in thermal conductivity was observed which is in consistent 

with the predictions of effective medium theory. When the composite was企ozen，nearly a two 

fold increase in thermal conductivity was observed due to the formation of aggregated networks 

which dramatically increases the heat transport path. 
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In-situ transmission electron microscopy study on electric properties of 

a junction between a gold nanoparticle and carbon nanotubes 

oMotoyuki KaritaラKojiAsaka， Hitoshi Nakahara， and Yahachi Saito 

Department of Quantum Engineering， Nαgoya Universi帆 Furo-cho，Nagoya 464-8603 

Carbon nanotubes (CNTs)， which have excel1ent mechanical and electric 
properties such as high thermal conductivity and high current-carrying capacity， are 
prom1Slng materials as interconnect wires for ーペ~

microelectronic devices. To realize CNT-based ・I'~ÄÙ乎手 cyf
devices by utilizing these superior prop凶 ies，it is ・If;-可
highly required to clarify electric properties at ~X~~I;t号以
junctions between CNTs and metals. In this study， Fig. 1 A TEM in時 eof cut CNTs. A dark 
structural changes and electric properties of a spherical particle on the CNTl is an Au 
CNT-gold nanoparticle (Au NP)-CNT junction NP picked out ofthe Au plate. 

were studied during the passage of a current by 
in-situ transmission electron microscopy (TEM). 

CNTs were attached to an edge of a Au 
plate of 50μm thickness by dielectrophoresis， 
and then Au was deposited on CNTs. A free end 
of an Au-deposited CNT was brought into contact 
with a tip of an Au-coated tungsten needle inside 
a TEM. By applying an electric current to the 
CNT， Au NPs on the CNT disappeared and the 
CNT was cut. An Au NP on the Au plate was 
picked by using the CNT1 and was attached to 
the tip of the CNT 1 (Fig. 1). Then， the tip of the 
CNT2 was brought into contact with the Au NP 
on the CNT1 tip (Fig. 2(a)). 

Figure 2 shows a time sequential series of 
high-resolution images of the CN下AuNP-CNT 
junction. When the bias voltage was increased to 
1.60 V， the current increased to 44.4μA. At the 
same time， the Au NP started to shrink (Fig. 2(b)). 
After a further increase of current to 54.5 /-lA， the 
Au NP disappeared. When the bias voltage was 
increased to 2.19 V， the current increased from 
65.4μA to 113 /-lA and the two CNTs were 
reconnected (as shown by arrows in Fig. 2( c)). 
The total resistance of the CNT bridge decreased 
from 100 kQ for the CNT-Au NP-CNT junction 
(Fig. 2(a)) to 39 kQ for the reconnected CNT (Fig. 
2(c)). 

Corresponding Author: Motoyuki Karita 
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Fig. 2 A time sequential series of high 
resolution images of the CNT-Au 
NP-CNT junction. 
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Synthesis of carbon nanotubes conjugated with distance圃 controlled
nanoparticles using gas-liquid interfacIal plasmas 

oToshiro Kaneko， Qiang Chen， Rikizo Hatakeyama 

Department 01 Electronic Engineering， Tohoku Universiか，Sendai， 980-8579， Japan 

Carbon nanotubes (CNTs) conjugated with nanoparticles have attracted much attention 
due to their high catalytic activity， unique photosensitive reactivity， and so on. To realize the 
highly-ordered structure of gold nanoparticles (AuNPs) on the CNTsぅ single申 walledcarbon 
nanotubes (SWNTs) are utilized as a template and are conjugated with the AuNPs synthesized 

by a gas-liquid interfacial discharge plasma (GLIDP) using ionic liquids (ILs) [ト3].
The SWNTs are dispersed in the IL (2-Hydroxyethylammonium formate) which consists 

of amino and carboxyl groups， and the discharge plasma is generated on the IL. In this 
experimental condition， the plasma ions with high energy are irradiated to the IL and can 
dissociate the IL into the amino and carboxyl groups， which bond to the surface of the 
S川市Hs.When the Au chloride (HAuC14) is dissolved in the IL with the functionalized 
S\\乃~Ts (f-SWNTs)ラ theAu chloride is reduced by the IL and the AuNPs are selectively 
synthesized on the functional (amino and carboxyl) groups bonding to the SWNTs. Since the 
density of the functional groups can be controlled by the plasma ion irradiation parameter， 

such as irradiation energy.ラ time，and so on， the density of the AuNPs can also be controlled. 
Figure 1 presents transmission electron microscope (TEM) images of the AuNPs 

synthesized on the f-SWNTs， which have been treated in the IL for plasma irradiation time (b) 
tpi = 1 min and (c) tpi = 10 min， argon gas pressure P gas = 60 Pa， and discharge current ID = 1 
mA. Here the TEM image of the SWNTs which are not previously treated by the plasma 
irradiation (tpi = 0 min) is also presented as a reference in Fig. l(a). It is found that the 
mono田 dispersedAuNPs are synthesized on the f-SWNTs when the SWNTs are previously 
treated by the plasma irradiationラ whileonly a few AuNPs are observed on the SWNTs in the 
absence of the plasma irradiation. In addition， the distance between the AuNPs becomes small 
with an increase in the plasma irradiation time. This result means that the distance between 
the AuNPs can be controlled by functionalization of the SWNTs using the plasma ion 
irradiation in the IL. 

V 三発キ宅
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Electrochemical durability of single-wall carbon nanotube electrode 

against anodic oxidation in water 

oShigekazu Ohmori 1 and Takeshi Saito I 

J Nanotube Resωrch Center， Nationallnstitute of Advanced lndustrial Science and 

Technology， lbarαki， 305-8565， Japan 

妥峯むL

Figure 1. Typical TEM images of SWCNTs after 
the electroch巴micalreaction at anode voltages of 
+10 V (a)，十8V (c)， and十6V (d)ラ andAFM 
image of short SWCNTs extracted from the 
sample subリectedto + 1 0 V bias (b) by cross-flow 
filtration with pore size of 200 nm [1]. 
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The electrochemical capability of 
single-wall carbon nanotube (SWCNT) 
electrodes is investigated to establish their 
reliability in practical applications. Direct 
current (DC) voltage of +10， +8， and +6 V is 
applied across the SWCNT anode and Pt 
cathode in water， and the electrochemical 
fracturing behavior of SWCNTs is analyzed 
using transmission electron microscopy and 
atomic force microscopy (Figure 1). A 
considerable number of short SWCNTs， with 
lengths of less than 200 nm， are observed to 
be electrochemically generated. 

This result suggests that the anodic 
corrosion of SWCNTs occurs even in water， a 
non -electrolyte liquid (Figure 2). Raman 
spectroscopy and a comparison study of the 
anodization behavior of SWCNTs with 
narrow (0.9 nm) and wide (1.8 nm) diameters 
indicate that the durability of narrow 
SWCNTs is lower than that of the wide 
SWCNTs. 

宅<， R. Erni， et. al.， ref. 2. 
GM. Psofogiannakis et. al.， ref. 3. 

-<. A. bagri et. al.， ref. 4. 
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[1] S. Ohmori， et. al.， A CS N，仰 Oラ 4(7)(2010)， 3606-10. 

[2] R. Emi， et. al.ラPhys.Rev. B， 82 (16) (2010)，1654431-6 

[3] G.M. Psofogiannakis， et. al.， J Am. Chelη Soc.ヲ 131(42) 
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(2009)， 15133-15135. 

Chem. C， 114 (28) (2010)， [4] A. Bagri， et.αl.， J Phys 

12053-12061 

[5] S. Ohmoriラetα1.， Carbon， 

Figure 2. Schematic representation showing 
the anodization mechanism， that is， the 
production of oxidants on the surface of the 
SWCNT electrode (a)ラ anda possible reaction 
pathway that results in the oxidative 
degradation of SWCNTs (b). 
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Patterned Carbon Nanotubes Thin Films 
Fabricated by Polystyrene-Nanosphere Templating 

。YukiKuwahara1ぺTakayoshiHirai2， Takeshi Saito1
，2 

1 Nanotube Research Center， Nationallnstitute o[ Advances lndustrial Science and 
Technology (AIS刀，Tsukuba， 305-8565， Japan 

2 Technology Resωrch Association for Single Wall Carbon Nanotubes (TASC)， 

Tsukub~ 305-8562，Japan 

Because of their excellent electronic property， carbon nanotubes have been studied aiming 
at their transparent conducting films (CNT -TCFs). In addition to the substitution of ITO， the 
application of CNT -TFTs a new flexible device is prospective. As for CNT -TCFsラtheoptimal 
film morphology for the high optical transparency and low electrical resistivity is one of the 
controversial issuesyl Therefore， it would be important to study the film fabrication 
techniques and control their morphology. Such investigation will contribute to further 
improvements in conductivity and transparency of CNT -TCFs. 

It is well-known that the close-packed layer of ordered latex particles forms a hexagonal 
pattem that is frequently used as a template. In this studyラ we have fabricated 
honeycomb-shape CNT thin films by the templating method using polystyrene spheres (PSs)， 
and investigated the relationship between the performance as CNT -TCFs and the film 
morphology. 

CNTs were dispersed in aqueous solutions of 1 wt% sodium cholate (SC) by using a 
tip-type ultrasonicator. For the fabrication of the honeycomb-shape CNT thin films， we 
combined PS template and filtration methods. At first， the PSs latex solution was filtered 
through nitrocellulose membrane filter to form self-assembled close-packed layers on the 
membrane. Then， the CNT dispersion was poured on it and washed with ample amounts of 
Millipore water. After removing PSs using 1，2-dichlorobenzene， CNT films were transfer to 
glass substrates according to the method described by Wu et alyl Pattemed CNT films were 
observed by using SEM， AFMラ andoptical 
microscopy. The surface resistance and 
transparency of CNT films were also 
characterized. 

Figure 1 shows the optical image of CNT 
film. According to the PSs packing structure， 
honeycomb-shape CNT thin film is formed 
on glass substrate. The details of the other 
results will be reported in this presentation. 

[1] N. Wakamatsu et al. Adv. Funct. Mater. 19， 311 
(2009) 

[2] Z. Wu et al.，Science 305， 1273 (2004). 
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E-mail: takeshi-saito@aist.go.j 

Fig.l Optical image of the honeycomb-shape CNT 

thin film on a glass substrate. Scale bar is 10ドm.
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Fabrication of stable p-n junction diode with Cs encapsulated single-walled 
carbon nanotubes 

o Y oshihiro Abiko， Toshiaki Kato， Rikizo Hatakeyarna， Toshiro Kaneko 

D p々artment01 Electronic Engineering， Tohoku University， Sendai， 980-8579， Jap仰

Single-walled carbon nanotubes (SWNTs) attract a great deal of attention due to their 
outstanding electrical features， which can be useful to next-generation nanoelectronic devices. 
It is well known that a pristine SWNTs field effect transistor (FET) shows p-type 
serniconducting characteristics and accornrnodation of various dopant atorns， rnolecules， and 
cornpounds rnakes it possible to rnodify the intrinsic electronic properties of SWNTs. 
According to our previous researches for the transport property of individual SWNT， 
alkali-rnetal-and halogen-encapsulated SWNTs are found to exhibit n-type and p-type 
serniconducting behaviors under the FETs configurationラ respectively.This indicates that 
alkali-rnetal and halogen atorns operate as an electron donor and acceptor for SWNT， 
respectively [1-3]. As a next step of this study， we atternpted to fabricate a p-n junction 
diode with atorn-encapsulated SWNTs thin filrns. 

Atorn encapsulation was carried out by a plasrna ion irradiation rnethod [4]. In this 
study， Cs was used as a dopant atorn. It is found that the transport properties of Cs 
encapsulated SWNTs-FETs are changed frorn p-type to n-type serniconducting 
characteristics and are stabile under the various environrnentsラ suchas air and water 
conditions. The n-type characteristics are observed even after the high ternperature (~350 
OC) annealing. This indicates that it is possible to fabricate the stable SWNTs p-n 
junction diode with Cs encapsulated SWNTs thin fi1rns. In order to fabricate the p-n 
junction diode， position selective Cs encapsulation was carried out by covering the half 
of SWNTs thin filrn channels with a conventional photo-lithographical technique. The 
diode like electrical characteristics can be observed for position selectively Cs encapsulated 
SWNTs， which indicates that the p-n junction diode structure should be forrned by our 
established position selective plasrna irradiation rnethod. 

[1] T. Izumida et al. Appl. Phys. Lett. 89，093121 (2006). 

[2] J. Shishido et al. Jpn. 1. Appl. Phys. 47， 2044 (2008). 
[3] T. Kato et al. Appl. Phys. Le1t. 95， 083109 (2009). 

[4] R. Hatakeyama et al. J. Phys. D: Appl. Phys. 44，174004 (2011). 
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Nanotube-Based Self-Standing Carbon Films for Supercapacitors 

oRicardo Quintero， Dong Young Kim， Kei Hasegawa， Yuki Yamada，Atsuo Yamada， 

and Suguru Noda* 

Department of Chemical砂'stemEngineering， The UniversiかofToわ叫 Japan

Study on the app1ication of carbon nanotubes (CNTs) and other carbon nanostructures to 
supercapacitor e1ectrodes is being conducted. Although we previous1y deve10ped 
se1f田 standinge1ectrodes for high同 powerLi batteries from oxidized few-walled carbon 
nanotubes (Ox.FWCNTs) [1]， other 10w cost all-carbon e1ectrodes have not been extensive1y 
researched. The approach in the present work is the systematic combination of low cost 

capacitive materia1s， such as activated carbon (AC)， with carbon nanotubes which provide 
high electrica1 conductivity and a structura1 matrix. The dispersion conditions are set to keep 
the 1ength and conductivity of carbon nanotubes. Moreoverラ sincethe e1ectrodes are 
se1f-standing， no binding materia1s are added. Because of thisラ thiswork aims to fabricate an 
array of f1exib1e e1ectrodes with different performances in terms of capacitance and specific 
power， ab1e to be used on a case-by-case basis. 

To prepare the e1ectrodes， different amounts of sing1e-walled CNTs (SWCNTs) (2-4 nm 

diameterラ 500μm1ength) [2] and FWCNTs (8 nm diameter， 400μm 1enght) [3] were mixed 

with Ox.FWCNTs and AC， through the ultrasonication of their aqueous (SDBS 1 wt% 

solution) and ethano1 dispersions. The e1ectrodes were obtained by vacuum filtration over 

PTFE membrane filters after extensive rinse ofthe surfactant. Cyc1ic voltammetry (CV) and 

impedance measurements in a three-e1ectrode cell with H2S04 1M as e1ectro1yte， were used 

to measure gravimetric capacitance and redox behavior， sheet resistance was determined by 

four point probe instrument and SEM imaging was used to ana1yze the e1ectrodes structure. 

The results in Figure 1 show how the SWCNT e1ectrode has higher capacitance than the 

FWCNT one， probab1y due to the 1arger specific surface area for the former. The 
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Figure 1. Ga1vanostatic rate capabi1ity of 

CNT-based se1fstanding carbon nanostructures. 

[1] S.w. Lee， et a1.， Energy Environ. Sci.， 2012， 5， 5437. 
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[3] D.Y. Kim， et a1.， Carbon， 2011， 49， 1972. 
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Controlled Functionalization of Carbon N anotubes with Antibody 

Yoko Iizumit， Toshiya Okazaki¥Yuzuru Ikehara2， Mutsuo Ogura3， Masako Yudasaka 
1 

1 Nanotube Research Center， 2 Research Center戸rMedical Glycoscience 

3 Nanotsystem Research lnstitute， Nationallnstitute 01 Advanced lndustrial Science and 

Technology， Tsukuba， lbaraki， Japan 

Complex formation of single-walled carbon nanotubes (CNT) with biological 

molecules is an important technique for medical application of CNTs. The protein 

attachment to CNTs enhances the CNT dispersion in aqueous solutions and increases 

the biocompatibility of CNT. Nuc1eic acids attachments would be useful for the gene 

therapy. The CNT's structure-selective attraction of DNA may create a new type of gene 

therapy technique. We have been studying the complex formation process of CNTs with 

antibodiesラ inwhich biological functions of antibodies is maintained. 

Firstly， the antibody was attached to CNTs following the conventional method. The 

CNTs (CoMoCAT) were mixed with SDS， followed by vigorous sonication and 

centrifugation. The CNTs coated with SDS were individually dispersed in the 

centrifugation supematant. The SDS attached on CNTs were replaced by phospholipid 

PEG (PLPEG) and PLPEG-IgG by putting SDS-CNT， PLPEG， and PLPEG-IgG in a 

dialysis membrane tubes and left in water for several days. Hereラ IgGwas a mouse 

antib0 dy， and it was attached to PLEG by reacting amino groups of IgG with NHS 

group placed at the end of PLPEG. The obtained complex wad designated as IgG-CNT. 

The compound IgG-CNT showed the optical properties characteristic of CNTs， howeverラ

the IgG function of specific adsorption of protein G (PrG) was deactivated. The 

production process of IgG-CNT was variously improved; however.ラ itwas difficult to 

obtain IgG-CNT that maintains the IgG function. It was suspected that PLPEG 

conjugated with IgG improperly or IgG interacted with CNTs， resu1ting in the inhibition 

of IgG-PrG specific coupling. Since the conventional method was not necessarily 

adequate for the IgG-CNH preparation， several new methods have been challenged to 

prepare IgG-CNT， and some of which have shown better resu1ts for IgG-PrG specific 

couplingラwhichare going to be shown in the presentation. 
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Selective Extraction of Semiconducting Single-Walled Carbon Nanotubes 

by Fullerodendrons 

H. Suzuki， 1，2 T. Okazaki，2，1，* Y. Iizumi，2 M. Tange，2 T. Wada，3 T. T;司ima，3Y. Takaguchi，3 

and S. Iijima
2 

1 Department of Chemistry， Tsukuba Universityラ Tsukuba305-8577ラ Japan

2Nanotube Research Center， AIST， Tsukuba 305-8565， Japanラ

3Graduate School of Environmental Science， Okayama University， Okayama 700-8530， Japan 

Hydrogen gas has been expected as an ultimate c1ean energy source， which can be used in fuel cells to 

generate electricity. Many researchers have therefore been studied on photocatalytic hydrogen 

generation. For example， a photoinduced electron transfer system consisting of SWCNT and 

fullerodendrons (Fig. 1) can be utilized for a light harvesting antenna [1]. The electron immigration 

from C60 moiety to methylviologen dication (MV勺inducesthe MV+ radicals. In the presence ofMV+， 

hydrogen gas is effectively generated from water with the assistance of colloidal PVA 

(polyvinylalcohol)-Pt catalyst. However， the mechanism of high efficiency of hydrogen generation is 

not yet c1ear. We here report spectroscopic characterizations of the fullerodendron-SWCNTs 

composite systems. Figure 2 shows the Raman spectrum of fullerodendrons extracted HiPco tubes (red 

line) together with the pristine HiPco nanotubes (solid line). There are two peaks at 180 cm-1 and 270 

cm-
1 
that correspond to the radial breathing modes (RBM) of semiconducting and metallic SWCNTs， 

respectively. The RB孔1intensity of metallic SWCNTs extracted by fullerodendrons apparently 

decreases compared to the pristine HiPco tubes. The result indicates that fullerodendrons more 

strongly interact with semiconducting SWCNTs than the metallic counterparts， which may be one of 

the reaSOllS for the efficIent hych-ogen generation in the fullerodendron-SWCNT system. 

とf時H

Figure 1. Molecular model of 

fullerodendrons. Figure 2. Raman spectrum of fullerodendron・extractedHiPco tubes 

(broken line) ， together with the reference supectrum of the pristine 

HiPco tubes (solid line). 

[1] T. Tajima et al.， ，Adv. Mater.， 23， 5750 (2012). 
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Fabrication and properties of chemically doped semiconducting 
single-walled carbon nanotubes/Si heterojunction diodes 

oMao Sh吋ilへA.Nakano1
ラ
HironoriOgata 1ム3
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L Department ~ザfCh舵e臼Fηm附?ηniたCαal Science αnd Technoω010幻gy，Hosei University， Koganei，184-8584， 

3JGpon 
Resωrch Center for Micro-Nano Technology， Hosei UniversiかKoganei184-0003， Japan 

Since the high carrier rnobility， SWNTs are expected to the application ωthe various kinds 
of the electronic devices. Especially， serniconducting SWNTs(S-SWNTs) are direct band-gap 
rnaterials and expected to be use白1for photonic and optoelectronic applications'J

. The 
S-SWNTs are reported to show unipolar p-type behavior under arnbient conditions and 

various chernical doping have been 問portedto convert frorn p-type to n_type2l. 

In this studyラ wefabricated the various types of p-n diodes based on chernically doped 
n-SWNTs /p-Si hetero junction and characterized their diode properties. 

The SWNTs used in白isstudy were purchased frorn Aldrich(CoMoCAT (0.8土 0.1nrnin 
diarneter)). The SWNTs were dispersed in 1，2-dichlorobenzene at 0.5 rng/rnL by 
ultrasonication and SWNTs thin filrn was fabricated on the p-type Si wafer in which layers of 
Cr and Au were deposited on the backside by using airbrush. Three kinds of viologen 
rnolecule(benzyl viologen(BV)， ethyl viologen(EV)， rne出ylviologen(MV)) was doped to 
SWNT filrns with various conditions. Finally， Ag was deposited at 100 nrn. The schernatic of 
S¥¥市JTs/Side吋ceis showed in Fig. l.The current density-voltage(J-V) curve was rneasured 
both dark andAM1.5G condition(100 rnW/crn2). 

Fig. 2 shows one exarnple of the J-V characteristics of BV-doped SWNTs/p-Si 
device(transrnittance of SWNT filrn at 550 nrn is 45%). The rectification characteristic of the 
device has irnproved by BV doping. The detailed properties of the devices will be presented. 
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Figure 1. Structure of SWNTs/Si device 

Figure 2. J -V characteristics of pristine 
and BV-doped SWNTs/p-Si device 
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Structural deformation of functionalized multi-walled carbon nanotubes in 
the macrophage of rat subcutaneous soft tissue over long time 

o Y oshinori Sato1， Atsuro Yokoyama2
ラ
EikoNakazawa3， Minfang Zhang4ラ MasakoYudasaka 

4， 
Kenichi Motomiya1， Kazuyuki Tohji1 

1 Graduate School of Environmental Studies， Tohoku University， Sendai 980-8579， Japan 
~Graduate School ofDental Medicine， Hokkaido University， Sapporo 060-858丘Japan

J Advanced Microscope Systems Design， Hitachi High-Technologies Corporations， 

Hitachinaka 312-8504，11αpαn 
4National Institute of Advanced Industrial Science and Technology， Tsukuba 305-8566， Japan 

Carbon nanomaterials (CNMs) such as carbon nanotubes (CNTs) and carbon nanohoms 
(CNHs) have attractive in the application for drug delivery systems， biosensors， and 
biomaterials. Although carbon materials are believed to be unchangeable or 
non-biodegradable within the living body， the stability and metabolism of CNMs are of great 
significance for the human bodies and biogeocenosis as a fundamental knowledge. Recently， 
Kagan and colleagues reported on the enz戸natic biodegradation of carboxylated 
single-walled carbon nanotubes (COOH-SWCNTs) in vitro， in neutrophils[l]. In contrast， to 
our knowledge， the chemically-modified short CNTs or CNHs was taken into not neutrophils 
but macrophages， in vivo. It is a commonplace to say that oxidative ability of macrophages to 
foreign body is much weaker than that of neutrophils. Are CNMs biodegraded in macrophage 
in vivo? Here， we repOrt on the implantation of multi-walled carbon nanotubes (MWCNTs) 
modified with carboxyl groups， in the subcutaneous tissue of rats over 2 years and the 
structural deformation of these MWCNTs in phagocytes studied using high-resolution 
transmission electron microscopy (HRTEM) and Raman scattering spec仕oscopy.

[1] V. E. Kagan et al. Nat. Nanotech. 5，354 (2010). 
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Since the discovery of carbon nanotubes (CNTs)， CNTs have at1racted much interest in the 
wide area 企omelectric devices to composites because of their remarkable electrical， optical 
and mechanical properties. Since CNTs exhibit most of their remarkable properties along the 
tube axis， it is important to prepare a well-aligned uniform CNT film by a cost-effective and 
facile fabrication process. In this paper， we present a simple and versatile technique， which 
combines AC electric field with liquid flow to prepare aligned CNT ultrathin films. The 
aligned film was characterized with atomic force， polarized Raman spectrum and conductivity 
measurement. Moreover， a liquid crystal alignment of a liquid crystal using the CNTs 
ultrathin film was also demonstrated. 

SWCNTs that had been synthesized using HiPco method were purchased from Unidym Inc. 
SWCNTs were treated with acid to be 
dispersed in water and the acid-treated 
SWCNTs were aligned by combining AC 
electric field with liquid flow. Figure 1 
shows the set up for preparing aligned 
SWCNT ultrathin film. A rectangular glass 
vessel with two ITO electrodes were used a 
deposition cell. SWCNTs water dispersion 
was placed on the cell and a solid substrate 
was place between the ITO electrodes. Then 
AC electric field was applied between the 
electrodes and the substrate was withdrawn 
from the dispersion with a constant speed. 
We found that aligned SWCNT film was 
deposited from the edge of the substrate 
and with optimizing deposition condition， 
such as concentration of SWCNT， AC 
voltage， AC frequency， and withdrawal 
speed， an aligned SWCNTs film with 
nanometer thickness was prepared onto a 

solid substrate (Figure 2). 
presentation， we will show a 
crystal alignment using the 
ultrathin film 
Corresponding Author: J. Matsui 
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Figure 1 Schematic of the setup for 
fabrication of aligned SWCNTs ultrathin 
film by combination of AC electric field and 
liquid flow. 
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Figure 2 AFM image of acid-treated SWCNT 
transferred onto an APTS-treated glass substrate 
and height profiles across the sample surface. 
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Encapsulation of C60 into the Single Chirality State of 

(11，10) Single Wall Carbon Nanotubes 

o Masatoshi Kawai 1， Toru Igarashi 1， Haruka Kyakuno 
1
， 

Toshiya Okazaki2， Yutaka Maniwa1

へKazuhiroYanagi 
1 

1 ToかoMetropolitan University， 2 AIST， 3 JST-CREST 

Single-wall carbon nanotubes (SWCNTs) encapsulating organic molecules (peapods) exhibit 
unique physical and chemical properties. However， a mixed electronic structure state of 
surrounding SWCNTs has impeded a detailed understanding of the properties of peapods. 
Recent advancement of purification techniques for SWCNTs enable us to obtain high-purity 

metallic， semiconductingラ andsingle-chiral state of SWCNTs samples. However， most of the 
obtained single-chiral SWCNTs are limited with the diameter of less than 1.0 nm. The 
diameter is not enough inner hollow space to encapsulate organic molecules. F or the purpose， 
we reported the successful extraction of a single-chiral state of SWCNTs with (11，10) 
chirality which has 1.45nm diameter， and their peapods [1]. In this study， we tried to fill C60 
into the (11，10) SWCNTs and investigate their Raman characteristics. 
We prepared (11，10) SWCNTs for encapsulation by two steps density-gradient 

ultracentrifugation; metal/semiconductor sorting and cesium chloride sorting (CsCl sorting). 
Semiconducting SWCNTs was obtained by using iodixanol as density medium， and (11，10) 
single-chiral SWCNTs was achieved by the CsCl sorting [1]. Then a thick film of (11，10) 
SWCNTs were formed on a small glass substrate. This substrate was sintered with C60 twice 
at 600K for 24 hours in high vacuum for encapsulation. After encapsulating， the plate was 
chemically washed with toluene and annealed at 500 degree in high vacuum to remove C60 

attaching outside ofthe SWCNTs.. 
Figure 1 shows the Raman spectrum of (11，10) peapod. The Ag(2) mode of the encapsulated 

C60 was identified to be 1464cm-
1， and the presence of C60 inside the samples was observed 

by transmission electron microscope. In addition， a shift of the radial breathing mode of 
(11，10) was clearly observed by encapsulation C60・
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Figl. (a) The Ag(2) peak of encapsulated C60 was enlarged and is pres巴nt巴din the inset. (b) The changes of 

the Raman peaks of the radial breathing modes by encapsulation C60 into Semi and (11，10)， respectively. 

[1] Kawai， Yanagi et al. J. Am. Chem Soc. l34， 9545 (2012) 
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Optical Properties of Perylene/Single-Walled Carbon Nanotube Composites 
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2Department ofQuantum Engineering， Nagoya Unかersity，Chikusa， Mαgoyα464-8603， Japan 
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Single-wal1ed carbon nanotubes (SWNTs) have enough space to encapsulate other 
molecules， and can be used as a one-dimensional reactor. One-dimensionally limited space 
inside SWNTs makes it possible to synthesize some unique oligomer and polymer molecules 
which cannot be synthesized in non-limited space. Graphene nanoribbons were synthesized 
from coronene and perylene molecules inside S¥¥明Ts[1]ラ andrecently sulfur-terminated 
graphene nanoribbons were synthesized from TTF molecules inserted in SWNTs [2]. In this 
study， we synthesized dimeric perylene molecules from perylene monomers (chemical 
structures of perylene monomer and dimeric perylene molecule are shown in Figure 1). 

Perylene/SWNT composites were synthesized by using a vapor phase method. Two types 
of SWNTs were used in this study， they were produced by the high pressure carbon 
monooxide method (HiPCOラ tubediameter ~ 1.0 nm) and the arc plasma jet method 
(Meijo-SO， tube diameter ~ 1.4 nm). SWNT films (thickness ~300 nm， diameter ~4 mm) were 
prepared by filtration after annealing at 5500C in air to open end-cap of SWNTs. The SWNT 
film on a glass substrate al!d perylene powder (1 mg) were inserted into a quartz tube and 
sealed in vacuum (~3 x 10-:> Torr). The quartz tube was heated in a muff1e白maceat 4000C 
for 20 h. The film samples taken out from the quartz tube were washed by toluene to remove 
residual perylene molecules attaching outside the tube walls. The obtained samples will be 
refeηed to as pery(D)@SWNT. We also prepared SWNT films as reference samples by the 
same process described above without perylene powder. 

Figure 2 shows Raman scattering spectra of SWNT 
and pery(D)@SWNT film samples with the excitation 
wavelength of 633 nm (SWNTs used are Meijo-SQ). We 
can observe so-called G-band (1566 and 1591 cm-') and 
D-band (1324 cm-') originating from SWNTs in both 
samples， while other several peaks. are observed at 1060ラ

1256， 1287ラ 1361and 1545 cm-' in pery(D)@SWNT 
film sample. Since these peak frequencies are in good 
agreement with those of the dimeric perylene molecule 
obtained by the first principle calculations [3]， these 
peaks are attributed to dimeric perylene molecules. In 
contrast， these peaks are weak in Raman spectra excited 
with 488-nm light， while strong peaks assigned to 
perylene monomers are observed， which indicates the 
change of the resonance condition. Absorption spectra 
also support the presence of dimeric pe 

[1] A. V. Talyzin et al.， Nano Lett. 11，4352 (2011). 

[2] T. W. Chamberlain et al.， ACS Nano 6， 3943 (2012). 
[3] N. U. Zhanpeisov et al.， Int. J. Quantum. Chem. 105， 368 (2005). 

Fig. 1. Chemical stmctures of 
pe可lenemonomer (left) and dimeric 
perylene molecule (right). 
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Fig. 2. Raman scattering spectra of 
(a) SWNT and (b) pery(D)@SWNT 
film samples. 
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Since inner space of a carbon nanotubes (CNTs) can store 

unstable nano materials stably even under harsh巳nvironmental

conditions such as under UV laser light irradiation [1]， CNTs have 

been widely utilized as a "test-tube" for investigating novel nano 

materials. In particular， CNTs encapsulating nano materials have 

been used to investigate the structural properties of novel low 

dimensional nano mat巴rialsby transmission electron microscopy 

(TEM). 

However， because structure of CNTs is susceptible to knock-on 

damage caused by incident electron beam， TEM observations of 

nano materials encapsulated within CNTs is difficult at a high 

electron dose rate. Although low-voltage TEM observation using 

aberration四 correctedTEM has been developed as one of the 

solution of the problemち deployment of such an 

aberration-corrected TEM is not easy due to its price yet. 

While， the development of nanotubes which are stable under 

electron beam irradiation is a possible alt巳rnativesolution of the 

problem. According to a recent r巴portby Meyer and co-workers， 

CNTs consisting of 13C are expect巴das a probable candidate of the 

nanotube having stability under electron beam irradiation. 

In this study， we compared lifetime of CNTs-encapsulated AgBr 

between CNTs with natural abundance of 12C (AgBr@12CNTs) and 

those enriched in 13C (AgBr@13CNTs)， to investigate the isotope dose 
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effect on the stability of CNTs under TEM observation condition. 

Figure 1 shows th巳 intensityratio of the EDX spectra of Br and Ag in AgBr@12CNTs and AgBr@13CNTs 

exposed to electron beam irradiation at 120 kV as a function of electron dose. The plot of AgBr@12CNTs clearly 

shows that IBr La/hg La decreases with increasing electron dose. In contrast， the EDX spectra of AgBr@
13
CNTs 

suggest that IBrLαIhgLαis hardly decreases as the electron dose is increased; therefore AgBr is more stable within 

13CNTs than 12CNTs. Since the cost ofproducing 13CNTs by eDIPS method [3] is about 250，000 JPY/g [4]， we 

believe using 13CNTs as the "test tube" is a reasonabl巴solutionofthe problem. 

[1] K. Kobayashi et al. Adv. Mater. 22， 3156 (2010). [2]1. C. Meyer et al. Phys. Rev. Lett 108， 196102 (2012). [3] T. Saito et al. J Nanosci 

Nanotechnol. 8，6153 (2008). [4] Tomoe Shokai， Privat巳communication(2011). 
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conducting polymers within carbon nanotubes 
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Hybrid rnaterials of conducting polyrners and carbon nanotubes (CNTs) have 
attracted rnuch attention because of their potential applications in optoelectronics such 

as solar cells [1]. In previous reports， however， polyrners are adsorbed on the sur白ceof 

nanotubes and their hybrid and electronic structure has not clarified yet. To understand 

th出 intrinsicelectronic properties and inter-rnolecular interaction， the structural control 
of polyrners is one of the rnost irnportant challenges. To shed light on this issueラ we

have focused our attention to the encapsulation of polyrner inside within CNTs， which 
offer a confined space to control polyrner structure. 

Hereラ wereport the白bricationand characterization of conducting polyrners inside 

CNTs. As a precursor rnolecule， sexithiophene (6T， Fig.la) is selected because of its 

high filling ratio (rnore than 95 %) in CNTs as confrrrned in our previous study [2]. 
After a vapor phase doing process， 6T is polyrnerized through therrnal annealing to 
produce polythiophene in CNTs (PT@CNTs， Fig.l b). High-resolution TEM 

observations reveal that the presence of a single or double long chain inside CNTs 
(Fig.l c). Sirnilar irnages are observed for alrnost all of the CNTs investigated， which 
indicates the forrnation of polythiophene企orn6T. For optical characterization， the 
PT@CNTs are then purified by using density gradient ultracentrifugation (DGU) as 

shown in Fig.l d. The purified 
PT@CNTs clearly show a prorninent 

absorption peak around 500 nrn 

originating 企orn encapsulated 

polyrners(Fig. le). The presence of 
polyrners is also confrrrned by using 

Rarnan and photolurninescence 
spectroscopy. The present hybrids 

provide an ideal systern for unraveling 
the optoelectronic properties of 

CNT-conducting polyrner hybrids. 
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Amphoteric Carrier Doping to Semiconducting Single-Wall Carbon 
Nanotubes by TTF and F4TCNQ Encapsulation 

o Yasuhiro Ito 1ぺShunjiroFujii1ぺMakiShimizu1ぺTakeshiTanaka1， Hiromichi Kataura1，2 

1 Nanosystem Research lnstitute， National Institute 01 Advanced lndustrial Science and 

2TechF1010幻I(AIS刀，Tsukuba， lbaraki， 305-8562， .fIαrpan 
Japan Science and Technology Agency， CREST， Kawaguchi， Saitama， 330-0012， Japan 

Semiconducting single-wall carbon nanotubes (s-SWCNTs) have been demonstrated as 
great potential materials for f1exible and transparent thin-film transistor (TFT) applications. 
For further applications such as the building blocks of CMOS type logic circuits， n-and 
p-type s-SWCNTs are highly desired. Encapsulation of electron or hole donating molecules 
inside s-SWCNTs (so-called peapods) is one of the best ways to control the carrier of 
トSWCNTs.For encapsulating molecules， tetrathia白lvalene(TTF) and 2，3，5，6-tetraf1uoro-7，7， 

8，8-tetracyano-quinodimethane (F4TCNQ) are good candidates as n-type and p-type dopants， 
respectively. In this work， we prepared TTF and F4TCNQ peapods using high purity 
s-SWCNTs and fabricated TFTs. Optical properties of these peapods and transfer 
characteristics ofTFTs were measured. 

High purity s-SWCNTs were separated from APJ SWCNT (Me討oNanocarbon) using gel 
column chromatography. TTF and F4TCNQ peapods were prepared by a sublimation method. 
Thin films on Si02/Si substrates were fabricated by drop coating method [1]. Then PdlAu 
electrodes were deposited by vacuum evaporation as a source and a drain. Figure 1 shows the 
transfer characteristics of back-gated TFTs measured under vacuum. It is clearly seen that 
electron on-current for TTF@s-SWCNT-TFT is larger than that for s-SWCNT-TFT. On the 
other hand， electron on-current of F4TCNQ@s-SWCNT-TFT is very low， meaning almost 
pure p-type behavior. These results show that electron and ho le carrier densities can be 
controlled by molecular encapsulation. This is the flfSt evidence that both n-and p四 typeTFTs 
can be fabricated using molecular encapsulated s-SWCNTs. 
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Recently， a great interest in graphene electronics has 
aroused in flexible/printable electronic devices. Several 
wet processes for synthesis of graphene were reported. 
Among various strategies pursued， reduction of graphene 
oxide (GO) is one of the most widely used methods. 
However.ラ thismethod involves reactions with strong 
oxidants such as KMn04 and requires strong reducing 
agents like hydrazine. In practical applications， however， 
a method without strong chemicals is desirable. For this 

， pu中ose，microwave-assisted reaction is a very promising 
Figl XPS spectra of graphene 

method because it is known that microwave irradiation oxide using (a) chloroform and (b) 

can shorten the reaction time and achieve high-yields. In dichloromethane 
fact， rapid heating by microwave has been used in 
oxidizing graphite for graphene s戸lthesis[1]. Hereラ we
report microwave-assisted synthesis of exfoliated 
graphene in organic solvents without strong oxidants. 

Expanded graphite powder is added to several kinds of 
organic solvents in a test tube. Each mixture is mixed and 
placed in a microwave reactor. It is subjected to 15 min 
of 200 watt microwave irradiation. The mixture was 

centrifuged at 8000中m for 20 minutes to remove Fig 2 AFM image of graphene oxide 
unreacted graphite powder. 

In the case of N， N-dimethylformamide (DMF) and 
using chloroform 

acetone as a solvent， graphite was not exfoliated. When chloroform or dichloromethane was 
used， graphite was exfoliated and the supematant attained a brown color. The dispersion was 
stable for months without significant precipitation. 

Chemical functionalities of the exfoliated sheets were studied using XPS. C1s shows a main 
peak of oxygen-free Sp2 carbon. Any oxides peaks were significantly smaller than those of 
graphene oxide made by Hummers method. In addition， Cbp peak was observed in the 
exfoliated graphene. This means that a part of the graphene is functionalized by chlorine. The 
thickness was measured to be 2-5 nm. 

Presentlyラ themechanism of exfoliation is not clear. DMF， which can disperse graphene 
relatively wellラ donot produce graphene by microwave irradiation. It should be noted that 
only chlorinated organic solvents were able to exfoliate graphite. It suggests that active 
species produced as a result of decomposition of chlorinated solvents by microwave 
irradiation have caused exfoliation as well as dispersion of graphene. 

[1] P.L. Chiu et al.， J Am. Chem. Soc.， 134ラ 5850(2012).
CorrespondingAuthor: H. Okimoto Tel: +81-238-26-3074， Fax: +81-238-26-3074， 
E-mail: haruya@yz.yamagata-u.ac.jp 
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Graphene has been attracting much attention from its superior characteristics [1]. For the 

sake of app1ication， patteming of graphene is another important issue. We focus on a specia1 

technique， where the pattemed cata1yst is used to shape the graphene. To optimize conditions， 

both temperature and growth time are varied and the 

qua1ity of the grown 1ayers is characterized by Raman 

spectroscopy. 

300nm-thick Ni cata1yst deposited on a sapphire 

was pattemed into smal1 pieces with 20 x 400μm2 

using photo1ithography. After annealing the 

cata1ystラ graphenewas grown with supp1ying ethano1 

vapor into H2 ambient. Growth temperature and time 

were changed between 750 and 850 oC， and between 

5 and 15 min， respective1y. 

Raman spectra in Fig.1 show not on1y D， G peaks 

but a1so G' peak， which indicates pattemed graphene 

was successfully grown under these conditions. As 

shown in Fig.2， G' /G peak ratio decreased with time 

in the samp1es grown at 850oC. On the contrary， it 

stayed constant when the 1ayer was grown at 750oC. 

In other wordsラ the thickness of the graphene 

increased with time at 8500C but it stayed constant at 

750
o
C. It is possib1y exp1ained by 

penetration-impediment mechanism of carbon atoms 

through the graphene. The D/G peak ratio in Fig.3 

suggests the improvement of the crysta1 qua1ity 

during growth. The defect re1ated peaks 

recovered faster at higher temperature of 850oC. 
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CVD growth of graphene on Cu foil has been widely studied， because it enables 

large-scale single-layer growth with low cost. However， the CVD graphene grown on 

Cu foil is polycrystalline and has many domain boundaries due to the formation of a 

number of graphene nuclei with different orientations [1]. Since the domain 

boundaries limit the physical properties， it is very important to investigate the domain 

structure of CVD graphene [2，3]. We previously demonstrated the orientation 

-controlled growth of graphene by employing hetero-epitaxial Co and Cu films [4-6]， 

but it is still unclear how the developing graphene domains merge together to form a 

uniform graphene film. Hereラ wereport the detailed characterization of the interface 

of adjacent graphene domains (Figure 1). 

Large hexagonal-shaped graphene domains were grown by ambient-pressure CVD 

with CH4 on the hetero-epitaxial Cu(100) film and characterized by optical microscopeラ

SEM， AFM， and Raman mapping measurements. The graphene domain shows two 

main relative orientations， 00 and 300
• Only when 

the orientation of neighboring domains is identical (00， 

in the right merged domains of Figure 1)， we observed 

defect and wrinkle-free interface. However， in some 

cases， a clear boundary was observed even for the 00 

caseラ aswas usually observed for the 300-rotated 

domains. These results suggest that unifying 

orientation of graphene domains is a possible 

approach for the seamless atomic connection. We 

will also discuss the effect of domain boundary on 

carrier mobility. Our work is expected to offer a new 

approach for the synthesis of a single-crystalline 

graphene free from domain boundaries. 

Figure 1 SEM image of two 
merged graphene domains. Ang1es 
between two domains are 00 

(right) and 300 
(left). 

Reference: 
[1] P. Y. Huang et al.， Nature 469， 389 (2011). [2] Q. Yu et α1.， Nat. Mater. 10，443 (2011). [3] C. M. 

Orofeo et α1.， Carbon 50ラ
2189(2012). [4] H. Ago et α1.， ACS Nano 4， 1414 (2010). [5] B. Hu et al.， 

Carbon 50， 57 (2012). [6] Y. Ogawa et al.， J Phys. Chem. Lett. 3，219 (2012). 
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CVD Growth of Mono-and Bi-Layer Graphene from Ethanol 

o Xiao Chen， Pei Zhao， Bo Hou， Shohei Chiashi and Shigeo Maruyarna 

Depαrtment of Mechanical Engineering， The UniversiかofToか0，Toかo113-8656， Japan 

Graphene， a rnonolayer of Sp2 -bonded carbon atorns with a honeycornb structureラ has

triggered nurnerous fundarnental studies due to its unique properties such as superb 

rnechanical strength and quanturn transport. Due to the fact that rnechanically-exfoliated 

graphene [1] cannot fulfill the practical requirernent of electronic applications， the 

developrnent of large-scale， high-quality graphene production rnethods have been rnotivated. 

Arnong these rnethods， chernical vapor deposition (CVD) on polycrystalline rnetal substrates 

has attracted rnost attention recently， because of its low cost and operation sirnplicity. Many 

kinds of carbon precursors have been ernployed to synthesize graphene， such as rnethane [2]， 

ethane [3] and ethanol [4]. Here we report a systernatic study on CVD growth of graphene on 

Cu and Ni substrates frorn ethano1. Ethanol has proven effective in the synthesis of 

high-purity single-walled carbon nanotubes [5]ラ andit is expected that these advantages 

would also apply in the synthesis of graphene. 

Results show that cornpared with 

widely-used rnethane， ethanol is also 

capable of synthesizing high-quality， 

large-scale graphene. Figure 1 shows the 

scanning electron rnicroscope (SEM) 

irnages of graphene on rnetal substrates. 

We investigated the growth pararneters 

for Cu substrateラ toshow that precise 
Fig.1 SEM image of graphene on Cu (left) and Ni (right). 

layer control (rnono-or bi-layer) can be achieved. To explain these results， we conducted 

carbon isotope CVD experirnents， using 12C2HsOHラ 13C2HsOHラ and 13CH312CH20H 

precursors and Rarnan spectroscopy to track carbon atorns. Based on these experirnents， we 

propose the growth rnechanisrn rnodels of graphene growth on both Cu and Ni substrates. 

[1] K. S. Novose1ov， A. K. G巳imラ etal.， Science 306，666 (2004). 
[2] A. Reina， et al.， Nano Lett. 9， 30 (2008). 
[3] J. Corauxラ etα1.， Nano Lett. 8， 565 (2008). 
[4] Y. Miyata， et al.ラAppl.Phys. Lett. 96， 263105 (2010). 
[5] S. Maruyama， et al.， Chem. Phys. Lett. 360， 229 (2002). 
Corresponding Author: S. Maruyama 
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Direct growth of hexagonal domain graphene on Si02 substrate 

OToshiaki Kato， Rikizo Hatakeyarna， Toshiro Kaneko 

D p々artment01 Electronic Engineering， Tohoku Universi帆 Sendai980-8579，Jap仰

Graphene is a rnonolayer carbon sheet including high carrier rnobility， flexibility， and high 

optical transrnittance [1]. These properties are advantageous if graphene is to be used as a 

cornponent in electrical devices such as field e自己cttransistorsラsolarcellsラ andvarious gas and 

chernical sensors. Chernical vapor deposition (CVD) is one ofthe rnost prornising rnethods of 

growing grapheneラwhichcan produce large， relatively high-quality graphene sheets. However， 

the graphene growth by CVD is lirnited only to the rnetal catalyst sur白cessuch as Ni， Cu， or 

Co， which is one of the rnost serious problerns for the practical application of graphene as 

electrical devices. Thus， the developrnent of the rnethod for the direct growth of graphene on 

the insulating substrateラespeciallyon a Si02 substrate， is highly required. 

Rece凶ly，we have established a novel， sirnple， and scalable rnethod for the direct growth of 

graphene on the insulating substrate by plasrna CVD [2]. 1t is revealed that by adjusting the 

growth pararneters using plasrna CVD， the graphene layer can be grown along the inter白ceof

the Ni layer and the Si02 substrate instead of on top of the Ni layer. After rernoving the top Ni 

layerラ high-qualitysingle-or few-layer graphene sheets are found to be directly grown on the 

entire substrate area in large scale (10 x 10 rnrn). 1nt町estingly，at the initial growth stageラthe

hexagonal domain structure of graphene can be observed in our rnethod. Since the hexagonal 

domain graphene structure should appe訂 onlywhen graphene has a single dornain structure， 

江canbe possible to realize a direct growth of single domain large scale graphene on a Si02 

substrate with our established novel approach. 

[1] Toshiaki Kato， Liying Jiao， Xinran WangラHailiangWang， Xiaolin Li， Li Zhang， Rikizo Hatakeyama， 

and Hongjie Dai， Small 7ラ574(2011). 
[2] Toshiaki Kato and Rikizo Hatakeyama， Abstracts of the 42nd Fullerenes-Nanotub巳s-Graphene

General Symposium， p 37 (2012). 
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First-Principles Study of Carbon-Impurity States in Hexagonal 

Boron田 NitrideMonolayer 

o Y oshitaka Fujimoto， Takashi Koretsun久 andSusumu Saito 

Department of Physics， Tokyo Institute ofTechnology，おかo152-8551， Japan 

Two-dimensional hexagonal boron-nitride (h-BN) monolayer is a fascinating material 
from the viewpoint of basic nanophysics and potential applications in nanoelectronics because 

of having large band gap. The substitutional doping with impurities often offers the new route 
to tune the electronic properties such as modulation of band gap and enhancement of 
electrical conductivity. The carbon doping into h-BN monolayer has been implemented using 

electron beam irradiation [1]， and it was found that the electronic properties of h-BN 
monolayer are changed from insulating to metallic [2]. It was also found that boron atoms in 
h-BN monolayer sheet are usually replaced by carbon atoms under substitutional-doping 

processes. Therefore， the electronic structure ofthe C-doped h-BN sheetラ wherea boron atom 
is substituted with a carbon atom， should generate donor states below the conduction-band 
mml立lUm.

In this work， we study the electronic structures of carbon-donor-states of h-BN 
monolayer sheet using first-principles density-functional ca1culations (Fig. 1). In the 
presentation， we show the relationship between strain effects and donor states of C-doped 
h-BN monolayer. It is found that the impurity states become relatively shallow states when 
biaxial strains are applied. Especially， the compressive strains cause donor states to move 
considerably toward the conduction-band minimum. We also discuss how the relationship 
between the donor states and the conduction-band minimum is determined. 

This work was partly supported by grants-in-aid from MEXT Japan through G10bal 
Center of Excellence Program of Nanoscience and Quantum Physics of Tokyo Institute of 
Technology. 
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Figure 1 (a) Atomic geometry and (b) energy band of carbon impurity in hexagonal boron-nitride 

monolayer. 

[1] o. L. Krivnek， M. F. Chisho1m， V. Nico1osi， T. J. Penycook et α1.， Nature 464，571 (2010). 
[2] X. Wei， M. S. Wang， Y. Bando， and D. Golberg， ACS Nano 5， 2916 (2011). 
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305-8571， Japan 

Graphene and graphite thin fi1ms are now considered to be key materia1s for e1ectronic devices in the next 

generation due to their perfect1y p1anner atomic network structure and a remarkab1e high carrier mobi1ity. 

Graphene is a meta1 with a vanishing density of states at the Fermi energy due to the emergence of two linear 

dispersion curves at the Fermi 1evel. These 1inear dispersion bands 1ead to mass1ess e1ectrons near the Fermi 

energy， which makes for a rich variety of interesting physics in these systems. On the other hand， it is urging 
us to rea1ize graphene-based structures with finite fundamenta1 gap for its semiconductor device usage. 

Indeed， It has been demonstrated that the e1ectronic structure of graphene is tunab1e by forming the bi1ayer 

structures. For instance， bi1ayer graphene is a meta1， a semimeta1， and a semiconductor depending on the 

mutua1 stacking arrangements[ 1]. Furthermore， the externa1 e1ectric fie1d can tune the e1ectronic structure of 

bi1ayer graphene with Berna1 (AB) stacking arrangement [2]. Therefore， the bi1ayer graphene with AB 
stacking is now considered to be the possib1e candidates for a constituent of semiconductor e1ectronic 

devices. In this paper， based on the density白nctiona1theory with the effective screening medium method， 

we theoretically study the e1ectronic structure ofbi1ayer graphene under an electric fie1d with various 

stacking arrangements， since both the e1ectric fie1d and the mutua1 stacking arrangement are essentia1 and 
important for designing the device properties ofbilayer-graphene. 

We found that the bi1ayer graphene with AB stacking 

arrangement under an e1ectric fie1d is a 

semiconductor with small direct energy gap around 

the K point. The calcu1ated gap energy strong1y 

depends on the fie1d strength: The gap monotonically 

increase with increase of the e1ectric fie1d and then 

saturate 0.25 eV at about 0.5 V/A. In sharp contrast， 

e1ectronic structure ofbi1ayer graphene with the 

other stacking arrangements， i.e. AA， bridge， hollow， 

and rotation (Fig. 1)， does not depend on the externa1 
e1ectric fie1d. Bi1ayergraphene with AA， bridge， 

hollow.ラ androtation stacking arrangements are a 

meta1， a semiconductor， a semimeta1， and a meta1， 

議3主主
i吾3殺場事脅

開廷毎噴 i記長発禁主導t.詐

respectively [1]. By app1ying the e1ectric fie1d， these 

bi1ayer graphene a1most keep their e1ectronic 

structure without externa1 fie1d. 

Fig. 1， Geometric structures of bi1ayer graphene. 

B1ack and gray 1ines denote the graphene network 

for upper and 10wer 1ayers， respective1y. 

References 
[1] S. Okada and T. Kobayashi， pJn. J. Appl. Phys. 48 (2009) 050207. 

[2] M. Otani and S. Okada， J. Phys. Soc. Jpn. 79 (2010) 073701. 

Satoru Konabe 
Phone: +81-29-853四 5600(ext.8233)， E-mail: konabeCmcomas. frsc. tsukuba.ac.jp 

-149 -



3P-13 

Raman scattering study on the X-ray irradiation effect of graphene 

o Toshiya Murakami 1， Kazuki Yamazaki 1， Susumu KamoeラNoriyukiHasuike
2
， 

Hiroshi Harima2， Kenji Kisoda3
ラ
ChihiroItoh1 

lDepartment of Material Science， Wakayama University， Wakayama， 640-8510， Japan 
2 Department of Electronics，めlotoInstitute ofTechnology，めloto606-8585， Japan 

J Department of Physics， Wakayama University， Wakayama， 640-8510， Japan 

Graphene is one of the promising materials for future-nano-electronic devices due to its 

unusual electronic property. Because of strong interplay between structure and electronic 

states in graphene， structural modification changes its electronic properties.[l] To realize 
graphene.ゐaseddevices， the defect formation in Sp2 carbon network is an important technique 
to modi命thelocal structure of graphene. Although defects on graphene induced by electron 

beam irradiation has been studied， [2] the primary process and dynamics are not 白lly

understood. In contrast， because the excitation process of X-ray is dominated by inner-core 
excitation， it is easy to control the defect in graphene. 

Here， we report the results of Raman scattering study on X-ray irradiation effect of 
graphene. Graphene samples grown by CVD method on the Cu/MgO(100) substrates were 

irradiated by so良 X-ray(277 eV). Figure 1 shows Raman spectra of the as-grown and the 

X-ray irradiated graphene. The X-ray irradiation enhanced D bands. The enhancement 

demonstrates that X-ray irradiation generates defects in graphene. Futhermore， we found 
X-ray irradiation led to low 企equency-shiftof 2D band. Because of the strong correlation 

between the exciataion process of 2D band and the electronic structure of grapheneラ this
企equency-shiftsuggests the X-ray irradiation modifies the electronic structure of graphene. 
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Figure1 Raman spectra ofthe as grown and the X-ray irradiated graphene. 

[1] Y. W. Son， et. al.， Phys. Rev. Lett. 97 (2006) 216803 
[2] D. Teweldebrhan， et. al.， Apll. Phys. Lett. 94 (2009) 013101 
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(GNRs) 

of their novel physical properties originating from 

structures of GNRs. In this work， we systematically investigated the thermoelectric power 

of GNRs with zigzag-type edges (ZGNRs) using Atomistix ToolKit 12.2.0 [1，2] combined 

with Es白りani'smethod [3]. The definition of ZGNR structure is shown in Fig.1(a). 

new for candidates potential be to expected are nanoribbons Graphene 

edge functional materials because 

with 1 (b) displays the calculated thermoelectric powers S(E) 

various widths as a function of electron energy E. In the regimes of IEI> 1 e V， sharp peaks 

of ZGNRs Figure 
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for GNR with armchair-type edges (AGNRs) [4]. 

The inset of Fig. 1 (b) shows S(E) of ZGNTs near 

the Fermi energy. The sign of S(E) is negative in 

the E>O regime and is positive in the E<O regime. 

This is opposite to the higher energy regime of 

IEI>leV. Moreover， we found that the low-energy 

百
EnergメeV)

(b )Seebeck coefficient 

-8~'rõ 
S(E) is remarkably varied for n=3 to 6， while is 

not for n>7. These results can be understood from 

of width the of Definition (a) Fig.l 
the energy-band structures of the edge states. 

of powers Thermoelectric 

ZGNR with various widths. 
[ 1] http_:lúv.J聖児工qll'lJ1tlJm'Yj.~.~&Qj12

[2] M. Brandbyge， et al.， PRB 65ラ 165401(2002) 

[3] K.Esfarjani， M. Zebarjadiラ andY. Kawazoeラ PRB73ラ 085406(2006) 

[4] 26pPSB-60， The 67th annual JPS meeting 

、‘，ノ10
 

/，a
・、、

ZGNRs 

Corresponding Author: Takahiro Yamamoto 

Tel&FAX: +81-3 -5213-0990， 

1
1よ

F
同

U
1
i
 

E-mail: takahiro@rs.tus.ac.jp 



3P-15 

Wave Packet Dynamics Simulations on Electrical Conduction in Graphene 
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Yukihiro Takada1， oKengo Takashima2
ラ
TakahiroYamamoto

1 
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N anocarbon materials consisting of hexagonal network of carbon atomsラ suchas carbon 

nanotubes (CNTs) and graphene， have been widely intrigued by their fascinating electronic 

properties. The electronic transport in such hexagonal network systems displays unusual 

features in apparent conflict with the common view that low-dimensional systems are 

general1y subject to Anderson's localization. For example， both metal1ic CNTs and graphene 

nanoribbons (GNRs) are demonstrated the presence of perfectly conducting channel even in 

the presence of impurities， when the impurity potential range is much longer than the C-C 

bond length [1-3]. On the other hand， they show Anderson's localization in the presence of 

short-ranged impurities that cause scattering between K and K' points. Although the 

under1ying physics of impurity scattering effects have been discussed in detail thus far [1-3]， 

the impurity-concentration dependence of the mean free path and localization length of CNTs 

and GNRs with short同 rangedimpurities， which are important for materials design， has not 

been clarified yet. 

In this study， we systematical1y investigate the electronic transport properties of GNRs 

using the wave-packet dynamics method， focusing particular1y on the impurity concentration 

and ribbon width dependence [4， 5]. We describe Hamiltonian of GNRs by the 

nearest-neighbor n-orbital tight-binding model. In wave-packet dynamics simulations for 

quantum transport calculation， we numerical1y solve the time-dependent Schradinger 

equations under several initial conditions and obtain the time-developed wave functions at 

each time step. The wave-packet dynamics simulation enables us to treat long GNRs with 

micrometer length， which are comparable to realistic GNR lengths. Details of our simulation 

results will be discussed in the presentation. 

[1] T. Ando， and H. Suzuura， J. Phys. Soc. Jpn. 71， 2753 (2002). 

[2] K. Wakabayashi， Y. Takane， and M. SigristラPhys.Rev. Lett. 99，036601 (2007). 

[3] M. Yamamoto， Y. Takane， and K. Wakabayashi， Phys. Rev. B 79， 125421 (2009). 

[4] Y. Takada et al.ラJpn.J. Appl. Phys. 51， 02BJ01 (2012). 

[5] H. Ishii， N. Kobayashi， and K. Hirose， Appl. Phys. Lett. 1， 123002 (2008). 
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Multiple Dirac points of graphene on a quasiperiodic superlattice 
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We report the appearance of new Dirac cones in the energy spectrum of graphene 
superlattice under an extemal quasiperiodic potential. Park et al. reported that new Dirac 
cones appear around the original Dirac point in the energy spectrum of graphene under a 
periodic potential [1]. The positions of the new cones were given by the period of the 
potential. We have discovered much more Dirac cones for graphene under a quasiperiodic 

potential. 
The new Dirac cones are of strong interest for fundamental study as well as for application 

of assembling nano structure of graphene. However， calculation of the energy spectrum of 
graphene under a complicated potential is necessary for further development. For this pu中ose
we develop a new method of solving the eigenvalue problem of the first四 orderdifferential 
Hamiltonian and apply the method to the study of the energy spectrum of graphene under a 
quasiperiodic potential. 

Suppose that the potential consists of two terms. 

H=Ho+只+"2 (1) 
We first solve the eigenvalue problem of a separated Hamiltonian with each potential term. 

H) = Ho + ~ H)lfI) = EJlfIJ (2.a) 

H2 = Ho + "2 H2lf12 = E2lf12 (2.b) 
The eigenvalue of the original Hamiltonian is given by the summation of the eigenvalues of 
the separated Hamiltonians and its eigenstate is given by the multiplication of the eigenstates 
of the separated Hamiltonian. 

HlfI = ElfI (3.a) 

lfI = lfI)lfI2 ラ E=EJ+E2 (3.b) 

If the Hamiltonian has a quasiperiodic potential， which can be written as the summation of 
periodic potentials whose periodicities are mutually irrationalラ wefirst solve the eigenvalue 
problems ofthe Hamiltonians with each periodic potential to obtain the final answer. We note 
that this method is only applicable to the first-order differential Hamiltonian. It is a 

generalization of a calculation for the Floquet operator [2]. 
We apply the above method to the study of a graphene under an extemal quasiperiodic 

superlattice potential. We especially focus on the effect of quasiperiodicity to the energy 
spectrum. We predict that many new Dirac cones appear in the energy spectrum and their 

positions reflect the quasiperiodicity of the extemal potential. 

[1] C. -H. Park et al. Phys. Rev. Lett. 101， 126804 (2008). 

[2] A.G. Fainshtein et al. Phys. Rep. 210， 111-221 (1992). 
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Sheet resistivity for nitrogen doped graphene film 
grown on Cu foil by sonication mist CVD 
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In many electronic devices， transparenet conductive films are used as touch pannel for 
signal input and solar cell for light transmissionラ soon. Nowadays， most of the transparent 
conductive films are made of ITO， and hence serious problem occurs on stable supply of rare 
indium metal. In order to settle out this problem， graphene is attracted as an exchangable 
material to make transpapemt conductive films. For the use of transparent conductive film， 
low sheet resisitivity as low as a few hundreds Q/sq with visuallight transmittance better than 
80 % are required. Although there are several papers reporting the attainment of these hurdle 
values [1，2]ラ itstill remains reproducebility problem. 

One effective way to decrease sheet resistivity of graphene is to dope hetero atoms to the 
carbon network. Nitrogen doping is a candidate and there are several papers reporting the 
evidence of nitrogen doping [3，4]. However， systematic study on the sheet resisitivity against 
the doping rates of nitrogen has not been achieved so far. In the present study， we introduce 
a newly developped method of sonication driven mist CVD method for prepapering nitrogen 
doped graphene on Cu foil. Preparation details will be explained in the poste工Essenceof this 
technique is to use methanol (MeOH) solution including nitrogen source. Here we used 
metylated melamine resin (Sanwa Chemicalsラ MW-30)as a nitrogen source and its 
concentration in MeOH is widely varied between 0.001 and 2 %. Growth of nitrogen doped 
graphene is conducted at 925 oC with mist 
inlet rate ofO.4 mLlmin under 3% H2/Ar flow 
of 1.3 L1min for 2 min. Sheet resistivity was 
measured by 4-terminal method by using 
chemically peeled film on quartz plate and the 
transmittance was measured in the UV visible 
region. From the magnitude of transmittance 
at 550 nm， we evaluated the number of layers. 
Figure 1 represents normalized sheet 
resistivity (sheet resistivity per one graphene 
sheet) with respect to me1amine concentration 
in MeOH as a mist source liquid. Interestingly， 
one can find that the magnitude of sheet 
resistivity drops around 0.01 % melamine 
region， suggesting that effective nitrogen 
doping for reducing the sheet resistivity can 
be realized only in narrow window region. 
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Fig.l. Change of nonnalized sheet resistivity 
against melamine concentration in MeOH liquid 
for mist generation. 
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[2] S. Bae et αl.， Nature Nαnotech. 5，574 (2010). 
[4] H. Wang et al.， ACS Catal. 2ラ 781(2012). 
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Simulated Image of Suspended Graphene by Helium Ion Microscope 

。Yoshiyuki Miyamoto 

Nanosystem Research Institute， AIST， Central2， 1-1-1 Umezono， Tsukuba， 305-8568， Japan 

Non-destructive measurement is demanded for analyzing nano-scaled structure. Recent 
advent of helium ion microscope (HIM) [1] open a new way for material characterization 
without sample preparation before the measurement. Intensity of secondary emitted electrons 
is monitored as a function of impact point of the scanned He + ion beam. With the narrowest 
beam size 0.25 nm[l]ラ onecan expect to take lattice image of graphene whose hexagonal 
pattem has diameter ofO.28 nm. 

In this presentation， the intensity of secondary emitted electron depending on the impact 
point of the Hピionon a suspended graphene sheet was estimated by means of the 
first-principles molecular dynamics (MD) based on the time-dependent density functional 
theory (TDDFT) by using a code 〆、

FPSEID[2]. ( a ) 
F ig.l (a) shows several impact point ¥ノ

of the Hピionwith incident kinetic 
energy of 30 KeV as same as 
experimental condition[ 1]. A significant 
difference in intensities of secondary 
emitted electrons depending on the 
impact point was obtained by 
TDDFT-MD simulation which suggests 
a possibi1ity of taking an image of 

hexagonal pattem of the graphene as a 
schematic of Fig. 1 (b). 

Details of computational conditions 
and mechanisms of electron emlSSlOn 
upon He + collision will be discussed. pomts 

All calculations were done by using 
the Earth Simulator. This work was performed under collaboration with Prof. H. Zhang and 
Prof. A. Rubio. The author is supported by Research Organization of Information Science and 
Technology at Tokyo Office. 
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Fig.l (a) Impact points A-D tested by current 
simulation. (b) Schematic of the image 
obtained by intensity profi1e of secondary 
emitted electron as a function of the impact 

[1] B. M. Ward et al. 1. Vac. Sci. Tech. B24， 2871 (2006). 
[2] O. Sugino and Y. Miyamoto， Phys. Rev. B59， 2579 (1999); B66， 089901(E) (2002). 
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Lattice matching and band gap opening in 
graphene and h-BN stacked thin films 

。YukiSakai and Susurnu Saito 

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

Graphene and hexagonal boron nitride (h-BN) based heterostructures have been 
intensively studied both experirnentally and theoretically in recent years. For instanceラ tunnel

currents between two graphene rnonolayers through h-BN layers have been studied [1]. It has 
been also dernonstrated that new Dirac points appear in graphene on h-BN substrate due to 
the periodic potential of h-BN [2]. In parallel with these experirnental studies， we have 
investigated geornetries and electronic properties of three-dirnensional graphene/h悶 BN
superlattices within the frarnework of the density functional theory [3田 5].Stable stacking 

sequences of the superlattices have been identified. In addition， interesting electronic 

properties of these superlattices have been revealed. On the other hand， thin filrns cornposed 
of finite layers of graphene and h-BN layers should be also irnportant systerns. Theoretically， 
it has been suggested that a graphene/h-BN stacked finite layer systern could have a finite 

band gap due to broken syrnrnetry in graphene layers [6， 7J. Although there is an intrinsic 
difference in irトplanelattice constants of graphene and h-BN， lattice rnatching between 
graphene and h-BN layers is assurned in these works. The lattice rnatching should be an 

irnportant issue to be addressed since whether the lattice rnatching could occur or not is 
non-trivial. In this work， we address this irnportant issue within the frarnework of the density 
functional theory. To the best of our knowledgeラ relativestabilities of cornrnensurate phases 

with lattice rnatching and incornrnensurate phases without lattice rnatching of graphene/h-BN 

thin filrns are not fully understood except for bilayer systerns cornposed of graphene and 
h-BN rnonolayer [8]. We thus study relative stabilities of cornrnensurate and incornrnensurate 

phases of thin filrn systerns. It is found that interlayer binding energy values of cornrnensurate 
and incornrnensurate phases increase as the nurnber of layers increases. The energy difference 
between the two phases is also found to exhibit a sirnilar dependence on the layer nurnber. We 

also report electronic properties of these thin filrn systerns. Sorne cornrnensurate phases are 
found to possess finite band gaps whereas an induced band gap should be alrnost canceled out 

in incornrnensurate phases. 

[1] L. Britnell， et al. Nano Lett. 12， 1707 (2012) 
[2] M. Yankowitz， et al. Nature Phys. 8 382 (2012) 

[3] Y. Sakai， T. Koretsune， and S. Saito， Phys. Rev. B 83，205434 (2011) 

[4] M. Sakurai， Y. Sakai， and S. Saito， J. Phys. Conf. Ser. 302， 012001 (2011) 
[5] Y. Sakai and S. Saito， Mater. Res. Soc. Symp. Proc. 1407， 1407-AA08-03 (2012) 

[6] G. Giovannetti et al. Phys. Rev. B 76， 073103 (2007) 

[7] R. Quhe et al. NPG Asia Mater.， 4， e6 (2012) 
[8] B. Sachs et al. Phys. Rev. B 84， 195414 (2011) 
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Synthesis and Optical Properties of Graphene Quantum Dots 

oNaoto Fu戸mo1，Daichi Kozawa1， Yuhei Miyauchi1，三 ShinichiroMouri 
1
， and 

Kazunari Matsuda 
1 

lInstitute 01 Advanced Energy，め;otoUniversiか， [グi，Rシoto611-0011， Japan 

2 Japan Science and Technology Agenのう PRESTO，4-1-8 Honcho Kawaguchi， Saitama 

332-0012， ~正7pan

Graphene quantum dots (GQDs)， which are edge閉 boundnanometer-size graphene 

plecesラ haveattracted a great deal of interest from the viewpoints of fundamental 

physics and optical device application. The optical properties of GQDs have not been 

well understood because the synthesis of GQDs was difficult. Recently， howeverラ Peng

et al. reported a simple method to synthesize GQDs by means of acid treatment of 

pitch-based carbon fibers [1]. For白rtherinvestigation of optical properties of GQDs， it 

is important to control the size， because the optical properties are expected to strongly 

depend on the size due to the quantum confinement effect. 

In the present study， we synthesized the GQDs by the acid treatment of carbon fibers 

with changing the reaction time and temperature to control the size of the GQDs and 

investigated how the size affects the optical properties. Figure 1 shows 

photoluminescence (PL) and absorption spectra of the GQDs treated in an acid for 16 

(GQDs-16h) and 48 hours (GQDs-48h) at 80 oC. The broad absorption peaks of the 

GQDs are observed. The PL peaks are observed around 2.2 e V at the excitation energy 

of 3.54 eY. The energy positions slightly shift from 2.19 eV for GQDs-16h to 2.32 eV 

for GQDs-48h. The energy peak shift is attributed to the different size of GQDs because 

1.0 the confinement energy could be larger for 

GQDs by the reaction time. 
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[1] J. Peng et al.， Nano letters 12， 844 (2012). 
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Fig. 1 PL and absorption spectra of GQDs 
synthesized at 80 oC with different reaction 
times. The PL spectra were measured 
S巳paratelyin the high (> 2.48巳V)and low 
energy range. 
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First-principles study on geometries and electronic structures of 
halogen圃 terminatedarmchair graphene nanoribbons 

oHideyuki Jippo and Mari Ohfuchi 

FザitsuLaboratories Ltd.， 10-1 Morinosαto→vakamiya， Atsugi， Kanagawα243-0197， Japan 

Graphene nanoribbons (GNRs) have attracted attention as prornising nanostructures for 

e1ectronic app1ications of graphene. A1though graphene itse1f is a sernirneta1， GNRs can open 
up a finite band gap as a function of the ribbon width. Recent1y the bottorn-up approach to 

atornically precise fabrication of arrnchair GNRs (AGNRs) has been reported [1]. This 

approach a1so enab1es us to produce AGNRs with intended edge terrnination. In theoretica1 
point of view， hydroxy1 group (OH)ーterrninated AGNRs have been studied with 

first-princip1es rnethods [2]. In this artic1e， we investigate AGNRs terrninated by ha10gen 

atorns such as fluorine (F) and ch10rine (Cl) using density functional theoryラ becausethey are 

1ike1y to be realized by the bottorn-up approach. 

We exarnine H-， F-and C1-terrninated AGNRs (H-AGNRs， F-AGNRs and C1-AGNRs) 
with widths N = 7 and 19. We have found the rnost stable geornetries of H-AGNRs have a 

planar configuration， but those of F-and C1-AGNRs have ripp1ed edges， where the pairs of 
halogen atorns are disp1aced up and down a1temately， as shown in Fig. 1. The ripples are 

strongly localized to the edges and alrnost the sarne between the ribbons for N = 7 and 19. The 

difference in the height of the ha10gen atorns is 1.84 A for F-AGNRs and 2.96 A for 

C1-AGNRs. This ripp1ed structure has been already found for hydroxyl group-terrninated 

AGNRs [2]. We next eva1uate the terrnination energy per terrnination atorn ET. We have found 

that the rnost stab1e terrnination is brought about by F atorns (ET(F) -ET(H) = -1.7 e V; ET( Cl) 

-ET(H) = 0.1 e V). We a1so investigate their energy band structures. The energy band gaps of 
Hーラ F-and C1-AGNRs are 1.56， 1.10 and 1.16 eV for N = 7 (see Fig. 2) and 0.59， 0.44 and 

0.51 eV for N = 19. The energy band gaps of F-and C1-AGNRs are narrower than those of 
H-AGNRsラbutwider than those ofOH-AGNRs (0.8 eV for N = 7 and 0.3 eV for N = 19 [2]). 

In surnrnaryラ ha10gen-terrninatedAGNRs (N = 7 and 19) have edge ripp1es and their energy 
band gaps are narrower than those ofH-terrninatedAGNRs. 
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Fig.2. Energy band structures of (a) H-， 
(b) F-and (c) C1-terminated armchair 
graphene nanoribbons with a width N = 7. 

Fig.l. (a) Perspective and (b) side views of the most stab1e 
geometry for C1-terminated armchair graphene nanoribbon 
with a width N = 7. The dark and 1ight gray spheres represent 
C and C1 atoms， respective1y. The symbo1s of u and d stand 
for ‘ιup" and “down" for the ripp1ed edge， respective1y. The 
unit cell is indicated by the dotted lines. 

[1] J. Cai etα1.， Nature 466， 470 (2010). [2] P. Wagner， et al.， Phys. Rev. B 84， 134110 (2011). 
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Novel spintronic phenomena arising from pore-edge polarized spins of 

ferromagnetic graphene nanomeshes 

ON. KosugiラYHashirnoto， K. SakurarnotoラK.Takeuchi， S. Karnikawa， Y Yagi， J. Haruyarna 
G Hashirnoto1

， K. Fujita1
， Y Kato¥S.katsuIIIdol，Y.Iyel，R Zhad，s.Manlyamd，A.Ra03， 

FaculかofScience and Engineering， Aoyama Gakuin University， 5-10-1 Fuchinobe， 

Sagamihara， Kanagawα 252-5258， JAPAN 
lInstitutefor Solid State Physics， Tokyo University， 5-1-5 Kashiwanoha， Chiba 

277-8581， JAPAN 
2ToわJOUniversity， 7-3-1 Hongo， Bunかo-ku，おかo113-8656 Japan 
3Clemson University， Dept. Chemistry， Clemson， SC 29634， USA 

Abstract: A variety of exciting phenomena has been experirnentally reported in 
graphenes， while rnostly none has experirnentally reported on edge-related issues. There are 
two kinds of atornic structures in graphene edges; arrn chair [1] and zigzag edges. 
Theoretically， zigzag edge yields a臼atenergy band， which rnakes electrons localize around 
the edge. The localized electrons are spontaneously spin-polarized due to strong electron 
interaction arising frorn extrernely high electron density of states (edge states). It realizes 
research of spin-based phenornena and those applications to novel spintronic devices， 
interestingly in spite of a rnaterial consisting of only carbon atorns with sp~ orbitals. 
However， it is difficult to experimentally observe edge-spin--related phenornena， because 
lithographic fabrication of graphene edges easily introduces disorder， defects， and darnages. 

In contrast， we haveラ forthe first tirneラ founda large-arnplitude ferrornagnetisrn [2] 
and related spin-phenornena (anornalous rnagnetoresistance(MR) oscillations) [3] arising 
仕ornhydrogen-terrninated zigzag-pore edges of 1 ~5-1ayer graphene nanorneshes with 
honeycornb like arrays of low-defect hexagonal nanopores， which were fabricated by 
norトlithographicrnethod using nano-porous alurnina ternplate as an etching rnask. Here， in 
the poster， we will present novel spin-based phenornena observed in the above-rnentioned 
ferrornagnetic graphene nanorneshes with different structures. Increasing the inter-pore 
spacing (e.g.， frorn 20nm to 30 nm and 40 nrn) allows ernlSSlOn of polarized spins 
localizing at the pore edges to bulk regions. In the sarnplesラ weobserve ferrornagnetic皿 like
hysteresis loops and spin purnping effect (saw-tooth like MR oscillations) for rnagnetic 
fields applied perpendicular to the graphene plane and parallel with the plane， respectively. 
The correlation with edge polarized spins is discussed. 

It is highly expected that in the present graphene nanorneshes， rnodulating a f1at band 
and introducing polarized spins frorn pore edges to bulk graphene regions rnust open a door 
to novel all-carbon spintronic devices with strong spin coherence (e.g.， alトcarbonspin 
FETsぅspinpurnping devices， spin filtering devices). 

References: 

[1] T.Shimizu， J.Haruyama et al.ラ Nature N anotechム45(2011) 

[2] K. Tada， J. Haruyama et al.， Phys.Rev.Lett. 107，217203 (2011.11-2012.3) 

[3] T. Shimizu， J. Haruyama et al.， AppI.Phys.Lett. 100，023104 (2012) 
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Magnetic behaviors sensitive to foreign-atom termination of pore-edge in 

graphene nanomeshes 
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1
， 

S.Maruyama1， A. Ra02
ラ
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lTo砂oUniνersi帆 7-3-1Hongo， Bunkyo-ku，おかo113-8656 Japan 
LClemson University， Dept. Chemistry， Clemson， SC 29634， USA 

Abstract: Although a variety of exciting phenomena has been experimentally reported in 
graphenes， mostly none has experimentally reported on edge-related phenomena. Basically， 
there are two kinds of atomic structures in graphene edges; the so-called arm chair [1] and 
zigzag edges. Zigzag edge theoretically produces a flat energy band and， thus， electrons 
localize around the edge. The localized electrons are spontaneously spin-polarized due to 
strong electron interaction originated from extremely high electron density of states (i.e.ラ

edge states)， resulting in appearance of (anti)ferromagnetism. Moreover， the phenomena are 
highly sensitive to edge termination of foreign atoms (e.g.， hydrogenラ oxygen，nitrideラ

boron). It is attractive and extremely useful th剖 amaterial consisting of onl y carbon atoms 
with平 2 orbitals allows them. Mostly none has， however， reported on experimental 
observation of edge-derived spin phenomena， because lithographic fabrication of graphene 
edges easily introduces disorder. 

In contrast， we have reported on a large-amplitude ferromagnetism at room temperature 
[2] ansmg from hydrogen(H)-terminated zigzag-pore edges of graphene nanomeshes 
(GNMs) with honeycomb like arrays of low-defect hexagonal nanopores， which were 
fabricated by non-lithographic method using nano-porous alumina template as an etching 
mask. Here， in the posterラ wewill present correlation of magnetism with termination of the 
pore edges by foreign atoms. In oxygen (O)-terminated GNMs， the ferromagnetism 
observed in the H-terminated GNMs changes to weak diamagnetism due to formation of 
C=O bonds and consequent appearance of spin paring at pore edges. In contrast， we find 
that boron (B)-terminated GNMs exhibit ferromagnetism like the case of the H -terminated 
GNMs. This can be interpreted by association with breaking the symmetry of spin-up and 
spin-down physical properties of the inter-pore regionsラ whichcorrespond to nanoribbonsラ

with the B-doped nano目poreedges [3]. The case of nitrogen termination will be also 
presented. 

It is highly expected that termination of pore edges by foreign atoms can control 
magnetism and realize high-efficiency controllable graphene magnetsラ whichare ultra-light 
(wearable)， flexibleラ invisible，and rare-element企ee.

References: 

[1] T.Shimizu， J.Haruyama et al.， Nature Nanotech.6， 45 (2011) 
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Electronic structures of hexagonal boron nitride 
with topologicalline defects 

oYoko Tornita1， 2， Susurnu Okada 1，2 
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Irnperfection， such as vacanciesラ edges，and topological defects， in rnaterials with 
translational syrnrnetry usually leads to peculiar electron states around thern. Indeed， 
topologica1 1ine defects in graphene and carbon nanotubes rnodulate their rnetallic electronic 
properties and induce peculiar localized states around the defects [1，2]. Hexagonal boron 
nitride (h-BN) possesses a plan訂 honeycornblattice but is rnade of cation and anion atornsラ so
that h品 Nis an insulator with a large band gap around 5e V. By analogy with graphene with 
irnperfection， h-BN with topologicalline defects also possesses unusual electron states around 
the irnperfection. However， theoretical works on e1ectronic structures of topological line 
defects in h-BN are still 1irnited [3]. In this work， we consider the forrnation of asyrnrnetric 
line defects and study their electronic structures by the first-principles ca1culation. 

We first prepare (6-J3x2) rectangle repeated unit cell of h-BN and produce an asyrnrnetric 
line defect along the zigzag direction by irnp1anting dirnrner atornsラ XX=BN，BB， or NN， 

which induces fused pentagonal and octagonal rings. Optirnized atornic positions and 
electronic structures are ca1culated by the ab-initio pseudopotentia1 rnethod. 

All topologicalline defects induce deep irnpurity-like bands within the fundarnenta1 gap of 

bu1k h-BN. Since they have large dispersion along the defect lineラ theywill cap印reelectrons 
or holes supplied in h-BN and show the one-dirnensional-like carrier conduction along the 
defect 1ine. 

Though all irnpurity-band states are localized around the defect lineラ theyhave different 
characters depending on the kinds of irnplanted atorns. 

Ca1cu1ated forrnation energies ofBN， BB， and NN line defects are 4.76ラ 4.36，and 9.36eV， 

respective1y. Thus， the BN line defect is difficult to appear in h-BN under a usual 
crystal-growth condition. Perhapsラ theBB line defect appears in the case of B-rich growth 
condition. 

References 
[1] S. Okada， T. Kawai， K. Nakadaラ1.Phys. Soc. Jpn， 80 (2011) 013709. 
[2] S. Okada， K. Nakada， K. Kuwabara， K. Daigoku， T. KawaiラPhys.Rev. B74 (2006) 121412(R). 
[3] X. LiラX.Wu， X. C. Zeng， J. Yang， ACS Nano 6 (2012) 4104. 
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Hole-doping to CVD graphene induced by electron beam resist 
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Graphene is an attractive two-dimensional material for electronics applications due to its 

extraordinarily high carrier mobility [1，2J. The growth of graphene on metal catalysts， such 

as Ni and Cu， using chemical vapor deposition (CVD) is a promlsmg approach for the 

production of large-area graphene for the device applications [3，4]， Generally， a large 

graphene film is transferred onto an insulating substrate and pattemed by lithography in order 

to fabricate the devices [5J. Thus， understanding the effects of chemicals in the lithographic 

processes is important to develop the performance of graphene devise. In this study， we 

present unexpected hole-doping induced by the electron beam (EB) resist， ZEP520A (ZEON 

co中oration)，on the graphene field-effected transistor (g-FET). 

Large-area and uniform single-layer graphene was grown by CVD with CH4 and H2 gases 

on a hetero-epitaxial Cu film [6]. Then the graphene film was transferred onto Si02 (300 

nm)/Si substrate using PMMA and etching solution. ZEP 520 A (inset ofFigure 1) was used 

as the EB resist to make graphene pattems as well as to design the electrode pattems. After 

each lithography process， the resist was lifted-off and graphene was c1eaned by vacuum 

annealing at 200 oC. FET measurements were 

carried out under vacuum condition (~1. 7x 10-4 Pa). 

We changed the total coating time ofthe EB resist on 

graphene and found that the longer coating time 

resu1ts in a shi白ofthe Dirac point by ca. +20 V， as 

shown in Figure 1. This indicates hole-doping to 

graphene by the EB resist. We consider that Cl 

atoms in the EB resist act as electron acceptor. On 

the other hand， the carrier mobility of graphene did 

not change significantly even after the contact with 

the EB resist; 2840.7 and 3150.4 m2/Vs for 2 days 

and 6 days contact， respectively. These results can 

be useful to realize high performance g-FET. 
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Figure 1 Transfer curve ofback-gated g-FET. 
The dark and 1ight 1ines show the contact 
with EB resist for 2 and 6 days， respectively. 
The inset shows chemica1 structure of ZEP 
520A. 
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ACS Nano 5， 6916 (2011). [6] Y. Ogawa et al.， J. Phys. Chem. Lett. 3，219 (2012). 

Corresponding Author: Hiroki Ago (Te1&Fax: +8ト92-583-7817，E-mai1: ago@cm.kyushu-u.ac.jp) 

162 -



3P-26 

Fabrication of freestanding graphene nanoribbons devices for in-situ TEM 
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Edge structure， defects and width of graphene nanoribbons (GNRs) significantly affect 

their physical properties; for example， spin polarized edge states appear when the edge of 

GNR is zigzag[l]. Therefore， to fully understand the intrinsic properties of GNRs， the 

combination of TEM-based structural characterization and the 

physical property measurements is essentia1. For this pu叩ose，

we have focused on fabrication of TEM sample holder 

compatible with electronic properties measurements and the 

TEM-compatible device where GNRs are suspended between 

two electrodes for electronic properties measurement. Figure 1 

shows schematic representation of the TEM-compatible device. 
王lectrodes

Fig. 1 A schematic illus仕ation

In this presentationラ wereport a preparation of TEM-compatible ofthe graphene device 

GNRs device and newly developed TEM holder for in-situ characterization ofGNRs. 

To prepare high quality pure graphene is crucial to fabricate freestanding GNR device. To 

obtain high quality graphene， we have performed chemical vapor deposition (CVD) at 1323 K 

using methane as a carbon source and copper as a substrate. After the CVD growth， copper 

substrate was etched off， and graphene was directly transferred onto the pre-fabricated 

substrate possessing electrodes and the penetrating hole. 

After the preparation of the suspended graphene， H2 plasma 

etching was performed to c1ean the surface of the suspended 

graphene. We have investigated several conditions of plasma 

treatment to obtain impurity-合eesuspended graphene. The 

freesta帥 19c1ean graphene was pattern山叫electronbeam ~忠lLJS流出L品芯
lithography to obtain freestanding GNRs device. 

Figure 2 shows the developed TEM sample holder having 4 electrode pads to make electric 

contact between the pads and electrodes on the TEM-compatible devices. Using this holder， 

we can perform TEM observation and electronic properties measurements simultaneously. 

In the presentation， details of the device preparation and characterization of GNRs devices 

using the TEM sample holder will be presented. 

[1] M. F可itaラ et.al.， 1. Phys. Soc‘Jαp.， 65，1920， (1996) 

Corresponding Author: Ryo Kitaura and Hisanori Shinohara 

Tel & Fax: 052-789-2482 & 052-747・6442， E-mail: r.kitaura@nagoya-u.jp and noris⑨nagoya-u.jp 

-163 



3P-27 

The effects of graphene-Iayer thickness on 1-V characteristics of 
CNT-FETs with graphene contacts 

o Masato Tamaoki 1， Shigeru Kishimoto 1ぺandTakashi Mizutani 1 
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'" Venture Business Laboratory， Nagoya University， Nagoyα464-8603， Japan 

Recent1y， CNT-FETs with graphene contacts have been fabricated and shown to have small 

contact resistance [1] [2]. It is important to fully understand the electrical property of the 

graphene contacts for improving the device performance. In this study， we have studied the 

effects of graphene layer thickness on CNT-FET 1-V characteristics. 

Fabricated CNT-FETs with graphene contacts is shown Figure l. Amorphous carbon 

(a-C)乃~i/Au tri-layer structure was formed at the source and drain electrode regions， which 

was followed by graphitization annealing at 8000C for 15 min in a vacuum. Two types of 

devices were fabricated with different a-C尽~i thicknesses keeping the thickness ratio between 

a-C and Ni constant. Control devices with Au contacts were also fabricated as references. The 

formation of graphene layer was confirmed by Raman spectroscopy as shown Figure 2. In the 

case of thick a-C月オilayersラthethickness of graphene layers was thick (judged from the width 

of 2D peak) and the G/D ratio was large， suggesting th剖 thequality of the graphene layers 

with thick a-C was better than that of the thin a-C. Both types of CNT-FETs have shown 

p-type conduction in air. Figure 3 shows the maximum transconductance (gmmax) for three 

types of CNT-FETs. In the case of thin graphene layers， gmmax is larger than the device with 

Au contacts. In the case of the device with thick graphene layers with better quality however， 

it was smallest among the three-types of the devices. This means that the contact resistance in 

the CNT-FETs with graphene contacts is small for the devices with thin graphene layers and 

large for the devices with thick graphene layers. This suggests that the contact resistance in 

the present CNT-FETs with graphene contacts is dominated by the inter-graphene resistance‘ 
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[1] Y Chai et al. IEEE Trans. ED. 59， no. 1， pp. 12-19， (2012). 
[2] M.Tamaoki et al. to be published in Appl. Phys. Lett. (2012) 
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Kumamoto， 860同 8555，.fIαrpan

Composites of carbon nanotubes (CNTs) and reduced graphene oxide (rGO) have 
promlSlng applications as organic field-effect transistors (FETs)ラ electrodematerials for 
electrochemical supercapacitors and sensor for environment contamination due to their 
excellent electricalラ thermal，and mechanical properties [ト3].However， information about 
combination of rGO and nanocarbon is limited. The aim of this study was to synthesize 
composites of CNTs and rGO by chemical vapor deposition (CVD) process. GO nanosheets 
were produced following the Hummers' method [4] and deposited on the silicon oxide 
substrate. The GO nanosheets were reduced by photoreaction process to obtain rGO 
nanosheets [5]. Thusラ CNTswere grown on top of the rGO by CVD process with catalysts Co 
and Fe. The product was analyzed with Field Emission Scanning Electron Microscopy 
(FE-SEM) and Raman Spectroscopy. The SEM images and Raman spectras show that the 
combination of CNTs as nanocarbon materials and rGO has occured. CNTs with open ends 
are also characterized on the substrate. 

[1] Bing Li et al. Adv. Mater. 22，3058-3061，2010. 
[2] Ting Lu et al. Journal 0/ Electroanalytical Chemistη661，270・273，2011.
[3] Fangxin Hu et al. Analytica Chimica Acta， 724，40-46，2012. 

[4] Hummers W.S. and Offeman R.E.， J. Am. Chem. Soc. 80， 1339， 1958. 
[5] Matsumoto Y. et al. J. Phys. Chem. 115ラ 19280-19286，C2011. 
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Graphene has shown great promise for use in future nanoelectronics. At the nanoscale， it is 
important to fu11y understand the intrinsic transport properties under gate electric fields. In 
this study， we develop a method to introduce the effect of mu1tiple gates into first-principles 
electronic transport calculations. We a1so report the simu1ations of a graphene Dua1-Doub1e 
(DD) gate transistor having four gates in a11 as the first case. 

A11 calcu1ations are performed using density印刷iona1theory (DFT) code [1]. We adopt 
the nonequilibrium Green's function (NEGF) method. The gates are modeled as surface 
charge. The e1ectrostatic potentia1 is ana1ytica11y calcu1ated from the surface charge and added 
as extema1 potentia1 whi1e the nonequilibrium e1ectronic structure is self-consistent1y 
determined under the source-drain bias voltages VSD. The source-drain current ISD is eva1uated 
by integrating the transmission based on the e1ectronic structure according to the Landauer 
formu1a. Mode1 of the graphene DD gate transistor and IsD-VSD curves obtained for four cases 
(DD gate (nn)， DD gate (pn) ， doub1e gate， and w/o gate) are shown in Fig. When we put 
surface charge of 1013cm-2 to a11 the gates (DD gate (~n)) ， the current is a1most the same as 
that for sing1e doub1e gate (doub1e gate). When we set the surface charge to the opposite sign 
for the 1eft and right gates (DD gate (pn))ラ wehave found that the current becomes even 
sma11er than that without gates (w/o gate). This might correspond to the large resistance in ballistic 
pnp junctions [2]， which wil1 be examined using this method in the 印刷re.

(a) 
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Fig. (a) Schematic diagram of a graphene dual-double (DD) gate transistor. The gray spheres represent 
carbon atoms. Both sides in the transport direction (x) (source and drain) are semi-infinite graphene 
leads. The broken lines indicate the boundary between the center region and the leads. In the y and z 
directionsラonlyatoms of the unit cell are shown. The gray rectangles and lines denote the positions of 
the gates. The left and right ones of DD gates are 0.12 nm away from each other. The connected one 
of the left and right gates into a length of 1.84 nm is called single double gate. (b) The source-drain 
cu汀 entslsD as a function of the source-drain bias vo1tage VSD. 

[1] T. Ozaki， Phys. Rev. B 67，155108 (2003);担匹ぽ笠忠盟担盟三型笠込区民

[2] R. Gorbacev et al.ラNanoLett. 8， 1995 (2008). 
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Single凶 walledcarbon nanohoms (CNHs)， which are prepared by the CO2 laser 

ablation of graphite without metal catalysts， have high potential for applications to drug 

delivery， diagnostic imaging， and photo-hyperthermia therapy. Same as the other 

nanocarbons， CNHs are easily captured by macrophages [1]. Although in vitro and in 

vivo studies showed that CNHs have low acute toxicity， this undesired accumulation in 

macrophages can potentially lead to long-term toxicity and strongly limits the 

bio-application of CNHs. Recently， it has been shown that CNHs is cytotoxic when a 

large amount of CNHs were intemalized in murine macrophage RAW 264.7. The cell 

death was necrotic/apoptoticラ whichis discussed on the basis of lysosomal membrane 

destabilization and the generated ROS [2]. We discussed the details of apoptosis 

mechanism caused by CNHs in RAW264.7 in this presentation. 

We used the CNHs treated by light-assisted oxidation with hydrogen peroxide. They 

were dispersed in cell medium without using any dispersants， and the cell medium 

dispersion of CNHs was used for the cell experiments. The CNH concentration in the 

cell culture medium was 1-100μg/m1. After 48 h incubation， RA W 264.7 cells took up 

1-140 pg/cell of CNHs. The cytotoxicity became apparent after the 48 h incubation， 

when the cell proliferation inhibition and cell death increased with the CNH 

concentration. At the same time， Caspase 3 was activated， suggesting that the 

apoptotic cell death proceeded. Mitochondrial membrane potential was examined 

by using JC-1 probe， which tended to decrease by the CNHs. ROS generation was 

enhanced by CNH， which was appreciably suppressed by deactivation of 

mitochondrial electron transport chain complexes 1 and III. These results 

suggest that the CNHs accumulated in the lysosomes could cause the 

apoptosis via disturbing the mitochondrial activity. 

[1] J. Miyawaki， et a1. ACS Nano， 3，1399-1406ラ2009.

[2] Y Tahara， et al. Biomaterials， 33ラ 2762-2769，2012.
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It can be expected出atcarbon nanohoms (CNHs) [1] are usefu1 for many applications for their 
unique structura1 characteristics， for examp1e cata1yst support， electrode materia1s， drug delivery， etc. 
Dispersing metallic nanopartic1es in CNHs shou1d enhance the abi1i句Tof the CNHs for some 
applications because nanopartic1es of specific nanopartic1es can give cata1ytic or magnetic 
properties to CNHs. The present study tried to elucidate the inf1uence of the metallic components on 
the product structures ofmeta1-dispersed CNHs in the synthesis process by gas-injected arc-in-water 
(GI-AIW) method using meta1-carbon composite e1ectrode [2]. 

The set-up ofthe GI-AIW me出odis exp1ained in a literature [2]. A hollow graphite cathode was 
submerged in water and narrow graphite rod anode was inserted in the ho1e of the cathode to generate 
arc discharge. N2 was supp1ied to the cathode ho1e during the arc discharge. To produce the CNHs 
dispersed with metallic nanopartic1es， the anode rod was drilled axiallうん and powers or wires of 
specific metallic components are stored therein. In this study， we stored Pd together with Ni in the 
anode ho1e to produce Pd-Ni alloy nanopartic1es. An examp1e TEM image of CNHs dispersed with 
Pd-Ni alloy partic1es is shown in Fig. 1. As shown in Fig. 2ラ社wasrevea1ed that the component ratio 
(N印dratio) in alloy-dispersed CNHs significantly decrease with the initia1 NilPd ratio stored in anode. 
This result suggested血atthe仕lerma1properties such as boi1ing point wou1d be important criteria to 
estimate the compone凶 ratioin metallic nanoparticles dispersed in the CNHs produced by this way. 
To observe the inf1uence of this aspect， a variety of metallic components (w， Nb， Fe， Ni， Au， Mo， Cu， 

etc.) were stored with Pd in the anode when CNHs were synthesized. In these experiments， some c1ear 
仕endswhich determined the metallic ∞mpone国sin the products were found.百leknow1edge 
obtained here will be fundamentally usefu1 to s戸lthesizeCI骨内 dispersedwith metallic nanopartic1es 
having specific components to max白血etheir performance in any application. 

庁
一
ぽ

N

一
N

Y
一Xα

 

(Y = weight ratio in products) 
(X = initia1 weight ratio) 

[Ni is concentrated 

+ 
+ 

2.5 
2.0卜・1

，1.5ト今
吉1.0
0.5 

Fig. 1 TEM image of CNHs dispersed with Pd-Ni 
alloy nanoparticles 

、令司令ー・-. I.! 
1IPd  is concentrated 

10 20 30 40 50 60 
XN;fXpd[%] 

Fig. 2 Con悶 1岡田nfac伽 ofNi in Pd-Ni al10γ 
dispers吋 inO'剖svs. ini由1NilPd ratio 

[1] S.刊ima，M. Yudasaka， et al. Chem. Phys. Lett. 309，165 (1999). 
[2] C. Poonjaremsilp， N. Sano， et al. Carbonち49ち4920(2011). 
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The linear chain carbon molecules of hydrogen-enιcapped polyynes and cyanopolyynes， 
are intriguing as possible precursors for infinitely long， one-dimensional atomic chains of 
carbon， namely carbyne. The electronic structure of these molecules is also an important 
subject upon making conducting materia1s. Optica1 spectroscopy is one of the promising to01s 
for investigating the e1ectronic structure ofthese m01ecules. However， some low-lying excited 
states of polyynes are not accessible directly by a simp1e electric-dip01e transition. The 
e1ectronic transition can be forbidden by symmetry. Even under the case for the 
symmetry-forbidden transition， the electronic transition becomes allowed by incorporating 
activation or deactivation of a specific mode of molecular vibration. Here， we examined 
symmetry rules for the vibronic transitions for polyynes and cyanopolyynes， observable in the 
near UV regions. These transitions are usually orders of magnitude weaker than those for the 
fully allowed transition appearing in the UV. 

First， we observed near UV emission bands of hydrogen-end-capped polyyne molecules in 
hexane by resonant excitation with UV-laser photons tuned to the allowed transition in the 

UV [1]. The forbidden transition is activated along with the excitation of a trans-bending JCg 

mode of vibration. Second， we observed intensification of the vibronic bands in the near UV 
by absorption spectroscopy for polyyne-iodine molecular complexes [2]. The symmetry for 
the complex is substantially deviated 企omthe cylindrical symmetry. Also， electronic 
transition of the polymeric iodine unit can promote the transition of polyyne molecules. The 
effect of formation of the complex is detectable by infrared absorption spectroscopy [3]. 
Major IR absorption 1ines for hydrogen-end-capped po砂ynem01ecules are red-shifted and 
some new lines are intensified. Ske1etal deformation of the p01yynic carbon chain becomes 
easier for the p01yyne-iodine comp1ex re1atively to the intact polyyne molecules. Finally， we 
observed absorption bands in the UV for cyanopolyynes [4]. According to the 10ss of 
inversion symmetry， the molecules show absorption features of substantial intensity on the 
low-energy side ofthe fully allowed transition in the UV. When cyanopolyynes are embedded 

in a crystalline form of a molecular complex with α-cyclodextrin， the near UV transitions are 
m 

[1] T. Wakabayashi et al. Chem. Phys. Lett. 446， 65 (2007) 

[2] Y. Wada et al. J. Phys. Chem. B 115，8439 (2011). 

[3] Y. Wada et al. Chem. Phys. Lett. 541，54 (2012). 

[4] T. Wakabayashi et al. Carbon 50， 47 (2012). 
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Direct methanol type fuel cell (DMFC) has been attracting attention as a power source for 

mobile devices. Increase of power generation efficiency and power output is required for 
commercialization. We have developed carbon electrodes for DMFC using different carbon 
nanomaterials on which a metal catalyst is supported. In this study， we discussed the effect of 
methanol oxidation reaction characteristics on the property of carbon nanomaterials. 

We used three carbon nanomaterials， Vulcan -XC-72-(Vulcan)， arc black (AcB) (1)， and 

carbon nanocoil (CNC). Table 1 shows the characterization of carbon nanomaterials. 

Table 1. Characterization of carbon nanomaterials. 

Vulcan 

AcB 

CNC 

Specific surface 
(m2/g) 

237 

153 

115 

Volume resistivity 
(Q • cm) 

0.43 

7.4 

1.9 

We supported metal catalysts， Pt and Ru by the 

reduction method using sodium borohydride. The 

loading amount was determined by thermal 

gravimetric analysis (TGA) and the amounts ofPt and 
Ru were set to be 20 and 10 wt. %， respectively. 

The methanol oxidation reaction was analyzed by a 

three嗣 electrode cell; PtRu catalyst， saturated 
KClI Ag! AgCl electrodeラ andPt sheet electrode were 
respectively used as working， reference and counter 
electrodes. 1M H2S04 + 1M CH30H was used as an 
electrolytic solution. The vo1tage scan range and rate 
were 0 -1.5 V and 20 mV/s， respectively. 

Figure 1 shows the measurement results. The 
current around 0.8 V which indicates the methanol 
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Fig.1 Catalytic actives for methanol 
oxidation reaction in 1M H2S04 + 
1M CH30H at room temperature. 

oxidation reactionラwashigher in the order ofVulcanラ CNC，andAcB. 
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Polyynes， H(C三C)nH(nミ2)，are sp-hybridized linear carbon chain molecules with two 

hydrogen atoms at both ends. We have reported that a molecular complex is formed from 

polyyne and iodine molecules by photoinduced reaction. The composition of the 

polyyne-iodine complex was determined to be 1:3 for polyyne:b ratio from the 
concentration-dependence experiment. The lH_ and 13C-NMR spectra showed that the 

polyyne-iodine complex has C2 symmetry [1]. 
Very recently， we measured IR spectra of polyyne-iodine complexes， C2nH2I6 (n=5-7)， for 

structural characterization of these complexes [2]. Figure 1 shows IR spectra of ClOH2 (upper 

panel) and ClOH2I6 (lower panel). We detected CH-bending TCu mode and CH-stretchingσu 
mode of ClOH2 at 625 cm-

1 and 3306 cm-1， respectively. A signal at 1236 cm-1and a weak 

signal at 2191 cm-1 were assigned to a combination of CH-bending TCg+TCu mode and CC-

stretching σu mode of ClOH2， respectively. In the spectrum for ClOH九 signalswere red 
shifted from 625 cm-1 to 610 cm-1 for CH-bendingπu mode and from 3306 cm-

1 

to 3085 cm-
1 

for CH-stretchingσu mode by formation of complex. As for the CC-stretchingσumode of 
ClOH2I6 at 2182 cm-1， signal was intensified by formation of complex. There are two 
noticeable signals at 866 and 1345 cm-1 in the spectrum of ClOH2I6 which have appeared by 

formation of complex. According to molecular orbital calculations for ClOH2， there are 
fundamental transitions for CC-stretching (Ju modes in this region. Therefore， we consider that 
these new signals at 866 and 1345 cm-1 in ClOH2I6 are intensified CC国 stretching(Ju modes by 

formation of the complex. We can consider that the six iodine atoms are surrounding the 

polyynic carbon chain， because CH-bending and CH-stretching modes show red shift and CC-
stretching modes are intensified by formation of complex. The results of IR and NMR spectra 

suggest that an iodine unit， I6， in ClOH2I6 lies at equator of ClOH2・

[1] Y. Wada et aL 1. Phys. Chem. B. 115ラ 8439(2011). 
[2] Y. Wada et al. Chem. Phys. Lett. 541，54 (2012). 
Corresponding Author: T. Wakabayashi 
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Fig. 1. IR spectra of ClOH2 (upper panel) and ClOH2I6 (lower panel). 
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The formation of carbon nanocapsules from 

silicon (Si) nanoparticles deposited on a carbon 

nanotube (CNT) by Joule heating was studied by in 

situ transmission electron microscopy (TEM). 

CNTs were attached to an edge of a gold (Au) 

plate by dielectrophoresisラ andSi was deposited on 

the surface of the CNTs at 773 K by electron beam 

evaporation. A free end of a Si-deposited CNT was 

brought into contact with a tip of an Au-coated 

tungsten needle inside a transmission electron 

microscope. The formation of carbon nanocapsules 

on the surface of Si nanoparticles by Joule heating of 

the CNT was observed by in situ TEM， and the 

current and bias voltage applied to the CNT were 

simultaneously measured. 

Figure l(a) shows a TEM image of a 

Si-deposited CNT bridging between Au electrodes. 

When the bias voltage was increased to 1.46 Vラ a

current of 43.4μA suddenly passed through the CNT. 

At the same timeラ someSi nanoparticles lying on the 

CNT disappeared (Fig. 1 (b)). At a bias voltage of 

l.60 V， the current increased to 49.3μA and a carbon 

nanocapsule encapsulating Si nanoparticle was 

formed， as indicated by an arrow in Fig. 1 (c). An 

application of the bias voltage up to 2.04 V led to the 

rise in current to 90.7μA， and Si nanoparticles were 

completely disappeared and only carbon 

nanocapsules were left on the surface of the CNT， as 

indicated by arrows in Fig. l(d). Figure 2 shows a 

high-resolution TEM image of carbon nanocapsules 

observed after the disappearance of Si nanoparticles. 

They have a multilayered structure， and the interlayer 

spacing is about 0.35 nm， corresponding to that of 

(002) planes of graphite. 

Corresponding Author: Tomohiro Terada 
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Distribution of Lanthanum containing carbon nanocapsules in the DC arc 
cathode deposit 
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2LijをScienceCenter ofTsukuba Advanced Resωrch Alliance， University ofTsukuba， lbaraki 

305-8577， Japan 

The discovery of endohedral fullerenes [1，2] has triggered a new exciting field of research， 
where a variety of new endohedral carbon nanostructures， such as nanocapsules [3，4] and 
nanotubes [5] have been produced. Several materials such as pure metals， alloys， and carbides 
have been nanoencapsulated in carbon. Although these “carbon nanoencapsulates" are very 
important compounds due to their potential application for the disposal of radioactive waste 
metals， such as rare earth and actinide [6]， they are still1aboratory materials， and their very 
low conversion efficiency企omstarting meta1/carbon mixtures to the carbon nanoencapsulates， 
resulting 合omthe present synthetic technology， is certainly one of the main explanations of 
present status. Near1y 20 years after their discovery， therefore， no reallarge-scale industrial 
application of carbon nanoencapsulates has yet started. 

Historicallyラ theconventional DC arc discharge experiments provided carbon nanocapsules 

containing nanocrystals of LaC2 in carbonaceous deposit on cathode [3.4]. Figure 1 shows 
one of typical powder X-ray dif丘actionprofiles of the cathode deposit. Although LaC2 is very 
reactive with H20 and easily converts to La(OH)3 in humid air， diffraction peaks of LaC2 
crystals were observed in Figure 1， which means the LaC2 crystals are in carbon nanocapsules 
and are protected from water molecules. RecentIy we have found that no nanoencapsulates 
were observed in the center of the cathode deposit， and that the nanoencapsulates were 
concentrated under outer-shell of the cathode deposit. Distribution of the nanoencapsulates 

and the formation process in the cathode deposit will be discussed. 

o Graphite 
• LaC2 
@ La(OH)3 
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Fig. 1 Typica1 powder X-ray diffraction profi1e of the cathode deposit. 
[1] J.R. Heath et al.， J Am. Chem. Soc.， 107， 7779 (1985). [2] Y. Chai et al.， J Phys. Chem.， 95， 7561(1991). 

[3] R.S. Ruoff et al.， Science， 259，336(1993). [4] M. Tomita et al.，やn.J Appl. Phys.， 32， L280(1993). 
[5] S. Seraphin et al.， Appl. Phys. Lett.， 63， 2073(1993). [6] K Yamamoto et al.， Prog. Nucl. Energyラ 47，

616(2005). 
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Dependence of carbon nanocoillength on sonication time 

oKoji Maruyama1， Yoshiyuki Suda1， Hideto Tanoue1， Hirofumi Takikawa1， 
Hitoshi U e2， Kazuki Shimizu3

ラ
YoshitoUmeda4 
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Carbon nanocoil (CNC) is expected to be applied to nanodevice because of its unique form 

and high conductive property. We conducted isolated dispersion of CNC into water. CNC was 
synthesized by using the chemical vapor deposition (CVD) and was used as the starting 

material as shown in Fig. l(a). CNC length before dispersing was about from 20 to 30μm. 

CNC (10 mg) was dispersed for 5 to 120 min in 100 ml deionized water and 19 (1wt %) 
sodium dodecyl sulfate by homogenization using a homogenizer (Nihonseiki， US-600T). The 
dispersed solution was kept below 20 degrees during dispersion. A drop of 40μ1 of 

suspension was dropped onto carbon-coated TEM grids and observed by a scanning electron 
microscopy as shown in Fig. 1 (b). It was found that CNCs were cut after dispersion. Fig. 2 

shows a correlation between sonication time and CNC length. As the increase of sonication 

time， a number of long CNCs of over 10μm decreased and a number of short CNCs of under 

6μm increased. At 90 and 120 min of dispersion times， there were few long CNCs and many 
short CNCs in the dispersed solution. 

This work has been partly supported by the Research Project of the Venture Business 

Laboratory from Toyohashi University of Technology (TUT); the Core University Programs 

(JSPS-CAS program in the field of "Plasma and Nuc1ear Fusion") from the Japan Society for 
the Promotion ofScience (JSPS); and a Grant-in-Aid for Scientific Research from JSPS. 

Fig. 1 SEM micrographs of(a) as-grown CNCs 

and (b) dispersed CNCs on TEM grid. 
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Fig. 2 Relationship between sonication time and 

CNC length. 
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Doping of Fullerene to Iron Oxide N anotubes 

。YukiShirakiラYukiMishina， Shunji Bandow 

Department 01 Materials Science αnd Engineering， Meijo Universiか
1-501 Shiogαmαguchi， Tenpaku， Nagoya 468-8502， Japan 

Characteristic of nanotube structure is simply described by large surface area， which stems 
from usable inner surface surrounding a molecular sized space spread inside the tube. 

Recently， many tubule structured nanomaterials are reported such as vanadium oxide， Ti02， 

Zr02， Ah03 and Fe203， so on [1-5] after finding of carbon nanotubes [6]. Fullerene filling in 
the carbon nanotube is widely studied with a viewpoint whether or not the encapsulated 
白llerenesmodify the nanotube electronic structure [7]. In additionラ co-depositedfilm of 

孔1003and C60 has a potential ability as an organic solar cell due to effective charge transfer 

仕omC60 to Mo03 [8]. Such charge transfer would modify the band scheme and lowers optical 
absorption energy to visible light region 合omUv. Since the band gaps of most metal oxides 

are in UV region， it is necessary to find effective charge transfer materials in order to realize 
some photo-activities triggered by visible light irradiation. 

Generally， the interaction wi11 occur in the contact regionラ hencethe nanotube structure is 

one of ideal structure for the doping of guest molecules. In the present study， we prepared iron 

oxide nanotubes by the sol-gel method previously reported [9] and examined the fullerene 
doping. 

Fullerene dopings were carried out by the liquid phase method using C60 and C60(OH)n. 
For C60 doping， iron oxide nanotubes were dispersed in toluene solution of C60 and sonicated 
for 1 hour. Then the sample was observed by TEM. Fullerene hydroxide was prepared by the 
patent method [10] and checked by thermogravimetry. C60(OH)n thus obtained was dissolved 
in ethanol and iron oxide nanotubes were dispersed in this solution. After making such 

colloidal dispersion， we sonicated the solution for 1 hour and observed by TEM. Figure 1 

indicates summa可 ofTEM observations. Figures 1a， b and c areラ respectivelyラ pristineiron 

oxide nanotube， iron oxide nanotube after C60 doping and those after C60(OH)n・Fromthese 

figures， one can easily find that some circular contrasts associated with C60(OH)n are seen 
only in Fig. 1 c， which suggests that the hydrophi1ic nature is needed to interact with iron 

oxide nanotubes. 

Fig. l. TEM images of (a) pristine， (b) after C60 doping and (c) a武erC60(OH)n doping iron oxide 
nanotubes. Bar in each pane1 represents 4 nm 

[1] M.E. Spahr et al.， Angew. Chem. 37， 1263 (1998). [2] G. Annstrong et al.， Chem目 Commun.2454 (2005). [3] G. Shen et alラ

J.N，αnotechnol. 4， 730 (2007). [4] S. Kobayashi et al.， J. Am. Chem. Soc. 124ラ 6550(2002). [5] S. Kobayashi et al. ，Chem 
Mater. 12， 1523 (2000). [6] S. Iijima， Nature 354，56 (1991). [7] C.H.L. Quayet α1.， Phys. Rev. B 76， 073404 (2007). [8] N. 
Ishiyama et al.， Appl. Phys. Lett. 99ラ 133301(2011). [9] Y. Shiraki et al.， 42nd FNTG， 3P-49. [10] P2007-031090. 
Correspondi加ngAu凶thor:Sh一un吋jiBandow帆， E-mail: bandow@m 巴司吋i討JO四4引u.a配c仏.担， Tel&Fax: +81-52-834-4001 
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Supercooled and Glassy Water Confined in Zeolite Templated Carbon 

oHaruka KYAKUN01
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192-0397， Japαn 
2Institute ofPhysics， F，αculty of Engineering， K，仰 αgawαUniversity，Yokohαma，221-8686， 
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J JST， CREST， Ka干vaguchi332-0012，Japan

4 Institute of Multidisciplinary Resωrch戸rAdvanced Materials， Tohoku Universiか，Sendai， 

980-857スJapan

Zeolite Templated Carbon (ZTC) is a new porous carbon synthesized using the 
nanochannels of zeolite Y. (Fig.1) The novel characteristics of ZTC are its uniform nanopores 
with a diameter of ~ 1.2 nm， a long range periodicity derived from the parent zeolite Y， and 
high specific surface area of up to 4000 mL/g. A proposed model for ZTC is buckybowl-like 
nanographenes assembled into -a three-dimen~ionaÏ1y ~egular network [1]. 

In the previous work， we carried out NMR measurements， x-ray diffraction (XRD) 
experimentsラ andc1assical molecular dynamics (MD) calculations to c1arify the structure and 
phase behavior of water confined in nanopores of ZTC. It was indicated that the confined 
water can be supercooled below 200 K， and at the lower temperatures is not crystalline ice but 
a kind of an amorphous solid， which can be characterized by distorted hydrogen bond 
networks with very few dangling-bonds. 

In this work， we investigated isobaric specific heat capacity Cp of the co凶 nedwater by 
means of differential scanning calorimetry (DSC) and gained more insight for its supercooled 

states. As shown in Figムwesuccessfully determined the ら andits temperat悶 dependence
shows similar characteristics to that of structural 
changes analyzed by XRD experiments and MD  
calculations. Also the glass transition 

temperature Tg was possibly estimated to be ~ 4 
~150 Kラ consistentwith that proposed by NMR も'
measurements. ::::;.. 3 

U 

2 

O 
300 350 400 

T(K) 

F日i砲g.2 T，巴mperatωur印ed己pendenc巴 ofspecific heat 
c叫a叩pa恥ね制cit旬yCp 0伽bt加tam即le吋db句YDSC n悶 a 乱叩sur問1

Fig.l Possible structural model proposed 
for ZTC solid. 

t白h巴dataoft白heconfined water， contribution仕omZTC
framework was eliminated. 

Reference: [1] H. Nishihara et al. Carbon 47， 1220 (2009). 
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Microscopic study of Zeolite Templated Carbon (ZTC) 
by using 13C NMR spectroscopy 
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ラ
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Zeolite Ternplated Carbon (ZTC) is a new allotrope of carbon synthesized using zeolite Y as 

a ternplate. The novel characteristics of ZTC are the highest surface area of carbon rnaterials 

(4000 rn2fg)ラ three-dirnensionalstructure cornposed of buckybowls (Fig. 1)， and uniforrn 
nanopores with a diarneter about 1.2 nrn. [1] Except these findings of its structureラ rnostof 

physical properties have not been clarified. In this work， we carried out 13C NMR 

rneasurernents as a rnicroscopic probe to reveal the electronic properties of ZTC. 
l3C NMR spectrurn at 4.2 K is shown in Fig. 2. The asyrnrnetric spectrurn indicates a typical 

anisotropic powder pattern. We also rneasured the nuclear spin-lattice relaxation tirne Tj with 

a saturation recovery rnethod. Frorn this rneasurernentラ we found the ternperature 

dependence of Tj obeys a characteristic behavior in rnetals， the Korringa law (lfTl ocη. 
Details of our experirnents including cornparison with other allotropes of carbon (graphite， 
fullerene， and carbon nanotube) will be reported. 

l-一 ZTCat 4.2 K 

~I I 由一-sim恥l比i山 tion I 

¥ 

-200 -100 。100 200 300 400 

Shi ft (ppm) 

Fig.2 13C NMR spectrum of ZTC at 4.2 K 

and simulated powder pattem spectrum. 

Fig.l Structual model ofZTC. [1] 

[1] H. Nishihara et al.， Carbon 47 1220 (2009). 
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Measurement of electric property of carbon nanocoil in scanning electron 
mlcroscope 
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2 Fuji Research LaboratOlァ，Tokai Carbon， Co.， Ltd.， Oyama 410-1431， Japan 
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Carbon nanocoil (CNC) is predicted to have a high mechanical strength [1]， and we focus 

on the elongation of CNC. The purpose of this study is to measure the electrical resistance of 

CNC when it is elongated under the tensile load. CNC was synthesized in our laboratory by 

chemical vapor deposition [2]. Making electrical contact with the both ends of CNC enables us 

to measure the CNC electrical property. Fig. 1 shows a schematic of the experimental se加p.

A manipulator with a tungsten probe tip 

(W -tip) is mounted in a scanning electron 

microscope (SEM) and connected to the 

stage through a multimeter. An oxide film 

is formed on an Si substrate. Al film is 

partially deposited on the Si02/Si substrate 

and connected to the stage using a silver 

paste. CNC instal1ation on the Al-coated 

Si02/Si substrate was performed by a 

focused ion beam (FIB). The procedure is 

multiーロleter

司

-

E

・E
-

F
 

W-Tip 
Silver 

manipulator 

the following. First， we picked up one 
CNC 仕omas-grown CNCs on substrate measurement ofthe e1ectrica1 resistance ofCNC 

using a tungsten probe equipped in FIB 

and fixed CNC with the probe by irradiating Pt ion beam. Lower part of the picked-up CNC 

was cut by Si ion beam and the upper part of several μm length remained. Then the CNC was 

transferred to the Al-coated Si02/Si substrate and we attached one end ofthe CNC to the end 

of Al film by irradiating Pt ion beam. 

This work has been partly supported by the Research Project of the Venture Business 

Laboratory from Toyohashi University of Technology (TUT); the Core University Programs 

(JSPS-CAS program in the field of "Plasma and Nuclear Fusion") from the Japan Society for 

the Promotion of Science (JSPS); JSPS KAKENHI Grant Number 24360108; and MEXT 

KAKENHI Grant Number 24110708. 

specimen chamber of SEM 
L_ーーーーーーー』ーーーーーーーーーーーーーーーー--' 

Fig. 1 A schematic of the experimenta1 setup for the 

[1] L. Ci， et al.: Mater. Lett.， 43， 291 (2000) 
[2] M. Yokota， et al.: Journal ofNanosci. Nanotechnol， Vo1.10， pp.391O-3914 (2010) 
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Fuel cel1 is key technology to convert hydrogen energy into electric power quite efficiently. 

Especially， polymer e1ectrolyte fuel cell (PEFC) is promising candidate for the energy sorse of car， 

portable electronic device， and house. Carbon nanotube (CNTs) have been emerged as a better 

conductive supporting material for catalyst nanoparticle than conventional material such as carbon 

black due to their excellent electron conductivity， better electrochemical durability and fibrous 

structure. The key issue to utileze the CNTs as a supporting materials is to develop a proper method to 

immobi1ize the metal nanoparticle onto CNT surface.We have reported PBI adsorbed onto the surface 

of CNTs and acts as the good dispersant of CNTs [1]. By taking the advantage of uniform wrapping of 

PBI on D、Hssurface， we uti1ized this composite (CNT/PBI) 

as a novel carbon supporting materials for the loading of 

platinum (Pt) nanoparticles to fabricate a e1ectrocatalyst for 

PEFC. As the result， the CNTs/PBI show better efficiency of 

Pt loading than that of pristine CNTs due to the coordination 

between Pt ion and PBI (Fig. 2)， where D、U，PBI and Pt as a 

Pb{判
Fig. 1 Chemical structure of PBI. 

electron pathラ protonpath and reaction site， respectively. The obtained electrocatalyst (CNT/PBIIPt) 

shows excellent Pt utilization efficiency mainly due to the formation of ideal interfacial structure 

around Pt [2，3]. 

We fabricated the PEFC membrane electrode assembly (MEA) using acid-doped PBI and acid聞

doped CNTIPBI!Pt as a electrolyte membrane and electrocatalyst， respective1y， and measured the fuel 

cell performance using hydrogen and air as fuels [4]. Interestingly， PEFC showed higher power 

density than the control MEA using carbon black (CB) in place of CNTs (Fig. 2). We assumed the the 

ideal nano-and micro岨 structureprovided by the CNT/PBI/Pt in the electrocatalyst layer lead the better 

performance [5]. In addition， the durabi1ity of CNT-based PEFC was evaluated. 

出 [IJAdv. Funct. Mater. 18， 1776・1782
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Kitaura， Ryo lP-5， 2P-14， 2P-18， 3-5， 3P-4， Maeda， Yutaka 1-4， lP-21 

3P-26 Mahjoub， Akram 1-15 

Kito. Yusuke 3P-7 Manako， Takashi 3-16 

Kiyomiya， Masaharu lP-44.3P-3 Maniwa. Yutaka 2P-8， 3P-l， 3P-39， 3P-40 
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1Aotomiya， Kenichi 2P-40 Nishiyama， Satoko 3-4 
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Oh， Jaebuem 1-11 Saito， Riichiro 2-6， 2P-5， 2P-6， 2P-7， 3-11 

Ohfuchi， Mari 3P-21.3P-29 Saito， Susumu 1P-6， 3-6， 3P-11， 3P-19 

Ohkubo， Kei 1-8 Saito， Takeshi 1P-39， 1P-44， 2P-33， 2P-34， 

Ohmori， Shigekazu 2P-33 3P-3 

Ohtsu， Motoichi 3-7 Saito， Yahachi 2P-31， 3P-2， 3P-35 

Okabe. Yuta 3-18 Sakai， Seiji 1P-22 

Okada. Hiroshi 2-2 Sakai， Takenobu 1-3 

Okada， Susumu 1P-4， 2P-9， 3-8， 3-14， 3P-12， Sakai， Yuki 3P-19 

3P-24 Sakurai， Shunsuke 1P-30 

Okamoto， Koji 1P-27 Sakakibara， Satoshi 1P-34，lP-37 

Okazaki， Toshiya lS-l， 1-1， 2P-2， 2P-37， 2P-38， Sakuramoto， Kenshi 3P-22， 3P-23 

3P-1 Sanders， Gary 2P-7 

Okimoto， Haruya 3P-6 Sankaran， R. Mohan 3S-5 

Okuda， Shin-ichi 1P-23 Sano， Masahito 3P-6 

Olmstead， Marilyn M 1P-19 Sano， Noriaki 3P-31 

Omatsu. T. 1-15 Sasaki， Fusako 1P-39 

Omatsu， Takashige 1P-26 Sasaki， Masahiro 1P-22 

Omori， Mamoru 3-3 Sasaki， Yuki 3P-26 

Ono. Akira 1P-33 Sato， Kentaro 2P-6.3-11 

Ono. Shin 1P-42 Sato， Shin-Ichiro 1P-50 

Oohara， Kazuyoshi 2P-16 Sato， Shintaro 2P-3 

Osada， Yukihiro 1P-48 Sato， Tohru 1-6 

Oshima， Takumi 1-12， 1P-9， 1P-12， 1P-17 Sato， Yoshinori 1P-48，2P-40 

Otani， Minoru 3-14 Satou， Akira lS-3 

Otsuji， Taiichi lS-3 Sekiguchi， Atsuko 2P-21 

Ouchi. T. 1-15 Shamoto， Shin-ichi 3P-36 

Ozaki， Masahiro 3P-33 Shiba， Kiyotaka 1P-49 

Shibata， Rena 1P-44 

~p~ Shibuya， Megumi 2P-16 

Pac， Chyongjin 1-11 Shigeta， Masahiro 2P-25 

Poonjarernsilp， Chantarnanee 3P-31 Shimizu， Kazuki 3-18， 3P-33， 3P-37， 3P-41 

Prassides， Kosmas lS-2 Shimizu， Maki 2P-28.3P-5 

Shimomura， Shuichi 1P-1 

~Q~ Shinohara. Hisanori 1-9. 1P-5. 1P-18， 2P-14， 2P-18， 

Quintero， Ricardo 2P-36 3-5， 3P-4， 3P-26 

Shiomi， Junichiro 1P-29， 2P-15， 2P-30 

~R~ Shiraki， Yuki 3P-38 

Ranajit， Ghosh 1P-36 Shirasu， Keiichi 3-3 

Rao， Apparao 3P-22， 3P-23 Shiromaru， Haruo 1-l. 1P-15 

Ryu， Misun 1-11 Shoji， Mao 1-16，2P-39 

Ryzhii， Victor lS-3 Slanina， Zdenek 1P-19， 1P-21 
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Sunayama， Yuuki 1P-48 Tatsumi， Yuki 2P-5 

Suntornlohanakul， Tatporn 3P-31 Tatsuki， Yasumitsu 1P-40 

Suzuki， Hironori 2P-38 Terada. Tomohiro 3P-35 

Suzuki， Manabu 3P-7 Thanh， Cuong Nguyen 3-14 
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Suzuki， S. 1-15 Tobita， Hiromi 2-2 

Suzuki， Shoji 3P-26 To句i，Kazuyuki 2P-40 

Suzuki， Shinzo 1P-33 Tomioka， Makiko 3P-32 

Tomita， Yoko 3P-24 

~T~ Toriumi， Naoto 1P-26 

Tachika， Hideyuki 1-12 Toyama， Kiyohiko 3-16 

Tada， Ryota 3P-6 Toyohiro， Chikyow 2-4 

Tahara， Yoshio 3-17，3P-30 Tsuchiya， Koji 3-2， 2P-26， 2P-27 

T司jima，Tomoyuki 2P-38 Ts吋i，Masaharu 3P-8.3P-25 

Takada， Tomoya 1P-50 Tsunekawa， Takuya 3P-2 

Takada， Yukihiro 3P-15 Tsuzuki， Mayumi 1P-47 

Takaguchi， Yutaka 2P-38 

Takahashi， Yoshiyuki 3-2 ~U~ 

Takaki， Yuki 1P-29 Uchiyama， Kouya 1P-14 

Takano， Yuta 2-3 Ue. Hitoshi 3-18. 3P-33. 3P-37. 3P-41 

Takashima， Kengo 3P-15 Ueda， Kiyoshi 1P-3 

Takashima， Tadashi 1P-42 Uejima， Mitsugu 2P-25 

Takaya， Yasuhiro 1-12 Ueno， Hiroshi 1P-12. 1P-17 

Takenobu， Taishi 2P-24 Ueno.Takao 1P-8 

Takesue， Shuhei 2P-27 Umeda， Yoshito 3P-37， 3P-41 

Takeuchi， Erina 1-9，lP-16 Umeyama， Tomokazu 1-13 

Takeuchi， Keigo 3P-22， 3P-23 Umino. Takanori 1P-43 

Takeuchi， Shigeki 1P-32 Uo， Motohito 1P-50 

Takikawa， Hirofumi 3-18， 3P-33， 3P-37， 3P-41 Urabe. Yasuko 1P-41 

Takizawa， Morio 3P-17 Usui， Shinji 3P-14 

Tamaoki， Masato 2P-29， 3P-27 

Tamon， H司jime 3P-31 ~W~ 

Tanada， Hiroki 1-12 Wada， Takaaki 2P-38 

Tanaka， Kazuaki 2P-1O Wada. Yoriko 3P-32， 3P-34 

Tanaka， Kazuyoshi 1-6 Wakabayashi， Tomonari 3P-32， 3P-34 

Tanaka，ken 1P-22 Wakahara， Takatsugu 1P-1 

Tanaka， Takeshi 1 P-38， 1 P-41， 1 P-4 7， 2P-28， Wakayama， Yutaka 2-4 

3-4，3P-5 Wang， Wei-Wei 1-7， 1P-7 

Tange， Masayoshi 2P-2，2P-38 Wang， Zhipeng 1-16 

Tanigaki， Katsumi 3-15 Wang， Zhiyong 1-9， 1P-18 

Taniguchi， Kosuke 3P-31 Warner， Jamie H. 3-5 

Taniguchi， Takaaki 3-12 Watanabe. Satoshi 2P-12 
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• リチウム内包フラーレンは Li+@C60

L: 

初めてリチウムイオンの内包化を

証明した[Li@C60](SbCI6)単結晶

一名古屋大学青柳忍先生他ー

岩塩型構造をとる [Li@C60](PF6)単結品

一名古屋市立大学青柳忍先生他ー

Lj+骨 C60在中心に据 え て そ の 周 囲 を 十 数 個 の

C60カミ耳Eり囲むように浅謹書草した持労芳ミ

rn.........リ チ ウ ム 内 色込フラ レンlIIH

化学式 [Li宮 C 60] (PF 6) 

Li+@C60と PF6 力 1:1 C'文寸宅:g立哲一

微結晶の粉末

Li+也 C6o.Li. C6O，の混成体粉末を Ar

雰囲 気 中 で 梱 包 し ア こもの

巨大な電気双極子モーメントを持つ

Li+@C60・PF6ーイオン対

一東北大学権根相先生ー

陰イオンモードでも Li@C60のピークしか観測

されない[Li@C60](PF6)塩の TOF'MSスペクトル

ーイデア幽インターナショナJレ(株)ー
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Li+@C60・nC60クラスタ

ー東北大学樺壊相先生ー

リチウムイオン内包 PCBMに成功

一東京大学松尾豊先生他ー

500，000 円

250，000 円

210，000 円

390，000 円

570，000 円

747，000 円

930.000 円

18，600 円

400，000 円

200，000 円

富 農 山60の製造販売

イデア・インタ

議掴

ーナショナル株式会社
http://www.lic60.jp 
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溶液中の粒子のナノレベル微細化・分散に

l g倒 NSON!IB彦成杭ぞジナイザ:ー
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。

近年のナノテクノロジーの発展及び粉体関連技術の向上により、より微細

tJ.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便用し、均質怠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予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・は 100nm程度までーの分散 ? 
力があっます。 40kHz機は、さらに細かいレベルで分散ができる可能性が 写

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tJ.キヤピ'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。

|主怠アブリケ一泊料
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ポリマーラテックス製紙ファンヂーション
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画
エマルジョン製剤農薬 トナーラテックス界面活性弗j クリーム乳液クリーム等
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本立:111 ヌ52~寝議欝昌葉監閣機 1

Tol03叫 5820-1500Fax 03-582む-1515
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札重要出議萌 :τポむ11抗 764砧 3611 01十76'-主描3612



RAMAN-l 

5分でイメージンググラフェンの分布を

最高記イメージング性能
強患のコンフコやーカん光学系袋持によっ、

)1..-

熱酸化したシリコン萎板ょに分布するグラフェン京事態のうマン

イメージ。炭素 1D景子のシートである議驚グラフェンこ、二護、

三窓、 L!]J警(!)多寝グラフヱ:ノ;力久それぞれどのように分有して

いるかを、わずか数分必定詩慢と 350nmという惑いを間分

超高権度ピーデシフト灘定
50むmmの分うlf議を持議し、高j変数台辞態と

解撲でイメ ジングしてます。

こ砕 しトンブ;~，立物:言。争互い誌研究機壌の津谷;入、初才ゴミょっご主主決:豆きまし

ことで、立lcrrγ!を

学系の明るさを

とレーティン

レーザー 532n:n / 785nrn /そのむ(電動沼議}

イメージング方式 フイニノ照明+ピーμ 主主主主、ほか各種モード

ジア光塁審 焦点距離 500mm回折格1'- 1交霊設立!換j

検出器 電子冷却 CCD .340x400 滋索

光学:嬢微鏡 正立主主/望ij~:1J担

空路分解能 (x/ y / 35unm i 500nm i 0つC内rn(怨532れm)

分光分解主主 (FWトイM) 1.6C111 t (ピーク佼i否決め精度は O.lcnY:)

I マンシフト検出範窓 80cm': 5000cm': 

聾R.AMAN.i 1祭準仕様きそ

治
41ν にえ:をゼーデシフトを

オートメーションを追求
とコソフトワェ
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販売代理屈 1 

アルパック販売株式会並I
本社 ω TEL 03.5218.601 1 

松本支庖 'I.M.. .. ，e.f:f:f: 
姫路営業所 TEL 0791.62.3951 

製造元 . 

ナノフォトン株式会社目

www.nanophoton.jp 



分析機器のエキスパートグループをめざして

株式会社東北サイエンス

高度な技衝で 干980-0811仙台市青葉区一番町ト17-24
安心を提供します TEL 022-267-6050 FAX 022-267-6343 

討ttp:jjwww.tohoku-science.co.jp

E~F.TiY司司沼目置

一一フロンティア出販のナノテクノロジー・ナノマテリアルシリ-;;c.'~ 

E主主雲~:IEf雲寺ξ事~~.... ・圃・・・・・・ Eb蚕華軍事~;三事長吾ヨ諸活語!i悪品雪量置圃圃圃圃・E

一非カーボンナノチューゴ系訂最新技衝と蕗用麗関一 ーグラフェンの羽料科学者成長，合成設畿各議デバイス応用一
編 集:活水敏美[産業接続総会務究所) 監 修:J蓬辻泰一{東北大学}

*!塁 機〈言言語審大学五 .体裁/85司~1'242J電源髄務/57，7部門{税込}

-f事裁/B5~寺]-330質量錨絡/57，750円 i 税込)

EE託笹野草長吾孟五五Fき孟軍基葦n:n冨圃圃・・圃E 量司唖~:Jj雪量a塞霊君三主要五五Z轟，71室長.iS翠'J~二主要当圃E

一生体e環境へ部室長欝，安全性対策・題内外勤i哲一 一ナノ・有機会メタラジーが広げるリサイクル技術ー
監 修:重理文夫刊と議選文学} 監 修:療E号室善明{物質・材料研究機機}

調体裁/85flJ・317]電 .錦織/57，750円(税込F 贋体裁/85事j・313資 重量儀格/57，750丹{税込)

E~j記f~主主歪íIæ[~f~電話・・・・・・・・・・・・E E:iP~tJ'I'>>~~J主主r:ì; ;If~;11' 重三重言霊芳ii量E
編 集省資菟彦:物質・材料研究機議j 一ナノインプリント技術の最先端と拡がる用途一

測体重主/B5学']-314頁劃錨格/57，750丹〈税込〉 編 集:平井義彦 f大阪府立大学1

贋体裁/85事j・330頁・f爵格/57，750河i税込)

冨芸詫(~E[ 主宰翠霊童孟語望r.・圃圃・・・・・・・・E E;i7，Æ量蓮Z富良'LGi7iÆ担唱"I.~JI:重量噴r'-圃置

ーフロントランナ-85人が語るナノテクノ日ジ一部新灘謙一 一ナノ:光技衡の基礎から実用までー
会 務理化学研究議 フロンティア研究システム 監 修:河日三 喜善[大級大学/理化学研究ji[i)

隠さ芝問機能材料研究グループ 議 集:締陸矯弘{東京農工大学J
監 穆:I蜜武襲蕎J北九州市立大学/理化学研究所i )11自著書五三千毒事潟大学7

議集幹事:下村正支犠 e北海道大学/理化学研究所j 5pl綬一議{東北大学;

WD智彦u産業援者億総合研究所) 劃体裁/85半J-352頁.f!重複/57，750同校返る

劃体裁/B5事j・3君2糞 ・f話機/57，750問

@フ自治ア出題
苧110・0012重量京都合東区議議T・2ド18 T在L:号3-6畠02-1640 FAX:ぉ-6邑段'-1品41 E-mai1:刷版ij)fronti軒 -boo縞，∞内

情W陵町鋭脚艇圃園田園田園開園田園圃聞園田園圃園田園田園圃園田園周圃圃圃圃圃園開園田園闘訓7H1~n山JrrTZJ.Trr.J四日'"
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有機薄膜太陽電池材料 用 | 

次世代の太陽電池として期待される有機薄膜太陽電池の研究用試薬です。

誘導化に利用しやすいよう様々なタイプの中間体をラインアップしました。

材料合成にご利用下さい。
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① 8enzo[l，2・b:4，5困b']dithiophene幽4，8-dione 有機合成期

② 4，プーDibromo・2，1，3-benzothiadiazole 有機合成用

③ 

④ 

1，3・Dibromo・5・octyl-4H-thieno[3，4吋pyrrole-4，6(5H)-dione 有機合成用

4，6-Dihydrothieno[3，4-b]thiophene-2-carboxylic Acid 有機合成用

3，3'，5，5'-Tetrabromo・2，2二bithiophene 有機合成用

和光純薬工業株式会社
本 社:干540羽田大阪市中央区道修町三丁目1番2号

東京支応:干103-0023 東京都中央区日本橋本町四丁目5番目号

営業所:北海道・東北・筑波・東海・中国・九州

問い合わせ先

フリーダイヤル 0120・052・099フリーファックス 0120・052-806

URL: http://www.wako-chem.co.jp 

E-mail: labchem-tec@wako-ch巴m.co.JP



Hit?2230M目立小形超遠心機/高速冷却遠心機シリーズ

ー覇軍盟盟~

世界トップクラスの高性能、床置き・卓上、日立なら選べます!

EZ高五露五夜士二-二三三一-三プ¥11

週覇軍函翠..  ・
エコでスリムな床置きタイプ ..../さ言、

himac 担拶

CS-FNX Seri: 
世界最高速150，OOOrpm*(CS150FN同

世界最大漣心加速度1，050，OOOx g* (CS150FNXI 

クラス最静音45d日(A)*

省スベース床置きヲイプの小形超遠心機は目立だl:t!

特長
・世界標準の安全規格CEマキンゲ適合製品

・サンプルのバランスは目分量でOK!

.ロータは全て載せるだけ I(口ータクイックセッティング方式)

.エコ対応省エネモデル

.仕様

ぽ
S110AT S日50A

。
S50ST S140AT S58A 

CR-GIlIシリーズよりもコンパクトなボディにパワフルな性能
使いやすくてスタイリツシユ a 園陸

himac CR22N 
最高回転速度22，OOOrpm ~ーさ幸、

幅削~
・7ラス最大処理容量>6L ミ~
(新日 夕円9A2・ケラス初*の1.5LボトルX4本)

・7ラス初*の高解像度カラ液晶ヲッチパネル

・家庭の冷蔵庫やエアコンで一般的で、きめ細

やかな温度制御が可能者インハ タ冷;東機在

ウラス初*搭載。

安定した温度制御とともに省エネ効呆も発揮します。

・CEマーキンデ適合の安全性H

C( 

コンパクトなボディに世界トップクラスの性能

himac 

CS150NX 
世界最高速150，OOOrpm* 

世界最大遠心加速度1，050，OOoxg*

世界最小コンパクトサイズ*

クラス量静音45dB(A)*

特長
・短い真空待ち時間

.サンプルのバランスは目分量でOK!

.口 空は全て載せるだけ!

C( 
圃仕樺

* (2012年3月現在当社謂べによる)

S55AZ 

環境にやさしく、使いやすいスタンダ ド

himac CR21Gm 
最高回転速度21，OOOrpm

himac CR20Gm 
最高回転速度20，OOOrpm

特長
・CEマ キンデ適合の安全性村

(床面へのアンカボルト固定不要)

.インバランスを正確にキャンチ

.口ータは全て載せるだけο

ロータ自動判別機能(特許) 仁三
台 (2012年4月現在当社調べによる高速冷却遠心機比)

**CEマ キンク適合外となるロ タ(旧型ロータ含む)があります。詳細はお問い合せくださし、。

OOW令事聞記Jι令瞳 R404A
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H;i[，沼町山一一一 T山山山 I -r-IIVN山一一一」三三ととことと一一Lーと立とと

注意 R9A2ロ タはCR22N専用です。 CR21GmやCR20Gmでは使用できません。

開時持容明開曹関曹関押抑制時零時顎熱帯京橋間開桝携帯顎明朝日〉

EIRL ldliiililJJl.lk.ljibffl MI$1 bi.jnt4Di@tg/ 

一一一一一一一西日本地区 . 
E ・E ・-・E ・-兵庫県西宮市津門大箇町10-20TEL.0798-23-4125 東京都港区港南二了目lHl番1号昂川インターシティA棟g階1Ga:1ldit'S]i;m=tDl・

-この広告に制した 製品一閉め外観また出の山更配己力恥訊 ・f附 都 日 間 と 異 吋 - 抗 .標準問問削こより異レ」抗|

・全て税m価格となります。(l安全のために使同軍i見、後開条付、据付条件が制限される場合力、ありまホ



誘導体化フラーレン用HPL仁カラム.

[('t1~['}1111 :1!A :Vl:.]Z~~叫

-誘導体化フラーレン用HPLCカラムを新発売

トルエン移動相中で誘導体化フラーレンが分離可能• 
.(60インチ、ン付加体の分析例

仁ωインデ、ンは誘導体化アラーレンの一種であり、有機薄膜太陽電池のn型半導体材料として注目されている化合物
です。コスモシール Buckyprep-Dを用いるととにより高い分離性能が得られますO

Buckyprep-D 

z(L八Ji山川一

Buckyprep 

COSMOSIL Aoolication Data 

ら [ln由 回h(1.Omglml) 
1.0μl 

Colunm 

Column size: 4.6mmI.D，-250mm 
Mobile phase: Toluene 
Flow rate: 1.0 ml/min 
Tempera加rc: 300C 
Detection: UV 325nm 

Sample 

Inj.Yol 

NACALAI TESQUE， IN仁
Dataccω'tesyofれ“ulaTajlma. Dr. Sci 

Organic Optoelectroni口 Lαborau川 RIKEN(Jnstituteο'1 Physics and Ch岬 lisfry)

沼亡:コ璽..COSMOSIL Buckyprep 日掴.COSMOSIL Buckyprep-D 

E町二週令 COSMOSILBuckyprep-M 

圃Buckyprepシリーズの用途

フラーレン分離のスタンダードカラム

誘導体化フラーレンの分離

金属内包フラーレンの分離

COSMOSIL Aoolication Dllta 

Column: Buckyprep-M 

Column size: 4.6mml.D.-250mm 
恥10bilephase: Toluene 
Flow rate: 1.0 mllmin 

Temperature: 300C 
Detection: UV312nm 

， 
z 

Co¥umn: Buckyprep-D 
Colunm size: 4.6mml.D.-50mm 
Mobile phase: Toluene 
F!ow rate: 1.0 mJ!min 
Temperatu田 30'C
Detection: UV325nm 

Sc2@向。(1)
SC2@C7H 
日c，@Cso(l)
Cgc， 

Sample 

比一

I;Cω(0.  1 25mg!ml) 
2; C，" (0.250mg!ml) 
3; [6，6]-Phenyl→Co1 Bu守口cAcid Methyl Estcr 
[PCBM] (O.125mgiml) 

4; [6，6]】Phenyl-C7tButyric Acid Methyl Estcr 

[[70]PCBM] (0.375mg!ml) 
1.0μl 

Sample 

ト
lnj.Vol 

詳しい情報はWebsiteをご覧ください。

〒604-0855

価格・納期のご照会 フリー夕、イヤル 0120-489-552 
製品に関するご照会 TEL: 075-211-2746 FAX: 075-211-271 0 

Web site :http:ルvww.nacalai.co.jp
ナカライテスク株式会社

京都市中京区二条通烏丸西入東玉屋町498



インテル@Fortranコンパイラー使用時のパフォーマンス向上
64ピット凶ind削デシステム、インテル・ Core1><i7プロセッサーよで実行(値が小さいほど高性能)

Po'百hedron*Fortranベンチマーク

F 
E 

※インテル・VlsualFortranコyパイラ は、インテJ，，'VIS山引 FortranComDoserXEに含まれます

システム有寛成ソフトウエアインテル・山知illFortranコンパイラ パ ンヨン 121ハ ドウヱアインテル'CorernI7-2600CPU@:040G判l3.40GHZRA刊

16.0G8(1-socketDesktop};オベレーティy グシステム WindowsServer'2008R2 Enter阿見出奥インテルコポレシヨン

機能に関するテストや鰐価は特定のコンピュ タ システムコンポ ネントまたはそれらを組み合わせて行ったものでありこのテストによるイJテル製品の性能の練

費の値老衰しているものです@ンステム ハードウヱアソフトウ工アの歯計構成などの違いにより実際の性能は褐穏された性能テストや評価とは異なる場合があります

ンステムやコンポーネシドの膚入を検討されるた塞合は、ほ寸.o情援も参考にしてパフォーマンスを総合的に評価することをお勧めします

インテル製品の性能評価についてきbに 詳 し い 情 報 を お 知 り に な り た い 場 合 は ぱ 乳 戸 、ν 叱 や 凡ヤゴ1ζ加古門別心吋内tmを多照して〈ださい.

お客様の声

「非線形構造解析プログラムで計算時間の多く

を占める行列の求解において、インテル⑧門KL

を用いることにより非常に高速化できました。

今まで一昼夜かけて計算していたものが半日で

行えることになり、非常に有効です二」

株式会社計算力学研究センター殿

「時間領域差分法を使った電磁界解析に

インテル@コンパイラーを用いることで、

5-6時聞かかっていた計算がヨ -4時間

で完了できるようになりました。」

某恩立大学法人殿



TOVO~八NSO
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lOF TeI06-6451-2114 Fax 06-6451-2186 www.toyotanso.co.jp 



ナノラプタ-

NANORUPTOR⑮ サンプル密閉式超音j紛散装置

販売

パイ才童三議襲警ヲー/苧亨へ

本装置はカーボンナノチューブ・グラフェンや燃料電浩鰐触揮を始めとする

各種ナノ粒子を分散させる事を呂的に開発いたしました。

実施伊~ :力ーポンナノチューブ・グラフェンの分散、燃料霞池触媒評価
納入実績:各大学、自動車メーカ一、光学機器メーカー、電子部品メーカー

人と 科 学 の ス テ キ 1d:未来へ

〕スE'バイオ株式会社
東京都江東区東陽2-2-20東陽駅前ビル

URL:http://www.cosmobio司cO.JP
TEL (03) 5632-961 0 FAX (03) 5632-9619 
販売支援部栗原桃山 ihar@cosmobio.co. jp 

開発部 笹原 ksasahar骨cosmobio.co.jp 

イ iレ 九巴言

i:，miT'白--，ノ

1 チューブ

製造議室東湘電機株式会社
〒232-0027神奈川県横浜市南区新川町5目29-2新井ビル2F

技術部長伊藤

e-mail:k-ito@bioruptor.jp 
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~すべて詰お客曜のために~を合言葉にナノテケ新材料江おける最高のソリューションを譲位します。
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微量CNl海純度・熱特性評価

CNTの結藤牲と耐熱性の評価
ミク口熱重量量規u定装置

TGA-5D 
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CNTの紫外可視近赤外
吸収スペクトル測定

紫外可視近赤外分光光度計

5olidSpec-37DD 
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直径測定
結晶性と耐熱B性の評価
ラマン分光光度計

inViaシリーズ(レニショ 社製)

nan'otech 
M 対話JもHIMADZU

直径測定
精製前後の観察
CNTとポリマーコ‘
試料の観察

5PM-97DD 

SWNT，の近赤外PL
3次元分布測定
近赤外フォトルミネッセンス測定システム

NIR-Pl 5yst巴m

分散・凝集過程評価
高感度ナノ粒子径分布測定装置

5ALD←7100H 
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比表面積と吸着特性
マイクロメリティックス

自動比表面積/細孔分布測定装置

トライスタ 113020シリーズ

?副議Is騒j開設翻 forth器摘銭関討議義務題協加01懇意1
株式会社島津製作所

分析計測事業部 グ口-1¥ルマーケティング部
干604-8511京都市中京区西ノ京桑原町1
TEL075-823-1468 FAX075-841-9325 http://www.an.shimadzu.co.jp 



y Innovation N E仁

クリーンイノベーションに貢献する革新的で・実用向きの材料

カーボンナノホーン

日本電気株式会社
共通ソリユーション開発本部

干108-8423東京都港区芝玉丁目21-6(芝ダイビル)
TEL: 03-3798-6402 
E-Mail: info@embedded.jp.nec.co 

サンプル販売中!
1グラムからサンプルをご用意しています。
詳しくは、ホームページを御覧ください。l-シナノ孝一シむ言語J麟長.ザ三-
http://www.nec.co.jp/embedded/products/cnh/ 

瞳輔笛躍歯車描画面圃盛田露輯盟盟瞳葺櫨瞳翻瞳笛臨朝国醐醐圏直輯酷瞳髄輔鵬醐臨醐醐園堕醐幽歯醐醒書留語圏健監理舗陸揚圏掴圃圃園盤崩話題醐磁器園陸醐蝿即時一 ナー一 一望者醐醐輯醐蝿議題輔盟諸園田醐醐

.'" .. n;~マ二三二ιζ 一 γ 斗ーーーイど L斗ぷ 日 一 年 勺 一 戸 い u 費量 努 馨 抽 象主E ヘU

置軍麗護軍雷曹冨 品開 E伊自民間関11'.主 主語 コ姻麗露盤謹撞輯彊霞題瞳躍冨露謡竃題彊彊麗麓穏婆聾繭題麗畢盟襲輯醤覇醤聾鐘竃髄撞謡量密聾臨醒糧費臨覆翠瞳露鶴輔霞露踊躍麗露軍蜜瞳盛韓彊謹彊留置置蝿



LP子ラ一戸ゴの~顕微ラマ.

Nano.血 der-@:FLEJf
小型・低価格の3Dラマンイメージング装置

特長

闇空間分解能 350nm以下

・ビヱゾステージ (X-Y-Z)採用で送り精度 nm

国高感度 (Siの4次光を1分以内に検出)低照射レーザー 4mW 

圃EMCCD検出器を搭載可能

.ラマン光学ユニットはA4サイズに凝縮

・光ファイパーの採用でレーザ一、分光器の設置場所は自由

圃お手持ちのレーザー、分光器、冷却CCD(ANDOR社製)使用可

・定評ある Nanofinder@シリーズのソフトウzアを使用

カーボンナノチューブ

カーボンナノチュ ブの2Dラマンイメージ

TII 

ラミネートフィルム リチウムイオン電池正極

20 

nu 

(
E
ミ
)
相
一
険

1

o 1000 2000 3000 

ラマンシフト (cm-1
) b 

弱

リチウムイオン電池正極の3Dラマンイメージ

(それぞれに特徴的なピークで表示)
プラスチックラミネー卜フィルムの断面

(レーザー顕微鏡で1胡!ALJ合わせの識別は不可)

株式会社東京インスツルメンツ
一¥:号生省
ゲゑ襲藍言-ーら一手 ail:sales@tokyoins .CO.JPeb site: htt :llwww.tokyoinst.co.jpl 三百主主主吾輩.塾

本 社干134-0088東京都江戸川区西葛西6-18-14TIビル TEL03(3686)4711 FAX 03(3686)0831 
大阪営業所 干532-0003大阪市淀川区宮原4-1-46新大阪北ビル TEL06(6393)7411 FAX 06(6393)7055 



最先端を、最前線へ。

。株式会社目立ハイテクノロジーズ

本社干105-8717 東京都港区西新橋一丁目24番14号電話ダイヤルイン(03)3504-6111 
インヲ ネットでも製品紹介しております。以下のU円Lへアヲセスしてください。

駐草葺http://www.hitachi-hitec.com/scIence/

北海道(札幌) (011) 707田3200 東北(仙台) (022) 2日4-2211 中部(名古屋) (052) 219-1670 

沖縄 (098) 863-8925 

関西(大阪) (06) 4807-2552 

四国(高松) (087河川田9911 九州(福岡) (092) 778-3015 



8ruker号a!toni部

s局正面R

LX-ム

合成確認のためのMS
障体曝粉体略液体サンプルからダイレクトに糠密MS分続

ダイレクトプローブ、(DIP)を取り付けたDIPイオン源

ダイレクトプローブ(左)はブル力一社イオンソースに取り
付け可能です。試料調整は簡単で、ディスポのガラス管
(緑色)を粉体、または、液体のサンプルに浸し、イオン
源にガラス管を差し込むだけです。

DirectProbe 

~J置き弓ク~

Error:輔 itlllnlpp時間 l

T 

< Ç~!)(ラ;;1望11<1'~謹~)
i 建議丞竺空t-Jl-

河町、情『内角傾向相自由

.同・

micrOTOF 11IこDirectProbe

を組み合わせて、フラーレン
などの粉体試料を直接測定
することができます。

DirectProbe議定スベクトJIr(鱗}

， Çl唖{う~91)!1"ア;ヰオン}
Y 穫量量ð~'.i"ト舟

一一一九千、一-~ -~ > 

Bruker OaltonicsのOirectProbeはガラスキャピラリーで紛体や原液を捕捉し、そのままmicroTOF11に導入して測

定することができます。例えばTLC(薄層クロマトグラフィー)で分離後に表層から掻き取った試料をのせて導入する、

あるいは合成した試料をそのまま打ってみる、といったようにとてもスピーディーです。

Innovation with Integrity 

詳しくは、湾出ち少1日没弘容をご訪問ください。

LC/GC-TOF MS 

ブルカー・ダJレトニタス株式会社
舎営業本部・テヲニカルサポ トセンター

〒221-0022横浜市神奈川区守屋町3-9
TEL: 045-440-0471 FAX: 045-453-1827 

磐大阪営業所

千532-0004大阪市淀川区西宮原1-8-29テラサキ第2ピJレ2F
TEL: 06-6396-8211 FAX: 06-6396-1118 



DXRRaman MicroscoDe 
微小物をかんたん確実に分析、新しい顕微ラマンシステム

-前処理不要、 1¥-1mの微小物を分析

・特許の自動光軸調整、微小物の確実な分析

@内包物の非破壊分析、深さ方向分析

@分析に最適な条件を、全て自動で設定

@豊富なライブラリによるラマンスペクトル検索

サーモフィッシャーサイ工ンティフィック株式会社
千221-0022神奈川県横浜市神奈川区守屋町3-9C棟2F函 0120-753-670

E-mail: info-jp@thermo百sher.com www.thermoscientific.jp 

Part of Thermo Fisher Scientific 

Thermo 



非接触・非破壊による高度な薄膜解析装置
分光工リプソメーター

分光工リプソメーターは偏光解析法により、試料の膜厚および光学定数の波長分散を求める装置です。
高度な測定解析が可能です。(異方性物質解析・偏光解消・ミューラ一行列)

<測定解析項目>
・光学定数(屈折率:n，消衰係数:k) 
.薄膜の膜厚
・分子種などの化学結合情報
.膜構成物質の混合比

-表面層、界面層
・結晶度

・異方性

| 次糊畑世断代…メ付一→タ一 高i速甑酌勘恥即墓証島釦郎即~】x凶凶E凶Z:Jl引i比~吋叫、凶S
高速分光工リプソメ一タ一 M-2000@シリ一ズ | 

数百の波長を同時に、しかも工リプソメトリーパラメータ (ψ・Ll)のフルレンジを測定します。分光
データをリアルタイムで解析し、膜情報を成膜装置ヘフィード、バックで、きますO

自動多入射角装置 手動多入射角装置 成膜装置取付 inぅitu測定

l 一馴…(け川川1刊向4侶…5

自動多入射角分光工リプソメ一タ一 Wll.'fjiシリ一ズ

複数入射角で広範な波長域の分光データを同時に解析することで、薄膜の様々な情報を得ることが
できます。

VUV-VASE (真空紫外幽近赤外域測定) 標準VASE(紫外ー近赤外域測定) IR-VASE (赤外域測定)

*サンプル雌ーまた
は有償測定)は随時行って
おります。お問合せください。

-+ 
E 

ジェー・エー・ウーラム・ジャパン株式会社
千167-0051東京都杉並区荻窪 5-22-9藤ビル2F

TEL. 03-3220】 5871 FAX.03-3220-5876 
E-mail info@jawjapan.com 
h什p://www.jawjapan.com 



Horizontal SWCNT 

-装置導入後、すぐに希望のCNTやグラフエンを或畏可能
Graphene 

sオリジナルのレシピ付き rThermalCVDとPlasmaCVDの2モードiこ対応J
(シングルCNT用、ダブルCNT用、マルチCNT用、グラフェン用、横方向CNT朗、抵圧力プロセス用、

高速成長CNT用1(f.ど)

調あうゆる基板サイズに対応(研究用官、4¥6"モデルがら量産間最大300mmモデルまで)

・プラズマによる簡単クリーニングと高メンテナンス性

思世界中の大学・研究所・企業に納入済み

アイクストロン株式会社 E35;公的思議23tfZ2
守14制OOH軍家都品1IIf&:~t品111 叫・11 Oal糊 &JII駒市ピJv9F TEl: 03-5781・0931FAX: O~ド5781-0940



LI 間 IX

加速電圧125kVによる高領域、低歪、高精度精細描画を実現

S~":~ItI~ 諭持続事日時董[

最高加速電圧 125kVの照射系を採用に

より最小径φ1.7nmのビームが長時間

安定して得られます。市販レジストに

おいて 5nm以下の細線パターンを

描画可能。高領域、低歪の描画

フィールドにより、均一かつ高精度

な描画に成功しました。

ECRプラズマ方式によりナノインプリントモールド作成

|盟 …訪問時 鑓

ナノインプリント用モールド作成などのナノテク分野の研究・加工で

必要となる基板や、シリコン、磁性膜などのエッチングを可能です。

プラズマ生成室とエッチング室が分離しているため、エッチングパラ

メーターとしてのビーム条件などを独立に扱えます。

操作部、表示系を全て PC上で処理できるようにし、ユーザーフレン

ドリーな装置です。レシピ記憶機能、自動スケジュール機能により、

様々な材料のエッチングに対応します。

ステージ温度、ビーム分布のモニター機能や、各種のプラズマ条件、

ビーム加速条件の設定とスケジュール機能を用いることでレジストの

熱ダメージを抑えながらプロセス設計を行うことができます。

株式会社工υ，，=フス http://www.elionix.co.jp/ 
本社・ショールーム 〒192-0063東京都八王子市元横山町3-7-6 TEL 042-626-0611 

西日本営業所 〒563-0025大販府池田市城南1-9四 22(グリーンプラザ2F) TEL 072時 754-6999



nonom フロンティアカーボン株式会社

フラーレン販促キャンペーン実施中! l| 

-フロンティアカーボン(株)では7月......9月末まで販促キャンペーン実施中です!

・高価格帯の高純度品、誘導体中心に通常価格の200/0割引!

-対象銘柄は以下。詳細は下記代理庖までお問い合わせください!
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【お問い合わせ先】
・関東化学株式会社試薬事業本部
干103-0022東京都中央区日本橋室町2-2-1 TEL:03-6214-1090 FAX:03-3241・1047
http://www.kanto.co伊 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(カギヒ口)】E・mail:masaru.kagihiro@djk.co.jp
干102-0084東京都千代田区二番町11・19TEL:03・5214-8579FAX:03-5214-8503 

2012/6 

<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】

TEL:093-643-4400 FAX:093-643-4401 ~. :Qrtl 

※弊社へのお問い合わせはHPよりお願いいたします。 •• • Frontier Carbon Corporation 
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