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Abstract 
The 42nd Fullerenes圃 Nanotubes-GrapheneGeneral Symposium 

第 42回フラーレン・ナノチューブ・グラフェン総合シンポジウム

講演要旨集

The Ful1erenes， N anotubes and Graphene Research Society 

The Chemical Society of J apan 
The Japan Society of Applied Physics 
The Physical Society of Japan 
The Electrochemical Society of Japan 
The Society ofPolymer Science， Japan 
The University ofTokyo Global COE Program 

Global center of Excellence for Mechanical Systems Innovation 

主催:フラーレン・ナノチューブ・グラフェン学会

共催:日本化学会

協賛:日本物理学会・応用物理学会・電気化学会・高分子学会

東京大学グローバル COEプログラム
機械システム・イノベーション国際拠点

Date: March 6吋Tue)-8th(Thu)，2012

Place: The University of Tokyo 
7-3-1 Hongo， Bunkyo-ku， Tokyo 113闇 8656
TEL: 03-3830-4848 

Presentation: Plenary Lecture (40 min presentation， 5min discussion) 
Special Lecture (25 min presentation， 5min discussion) 
General Lecture (10 min presentation， 5min discussion) 
Poster Preview (1 min presentationラnodiscussion) 

日時:平成 24年 3月 6日(火)"-'8日(木)

場所:東京大学武田先端知ビ、ル 5F 武田ホール

干113闇 8656 東京都文京区本郷 7-3-1

TEL: 03-3830-4848 

発表時間:基調講演

特別講演

一般講演

ポスタープレビ、ュー

(発表

(発表

(発表

(発表

40分・質疑応答

25分・質疑応答

10分・質疑応答

1分・質疑応答

5分)

5分)

5分)

なし)
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プログフム早見表
. . 

3月6日(火)

受付開始 8:30- 受付開始 8:30-

講演開始 9:30- 講演開始 9:30-

9:30 基調講演(遠藤守信) 9:30 一般講演 4件

9・30-10・15 (金属内包フラーレン・

フラーレンの化学)

一般講演 2件 l| 9:30-10:30 

(ナノチューブ、の物性)

10:30 

10:45 10・45 特別講演(長崎幸夫)
11 :00 10:45-11 : 1 5 

(ナノチューブ、の物性) 11 :15 一般講演 3件

11 :00-12:00 (フラーレン国体・

フラーレンの応用)

11・15-12:00

13:151 一般講演 3件 1113:151 授賞式

(ナノチューブの生成と精製) 13:15-14:00 

13:15-14・00

特別講演(宮本大輔) 14:00 特別講演(南信次)

14:30 14:30 

14:45 一般講演 4件 14:45 一般講演 4件

(ナノチューブ、の生成と精製・ (ナノチューブ、の応用・

ナノチューブ、の応用) ナノチューブ、の物性)

14:45-15:45 14:45-15:45 

15・45 ポスタープレビュー 15:45 ポスタープレピ、ュー

( 1 P-1 - 1 P-45 ) (2P-1 - 2P-45 ) 

15:45-16:30 15・45-16:30
16・30 ポスターセッション 16:30 ポスターセッション

16:30-18:00 16・30-18:00

18・00 18:00 

3月6日(火) 3月7日(水)
16:00 チュートリアル 18・30 懇親会(山上会館)

(講師:斎藤晋 18:30-20:30 

東京工業大学教授)

工学部 2号館 221号講義室

16:00-17:30 
17・30 20・30

[ [ 

受付開始 8:30-

講演開始 9:30-

9:30 一般講演 5件

(グラフェン)

9・30-10:45

10:45 

11 :00 特別講演(佐藤信太郎)

11 :00-11 :30 

11 :30 一般講演 4件

(グ、ラフェン)

11 :30-12:30 

13:45-14・15

特別講演(成田薫)

15:00 一般講演 2件

(ナノホーン・その他)

15:00-15:30 

15:30 ポスタープレピ、ュー

(3P-1 - 3P-49 ) 

15・30-16:30

11

16

:

30

1 
ポスターセッション

16:30-18・00

18:00 

基調講演発表40分・質疑5分

特別講演発表25分・質疑5分

一般講演発表10分・質疑5分

ホ。スヲーフ。レビュー発表1分・質疑なし



Time table 

March 6(Tue.) March 7 fWed.) 11 March 8 

Registration begins at 8:30 Registration begins at 8:30 

Lectures begin at 9:30 Lectures begin at 9:30 Lectures begin at 9:30 

9:301 Plenary Lecture (M. Endo) 9:30 General Lectures [4] 9:30 General Lectures [5] 

9:30-10:15 (Endohedral MetaIIofuIIerenes (Graphene) 

• Chemistry of FuIIerenes) 9:30-10:45 

General Lectures[2-] -11 9:30-10:30 

(Properties of Nanotubes) 

10:15-10:45 

10:451 Special Lecture (Y. Nagasaki) 

11:001 General Lectures [4] 

(Properties of Nanotubes) 11:15 

11:00-12:00 

12:00 

13:151 General Lectures [3] 13:15 

(Formation and Purification 

QfNanotubes) 13:15-14:00 

14:00lSpecial Lecture (D. Miyamoto) 14:00 

14:00-14:30 

14:45 General Lectures [4] 14:45 

(Formation and Purification 

of Nanotubes • 

Applications of Nanotubes) 

14:45-15・45

15:45 Poster Preview 15:45 

( 1P-1 through P-45 ) 

15:45-16・30

16:30 Poster Session 16:30 

16:30-18:00 

18:00 18:00 

March 6 (TueJ 
16:001 Tutorial 

17:30 

Lecturer: Prof. S. Saito 

Tokyo Institute ofTechnology 1 20:30 

(Eng圃 BIdg.2， Room #221) 

16:00-17:30 

10:45-11:15 11:00 Special Lecture (S. Sato) 

General Lectures [3] 11:00-11:30 

(FuIIerene Solids . 11:30 General Lectures [4] 

Applications of FuIIerenes) (Graphene) 

11:15-12:00 11:30-12:30 

Award Ceremony 

13:15-14:00 13:45 General Lectures [2] 

(Carbon NanoparticIes) 

Special Lecture (N. Minami) 13:45-14:15 

14:00-14:30 14:15 Special Lecture (K. Narita) 

14:15-14:45 

General Lectures [4] 

(Applications of Nanotubes • 15:00 General Lectures [2] 

Properties of Nanotubes) (Nanohorns' MisceIIaneous) 

14:45-15:45 15:00-15:30 

15:30 Poster Preview 

Poster Preview ( 3P-1 through 3P-49 ) 

( 2P-1 through 2P-45 ) 15:30-16:30 

15:45-16:30 

Poster Session 
11…| 

Poster Session 

16:30-18:00 16:30-18:00 

18:00 

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

Special Lecture: 25min (Presentation) + 5min (Discussion) 

General Lecture: 10min (Presentation) + 5min (Discussion) 

Poster Preview: 1min (Presentation) 

11 



座長一覧

3月 6日(火) (敬称略)

時 間 座 長

基調講演(遠藤) 9: 30 ，..... 10: 15 丸山茂夫

一般講演 1 0 : 1 5 ，..... 1 0 : 45 斎藤理一郎

一般講演 11 : 00 ，..... 1 2 : 00 加藤立久

一般講演 1 3 : 1 5 ，..... 14: 00 野田優

特別講演(宮本) 14 : 00 ，..... 14: 30 野田優

一般講演 14 : 45 ，..... 1 5 : 45 湯田坂雅子

ポスタープレピ、ユー 15 : 45 ，..... 1 6 : 30 宮田耕充

ポスターセッション 1 6 : 30 ，..... 18: 00 小鍋哲

3月 7日(水)

時 間 座 長

一般講演 9: 30 ，..... 10: 30 松尾豊

特別講演(長崎) 10 : 45 ，..... 11 : 15 篠原久典

一般講演 11 : 1 5 ，..... 1 2 : 00 北浦良

特別講演(南) 14 : 00 ，..... 14: 30 阿知波洋次

一般講演 14 : 45 ，..... 1 5 : 45 大野雄高

ポスタープレピ、ユー 1 5 : 45 ，..... 16: 30 児玉健

ポスターセッション 1 6 : 30 ，..... 18: 00 沖本治哉

3月 8日(木)

時 間 座 長

一般講演 9: 30 ，..... 10: 45 山本貴博

特別講演(佐藤) 11 : 00 ，..... 11 : 30 大淵真理

一般講演 11 : 30 ，..... 12: 30 長汐晃輔

一般講演 13 : 45 ，..... 14: 15 驚藤弥八

特別講演(成田) 14 : 1 5 ，..... 14:45 日浦英文

一般講演 1 5 : 00 ，..... 15: 30 岡崎俊也

ポスタープレピ、ユー 15 : 30 ，..... 16: 30 干足昇平

ポスターセッション 1 6 : 30 ，..... 18: 00 佐藤健太郎

111 



3月68(火)

基調講演 発表40分・質疑応答5分
特別講演 発表25分・質疑応答5分
一般講演 発表10分・質疑応答5分

ポスタープレビュー 発表1分・質疑応答なし

基調講演 (9:30ー10:15)
1S-1 二層カーボンナノチューブ

遠藤守信

一般講演 (10:15-10:45)
ナノチューブの物性

1-1 

1-2 

Temperature sensitive optical absorption of SDS-wrapped SWCNT aqueous solution: 
correlation with chirality sorting 

0劉華平、ト部泰子、田中丈士、片浦弘道

カーボンナノチューブ?に吸着したアミノ酸のエネルギー論と電子構造

O神谷克政、岡田晋

>>>>>>>休憩 (10:45-11:00)くくくくくくく

一般講演 (11:00-12:00) 
ナノチユ一ブの物性

1卜一3 電気化学的手f法去による単層カ一ボボ、ンナノチユブ

O宇朴卜珍成、松田一成、毛利真一郎、宮内雄平、中島直敏

1-4 キャリアドーフOした単層カーボ、ンナノチューブの励起子一電子弾性散乱

0小鍋哲、松田一成、岡田晋

1-5 正孔ドーブされた(6，5)単層カーボンナノチューブのトリオンの緩和夕、、イナミクス

0志水聖、小山剛史、宮田耕充、篠原久典、中村新男

1-6 金属単層カーボンナノチューブの励起子状態からの発光

志水聖、 O小rll剛史、斎藤毅、宮田耕充、篠原久典、中村新男

>>>>>>>昼食 (12:00-13:15)くくくくくくく

一般講演 (13:15-14:00)
ナノチューブの生成と精製

1-7 CNTフォレストの特性とCNTの形状の関係

1-8 

1-9 

0フタパドン、桜井俊介、小橋和文、徐鳴、山田健郎、石康昭、湯村守雄、畠賢治

カーボンナノチューブの成長と制御

0阿知波洋次、井上亮人、児玉拓也、金子愛実、橋本健朗、児玉健、岡崎俊也

Alignment Control ofCarbon Nanotube Forests from Random to Nearly Perfectly Aligned by 
Utilizing Crowding Effect 

0徐鳴、二葉ドン、湯村守雄、畠賢治

特別講演 (14:00-14:30)
1S-2 MWCNTの量崖と用途

宮本大輔

>>>>>>>休憩 (14:30-14:45)くくくくくくく

IV 

7 

8 

9 

10 

11 

12 

13 

14 

15 

2 



3月6日(火)

一般講演(14:45-15:45) 
ナノチューブの生成と精製・ナノチューブ、の応用
ト 10 溶解度パラメーターに基づく汎用的方法による高導電性CNTゴ、ム作成について

0阿多誠介、水野貴章、小橋和文、湯村守雄、畠賢治

ト11 アセトニトリルを用いた小待・窒素ドープ単層CNTのCVD合成

OE.エイナルソン、 T.テゥーラキットセーリ一、 C.クランパーガー、/也、j市、相川慎也、
S.ハリッシュ、千足昇平、丸山茂夫

1-12 触媒制御による半導体単層CNT選択的成長方法の開発

0桜井俊介、山田真保、中村紘子、二葉ドン、畠賢治

ト 13 自己組織的単層カーボ、ンナノチューブ、薄膜における導電ノtスの特徴抽出解析

0大森滋和、斉藤毅、湯村守雄、飯島澄男

ポスタープレビュー (15:45-16:30)
ポスターセッション (16:30-18:00)
フラーレンの化学

(女)若手奨励賞候補

1P-1 トリアゾリノフラーレンの酸触媒脱窒素化によるアジリジノフラーレンの選択的合成

三木江翼、 O伊熊直彦、中川|晃二、小久保研、大島巧

1 P-2 56πフラーレンのキャラクタリゼーション一位置異性体の分離一

0稲田寛、松尾豊

フラーレンの応用

16 

17 

18 

19 

45 

46 

水中におけるインドリノフラーレンの安定コロイド分散および静電塗布法による成膜の1P-3 /，，~:~.:，-::::'L~ a/ 1'" I ///./  ....-"" "./~/'.L. -'--'II /.Jt1A"'J'-Jo-..\JI1.J'I-t:::!J ~-II~I""""'I- c:r-.c./''''/'.I/J/'-.-./ 47 
光電流特性

0松鷹宏、重光靖郎、折井孝彰、青山哲也、高久英明、田島右副

フラーレン固体

1P-4 C:l2固体の構造と電子状態

女 O丸山実那、岡田晋

1P-5 様々な環境中で、光重合したフラーレンナノウイスカーのラマンスペクトル測定

。加藤良栄、宮津薫一

金属内包フラーレン
1P-6 金属内包フラーレンとシリレンによる新規化学修飾

0佐藤久美子、加閏昌寛、鈴木光明、溝呂木直美、土屋敬広、赤阪健、永瀬茂

1 P-7 Laz@CSO-C3N3Ph2とLaz@CsoアニオンのESRスペクトル

0相津俊博、赤阪健、栗原広樹、加藤立久

1P-8 Li@C60(OH)nの合成と同定:外部水酸基導入による特異的挙動

女 O上野裕、中村友治、小久保研、大島巧

ナノチューブの生成と精製
1P-9 SWCNTの金属・半導体分離の高スループット化

0浅野敏、田中丈史、片浦弘道

48 

49 

50 

51 

52 

53 

1P-10 多層カーボンナノコイルの層数および線径の制御のためのCVD条件の分析 54 

リム、ンュリン、米村泰一郎、 0須田善行、間上英人、滝川浩史、植仁志、清水一樹、梅田良人

1 P-11 単層カーボンナノチューブの火炎合成 55 

*" 0大島淳、大沢利男、野田優

V 



3月6日(火)

1P-12 フルオレンピリジン・コボリマーによる直径の大きな単層カーボ、ンナノチューブのラッヒ。ング、 56 

0丹下将克、岡崎俊也、飯島澄男

1 P-13 カーボンナノチューブ柱の傾きへの触媒ノfターン形状の影響 57 

0松岡佑樹、吉村雅満、サマッハタウフィック、ジョンハート

1P-14 

1た

1P-15 

1P-16 

複素環化合物の融合によるカーボンナノチューブ合成

。宮浦健志、宮田耕充、北浦良、篠原久典

様々な触媒から成長した単層カーボンナノチューブのカイラリティ分布に対する水素の効果

O村越幸史、加藤俊顕、ゴラネビスゾーレ、金子俊郎、畠山力三

Efficient Production ofNanostructured Carbon by Nickel Oxide Nanoparticles 

OGemma Rius， Luong Xuan Dien， and Masamichi Yoshimura 

ナノチューブの物性
1P-17 窒素ドープ単層カーボンナノチューブの作製と光学的評価

1P-18 

1 P-19 

* 
1P-20 

1P-21 

1た

0加藤哲也、大下賢一、平田史彦、鴨井督、蓮池紀幸、木曽田賢治、播磨弘

カーボ、ンナノチューブ、とク、、ラフェンナノリボンのRBMとRBLMフォノンにおけるコヒーレント
フォノン分光

Oアブマドヌグ、ラハ、ゲイリーサンダース、佐藤健太郎、驚藤理一郎

超微小径(4，3)単層カーボンナノチューブの可視発光

0中村俊也、宮田耕充、藤原美帆、北浦良、篠原久典

過渡格子法を用いた単層カーボンナノチューブ、分散溶液の音響波信号測定

。桑原彰太、片山建二

電界下におけるカーボンナノチューブ、の電子物性

O山中綾香、岡田晋

ナノチューブの応用

58 

59 

60 

61 

62 

63 

64 

65 

1P-22 分散フOロセスが及ぼすSWNT ゴム複合材の導電性への効果 66 

0す好苑、山下基、阿多誠介、小橋和文、山田健郎、フタパ・N・ドン、湯村守雄、畠賢治

1 P-23 Electrical properties of carbon nanotube networks decorated with cobalt oxide 67 

ODo-Hyun Kim， Junghwan Huh， Jong-Kwon Lee， Gyu-Tae Kim， 

Urszula DettlafιWeglikowska， and Siegmar Roth 

1P-24 高f生能フレキシブノレSWCNTトランジスタ 68 

* 0蓬田陽平、野f幸男希、柳和宏、岩佐義宏、竹延大志

1P-25 インピーダンス解析から見た燃料電池触媒担体としてのカーボンナノチューブ、の特長 69 

0藤ヶ谷剛彦、モハメド・レダ・バーパー、中嶋直敏

1 P-26 Toward graphene and single-walled carbon nanotube composite devices 70 

OSungjin Kim， Shinya Aikawa， Bo Hou， Erik Einarsson， Shohei Chiashi， Junichiro Shiomi， 

Shigeo Maruyama 

1P-27 カーボンナノチューブ、/スルホン化ポリイミド複合体への白金担持 71 

0キムチェリン，藤ヶ谷剛彦，中嶋直敏

1P-28 カーボンナノチューブ、とカーボンナノウオールによるハイブリッドナノカーボン物質の構造制御 72 

* 0佐藤拓矢、加藤俊顕、金子俊郎、畠山力三

1P-29 eDIPS法により作製したCNTの直接紡糸と電気抵抗率 73 

0仲野瞬、清宮維春、平井孝佳、小林慶太、斎藤毅

VI 



3月6日(火)

1P-30 種種のリン脂質混合によるカーボンナノチューブ?の分散特性

0佐藤雄紀、沖本治哉、佐野正人

内包ナノチューブ
1 P-31 コロネンポリマーを内包したナノチューブの電子状態

岡田晋

1 P-32 13C l¥iMRb線回折によるC60ピーポッド 2層カーボンナノチューブ変換過程の研究

鷺谷智、 O松田和之、福岡智子、中井佑介、柳和宏、真庭豊、片浦弘道

グラフェン
1P-33 

1P-34 

"* 
1P-35 

1P-36 

1P-37 

グラフェンナノ構造のSGM測定

0古屋惣平、高井和之、佐藤慶明、榎敏明

酸化グラフェンへのヒ。レンの共有結合による固定化

。森本雅和、松尾吉晃

固体炭素源から合成したグラフェンFET上の荷電サイト

O亀岡義宣、山本真裕、有江隆之、秋田成司

ベリレンピスイミド誘導体の熱重合によるグラフェンナノリボン合成

。溝淵真吾、菊地貴志、中江隆博、佐藤久子、森重樹、奥島鉄雄、宇野英満、坂口浩司

高温下でのグラフェンと金属ナノ粒子の反応:異方性エッチングゃとカーボ、ンナノファイバー
成長

"* 0吉田和真、辻正治、吾郷浩樹

1 P-38 Mechanism for Transition Metal幽 CatalyticRenovation ofDefective Graphene 

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

1 P-39 Nitrogen-doped carbon nanosheets and their electrochemical applications 

o Zhipeng WangラHironoriOgata 

1P-40 グラフェンおよび、グラフェンナノリボンのTEM観察可能な架橋デノくイスの作製

食 O鈴木洋司、北浦良、佐々木祐生、加円慶一、宮田耕充、篠原久典

1 P-41 Anomalous Valley Magnetic Moment of Graphene 

Daqing Liu 

ナノ炭素粒子
1P-42 ダイヤモンドナノ粒子の原子構造と電子構造

0神谷克政、岡田晋

ナノホーン
1P-43 分散状態によるナノホーンの細胞毒性

中村真紀、田原善夫、飯島澄男、 0湯田坂雅子

その他
1P-44 黒鉛化処理がカーボ、ンナノコイルの引張変形特性に及ぼす影響

"* 0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

1 P-45 Hybrid Periodic Nano・ridges:Novel Structures and Properties 

ORui-Sheng Zhao， Jing-Shuang Dang， Xiang Zhao 

VII 
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3月7日(水)

特別講演 発表25分 E 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ー10:30)

金属内包フラーレン・フラーレンの化学
2-1 Structures and Chemical Properties of Carbide Cluster Fullerenes 20 

OXing Lu， Hiroki Kurihara， Koji Nakajima， Yuko Iiduka， Naomi Mizorogi， Takeshi Akasaka， 

Shigeru Nagase 

2-2 Trn@Cgz(O -Ni(OEP)錯体結晶の作製と構造解析 21 

0佐道祐貴、青柳忍、西堀英治、宮田耕光、北浦良、 j宰博、篠原久典

2-3 ルテチウムおよびノレテチウムカーバイド、内包フラ レンの光電子スベクトノレ 22 

0宮崎隆文、中西勇介、西龍彦、大北壮祐、八木創、篠原久典、日野照純

2-4 C60の環化付加反応における反応性指標 23 

0佐藤徹、岩原直也、春田直毅、旧中一義

>>>>>>>休憩 (10:30-10:45)くくくくくくく

特別講演 (10:45-11:15) 
2S-3 ガ、ド、リニウムフラーレンによる中性子捕捉療法

長崎幸夫

一般講演 (11:15-12:00) 

フラーレン固体・フラーレンの応用
2-5 水酸化フラーレンナノシートの作製と物性

0馬場啓輔、伊藤寿之、緒方啓典

2-6 良い超伝導特性を示したC60ナノウイスカーの合成

0宮津薫一、加藤良栄、竹屋浩幸、 ¥11口尚秀、高野義彦

2-7 フラーレンナノウイスカーの超伝導化

0竹原浩幸、加藤良栄、宮津薫一、山口尚秀、高野義彦

>>>>>>>昼食 (12:00-13:15)くくくくくくく

大津貰・飯島賞・若手奨励賞の授賞式 (13:15-14:00)

特別講演 (14:00-14:30)
2S-4 カーボンナノチューブの薄膜化・分光測定とその応用

南信次

>>>>>>>休憩(14:30-14:45)くくくくくくく

一般講演(14:45-15:45) 

ナノチューブの応用・ナノチューブの物性
2-8 巻き付け転写法により作製した、単層カーボンナノチューブ♂ねじれセンサー

O山田健郎、山本由貴、早水祐平、田中啓之、二葉ドン、畠賢治

2-9 マイクロ波によるナノカーボン流体の加熱特性:新奇給湯技術を目指して

滝田亮介、 O佐野正人

VIII 
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3月7日(水)

2-10 インクジェット法を用いた分離チューブ、トランジスタの作製 29 

松崎怜樹、蓬田陽平、柳和宏、岩f主義宏、 0竹延大志

2-11 走査ゲート顕微法によるSWNTネットワークFETの動作機構の解析 30 

0魂小均、前田賢治、矢萩達朗、松永正広、青木伸之、].P.バード、石橋幸治、落合勇一

ポスタープレビュー (15:45-16:30)
ポスターセッション (16:30-18:00) (女)若手奨励賞候補
フラーレンの化学
2P-1 フーリエ変換イオンサイクロトロン共鳴型質量分析器を用いたクラスターの成長の観察 90 

0小林弘和、千足昇平、丸山茂夫、菅井俊樹

2P-2 水酸化フラーレンーメタクリル酸エステル複合体の合成と共重合 91 

0小久保研、加藤雅晃、涼田昭夫、野口武、大島巧

フラーレンの応用
2P-3 メタノール浸漬処理を施したフラーレンナノウイスカー電界効果トランジスタの電気伝導特'性 92 

女 O鳥海直人、土井達也、小山恭平、青木伸之、落合勇一

フラーレン団体

2P-4 星形C60ナノ、ンートの成長 93 

0吉田諒、橘勝

2P-5 サイズ制御C60フラーレンナノウイスカーの合成 94 

0平田千佳、下村周一、宮津薫ー

金属内包フラーレン

2P-6 Li十@C60の官能基化一Li@PCBM陽イオンの合成 95 

0岡田洋史、丸山優史、笠間泰彦、飛田博実、松尾豊

2P-7 世界最短のピーポッド，金属内包フラーレンと[l1Jシクロパラフヱニレンの包接錯体 96 

* 0中西勇介、大町遼、松浦沙奈枝、宮田耕充、北浦良、瀬川泰知、伊丹健一郎、篠原久典

2P-8 N@C60ガンマシクロデ、キストリン包摂体水溶液のESR測定 97 

0岡本光弘、高橋弘樹、河野正規、余折賢二、古川貢、加藤立久

ナノチューブの生成と精製
2P-9 超微粒化装置による多層カーボンナノチューブの蛋白質溶液への大量分散 98 

0五味千磨、山越新早、高島正、前田寧、小野|真

2P-10 CVD法によるミリメートル長垂直配向カーボンナノチューブPの成長におけるバッファガスの影響 99 

0厚味広樹、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

2P-11 ラマン分光分析による二層カーボンナノチューブの巨視的なキャラクタライゼーション 100 

* 0小林慶太、大森滋和、清宮維春、斎藤毅

2P-12 DWNTの金属/半導体の選択分離とその物性評価 101 

0綿貫朔悟、長屋祐香、久野晃弘石橋幸治、土屋好司、矢島博文

2P一13 触媒CVD法における単層CNT成長の分子動力学シミュレーション 102 

0野口拓哉、久間馨、千足昇平、丸山茂夫

2P-14 分子内包可能な単層カーボ、ンナノチューブ、の単一カイラリティ精製 103 

* 0河合将利、鈴木拓也、五十嵐透、竹延大志、鈴木浩紀、岡崎俊也、片浦弘道、真庭豊、柳和宏

IX 



2P-15 

2P-16 

3月7日(水)

Prefer巴ntialextraction ofleft-or right-handed SWNTs with narrow diameter range 

by use of chiral diporphyrin nanotweezers 

OGang Liu， Tatsuki Yasumitsu， Shuji Aonuma， Takahide Kimura， Naoki Komatsu 

Pt触媒を用いたアルコールガスソース法による単層カーボンナノチューブの低温成長

O丸山隆浩、福岡直也、水谷芳裕、近藤弘基、成塚重弥、飯島澄男

ナノチューブの物性
2P-17 卒者度勾配を用いた半導体外層のニ層カーボンナノチューブの分離

0長屋祐香、清水一司、久野晃弘、土屋好司、矢島博文

2P-18 可溶化剤の電荷のカーボンナノチューブ、の電子状態への影響

0平/'5¥.康彦、新留康郎、中嶋直敏

2P-19 水中における単一カーボンナノチューブ、の熱伝導率計測

女 O苅谷涼、丸山央峰、新井史人

2P-20 カーボンナノチューブにおけるキャッフ。構造のエネルギー論と電子状態

0加藤幸一郎、斎藤晋

ナノチューブの応用
2P-21 効果的なカーボンナノチューブヤモリテープの先端構造

O田淵聡、中山喜高

プラズマCVDを用いた窒素，フッ素ドーヒ。ングによる単層カーボンナノチューブ〉電界効果型
トランジスタの特性制御

0安久津誠、加藤俊顕、黒田峻介、金子俊郎、畠山力三

2P-22 

2P-23 

2P-24 

2P-25 

1た

2P-26 

2P-27 

2P-28 

* 
2P-29 

ヲた

磁場応答するカーボンナノチューブゲ、ノレのレオロジー特性

中川和音、 0沖本治哉、三俣哲、佐野正人

片持ち梁カーボンナノチューブを用いた抗原抗体聞の相互作用力測定

。寺田有希、秋田成司、有江隆之

ナノワイヤ内包ナノチューブを前駆体とした極超微粒子の新規合成法の開発

0成瀬しほの、北i甫良、伊東真一、宮田耕充、吉川浩史、阿波賀邦夫、篠原久典

ウェットフ。ロセスを用いた高導電性NBR/SGCNTコンポジットの作成と評価

0重田真宏、近藤友惟、藤昇一、ホアン・テ・バン、上島貢、長宗勉、松村晶、中嶋直敏

電極下にグラフィティックカーボンを挿入したCNT-FETの障壁高さの見積もり

0玉置聖人、岸本茂、大野雄高、水谷孝

CVD合成カーボンナノチューブ、ネットワークの微細構造制御による透明導電特性の向上

O金東栄、橋本直人、野田優

インクジェット法を用いた微細カーボンナノチューブ薄膜

0高木勇樹、野房勇希、牛腸期太、柳和宏、片浦弘道、竹延大志

内包ナノチューブ、

2P-30 
単層カーボンナノチューブに内包されたポリイン分子ClO刊の光学吸収および
ラマン散乱スペクトル

坂口智紀、和田資子、山田健太郎、 O若林知成
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3月7日(水)

グラフェン
2P-31 イオン層コートによる2層グラフェンの半導体化

2P-32 

2P-33 

*: 

2P-34 

2P-35 

2P-36 

*: 

2P-37 

0高木祥光、岡田晋

A novel reduction method for graphene oxide and expanded graphite by water freezing 

expanslOn 

o Hyeon Jeon， Jaemyoung Lee， BeomSu Kimラ GwangilJung， Weon-Kyung Choi 

シリコン基板上での六方晶窒化ホウ素の合成

0前田枝里子、宮田耕充、力日円慶一、北浦良、篠原久典

液面下CVD法によるカーボンナノリボンの生成

0横井裕之、石原史大、野口祐介

グ、ラフェンのラマンスペクトルにおけるレーザー照射効果

O細谷渚、渡遺文章、橘勝

シルセスキオキサン架橋型グラフェン薄膜の有機化合物に対する電気的応答

。橘裕志、松尾吉晃

グラフェンの内外二重共鳴ラマン散乱過程

0佐藤健太郎、 DanielaL. Mafra、PauloT. Araujo、斎藤理一郎、 Mildred.S. Dresselhaus 

2P-38 グラフェンナノ細孔アレイの電気特性

0橋本泰樹、上川正太、原哲文、小木曽徹、八木優子、春山純志

2P-39 超臨界流体剥離法によるカーボンナノファイバーからのナノグラフェン合成

*: 0首居高明、)11口祐司、本間格

2伊P一-40 金属炭素ノ¥イブリツド

O大島久純、桶結憲二、河野欣、小野田邦広

ナノ炭素粒子
2P-41 溶液中におけるポリインーヨウ素錯体の赤外吸収スペクトル

0和田資子、若林知成

ナノホーン
2P-42 PEGにより修飾したナノホーンのマウス生体内長期動態

0張民芳、回原善夫、揚梅、周シン、山口貴司、飯島澄男、湯田坂雅子

ナノ環境と安全評価
2P-43 フラーレンナノ粒子を含んだ、水中で、の微生物増殖

女 O石田正博、津留美紀子、出口茂

その他

2P-44 

2P-45 

Recent development in Electron Energy Loss spectroscopy and its applications to 

nanomaterial analysis 

o A，Maigne 

First-principles studies of interfacial charge transfer between graphene and 

rutile (110) surface 

OCai-Hua ZhouラXiangZhao
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3月8日(木)

特別講演 発表25分・質疑応答5分
一般講演 発表10分・質疑応答5分

ポスタープレビュー 発表1分・質疑応答なし

一般講演 (9:30-10:45)

グラフェン
3-1 グラフェンのナノ構造制御とリチウム電池電極への応用

本間格

3-2 夜中日成長法による絶縁体上グラフヱンの選択成長

3-3 

3-4 

3-5 

O日浦英文、マイケル・リー、アナスタシア・チュルニナ、塚越一仁

2層グラフェンにおけるc'パンドラマン強度のレーザー強度依存性

0爾藤理一郎、佐藤健太郎、 D.L.Mafl丸 P.T. Araujo， M. S. Dresselhaus 

グラフェンナノリボンからのレーザー刺激電界放射に関する量子動力学シミュレーション

打木大介、春山潤、胡春平、 O渡辺一之

シルセスキオキサンで架橋されたグラフェンからなるピラー化炭素への有機分子の
インターカレーション

小西健太郎、 O松尾吉晃

>>>>>>>休憩 (10:45-11:00)くくくくくくく

特別講演 (11:00-11 :30) 
3S-5 グ、ラフェンのトランジスタへの応用:CVD成長ナノリボ、ン形成、電気特性について

佐藤信太郎

一般講演 (11:30-12:30) 

グラフェン

31 

32 

33 

34 

35 

5 

3-6 マイクロ波フ。ラズ、マCVDによるグラフェンのロールートウロール成膜 36 

O山田貴書、石原正統、長谷川雅考、飯島澄男

3-7 拡散ブ。ラズ、マCVDによる高品質単属グFラフェンのシリコン酸化膜基板上への直接合成 37 

0加藤俊顕、畠山力三

3-8 格子整合および格子不整合グラフェン/六方品窒化ホウ素超格子の電子的特性 38 

0酒井佑規、斎藤晋

3-9 窒素ドーフ。型グ、ラフェンの不純物吸着の第一原理電子構造計算 39 

0藤本義隆、斎藤晋

>>>>>>>昼食 (12:30-13:45)くくくくくくく

一般講演 (13:45-14:15)

ナノ炭素粒子
3-10 爆轟法ナノダイヤモンド凝腰体解砕条件の最適化

0佐々木修一、山野井亮子、大津映二

3-11 Surface Engineering ofNanodiamond for Targeted Cell Labeling 

Li Zhao， Takuro Maeda， Tokuhiro Chano， Takahide Kimura， Naoki Komatsu 
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3月8日(木)

特別講演 (14:15-14:45)
超低コスト赤外線イメージセンサのためのカーボンナノチューブPを用いた

3S-6 
プラスチックボロメータの研究

成田薫

>>>>>>>休憩 (14:45-15:00)くくくくくくく

一般講演 (15:00-15:30)

ナノホーン・その他
3-12 過酸化水素の酸化によるグラフェン物質の構造差別化

3-13 

O中村真紀、河合孝純、入江路子、弓削亮太、飯島澄男、坂東俊治、湯田坂雅子

レーザー脱離イオン化源を備えた多段イオントラップO気中目移動度測定システムの開発と
ポリスチレンビーズの構造測定

小坂祥、津西慶彦、篠崎祐志、 0菅井俊樹

ポスタープレピ、ユー (15:30-16:30)
ポスターセッション (16:30-18:00)
フラーレンの化学

(女)若手奨励賞候補

6 

42 

43 

3P-1 遷移金属錯体を用いたC60とジ、ンリラン及び、ンリランとの反応 135 

0飯田亮介、稲葉大樹、高木賢太郎、加国昌寛、長谷川正、前回優、山田道夫、赤阪健

3P-2 アクセプター性大環状化合物を用いたフラーレン系ロタキサンの合成 136 

0倉橋紀子、加藤真一郎、中村洋介

フラーレンの応用
3P-3 RFフ。ラズ、マを用いたN@C60の高純度合成とそのuv照射に対する安定性

食 O超1頃天、令子俊郎、畠山力三

3P-4 新規フラーレン化合物による逆型有機薄膜太陽電池の開放電圧の向上

0波多野淳一、桑原貴之、高橋光信、松尾豊

金属内包フラーレン
3P-5 クラスター内包Non-[PRフラ レンSC3N@C68の光電子スペクトルと電子状態

0太田知那、宮崎隆文、小笠原直子、西龍彦、佐々木祐生、篠原久典、日野照純

3P-6 金蔵内包フラーレン・クラスターの水溶化を目指したポリマーの探索

女 O野田祥子、中西勇介、宮田耕充、北浦良、篠原久典

3P-7 Synthesis and Characterization of Covalently Linked Porphyrin-La@C82 Hybrids 

0;馬莱、スラニナズ、デ、ネク、佐藤悟、与座健治、土屋敬広、溝白木直美、赤阪健、永瀬茂

ナノチューブの生成と精製
3P-8 超微粒化装置によって調製された蛋白質 単層カーボンナノチューブP複合体

O山越新]阜、五味千磨、高島正、前回寧、小野慎

137 

138 

139 

140 

141 

142 

3P-9 カーボンナノコイルの初期成長におけるSn触媒蒸気供給の効果 143 

0石井裕一、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-10 One-Step Gel-Based Separation ofHigh Purity Semiconducting Single-Wall Carbon Nanotubes 144 

女 Oテンデ、イボアネルゲス、宮田耕充、北浦良、篠原久典
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3P-11 

3P-12 

3月8日(木)

アガロースゲノレカラムを用いた金属型単層カーボンナノチューブ?の精製

O平野篤、田中丈士、卜部泰子、片J甫弘道

分散剤に多糖と界面活性剤を用いた密度勾配超遠心法による半導体性単層カーボン
ナノチューブの選択分離

O清水一司、土屋好司、石井忠浩、矢島博文

ナノチューブの物性

3P-13 

3P-14 

3P-15 

ヲた

3P-16 

3P-17 

3P-18 

3P-19 

1年

3P-20 

Influence ofTemperature and absorbates on a Carbon Nanotube Resonator by Molecular 

D戸lamicsSimulations 

0高嬉淵、 JamesCannon、塩見淳一郎、丸山茂夫

軟X線照射による単層カーボンナノチューブへの影響

O浅井邦仁、村仁俊也、木曽田賢治、伊東千尋

非平衡グリーン関数法による欠陥を含む金属カーボンナノチューブのsub-THz交流伝導
へのアプローチ

O平井大介、山本貴博、渡遺聡

リゾチームカーボ、ンナノチューブ水溶液におけるフェムト秒コヒーレントフォノン分光

O牧野孝太郎、田所宏基、篠崎大将、平野篤、白木賢太郎、前回優、長谷宗明

結晶状単層カーボンナノチューブ集合体の創製

0工藤光、柳和宏、真庭豊、片浦弘道、小林春花、末永和知、竹延大志、蓬田陽平、
平田邦生、吉宗良祐、中津亨

コンタクトモードAFMの電流マッヒOングを用いたCNTon SiC-金属問の接触抵抗の評価

。稲葉優文、大原一慶、落合拓海、東松直哉、平岩篤、楠美智子、)11原田洋

単層カーボンナノチューブの近接場光学遷移における増強作用と選択則

OヒOヤワットタフOサニット、佐藤健太郎、粛藤理→郎

Preparation and thermal properties of SiCIMWCNT nanocomposites 

OSoYounMu凡 Su-JinCha， Dong-Jin LeeラKwangYeon Cho， Cheol-Min Yang， 

HeeJoon Ahn， Y oung Hee Lee， Han Do Kim 

ナノチューブの応用

145 

146 

147 

148 

149 

150 

151 

152 

153 

154 

3P-21 環状オレフィンポリマー/カーボンナノチューブ微粒子複合体の合成と電気特性評価 155 

0ホアンテパン、長宗勉、重田真宏、上島貫

3P-22 カーボンナノチューブ、を利用した同転式ナノアクチュエータ 156 

女 O千賀亮典、平原佳織、山口康隆、中山喜高

3P-23 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 157 

0庄司真雄、関根亮典、伊藤寿之、緒方啓典

3P-24 スーパーグロースカーボンナノチューブ向け分散剤としてのポリ塩化ビニル 158 

0重田真宏、長宗勉、近藤友惟、高羽忠興、ホアン・テ・パン、上島貫、中嶋直敏

3P-25 カーボンナノチューブへの通電による内包Niナノ粒子のマイグレーションとナノチューブの接合 159 

'* 0苅田基志、安坂幸師、中原仁、背藤弥八

3P-26 as-grown単層CNTを用いた薄膜トランジスタの作製と特性評価 160 

0北畠旭、相)11慎也、西村英徳、エリック・エイナルソン、千足昇平、丸山茂夫

3P-27 導電型原子間力顕微鏡を用いたSi基板上に直接成長させたCNTネットワークの抵抗分布測定 161 

0枠山公佑、沖川信帯、大野雄高、岸本茂、水谷孝

XIV 



3P-28 

* 
3P-29 

3月8日(木)

その場透過電子顕微鏡法によるカーボンナノチューブ、聞に架橋された単一シリコンナノ粒子の
電気伝導特性

0寺田朋広、安坂幸師、中原仁、青藤弥八

インクジェット法を用いたカーボンナノチューブ♂の連続的電子ドーピング

O清水諒、松崎怜樹、柳和宏、竹延大志

内包ナノチユ一ブ
3伊P一寸30 表面分解法により作製したカ一ボンナノチユ一ブ

O森雄基、丸山隆浩、成塚重弥

3P-31 単層カーボ、ンナノチューブ、内に束縛された一次元π共役分子のドーピング特性

守屋理恵子、 O柳和宏、 NguyenThanh Cuong、大谷実、岡田晋

グラフヱン
3P-32 サブナノ~ナノ白金クラスタ担持ナノグラフェンの作製

0宮居高明、)11口祐司、三谷論、本間格

3P-33 Novel electric field effects on magnetic oscillations in graphene 

女 NingMa

3P-34 電気化学的グラフェン合成法における電解質の影響

曽部雄平、 O沖本治哉、佐野正人

3P-35 グ、ラフェン合成における冷却時の水素の影響

0安野裕貴、山本真裕、秋田成司、有江隆之

3P-36 新規ナノカーボン構造:触媒金属上下に合成された多層グラフェン

0近藤大雄、佐藤信太郎、八木克典、二瓶瑞久、横山直樹

3P-37 グラフェン/六方品窒化棚素ハイブ、リッドシートのCVD合成

女 0力日門慶一、宮田耕充、前田枝里子佐々木祐生、北浦良、篠原久典

3P-38 CVD法による窒素ドープグラフェンの作製

0鴨井督、中村純、木曽田賢治、蓮池紀幸、播磨弘

3P-39 微傾斜SiC上グラフェンナノ構造の偏光ラマン研究

0鴨井督、木曽田賢治、蓮池紀幸、播磨弘、栗栖悠輔、問中悟、橋本明弘

3P-40 Cu表面におけるグラフェンの異方成長

女 O林賢二郎、佐藤信太郎、横山直樹

3P-41 グラフェン転写したHOPG上のモアレ構造のSTM観察

0石原雅大、吉村雅満

3P-42 グラフェン薄膜への有機導体によるケミカルドーヒ。ング

* 0石川亮佑、黒川康良、サンドゥーアダルッシュ、小長井誠

3P-43 極矩パルス光を利用した水素化グラフェンの脱水素化の非平衡ダイナミクス

0宮本良之、 HongZhang、AngelRubio 

ナノ炭素粒子
3P-44 小惑星衝突反応による炭素クラスター合成のモデ、ノレ実験

0三重野哲、長谷川直、黒津耕介、三石和貴

xv 

162 

163 

164 

165 

166 

167 

168 

169 

170 

171 

172 

173 

174 

175 

176 

177 

178 



3月8日(木)

ナノホーン

3P-45 

その他
3P-46 

3P-47 

3P-48 

3P-49 

CO2レーザアプレーション中の雰囲気ガスの最適化によるカーボンナノホーン集合体の

構造制御

O弓削亮太、湯田坂雅子、古山清彦、山口貴司、飯島澄男、民子隆志

ゼオライト鋳型炭素(ZTC)に吸着した水の構造と相挙動

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

誘電体ノザア放電によって処理されたカーボンナノツイストの起毛状態へのZnO粉末添加
の影響

0杉岡由基、米村泰一郎、須田善行、田上英人、滝川浩史、楠仁志、清水一樹、梅田良人

低水素原子含有溶液中におけるグラファイトのレーザーアプレーション

佐藤祐旭、児玉健、 O城丸春夫、阿知波洋次

酸化鉄ナノチューブ?の作製と精製

O白木勇喜、坂東俊治

XVI 

179 

180 

181 

182 
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March 6th， T ue. 

Plenary Lecture: 40min (Presentation) + 5min (Discussion) 
Special Lecture: 25min (Presentation) + 5min (Discussion) 
General Lecture: 10min (Presentation) + 5min (Discussion) 
Poster Preview: 1 min (Presentation) 

Plenary Lecture (9:30-10:15) 
1 S-1 Double Walled Carbon Nanotubes 

Morinobu Endo 

General Lecture (10:15-10:45) 
Properties of Nanotubes 

1-1 

1-2 

Temperature sensitive optical absorption of SDS-wrapped SWCNT aqueous solution: 

corrclation with chirality sorting 

OHuaping L1U， Yasuko Urabe， Takeshi Tanaka， Hiromichi Kataura 

Energetics and Electronic Structures of Amino Acid Residues Adsorbed on Carbon Nanotubes 

OKatsumasa K，αmiya， Susumu Okada 

> > > > > > > Coffee 8reak (10:45-11 :00)くくくくくくく

General Lecture (11 :00-12:00) 
Properties of Nanotubes 

1-3 
Observation of positive-and negative-charged excitons in the electroch巴micallydoped single-walled 

carbon nanotubes 

OJin Sung Park， Kazunari Matsuda， Shinichirou Mouri， Yuhei Miyauchi， Naotoshi Nakωhima 

1-4 Suppression ofExciton-Electron Scattering in Doped Single町、TalledCarbon Nanotubes 

OSatoru Konabe， Kazunari Matsuda. Susumu Okada 

1-5 Exciton Relaxation to A Trion State in Hole-Doped (6，5) S~明Ts

OSatoru Shimizu， Takeshi Koyama， Yasumitsu Miyata， Hisanori Shinohara， and Arao Nakamura 

7 

8 

9 

10 

11 

1-6 Photoluminescence from Exciton State in Metallic SWNTs 12 

Satoru Shimizu， Or.αkeshi Koyama， Takeshi Saito， y，ωumitsu Miyata， Hisanori Shinohara， and Arao Nakamura 

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

General Lecture (13:15-14:00) 
Formation and Purification of Nanotubes 

1-7 The World ofCNT Forests 

1-8 

1-9 

ODon N Futaba， Shunsuke Sakurai， Kau仰miKobα'shi，Ming Xu， Takeo Yamada， Yasuaki Seki， 

Motoo Yumura， and Kenji Hata 

Two-stage growth process of single-walled carbon nanotubes revealed by laser vaporization 

o Yohji Achiba， Akihito Inoue， Takuya Kodama， Ami Kaneko， Kenro H，ωhimoto， Takeshi Kodama， 

Toshσa Okazaki 

Alignm巴ntControl of Carbon Nanotube Forests from Random to Nearly Perfectly Aligned by Utilizing 

Crowding Effect 

o Ming Xu， Don N.Futaba， Motoo Yumura， Kenji Hata 

Special Lecture (14:00-14:30) 
1 S-2 Mass production and applications ofMWCNT 

Daisuke Miyamoto 

XVII 
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March 6th， T ue. 

> > > > > > > Coffee 8reak (14:30-14:45)くくくくくくく

General Lecture (14:45-15:45) 
Formation and Purification of Nanotubes • Applications of Nanotubes 
1-10 A generalized approach to achieve highly conductive CNT /elastomers based on solubility parameters 16 

OSeisuke Ata， Takaaki Mizuno， Kazufumi Kobashi， Takeo Yamada， Moωo Yumur，α，Kenji Hat，α 

1-11 CVD synthesis of small-diameter nitrogen-doped single-walled carbon nanotubes using acetonitrile 17 

OErikEiηαrssoη， Theerapol Thurαkitseree， Christian Kramberger， Pei Zhao， Shinya Aikawa， 

S. Harish. Shohei Chiashi， and Shigeo Maruyama 

1-12 Catalyst con位。1for the prefer巴ntialgrowth of semiconducting single-walled carbon nanotubes 

OShunsuke Sakurai， Maho Yamada， Hiroko Nakamura， Don Futaba， Kenji Hata 

1-13 
Future extraction analysis of conductive paths in the thin film of self-assembled single-wall carbon 

nanotubes 

OShigekazu Ohmori， Takeshi Saito， Motoo Yumura， Sumio lijima 

Poster Preview (15:45-16:30) 
Poster Session (16:30-18:00) (女)Candidates for the Young Scientist Poster Award 
Chemistry of Fullerenes 

18 

19 

1 P-1 Selcctive synthesis of aziridinofullerene through an acid-promoted denitro-genation of triazolino白llerene 45 

Tsubasa Mikie， ONaohiko lkuma， K，ザiNakagawa， Ken Kokubo， Takumi Oshima 

1 P-2 Characterization of 56n-Fullerenes -Separation ofRegioisomeric Mixtures-

OHiroshilnαdα， Yutaka Matsuo 

Applications of Fullerenes 

1P-3 
Stable colloidal dispersion ofindolino[60]fullerene in water and photocurrent characteristics ofthe film 

fabricated by electrospray deposition method 

OHiroshi Matsutaka，均'suoShigemitsu， Takaaki Orii， Tetsuya Aoyama， Hideaki Takaku， Yusuke Tajima 

Fullerene Solids 

46 

47 

1 P-4 Electronic and Geometric Structures of C32: New Semiconducting Form of sp2 and sp3 Hybrid C Network 48 

* 0 Mina Maruyama， Susumu 0，知da

1 P-5 Raman spectra analyses of fullerene nanowhiskers polymerized in various environments 

ORyoei Kato， Kun' ichi Miyazawa 

Endohedral Metallofullerenes 

49 

1 P-6 New Functionaliz昌tionof Endohedral Metallofullerene with Silylene 50 

OKumiko Sato， M，ωαhiro Kako， Mitsuaki Suzuki， Naomi Mizorogi， Takahiro Tsuchiyα， 

Takeshi Akasaka， Shigeru Nag，α'se 

1 P-7 ESR spectra ofLa2@CSO-C3N3Ph2 and La2@CSO anion 51 

o Toshihiro Aizawa， T.αkeshi Akasaka， Hiroki Kurihara，αnd Tatsuhisa Kato 

1 P-8 Synthesis and Characterization of Li@C60(OH)n: Notable Behaviors lnduc巴dby Extemal Hydroxyl Group 52 

女 OHiroshiUeno， Yuji Nakamura， Ken Kokubo， Takumi Oshima 

Formation and Purification of Nanotubes 

1P-9 
High-throughput metal/semiconductor separation of single-wall carbon nanotubes using g巴1column 

chromatography 

OSatoshi Asano， Takeshi T.αnaka， Hiromichi Kataura 

XVIII 
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1 P-1 0 Analysis of CVD conditions for Tuning Graphitic Layers and Diameter of Multi-Walled Carbon Nanocoil 54 

Siew Ling Lim， Taiichiro Yonemura， 0 Yoshiyuki Suda ， Hideto Tanoue， Hir併ImiTaki.如 wa，

1P-11 

1た

1P-12 

1P-13 

1P-14 

女

1P-15 

Hitoshi Ue， Kazuki Shimizu， Yoshito Umed.α 

Flame Synthesis ofSingle-Walled Carbon Nanotubes 

OJun o.hshima， Toshio o.sawa， Suguru Noda 

Wrapping of single-wall carbon nanotubes with large tube diameters by fluorene-pyridine copolymer 

OMasayoshi Tange， Toshiya 0.ιαzaki， Sumio lijima 

Effect ofthe catalyst geometry on the mechanical bending of carbon nanotube micropillar arrays 

o Yuki Matsuo初，M.ωαmichiYoshimura， Sameh Tawfick and A. John l{，αrt 

Carbon nanotube synthesis by coalescence ofheterocyclic compounds 

OKenshi Miyaura， Yasumitsu M砂ata，Ryo Kitaura， Hisanori Shinohara 

Hydrogen Effects on Chirality Distribution ofSingle-Walled Carbon Nanotube Grown from Various 
Kinds of Catalysts 

OKoshi Murakoshi， Toshiaki Kato， Zohreh Ghorannevis， Toshiro Kaneko， and Rikizo Hatakeyama 

1 P-16 Efficient Production ofNanostructured Carbon by Nickel Oxide Nanoparticles 

o Gemma Rius， Luong Xuan Dien， and Masamichi Yoshimura 

Properties of Nanotubes 

55 

56 

57 

58 

59 

60 

1 P-17 Synthesis and optical characterization ofN-doped single-walled carbon nanotubes 61 

o Tetsuya Kato， Kenichi o.shita， Fumihiko Hirata， Susumu Kamoi， NorかukiHasuike， Kenji Kisoda， 

1P-18 

1P-19 

"* 
1P-20 

1P-21 

1た

Hiroshi Harima 

Coherent phonon sp巴ctroscopyof RBM and RBLM phonons in carbon nanotubes and graphene 
nanoribbons 

OAhmad Nugraha， GarアSanders，Kentaro Sato， Riichiro Saito 

Visible fluorescence from ultrathin single-wal1 carbon nanotubes of chiral index (4， 3) 

o Toshiya Nakamura， Y.α~sumitsu Miyaω， Miho Fujihar.α，Ryo Kit，αura， H，お:anoriShinohara 

Acoustic wave measurement of single司wallcarbon nanotube dispersion by the transient grating method 

OShota Kuwahara， Kenji Katayama 

Electronic Properties of Carbon Nanotubes under the Electric Field 

OAyaka Yamanaka， Susumu 0.ιad，α 

Applications of Nanotubes 
1 P-22 The strong effect ofthe dispersion process on the conductivity of a SWN下rubbercomposite 

OHowon Yoon， Motoi Yamashita， Seisuke Ata， Kazl{かmiKobashi， Takeo Yamada， 

1P-23 

1P-24 

"* 
1P-25 

Donl'正Futaba，Motoo Yumura and Kenji Hata 

Electrical properties of carbon nanotube networks decorated with cobalt oxide 

ODo一冊unKim， Junghwan Huh， Jong-Kwon Lee， Gyu-Tae Kim， 

Urszula DettlajJ-Weglikowska，αnd Siegmar Roth 

High-Performance and Ultra-Flexible Single-Wall巴dCarbon-Nanotube Film Transistors 

OYohei Yomogida， Yuki Nobusa， Kazuhiro Yanagi， Yoshihiro lwωa， Taishi Takenobu 

Advantages ofthe Use of CNT as Fuel Cell Carbon Supporting Material Studied by lmpedance 
Spectroscopy 

o Tsuyohiko Fujigaya，凡ゐhamedReda Berber， Naotoshi Nakashima 
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1P-26 

1P-27 

1P-28 

* 
1P-29 

1P-30 

March 6th， T ue. 

Toward graphene and single-walled carbon nanotube composite devices 

OSungjin Kim， Shinya Aikαwa， Bo Hou， Erik Einαrsson， Shohei Chiashi， Junichiro Shiomi， 

Shigeo Maruyama 

Design and preparation of a fuel ceJ1 electrocatalyst composed carbon nanotub巳-supported

sulfonated polyimide and Pt 

OChaerin Kim， Tsuyohiko Fi切igaya，Naotoshi Nakashima 

Structure Control ofHybrid Nanocarbon Materials based on Carbon Nanotubes and Carbon NanowaJls 

o Takuya Sato， Toshiaki Kato， Toshiro Kaneko， Rikizo Hatakeyαma 

Direct spinning and elcctrical resistivity of CNT yams manufactured through eDIPS method 

OShunN，α初no，Masahαru Kiyomiya， TakcザoshiHirai， Keita Kobayashi， Takeshi Saito 

Various mixtures ofphospholipids for dispersing carbon nanotubes 

OYu-uki S，αto， Hαru 

Endohedral Nanotubes 

1P-31 

1P-32 

Electronic Structures ofCarbon Nanotube Encapsulating Double-Decker Coronene Polymers 

Susumu Okada 

13C NMR and x-ray diffraction studies of仕ansformationprocess of C60白J1erenepeapods into 

double-waJled carbon nanotubes 

Satoshi Sagitani， OKazuyuki Matsuda， Tomoko Fukuokα， Yusuke Nakai， Kazuhiro Yanagi， 

Yutaka Maniwa， Hiromichi Kataura 

Graphene 
1 P-33 SGM investigation of graphene nano structure 

1P-34 

女

1P-35 

1P-36 

1P-37 

* 
1P-38 

1P-39 

1P-40 

女

1P-41 

OSouhei Furuya， Kazuyuki Takai， Yoshiaki Sato， Toshiaki Enoki 

Covalent attachment of pyrene to graphen巴oxide

OMtωakazu Morimoto， Yoshiaki Matsuo 

Charging sites on graphene-FET synthesized from solid carbon source 

OYoshinori Kameoka， Masahiro Yamamoto， Takayuki Arie， Seiji Akita 

Synthesis of functionalized graphene nanoribbon by thermal polymerization of perylene bisimide derivatives 

OShingo Mizobuchi，Ta向shiKikuchi， Takahiro Nakae， Hisako Sato， Shigeki Aゐri，Tetsuo Okujima， 

Hidemitsu Uno， Hiroshi Sakaguchi 

Reactions ofGraphene and Metal NanoparticJes at High Temperature: Metal-Catalyzed Anisotropic Etching 

and Carbon Nanofiber Growth 

OKazuma Yoshida， Mtμsaharu Tsuji， Hiroki Ago 

Mechanism for Transition Metal-Catalytic Renovation ofDefective Graphene 

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

Nitrogen-doped carbon nanosheets and their electrochemical applications 

OZhipeng Wang， Hironori Ogata 

Preparation of suspended graphene and graphene nanoribbons devices compatible with 

transmission electron microscopy 

OShoji Suzuki， Ryo Kitaura， Yuki Sasaki， Keiichi Kamon， Yasumitsu Miyata and Hisanori Shinohara 

Anomalous VaJley Magnetic Moment of Graphene 

Daqing Liu 
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March 6th， T ue. 

Carbon Nanoparticles 

1 P-42 Geometries and Electronic Structures ofDiamond Nanoparticles 

OKatsumasa Kamiya， Susumu 0如da

Nanohorns 

1 P-43 Cytotoxicity ofCarbon Nanohoms Depending on their Dispersion State 

M匂kiNakamura， Yoshio Tahara， Sumio Iij・ima，OMasako Yud，ωaka 

Miscellaneous 

1 P-44 lnfluence of Graphitization Treatment of Carbon Nanocoils on Tensile Deformation Characteristics 

OTaiichiro Yonemura， Yosh仰 kiSuda， Hideto Tanoue， Hirojumi Takikawa， Hitoshi Ue， 

Kazuki Shimizu， Yoshito Umeda '* 
1 P-45 Hybrid Periodic Nano-ridges: Novel Structurcs and Propertics 

ORui-Sheng Zhao， Jing-Shuang Dang， Xiang Zhao 

XXI 
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March 7th， Wed. 

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

Poster Preview: 1 min (Presentation) 

General Lecture (9:30-10:30) 

Endohedral Metallofullerenes • Chemistry of Fullerenes 
2-1 Structures and Chemical Properties of Carbide Cluster Fullerenes 20 

OXing Lu， Hiroki Kurihara， Koji Nakajima， Yuko Jiduka，入TaomiMizorogi， ねた'shiAkasaka， Shigeru Nagase 

2-2 Synthesis and Structure Determination ofTm@Cdl) -Ni(OEP) Co-crystals 21 

o Yuki Sado， Shinobu Aoyagi， Eiji Nishibori， Yasumitsu Miyata， Ryo Kitaura， Hiroshi Sawa， Hisanori Shinohara 

2-3 UPS ofLu and Lu-carbide cluster encapsulated fullerenes 

o Takafumi Miyazaki， YlIsuke Nakanishi， Tatsuhiko Nishi， SOllSUた Ookita，Hajime Yagi， 

Hisanori Shinohara and Shoリ'unHino 

2-4 A reactivity index in cycloadditions of C的

OTohru Sato， Naoya 1wαham， Naoki Haruta， K，αzuyoshi Tanaka 

> > > > > > > Coffee 8reak (10:30ー10:45)くくくくくくく

Special Lecture (10:45-11 :15) 
2S-3 Neutron Capture Therapy by Gadolinium Fullerene 

Yukio Nagasaki 

General Lecture (11 :15-12:00) 

Fullerene Solids • Applications of Fullerenes 
2-5 Fabrication and Propertics ofFullerenol Nanosheets 

OKeisuke sabα， ToshかlIki1to， Hironori Ogata 

2-6 Synthesis of the C60 nanowhiskers that exhibited a good supereonduetivity 

OKun'ichi Mかazawa，Ryoei Kato， Hiroyuki Takeya， Takahide Yamaguchi， Yoshihiko Takano 

2-7 Superconductivity of potassium-doped fullerene nanowhiskers 

OHiroyuki Takeyα" Ryoεi K，αto， Kun 'ichi Miyazawα， Takahide Yamaguchi， Yoshihiko Takano 

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

Awards Ceremony (13:15ー14:00)

Special Lecture (14:00-14:30) 

22 

23 

3 

24 

25 

26 

2S-4 Thin-film Formation and Spectroscopie Mcasurements of Carbon Nanotubcs and thcir Applications 4 

Nobutsugu Minαmi 

> > > > > > > Coffee 8reak (14:30-14:45)くくくくくくく

General Lecture (14:45-15:45) 
Applications of Nanotubes • Properties of Nanotubes 

2-8 A Single-Wal1ed Carbon Nanotube Twist Sensor by wrapping transfer method 

OTakeo y，αmαdα，Yuki Yamαmoto， Yuhei Hayαmizu， Hiroyuki Tanakα， Donl'正Futaba，Kenji Hata 

2-9 Microwavc heating characteristics of carbon nanofluids -toward new hot-water supply -

Ryusuke Takida， 0 Mαsahito印刷

XXII 
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2-10 Fully Inkjet-Printed Transistors Based on Separated Single-Walled Carbon Nanotubes 

2-11 

おtokiMatsuzaki， Yohei Yomogida， Kazuhiro Yanagi， Yoshihiro [wasa and OTaishi T，αkenobu 

Analysis of Opcration Mechanism of Field Effect Transistor Composed of SWNT Network by Scanning 

Gate Microscopy 

OXiaojun Wei， Kenji Maeda， Tatsurou Yahα'gi， M.ωαhiro Matsunaga， Nobuyuki Aoki， 

Jonathan P. Bird， Koji lshibashi and Yuichi Ochiai 

Poster Preview (15:45-16:30) 
Poster Session (16:30-18:00) (女)Candidates for the Young Scientist Poster Award 
Chemistry of F ullerenes 
2P-1 Observation of cluster growth by Fourier transform ion cyclotron resonance mass spectrometry 

OHirokazu Kobayashi， Shohei Chiashi， Shigeo Maruyama， Toshiki Sugai 

2P-2 Synthesis and Copolymerization ofFul1erenol-Methacrylate Conjugate 

OKen Kokubo， M似aakiKato， Akio Harada， Takeshi Noguchi， Takumi Oshima 

Applications of Fullerenes 
2P-3 Electric properties ofthe methanol soaked fullerene nano-whiske field effect transistor 

女 ONaotoToriumi， Tatsuya Doi， Kyouhei Koyama， Nobuyuki Aoki， Yuichi Ochiai 

Fullerene Solids 
2P-4 Growth of star-shaped C60 nanosheets 

ORyo Yoshida， Masαru Tachibana 

2P-5 Synthesis of CoO fullerene nanowhiskers with controlled size 

OChika Hirata， Shuichi Shimomura， Kunichi Miyazawa 

Endohedral Metallofullerenes 

29 

30 

90 

91 

92 

93 

94 

2P-6 Thc Li '@C60 functionalization -Synthesis of Li@PCBM cations 95 

OHiroshi Okada， Masashi Maruvama， Yasuhiko Kasama， Hiromi Tobitα， Yutaka Matsuo 

2P-7 The Shortest Metallofullerene-Peapod司 Compexationof Metallofullerenes with [ll]Cycloparaphenylenc 96 

* 
OYusuke Nakanishi， Haruka Omachi， Sanae Matsuura， Yasumitsu Mザata，尺yoKifaur，α， 

Yasufomo Segawa， Kenichiro Itami， Hisanori Shinohαra 

2P-8 ESR detection of gamma-cyclodcxtrin-bicapped N@C60 in water 

OMitsuhiro Okamoto， Hiroki Takahαshi， MasαkiK，αwano， Kenji Kanaori， Ko Furuk，αwα，T，μtsuhisa Kato 

Formation and Purification of Nanotubes 

2P-9 

2P-10 

2P-11 

* 
2P-12 

Large-scale dispersion of multトwal1edcarbon nanotubes in protein solutions using a wet-type 

super atomlzer 

OKazuma Gomi， Risa Yamakoshi， Tadashi T，αkashima， Yasushi Maeda， Shin Ono 

Effect ofBuffer Gas on Growth ofmrrトLongVertically Aligned Carbon Nanotubes by Chemical 

Vapor Deposition 

o Hiroki Atsumi， Taiichiro Yonemura， Yoshivuki Suda， Hideto T，αnoue， HiroルmiTakikawa， 

Hitoshi Ue， Kazuki Shimizu， Yoshifo Umed，α 

G I obal-characteriz也tionof DWCNTs in spccimen by Raman spectroscopy 

OKeita Kohayωhi， Shigekazu Ohmori， Masaharu Kivomちり，Takeshi Saito 

Sclectivc Metal/Semiconductor Separation for Double-Wallcd Carbon Nanotubes 

OShogo Watanuki， Yuka Nagaya， Akihiro Kuno， Koji lshibashi， Koji Tsuchiya， HirofItmi Yajima 

XXIII 

97 

98 

99 

100 
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2P-13 

2P-14 

官公

2P-15 

2P-16 

March 7th， Wed. 

MD Simulation of SWNT Growth Process by Catalytic CVD Method 

OT，αkuya Noguchi. Kaoru Hisama. Shohei Chiashi， Shigeo Maruyama 

Single Chirality Purification of Single Wall Carbon Nanotubes for Encapsulation of Organic Molecules 

OMωatoshi Kawai， Takuya Suzuki， Toru Jgarashi， Taishi Takenobu， Hironori Suzuki， 

Toshiya Okazaki， Hiromichi Kataura， YutakαManiwa， Kazuhiro Yanagi 

Prefcrcntial extraction of left-or right-handed SWNTs with narrow diameter range by use of chiral 

diporphyrin nanotwcezers 

o Gang Liu， Tatsuki Yasumitsu. Shuji Aonuma， Takahide Kimura. Naoki Komatsu 

Single-Walled Carbon Nanotube Synthesis at Low Temperature using Pt catalyst in Alcohol Gas 

Source Method 

o Takahiro Maruyama. Naoya Fukuoka， Yoshihiro Mizutani. Hiroki Kondo. Shigeya Naritsuka， Sumio 1ザlma

Properties of Nanotubes 

2P-17 Sorting for Outer-layer Semiconducting DWNTs through Density-gradient Centrifugation 

OYukaNagαIya， Kazushi Shimizu， Akihiro Kuno， Koji Tsuchi 

2P-18 Effect of Charge of Solubilizer on the Electronic States of Single-Walled Carbon N anotubes 

OYasuhiko Hirαna， Yasuro Niidome， Naotoshi Nakashima 

2P-19 

'* 
2P-20 

Evaluation ofThermal Conductivity ofSinglc Carbon Nanotube in Liquid 

ORyo Karかα，Hisataka Maruyama， Fumihito Arai 

Energetics and Electronic Properties of Capped Carbon Nanotubes 

OKoichiro Kato， Susumu Saito 

Applications of Nanotubes 

2P-21 Effective Tip Structure ofCarbon Nanotube Gecko Tape 

OSatoshi Tabuchi， Yoshikazu Nakayamα 

2P-22 

'* 
2P-23 

2P-24 

2P-25 

'* 
2P-26 

2P-27 

2P-28 

女

2P-29 

Property Control of Single-Walled Carbon Nanotubes Field Effect Transistor by Nitrogen and Fluorine 

Doping U sing Plasma CVD 

OMakoto Akutsu. Toshiaki Kato，今unsukeKuroda， Toshiro Kaneko， Rikizo Hatakeyαma 

Rheology ofmagnetic-field responsive carbon nanotube/ionic liquid g己l

Kazune Nakagawa. OHaruya Okimoto， Tetsu Miお:umata，M.ω:ahito Sano 

Carbon nanotube cantilever for measurement of interaction forces between antigens and antibodies 

o Yuki Terada， Seυi Akita， Takayuki Arie 

Ncw synthesis oful仕afin巴nanoparticlesfrom nanowires encapsulated in carbon nanotubes 

OShihono Naruse， Ryo Kitaura， Shin-ichi 1to， Yasumitsu Miyata， Hirofumi Yoshikawa， 

Kunio Awaga， Hisanori Shinohara 

Fabrication ofHigh Conducting NBRISGCNT Composites Using a Wet-process 

OMasahiro Shigeta， Yui Kondo， Shoichi Toh， Hoang The Ban， Mitsugu Uりima，

Tsutomu Nagamune，砂oMatsumura， Naotoshi Nakashimα 

Estimation ofbarrier height in CNT-FETs with graphitic carbon interlayer contacts 

OTamaokiMα~sato， Shigeru Kishimoto， Yutaka Ohno， Takashi Mizutani 

Enhanc巴dTransparent Conducting Performance ofCVD Nanotube Networks with Tailored Microstructure 

ODong Young Kim， Naoto Hωhimoto， Suguru Noda 

lnkjet printing ofultra四五necarbon-nanotube thin films 

OYuki Takagi， Yuki Nobusa， Shota Gocho， Kazuhiro Yanagi， Hiromichi Kataura， Taishi Takenobu 

XXIV 
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March 7th， Wed. 

Endohedral Nanotubes 

2P-30 
Optical absorption and Raman scattering spcctra ofClOH2 polyyne molccnles inside singlc-wall 

carbon nanotnbes 

Tomonori S，αkaguchi， Yoriko Wada， Kentaro Yamada， OTomonari Wakabayashi 

Graphene 
2P-31 Semiconducting Bilayer Graph巳n巳Coatedby Ionic Layers 

OYoshiteru Takagi， Susumu Okada 

2P-32 

2P-33 

* 
2P-34 

2P-35 

2P-36 

女

2P-37 

2P-38 

2P-39 

* 
2P-40 

A novel reduction method for graphene oxide and expanded graphite by water freezing expansion 

o H)leon Jeon， Jaemyoung Lee， BeomSu Kim， Gwangil♂ung. Weon-Kyung Choi 

Direct s戸1thesisofhexagonal boron nitride on silicon wafers 

OEriko Maeda， YasumiおuMiyata， Keiichi Kamon. Ryo Kitaura， Hisanori Shinohara 

Synthesis ofCarbon Nanoribbons by the Submarine-style Substrate Heating Method 

OHiroyuki Yokoi， Fumihiro Lchihara. Yusuke Noguchi 

Effect of laser irradiation on the Raman spectra of graphene 

ONagisa Hosoya， Fumiaki Watanabe， Mωαru Tachibana 

Electrical responsc of sils巳squioxanebridgcd graphene layers to organic vapor 

o Yuji Tachibana， Yoshiaki Matsuo 

lnner and outer double Raman scatt巴ringprocess of graphene 

OKentaro Sato， Daniela L. M.祈α，Paulo T. Araujo， Riichiro Saito， Mildred. S. Dresselhaus 

Electronic features of graphene nano-pore arrays 

o Y.Hashimoto， S.Kamikawa， T.Hara， T.Ogiso， Y. Yagi. J.Haruyama 

Nanographene synthesized from platel巴tcarbon nanofiber using supercritical f1uid exfoliation 

OTa知正lkiTomai， Yuji K，ωνaguchi， [taru Honma 

Graphene Formation from Metal-Carbon Hybrid Films 

OHisayoshi Oshima， Kenji Okeyui. 1'.ωushi Kouno， Kunihiro Onoda 

Carbon Nanoparticles 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

2P-41 IR spectra of polyyne-iodine complexes in solutions 130 

OYoriko Wαぬ，Tomonari Wakabayashi 

Nanohorns 
2P-42 The Fate of PEG戸FunctionalizedSingle Wall Carbon Nanohoms after Intravenous Injection into Mice 131 

OMinfang Zhang， Yoshio Tahara， Mei Yang， Xin Zhou， Takashi Yamaguchi， Sumio Lゲima，Mas叫 oYudasaka 

Environmental/Safety characterization of nanomaterial 
2P-43 Microbial grows in water containing nanoparticles of fullerene C60 132 

女 OMasahiroIshiぬ"Mikiko Tsudomeタ ShigeruDeguchi 

Miscellaneous 
2P-44 Recent development in Electron Energy Loss spectroscopy and its applications to nanomaterial analysis 133 

OA.Maigne 

2P-45 First-principles studies of interfacial charge transfer between graphene and rutil巴(110)surface 

OCai-Hua Zhou， Xiang Zhαo 

xxv 
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March 8th， Thu. 

Special Lecture: 25min (Presentation) + 5min (Discussion) 
General Lecture: 10min (Presentation) + 5min (Discussion) 
Poster Preview: 1 min (Presentation) 

General Lecture (9:30ー10:45)
Graphene 

3-1 

3-2 

3-3 

3-4 

3-5 

Structural control of Multi-layered Graphenes and thcir applications for large capacity Lithium ion 
secondary batterγelectrodes 

Itaru Honmα 

Selective Formation of Graphene on Insulator by Liquid Phase Growth 

OHidejumi Hiura， Michael V. Lee， Anastasia V.乃urnina，Kazuhito Tsukagoshi 

Laser Power dcp巳ndenceof G' Raman intensity in bilay巴rgraphene 

ORiichiro Saito， Kentaro Sato， Dαnie/a L. Mafra， Pαu/o T Araujo， Mildred S. Dresselhaus 

Quantum dynamics simulation oflaser-driven electron field emission from graphene nano-ribbons 

Daisuke Utsugi， Jun Haruyama， Chunping Hu， OKaz町ukiUペatanabe

Intercalation behavior of organic molecules into pillared carbon consisting of silsesquioxane 

bridged graphene layers 

Kentaro Konishi， 0 Yoshiaki Matsuo 

> > > > > > > Coffee 8reak (10:45-11:00)くくくくくくく

Special Lecture (11 :00-11 :30) 

31 

32 

33 

34 

35 

3S-5 Application of graphene to transistors: CVD growth， nanoribbon formation， and electrical properties 5 

Shintaro Sato 

General Lecture (11 :30-12:30) 
Graphene 
3-6 Roll-to-roll deposition of graphene film by microwave plasma CVD 

3-7 

3-8 

3-9 

OTakatoshi Yamada， Masatou Jshihara， Masat.αka Hasegawa， Sumio lijima 

Direct fabrication of high-quality single司 layergraphene on Si02 substrat巳bydiffusion plasma CVD 

o Toshiaki Kato and Rikizo Hatakevama 

Electronic properties and rclative stabilities of commensurate and incommensurate graphenc/h-BN 
supcrlattic巴s

o Yuki Sakai， Suι~umu Saito 

Impurity Adsorption on Nitrogen-Doped Graphenc: 
A First-Principles Study of Energetics and Electronic Propcrties 

OYoshitaka Fujimoto， Susumu Saito 

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

General Lecture (13:45-14:15) 
Carbon Nanoparticles 
3-10 Optimized De-agglomeration of Detonation Nanodiamond 

OShuichiSωαki， Ryoko Yamanoi， Eijiσ'sawa 

3-11 Surfacc Engineering of Nanodiamond for Targeted Cell Labeling 

Li Zhao， Takuro Maeda， Tokuhiro Chano， Takahide Kimura， Naoki Komatsu 

XXVI 
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March 8th， Thu. 

Special Lecture (14:15-14:45) 
3S-6 A Study ofPlastic Bolometer based on Carbon Nanotubes for Ultra Low-Cost Infrared Imagc Sensors 6 

KaoruN，αrita 

> > > > > > > Coffee 8reak (14:45-15:00)くくくくくくく

General Lecture (15:00-15:30) 
Nanohorns • Miscellaneous 
3-12 Structure Differentiation ofGraphene-Based Materials by Oxidation with Hydrogcn Peroxide 42 

o Maki Nakamurα. TakazumiKαwai， Michiko Irie， Ryota Yuge， Sumio Iijima. Shunji Bandow， Mαsαko Yud，ωakα 

3-13 Development of Multi-stage lon Trap Mobility System and Structral Observation of Polystyrene Particles 43 

Sho Osaka， Yoshihiko S，αwanishi， M出ωhiShinozaki， o Toshiki Sugai 

Poster Preview (15:30-16:30) 

Poster Session (16:30-18:00) (女)Candidates for the Young Scientist Poster Award 
Chemistry of Fullerenes 

3P-1 Reactions ofC60 with Disilirane and Silirane in the Presence ofTransition Metal Complexcs 

ORyosuke Iida， Daiki lnaba， Xωtaro Takagi. Masahiro Kako， Tadashi Haseg州仏 YutakaMaeda， 

Michio Yamada， Takeshi Akasaka 

3P-2 Synthesis of [60]Fullerene-Based Rotaxanes Using Electron-Accepting Macrocycles 

ONoriko Kurahashiタ Shin-ichiroKato. Yosuke N.αkamura 

Applications of Fullerenes 

3P-3 High Purity Synthesis of N@C60 Using RF-Plasma and lts Stability under UV -Irradiation 
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Double-walled carbon nanotubes 

Morinobu Endo 1ムヘ
Hiroyuki Muramatsu 1， Takuya Hayashi1， Yoong Ahm Kiml， 

Kenji Takeuchi2
• Kazunori Fujisawa1
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lFaculかofEngineering， 2Institute of Carbon Science & Technology， 

αnd 3 Exotic Nanocarbon Research Center， 
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54The PennsylvanioStGte universioy，universiOY PGrk PA 16802・6300，USA 
Massachusetts Institute ofTechnology， Cambridge， Massachusetts 02139-4307， USA 

Double walled carbon nanotubes (DWNTs) are one ofthe ideal structural model for studying 
the interactions and coupling behavior between two different concentric tubules， and can be 
considered as the most simple multi-walled carbon nanotubeS[I]. Moreover， their intrinsic 
coaxial structures make them mechanicallyラ thermallyand structurally more stable than single 
walled carbon nanotubes (S¥¥弓ぜTs).Geometricallyラ thebuffer-like function of the outer tubes 
in DWNTs [2] allows inner tubes to exhibit exciting transport and optical properties having a 
high leve1 of structural perfection. This makes them promising in the fabrication of 
field-effect transistors， stable field emitters and lithium ion batteries， etc. In addition， the 
utilization of the outer tube chemistry makes DWNTs to be useful for anchoring 
semiconducting quantum dots as well as for use as effective multifunctional filler in 
producing tough， conductive transparent polymer films， while the inner tubes with diameter 
below 0.9 nm preserve their excitonic transitions. Namely，出isis the peculiar DWCNT 
chemistry [3J. 
However， there is no systematic study on the effect of the intershell interaction as well as the 
configurations of the two concentric tubules. In the present paper on DWNTs， we repo!i two 
different approaches of producing high-purity DWNTs (e.g.ラ catalyticallygrown

1 

and 
peapod-grown D¥¥明Ts[4]) and direct comparison on their respective optical and transport 
propertles. 

Fig.l Optically and biologically active mussel rotein-coated 
double walled carbon nanotube [3] 
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Mass production and applications of MWCNT 
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SHOWA DENKO K.K (SDK) produces three types of MWCNT (VGCFs@ ; VGCFぺ
VGCF@-H， VGCF@-X). Each characteristic ofVGCFs@ are listed in Table 1. The SEM images 

are shown in Fig. 1 . VGCFs@ are manufactured by the catalytic chemical vapor deposition 

(CCVD) method which is a process suitable for mass production. 

The advantage of CCVD method is ease of controlling the growth reaction of carbon 

nanotubes. In other words， the reaction condition of CCVD method is wider than the ark 

plasma method. In mass production， each reaction conditions are inevitably rough compared 
to a laboratory scale. Therefore， at the stage of research and development， it is important to 

seek the reaction conditions which obtain same result in the wide range. 

Table 1. Each characteristic of VGCF九.

Bulk Thermal Electrical Production 
Diameter Length Density Conductivity Conductivity Capacity Grade Main Use 
nm μE股 glcm3 W/(mJk) O/cm TIY 

VGCF奇襲 150 8 0.04 1200 10-4 Lithium Ion Battery 

VGCFゆ-H
200 Rubber Composite 150 6 0.08 1200 10.4 

VGCF丸X 15 3 0.08 - 400 Resin Composite 

VGCF骨 and VGCF九H are high purity and 

conductivity carbon nanotube. The features are 

mainly suitable as an additive of lithium ion battery， 
and it has become an essential material. Also in 

respect of the high thermal conductivitぁ it is 

expected as an interesting material. 

VGCF@-X is high aspect ratio and conductivity 

carbon nanotubeラ and it is mainly used as an 

conductive additive to resin composite. It has been 
understood to obtain same conductive performance 
by the additive amount of 1/5 -1/10 of carbon black 

and carbon fiber in using VGCF九X.Therefore， 
VGCF凡Xcan reduce the degradation of the physical 

properties of the base polymer as compared to other 
carbon fillers. 
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Neutron capture therapy (NCT) is a suitable method for the treatment of intractable 
tumors such as brain tumors. NCT using 10 B (BNCT) has demonstrated efficacy in the 
treatment of tumors and is now established as a frontier radiotherapy. 10 B compounds based 
on boronophenylalanine (BP A) and sodium borocaptate (BSH) have undergone clinical trials 
to verify their efficacy in BNCT because they show low cytotoxicity without neutron 
irradiation. However， since selective accumulation in tumors is insufficientラ improvementsin 
targeting characteristics are desirable. We have recent1y developed boron-containing 
nanopartic1es for passive targeting in tumors， which improves the BNCT efficiency1. Another 
important requirement for high-performance neutron therapy is the monitoring of the 
biodistribution of compounds， inc1uding neutron capture agents. Precise determinations of the 
capture compound concentration would facilitate minimization of the neutron source power 
and reduce damage to normal organs by neutron irradiation. 

Gadolinium is a promlSlng candidate for monitoring biodistribution by magnetic 
resonance imaging (MRI) because of the significant variations in the water relaxation time. In 
addition， Gadolinium has a high neutron capture cross section. Owing to these properties， 
gadolinium has anticipated as one of the candidates for NCT， possessing character of MRI 
contrast agent. However， gadolinium ion is too toxic to use in vivo. Even in Gd chelating 
compounds such as diethylenetriaminepentaacetic acid (DTP A)， 
1，4，7，10-tetraazacyc1ododecane-lラ4，7，10-tetraaceticacid (DOTA) and hexane-2，4-dione are 
not applicable for NCT because ofhigh dosage ofthese treatments. 

We originally achieved the solubilization of intact fullerenes by synthetic block 
copolymers. For example， poly( ethylene glycol)-b-poly[N，N-( dimethylamino )ethyl 
methacrylate] (PEG-b-PAMA) solubilizes C60 to form extensively mono-dispersed 
nanopartic1es with a diameter of 5 nm2. The solubility of C60 in PEG.ゐーPAMA aqueous 
solution reached 214 mg L -1. Analogously， we solubilized Gd@C82 in aqueous media using 
PEG-b -PAMA. Because PEG-b-PAMA is located on the surface of the fullerene c1uster， the 
resu1ting complex is anticipated to have high biocompatibility. PEG-b-PAMA physically 
interacts with the fullerene to maintain the dispersion of Gd@C82ラ andthis better preserves 
the prope 

1 S. Sumitani， et al， Biomaterials， in press 
2 Y.Nagasaki， Sci. Technol. Adv. Mateれ 11054505(2010) 
o Y. Horiguchi， et al.， Sci. Technol. Adv. Mater. 12，044607 (2011). 
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Thin圃 filmFormation and Spectroscopic Measurements of 

Carbon Nanotubes and their Applications 
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Spectroscopic measurements are among the most important techniques to characterize 
single-wall carbon nanotubes (SWNTs). In particular， analysis of near in丘町ed(NIR) optical 
spectra provides essential information for the understanding of their various properties， 
including purity， stability， structures as defined by chiral indices (nラ m)，localized and 
deloca1ized electronic states， aggregation behavior and isolation processes， electronic 
interactions between tubes and with dopantsラ etc.Furthermore， for a number of electronic and 
optoelectronic applications of SWNTラ NIR spectroscopic measurements represent 
indispensable experimental techniques. We have been making efforts to expand the 
applicability ofNIR spectroscopy to a wider range of SWNT samples. 

Reliable and versatile optical measurements require thin-film samples. Also， thin-film 
formation is important for the realization of various optical， electronic and optoelectronic 
devices. For these reasons， we have been focusing on the preparation of high-quality SWNT 
thin films using various methods. We particularly pay attention to their structural control， 
because macroscopically measured properties of SWNTs strongly depend on their structures 
such as tube aggregation and tube orientation. 

The results of our efforts are summarized as the following: 
1) S¥¥明Tssolubilized by chemical functionalization were used to prepare Langmuir-

Blodgett films; they can be deposited in a layer-by-layer fashion and tubes are found to be 
preferentially oriented in the dipping direction [1]. 2) High quality thin films were prepared 
by dispersing SWNTs in polymers such as gelatin and cellulose derivatives. The tubes are 
well-isolated and thus the films exhibit photoluminescence. Mechanical stretching of the film 
resulted in considerable orientation of tubes. Moreover， the NIR transparency of the matrix 
polymers expands the measurable wavelength range， enabling the NIR measurement of wider 
tubes [2，3]. 3) Extending a technique developed by other group for extracting highly pure 
semiconducting SWNTs using polyf1uorene as a dispersant [4]， we succeeded in preparing 
thin networked fi1ms consisting only of single chirality semiconducting S¥¥刊 Ts.4) Using the 
above mentioned film， NIR photoconductivity spectra wcre measured for a single chirality 
S\\弓~T， from which the dependence of the quantum efficiency on the exci 

-4 -



3S四 5

Application of graphene to transistors: CVD growth， nanoribbon formation， 
and electrical properties 

oShintaro Sato， and Naoki Yokoyama 
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National lnstitute of Advanced lndustrial Science and Technology μIS刀，

16-1 Onogawa， Tsukubα，lbaraki 305-8569， Japan 

Grapheneラ atwo-dimensional honeycomb carbon lattice， has excellent electronic， thermalラ

and mechanical properties. It is considered to be a promising material for白tureelectronics 

devices. In fact， our goal is to use graphene as a transistor channel for白turelarge scale 

integrated circuits (LSIs). In this talk， we explain our recent progress toward such an 

application. First， we demonstrate graphene growth al1 over a 200-mm wafer by chemical 

vapor deposition using Cu film as a catalyst (Fig. 1) [1，2]. We explain how the grain size and 

orientation of graphene are affected by various growth parameters. Electrical properties 

depending on the grain structures are also addressed. We then describe self-organizing 

formation of graphene ribbons on a substrate. One of the examples is preferential ribbon 

formation on Cu surface steps [3]. The formation mechanism of the ribbons is discuseed. 

Final1yラweexplain our recent results concerning devices using graphene nanoribbons (GNRs). 

Patterning of GNRs by Helium Ion Microscope (HIM) and the on-off operation of a GNR 

transistor thus fabricated are described [4]. Furthermore， we propose a novel dual-gate 

transistor with a GNR channel (Fig. 2) [5]. The operation ofthe new device is demonstrated. 
This work was supported by JSPS through the FIRST Program， initiated by CSTP， Japan. 

This work was partly conducted at the Nano-Processing Facility supported by ICANラAIST.

(a)盤園鶴麟麟麟翻 魁 盤 盤 (b) 九三九円 ji71~“い..::..:c'，、 (a) 

輔醒臨盟副
(c) (d) 

Fig. 1. (a) Graphene synthesized on a 200-mm 
Cu/Si02/引 wafer.(b) Cross sectional TEM image of 
graphene. (c) Bright field image of graphene on a TEM 
grid. (d) Selected area diffraction pattem obtained from a 
circular area of graphene partially shown in (c). 

Fig. 2. (a) Schematic of a dual-gat巴 GNR
transistor. (b) Top-view of the actual device 
(HIM image). 

[1] S. Sato， et α1. ECS Trans. 35(3)， 219 (2011). [2] S. Sato，巴tal. ECS Trans. 37(1)， 121 (2011). 
[3] K. Hayashi， et al. ExtendedAbstracts of72th JSAP FaU Meeting 2011， Yamagata， 2a-ZF・9(2011). 
[4] S. Nakaharai， et al.， Extended Abstracts ofthe 2011 SSDM， Nagoya， 1300 (2011). 
[5] S. Nakaharai， et al. Appl. Phys. Express 5， 015101 (2012). 
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A Study of Plastic Bolometer based on Carbon Nanotubes 

for Ultra Low-Cost Infrared Image Sensors 

oKaoru Narita， Ryosuke Kuribayashi， Ersin AltintasラHirokoSorneya 
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Green Innovation Research Laboratories， NEC Corporation， Tsukuba， iIαrpan 

The dernands for uncooled infrared irnage sensors have grown rapidly nowadays. 
Microbolorneters are rnost popular high-perforrnance uncooled far-infrared detectors and 

widely used for night-vision carnera and therrnography applications frorn rnilitary to 
cornrnercial use. Howeverラ theyare considerably expensive due to the cost of the fabrication 
processes and vacuurn packaging. This is because， they use cornplicated MEMS structure and 
vacuurn gap therrnal isolation in the structure. In this paper， we propose a very low-cost 
potential infrared irnage sensor using carbon nanotube bolorneters on a plastic substrate. 

Several papers were published about the bolorneter using carbon nanotubes. Our structure is 
distinguished frorn thern rnainly on the following two points. The first is the therrnal isolator 
rnade of a low therrnal conductance polyrner layer， and the second is a newly developed 
high-sensitivity (TCR > 2%) carbon nanotube thin filrn therrnistor created on the therrnal 
isolator. 

In the experirnent， 500μrn曲 sizesingle sensor 
cell was fabricated on a polyirnide substrate. For 
the therrnal isolation layer， parylene (p-Xylene 
polyrner) was evaporated on the sゆ strate.The 
single-walled carbon nanotube thin filrn 
therrnistor was printed on the therrnal isolation 
layer and an infrared absorb layer was forrned on 
the therrnistor (Fig.l). The IR irradiation test 
showed that the responsivity of our sensor is 
about 340 [V川町].We also fabricated a 64-pixel 
(8-row， 8-colurnn) bolorneter array by the 
evaporation of rnetals and print processes without 
lithography(Fig.2(a)).Using the switching rnatrix 

and the rneasurernent rnodulesラ weread out the 
resistance change of the each pixel whi1e the part 
of sensor area was irradiated by the black body 
IR source (Fig.2(c)). Figure 2 (b) is the obtained 
irnage when the upper left p訂tof the sensor was 吋

irradiated by the black body source of 300oC. 
This result shows that the basic operation of the 
IR irnage sensor was confirrned [1]. 

[1] Kaoru Narita， et al.、“APlastic Bolometer Array 

using Carbon Nanotubes for Low-Cost Infrared 

Imaging DevicesヘProceedingsof IR恥1MW-THz，
Tu4C.3，2011. 

Reflector 

Fig.l: Cross-section of plastic bolometer 

)
 

b
 

Fig.2: (a): Photo of64(8x8)-pixel plastic bolometer a汀aychip， 
(b): obtained illlage under the experiment described in figure c)， 
(c): experimental setup using black body source and ape口ure.

Corresponding Author: Kaoru Narita (Tel: +81-29-850-1492， E-mail: k-narita@ab.jp.nec.com) 
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Temperature sensitive optical absorption of SDらwrappedS羽lCNTaqueous 

solution: correlation with chirality sorting 

oHuaping Liu1‘2， Yasuko U rabe 1， 2， Takeshi Tanaka 1
ラ
HirornichiKataura 1， 2 

INαnosystem Research lnstitute， N.αtionallnstitute 01 Advαnced lndustrial Science and 
Technology (AIS刀，'E<iukuba， lbaraki 305-8562， Japan 

2~αrpan Science and Technology Agenのう CREST， Kawaguchi， Saitama 330-0012， Japan 

Recently we developed sirnple and low-cost rnulticolurnn gel chrornatography rnethod and 

realized industrial chirality separation of single-wal1 carbon nanotubes (SWCNTs) using an 

allyl-dextran-based gel as the rnediurn [1]. This rnethod is based on the chirality-dependent 
interaction strength of SWCNTs with the gel. Most recently， we found that an environrnental 

ternperature has a great influence on the interaction str目19thbetween SWCNTs and the gel [2]. 

Lowering/increasing an environrnental ternperature generally decreases/enhances the 

interaction of SWCNTs with the gel. The ternperョtureeffect strongly depends on the chirality 

of SWCNTs. On the basis of this finding， we proposed that an environrnental ternperature 

could rnodi命 theelectronic structures of SWCNTs dispersed in sodiurn dodecyl sulfate 

aqueous (SDS) solution， which would be reflected in their optical perforrnance. 
In the present work， we systernatically investigated the optical absorbance of SDS-wrapped 

(n， m) serniconducting SWCNT aqueous solution at various ternperatures. The peak-shi立and

intensity change in Sll optical absorption region of each (n， m) species as a function of 

ternperatures are cornbined and norrnalized in Fig. 1. It is visible that both the peak shi自and

intensity change in optical absorbance of SWCNTs are chirality-dependent. As shown in Fig. 

1aラ thenear arrn-chair nanotubes such as (6ラ 5)，(7， 6) and (8， 7) show rnore sensitive to 
ternperatures in peak shi立thanthe nanotubes with srnal1er chiral angels such as (7， 3)， (10， 2) 
and (12， 1). Fig. 1 b presents that the nanotubes with larger diarneter or srnaller chiral angles 

(i.e.， (8， 7)ラ (8ラ 4)and (10ラ 2))show a rapid quenching in optical absorbance intensity with a 

decrease in ternperatures while the nanotubes with srnaller diarneters such as (7， 3) and (6ラ 5)

have a relatively stable optical absorbance intensity in a wide ternperature range of 8-28 oC. 

This ternperature-dependent optical perforrnance of (n， m) species indicates出atternperature 

change could induce a _. I 目 白戸プご1-， b .. 24 ~勺|五町， I .j 
charge transfer between ~~ r ぷ はとさ 1弓 1

SDS surfactant ∞ating 会 20~ 1 ;， 0，9 

and SWCNTs， resulting2 16 ~ゆ官、 下型~ '~ 

m 出e rnodification of 言121--iゴ:州 J~ 0.8 
electronic structures of ~車ほ《白…と巴rJ 言
SWCNTs. And this ;l 8ト ' .と i o:: 0，7 

Q. φ 
〉

ternperature control 

rnodification of electronic 

structures is strongly 

dependent on the chirality 

ofSWCNTs. 

4 

色

8 10 12 14 16 18 2022 24 26 28 
T emperature (OC) 

eii 0.6 
ω 
0:: 

0.5 

Fig. 1. Peak shift (a) and intensity change (b) in S II optica1 absorption 
region ofSDS-wrapped (n， m) SWCNTs出 afunction oftemperatures. 

[1] H. Liu et al. Nat. Commun. 2， 309 (2011). 
[2] H. Liu et al. The 41st Ful1erenes幽Nanotubes-GrapheneGenera1 Symposium， p.27 (2011) 
Corr回 pondingAuthor: H. Kataura TEL: +81-29・861-2551，ιmai1:かkatauraαlaist.go.jp 
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Energetics and Electronic Structures of Amino Acid Residues Adsorbed on 

Carbon Nanotubes 

oKatsumasa Kamiya and Susumu Okada 

Graduate School ofPure and Applied Sciences， University ofTsukuba， 1-1-1 Tennodai， 
Tsukuba，Ibaraki305-8571，Japan 

Interactions of biomolecules with carbon nanotubes (CNTs)， graphene， and carbon 
nanohoms have recently been the subject of a great deal of research with the goal of 
biomedical applications of the these nano-scale or low-dimensional carbon allotropes. In 
particular， the study of the interaction between CNT and protein is imperative in toxicology of 

the CNTs. Because protein is a polypeptide consisting of α-amino acid residues， clarification 
of the interaction between amino acid residues and CNTs becomes a firm bridgehead toward 
systematic understanding of protein-CNT interactions. However， its fundamental 
characteristics are still far from being白llyunderstood. We here study the energetics of 
adsorption of amino acid residues on single-walled CNTs (SWCNTs) and electronic 

structures of the resulting hybrid systems on the basis of the density functional theory (DFT). 
We consider four representative amino acid residues， lysine， histidine. isoleucine， and 
tryptophan， that take linear， all-trans conformations. They were adsorbed on (17， 0)， (18ラ0)，
and (10， 10) SWCNTs in vacuum. 

Our DFT calculations clarify that all of the four amino acid residues are bound to the 
SWCNTs. The binding energy is calculated to be in the range ofO.3-0.4 eV/molecule司 andthe 

calculated distances between the adsorbed molecules and CNT wall are in the range of 
2.5-3.1 A. Among the four kinds of amino acid residuesぅlysinehas the largest binding energy， 
while tryptophan has the lowest one. All of the hybrid systems are semiconductors with a 
direct gap originating from the Ell gap of a semiconducting SWCNT and 企omthe tiny gap of 
the metallic SWCNTs. Electronic states near the Fermi level originate primarily from those of 
SWCNTs. Detailed analysis of the electronic structure of the hybrid systems reveals that an 
amino acid residue interacts with a SWCNT at both of its side chain and terminal amino 
group through the hybridization between C and N 2p orbitals and the πstates of the CNTs. 

Lysine 

11 

Histidine 

11 

h 

Isoleucine 

11 

Tryptophan 

11 

N/¥  

し4

Fig. 1. Four amino acid residues studied in this work. 

Corresponding Author: Katsumasa Kamiya 

E-mail: kkarr可a@comas.frsc.tsukuba.ac.jp
Tel: +81-29-853司 5922

-8 -



1-3 

Observation of Positive-and Negative-Charged Excitons in the 
Electrochemical皿 dopedSingle-walled Carbon Nanotubes 

oJin Sung Park1， Kazunari Matsuda2
ラ
ShinichirouMouri

2， Yuhei Miyauchi2へNaotoshi Nakashima1
，4 

1 Department of Applied Chemistry，めushuUniversity， Fukuoka 819-0395， Japan 
"'lnst仰 teof Advanced Energy， Kyoto Universiか，め;oto611“0011， .ft正pan

3Japan Science and Technology Agency， PRESTO， Saitama 332-0012， Japan 
4Core Resωrch of Evolutional Science & Technology (CRES刀，.ftαrpanScience and 

Technology Agenり ρS刀，Toわ10102-0075，.ftαrpan 

a 

O.OV 

喧 O.5V

Since the semiconducting single-walled carbon nanotube (S-SWNT) has large exciton 

binding energy (400 me V) due to one dimensional property， it has been expected that the 
charged exciton (three-particle bound state) which consists of doped-charged particle 
(electron or hole) and exciton could exist in the doped carbon nanotubes system. This charged 
exciton is called to trion. Recent1y， the positive charged exciton (hole and exciton， positive 
trion) was observed in p-doped carbon nanotube at the room temperature by 
photoluminescence (PL) and absorption spectroscopy [1]. The positive trion optical spectra 
appear under the Ell optical transition energy， and the trion binding energy strongly depends 
on diameter and chiral angle. The three-particle bound state， trion， was also found on the 
individual SWNT over a large cw excitation intensity rangeラ since exciton-exciton 
annihilation processes generate dissociated carriers to allow the trion creation 

subsequent photon absorption event [2]. 
In order to understand in more detail the intrinsic properties of the trion in the SWNT， we 

should consider a negative charged exciton (electron and excitonラ negativetrion) in 
electron-doped carbon nanotube system. However since n-dopant is unstable in nature and it 

is very hard to control the doping level， chemical doping is 
not available to observe a negative trion. Therefore the 
electrochemical doping is suggested to observe the negative 
trion in the SWNT by applying an electrochemical potential 
on the SWNT film of ITO electrode， and following the 
change of the Fermi level [3]. Finally， as shown in Fig. 1， 
we observed that the electrochemically measured negative 
trion has almost the same binding energy with the positive 
trion because the doped-hole and electron have almost the 
same effective masses in the carbon nanotube system and the 
trion spectra become strong when we increase 

electrochemical doping level. 

upon 

一決意
一寸

時sitivetrion 

(7，6)事
kp窃
口
前
ぷ
ロ
品
、
同
《
間
宮
一

N-wghoz

an 

Fig. 1. The trion spectra in the 
electrochemically doped-SWNTs 

[ 1] R. Matsunaga et α1. Phys. Rev. Lett. 106，037404 (2011). 

[2] S. M. Santos et al. Phys. Rev. Lett. 107， 187401 (2011). 
[3] Y. Tanaka et al. Angew. Chem. I瓜 Ed.48， 7655 (2009). 

Corresponding Author: J. S. Park 
Tel: +81帽 92-802-2548，Fax:十81-92-802-2548，

E-mail: jspark@mail.cstm.kyushu-u.ac.jp 
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Suppression of Exciton-Electron Scattering 

in Doped Single-Walled Carbon N anotubes 

OSatoru Konabe1，3 ，Kazunari Matsuda2， and Susumu Okada1，3 

1 Graduate School Of Pure and Applied Sciences， University ofTsukuba， Tsukuba， lbaraki 

305-8571， Japan 
2 lnstitute of Advanced Energy， KyoωUniversity， Gokasho，巧i，Kyoto 611・0011，Japan 

3 Japan Science and Technology Agency， CREST， 5 Sanbancho， Chiyoda， Tokyo 102-0075， 

Japan 

Strong Coulomb interaction in single-walled carbon nanotubes (SWCNTs) leads not 

only to stable bound state of exciton and trion but also to interesting dynamical properties of 

the many-body exciton states and exciton-carrier state. Recently it was found that phase 

relaxation by the elastic scattering among the excitons dominantly contributes to the linewidth 

of optical spectra [2]， much larger than the contribution of the Auger exciton recombination 

caused by the inelastic scat臼ringamong the excitons [3]. For doped SWCNTs， besides the 

elastic scattering between excitons， it is expected that吐leelastic scattering between excitons 

and charged carriers play a crucial role for determining the phase relaxation of the excitons. 

In the present paperラ weperform theoretical investigation on the dephasing process 

caused by the elastic scattering between excitons and electrons to unrave1 the dynamica1 

processes of excited states in doped SWCNTs. Our calculation of the linewidth predicts that 

this scattering process shows strong suppression and nonlinearity associated with the doped 

e1ectron density. This anomalous behavior is caused by a cusp白 likestructure in the dispersion 

re1ation of exciton that originates from the logarithmic singularity ascribed to the exchange 

se1f-energy [5]. 7.01 ~'~! 50K 
6~i 
55。li:
~4.0t 0.02 

4ヨ
セコ

i2; 
[5] S. Konab巴， K. Matsuda， and S. Okada， Submitted. 

300K 

References: 

[1] R. Matsunaga et al. Phys. Rev. Lett. 14， 115 (2002). 

[2] D. T. Nguyen et al. Phys. Rev. Lett. 92， 233105 (2008). 

[3] F. Wang et al. Phys. Rev. B 73，245425 (2006). 

[4] L. Schultheis et al. Phys. Rev. Lett. 10，2381 (2010). 
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Exciton Relaxation to A Trion State in Hole-Doped (6，5) S明lNTs

OSatoru Shimizu/ Takeshi Koyama，l Yasumitsu Miyata，2 

Hisanori Shinohara，2 and Arao N akamura 1 

1 Department of Applied Physics， Nagoya Uniνersi帆 Chikusa，Nagoya 464-8603， ~αrpan 
.: Department of ChemistηJ， Nagoya UniνersiかChikusa，Nagoya 464-8602， Japan 

A composite particle of an exciton and an electron (or a hole) is known as a charged 
exction， called trion. The binding energy of trions in conventional semiconductors is usually 
very small (a few me V)， and they are not stable at room temperature. In contrast， recent 
theoretical studies predicted the stability of trions at room temperature in SWNTs due to their 
large binding energies [1]. Recent experiments at room temperature showed positive trions in 
chemically hole-doped (p-doped) S¥¥刊Ts[2] and all-optical trion generation in neutral 
SWNTs [3]. In this study， we investigate exciton and trion dynamics inp-doped (6，5) S¥¥明Ts
at room temperature by time-resolved luminescence measurements. 

The SWNTs used in this study were produced by the Co-Mo catalytic method 
(CoMoCAT) process (SWeNT， SG-65). Enhancement of 0.3 

(6，5) SWNTs was carried out using the gel column 
chromatography. Hole-doping into SWNTs was done by 
adding HCl solution. Figure 1 shows absorption spectra of 
the undoped (dotted line) and p-doped (so1id line) samples 
(estimated hole density， 0.97 nm-1). In the p-doped sample， 
the El1 exciton absorption at 1.27 eV is suppressed， and 
the trion absorption [2，3] appears at 1.08 eV 

Luminescence kinetics were measured using 
femtosecond time-resolved luminescence spectroscopy 
based on the frequency up-conversion technique [4]. 
Figure 2 shows luminescence kinetics of the El1 exciton 
(top) and the trion (bottom) in the p-doped sample. The 
E11 exciton luminescence shows a double-exponential 

decay with time constants of 60 and 540 fs (dashed line). 
In contrast， the trion luminescence cannot be fitted to a 
single-exponential function (dashed line) around the time 

origin， showing a rise behavior of luminescence. U sing a 
single-exponential function with a rise term with a time 
constant of 60 fs (solid line) ， the decay curve is well 
reproduced. Since the rise time of the trion luminescence 
is in good agreement with the decay time of the El1 

exciton luminescence， the observed results indicate the 
ultrafast exciton relaxation to the trion state. 

Fig. 1. Absorption spectra of undoped 
and p-doped samples. 

三E11

. . 

1 、、
ー ノ戸、、.:.............，:

ヨ三三

1.0 1.2 1.4 
Photon Energy (eV) 

。。
c 0.2 
f百
4コ... 
0 

.2 0.1 
〈

01 

1.0 

Fig. 2. Luminescence decay kinetics at 
1.26 (Ell exciton) and 1.08 eV (trion) in 
the p-doped sample. 
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[1] T. F. Ronnow et a人Phys.Rev. B 81， 205446 (2010). [2] R. Matsunaga et al.， Phys. Rev. Lett. 106，037404 

(2011). [3] S. M. Santos et al.， Phys. Rev. Lett. 107， 187401 (2011). [4] T. Koyama et al.， Phys. Chem. Chem. 

Phys. 14， 1070 (2012). 
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Photoluminescence from Exciton State in Metallic SWNTs 

Satoru Shimizu，l OTakeshi Koyama，l Takeshi Saito，2 Yasumitsu Miyata，3 

Hisanori Shinohara，3 and Arao N akamura 1 

lDepαrtment of Applied Physics， Nagoya UniνersiかChikusa，Nagoya 464-8603， Japan 
2Reseαrch Center for Advanced Carbon Materials， AIST， Tsukuba， lbaraki 305-8565， Japan 

3Department ofChemistりJ，Nagoya University， Chikusa， Nagoya 464-8602， Japan 

An exciton is a photo-created quasi-particle wherein an electron and a hole are in a 
hydrogen-like bound state due to the attractive Coulomb interaction. In metals， strong 
screening of the Coulomb interaction between an electron and a hole by free electrons largely 
prevents exciton forτnation. In one-dimensional systems， however， Coulomb interactions are 
enhanced to a remarkable extent thereby reducing the screening effect， and a stable exciton 
state is expected to be realized even in metallic one-dimensional systems. Here we 
experimentally demonstrate photoluminescence (PL) from the exciton state in metallic 
single-walled carbon nanotubes (:t¥，ιSWNTs) [1]. 

The SWNTs used in this study were formed by the e-DIPS method. They had an 
average diameter ~1.78 nm with a full width at half-maximum of ~0.59 nm. Separation of 
M-S¥¥明Ts from the pristine material was carried out using the density gradient 
ultracentrifugation procedure. The inset of Figure 1 shows typical absorption spectra of the 
pristine and M-SWNT sample. In the pristine sample， EI1 (~仏6 eV)， E22 (~1.0 eV)， MI1 (~1.4 

eV)， and E33 (and E44) (~1.9 eV) transition bands are observed， while in the M-SWNT sample， 
the E11， E22， and E33 bands are suppressed and the principal absorption band is the M11 band. 

Figure 1 shows PL decay kinetics at 1. 0 and 1.4 e V in the 1-ιSWNTs sample. 
Ultrafast decay ofthe PL signal is observed at 1.4 eY， while no PL signal is detected at 1.0 eV 
(and below). If the residual semiconducting SWNTs existed in the sample， a strong PL from 
Ell state in semiconducting SWNTs should be observed. Consequentlyラ theorigin of the 
observed PL is not semiconducting SWNTs but M-SWNTs. To obtain the decay time constantラ

we performed curve fitting with a single-exponential 
function convoluted with the instrument response 
functionラ andthe fitted result is plotted as a solid curve in 
the日gure.The time constant is obtained to be 40土 10fs. 

Pump-probe measurements showed that 
bleaching of the MI1 band absorption is recovered with a 
time constant of ~500 fs. This decay time is one order of 
magnitude longer than the PL decay time. Since the 
decay behavior of the absorption bleaching indicates the 
cooling dynamics of unbound electrons and holes， the 
ultrafast decay observed by the PL measurements is 
ascribed to the recombination process of excitons. 
Therefore， the exciton lifetime is found to be 40士 10fsラ

indicating a relatively stable exciton state 

0.9 

Fig. 1. PL decay kinetics at 1.0 and 1.4 
e V. Inset shows absorption spectra of 
pristine and M司 S¥¥弓Hsamples.
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The World of CNT Forests 

o Don N Futaba 1ぺShunsukeSakurai1
へ

KazufumiKo bashi 1ぺMingXu2ラTakeoYamada
1

ぺ
Yasuaki Seki2， Motoo Yumura1

ぺandke11ji Hatale2 

1 Nanotube Research Center， National lnstitute of Advanced lndustrial Science αnd 

2TechF1010DYf;4IS刀，Tsukuba 305-8565， Japan 
Technology Research Associationfor Single Wall Carbon Nanotubes (TASC)， ~αp仰

Since the discovery ofthe carbon nanotube (CNT) 20 years ago， extensive e汀orthas been 

made to hamess， in applications， their exceptional intrinsic properties， such as the electrical 

and thermal conductivities， mechanical strength， etc. This obstacle has been further limited by 

the ability to process the CNTs， by either wet (dispersion) or dry (sheets， yams， etc) methods， 

into functional forms while maintaining the intrinsic properties ofthe CNT. 

Recently， the development of economical mass production technologies based on the 

Super-growth method has enabled large-scale production of SWCNT forests as exemplified 

by a pilot production plant. To promote the industrial use of SWCNTs， we are developing 

knowledge to guide end国 userstoward their specific application need. Specificallぁweare 

undertaking the task to understand the relationship between the CNT forest structure， e.g. 

height， density， crystallinity， etc， and their properties both in the form of a forest and in the 

processed白rm.ln this way， the form ofthe SWCNT for optimized function would be known. 

This is what we call the “World ofCNT Forests." Therefore， this work encompasses two main 

endeavors: the ability to synthesize SWCNT forests of desired structural and standardized 

characterization processes. Here， 1 will present our progress on developing the technology for 

the synthetic control of SWCNTs， the development of standardized evaluation techniquesラ
and

understanding we have at the present. 

Corresponding Author: D. Futaba 

Tel: +81-29-861・4402，Fax: +81-29-861-4851 

E-mai1: d-futaba@aist.go.jp 
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Two-stage growth process of single-walled carbon nanotubes revealed by 

laser vaporization 

。YohjiAcl由 a¥AkihitoInoue 1， Takuya Kodama 1， Ami Kaneko1， Kenro Hashimoto
1
， 

Takeshi Kodama1 and Toshiya Okazaki
2 

1 Department 01 Chemistη" Tokyo Metropolitan Universiか，Hachioji 192-039スJapan
L Advanced lndustrial Science and Technology， Tsukuba， 305-8565， lbaragi， Japan 

Control1ing size and chirality of single-wal1 carbon nanotubes (S\\尽~Ts) is definitely of 
particular importance for the potential applications of SWNTs to the industrial field such as 
nanoelectronic devices， because the performance of SWNTs-based devices would much 
depend on the diameter， particular1y on the chirality of carbon nanotubes. Therefore， the 
ultimate goal in carbon nanotube production is to develop a method which would allow the 
growth of SWNTs with a single chirality. Despite the promise， development of effective 
processes for chirality control1ed production of high quality SWNT required for commercial 
applications demands a much better understanding and control of the microscopic 
mechanisms. Unfortunately， the complexity of the synthetic procedures has made 
experimental determination of the mechanism very difficultラ andthis complexity has also 
frustrated progress in realizing production of SWNT with a single chirality. 

In the present work， we demonstrate a growth mechanism which has been strongly 
suggested by our experimental data of the laser vaporization accumulated during the last more 
than 10 years. The basic idea of the mechanism which is presented here has been reported 
previously in 2000 by Kataura et al. 1 in which the growth processes of SWNTs have been 
supposed to be essentially divided into two stages; cap-formation and tube-growth. The 
former process was supposed to be happened in the gas phase. Actually in the present work， 
the presence of the IPR satisfied cap structures have been strongly suggested to be formed in 
the gas phase prior to depositing on the metal catalyst in which the tube-growth takes place. 
In order to clarify the role of the cap formation in the gas phase， we have examined the 
S¥¥明Tformation with the use of 10 different metal catalysts possessing different physical 
properties. The resulting qualitative chirality distributions were found to slight1y depend on 
the catalysts， reflecting the solidification timing during their cooling process. 

However， from the view points of quantitative analysis for these 10 different metal 
catalysts， the production yields of SWNTs were found to significantly depend on the metal 
catalystsラ mostprobably reflecting the ability of carbon diffusion on the metal surface. The 
carbon diffusion rate would partly determine the rate of the tube-growth process. 

Finally， in the present work， the role 0 

ー 14-



1-9 

Alignment Control of Carbon Nanotube Forests from Random to Nearly Perfectly 

Aligned by Utilizing Crowding Effect 

oMi時 Xu1

へDonN .Futaba 1ぺMotooYumura1

ぺKenjiHata1
，2，3 

1 Technology Resωrch Associationfor Single Wall Carbon Nanotubes (TASC)， Tsukuba， 

305四 8565，Japan 
2Nanotube Reseαrch Center， National Institute of Advanced Industrial Science and 

Technology (AIS刀，Tsukuba， 305-8565， Jcαrpan 
J Japan Science and Technology Agency (JST)， Kjωvaguchi， 332-0012， Japαn 

As in the case for polymer chains， fibers， and proteins， alignment of the one-dimensional， 

high aspect ratio intemal building blocks of a bulk material represents an important structure 
parameter. Due to the impact of alignment on properties， tailoring the degree of alignment of 
these components is of fundamental importance. An apt example is polyethylene (PE) used to 
make drink bott1es where the hard cap is made 企omhighly ordered PE while the flexible 
body is made from low order PE. 

As being a one-dimensional material possessing the highest aspect ratio， carbon nanotubes 
(CNTs) follow a similar scheme. In this paper， we demonstrate a general approach to control 
the alignment of few-walled CNT forests from nearly random to nearly ideal1y aligned by 
tailoring the density of active catalysts 
at the catalyst formation stage， which 
can be experimentally achieved by 
controlling the CNT forest mass 
density (Figure 1). We found that the 
catalyst density and the degree of 
alignment were inseparably linked 

because of a crowding effect from 
neighboring CNTs， i.e.， the increasing 
confinement of CNTs with increased 
density. Therefore， the CNT density 
govemed the degree of alignment， 
which increased monotonical1y with 

the density. This relationship， in印m，
allowed the precise control of the 
alignment through control of the mass 
density. The wide variety of CNT 

forests with different alignments 
achieved in this work would be 
expected to open new opportunities for 
different CNT structures and forms or 
new post-processes. 

Figure 1. Demonstration of precise alignment control nearly 
spanning the full range of random to nearぢperfectalignment. (a) 
Photograghs of the CNT forest with the heights of ~ 1 mm at 
different degrees of alignment. (b) Scanning electron microscopy 
images showing the wide range of alignm巴ntwith the HOFs ranged 
仕om0.13 to 0.85. 

Corresponding Author: Kenji HataラDonN .Futaba 
Tel: +81-29-861-4656， Fax: +81-29-861-4851， 
E-mail: kken凶1討11ト.司七.
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A generalized approach to achieve highly conductive CNT/elastomers 
based on solubility parameters 

oSeisuke Ata1， Takaaki Mizuno1， Kazufurni Kobashi1

ペTakeoYarnada
1

へMotoo
Yurnura1，2 and Kenji Hata1

，2 

1 Technology Research Association for Single Wall Carbon Nanotubes (TASC)， 1-1-1 
Higashi， Tsukuba， !baraki 305-8565， Japan 
2Nanotube Research Center， Nationα1 !nstitute of Advanced !ndustrial Science and 
Technologyμ1S刀，Japan 

E1ectrically conductive elastorners or rubbers have been investigated to apply 
various fields like electro-rnagnetic shielding， vacuurn seals and f1exible electronic 
devices. In this work， we used rnesh-like-dispersed SWNTs synthesized by 
water-assisted chernical vapor deposition， denoted as“supergrowth"， to achieve long 
S"弓.JTs(SG-SWNT). The SG-SWNT were qualified as the best available conductive 
fillers because they were very long and thus had an exceptionally high aspect ratio， yet 
were not heavily bundledラ andeasy to disperse. 

First， we studied the effect of the rnatrix rubber on the conductivity by 
fabricating a series of SG-SWNTs rubber cornposites frorn an assortrnent of rubbers. 
Volurne conductivities， rneasured on these conductive rubber sheets using the four-probe 
rnethod， showed a strong dependence on the nature of the rubber rnatrix and ranged 
frorn a rnaxirnurn of 13.8 S/crn for f1uorinated rubber to a rninirnurn of 1.1 S/crn for 
SEBS (poly[ styrene-b-( ethylene-co-butylene)ーかstyrene]) (Figure 1). We tried to 
therrnodynarnically explain the variation of volurne conductivity. We propose the 
“solubility pararneter" as an irnportant pararneter that deterrnines the degree of CNTs 
dispersion in the rubber rnatrixラ andthus the conductivity ofthe CNT-rubber cornposite. 
This finding explains why fluorin剖edrubber 
has shown the highest conductivity arnong 
rubber rnatrices because the solubility pararneter 

rnatched with that of the CNT. Based on this 
findingう wedernonstrate addition of a srnall 
arnount of f1uorinated rubber into the rubber 
rnatrix as a unified and practical technology to 
irnprove the conductivity of the CNT-rubber 
cornposite for a wide c1ass of rubber rnatrices. 

Corresponding Author: K. Hata 
Tel: +81-29-861-4654， Fax:十81-29-861-4851

E-mail: kenji-hata@aist.go.j 
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CVD synthesis of small-diameter nitrogen-doped single-walled 

carbon nanotubes using acetonitrile 

o Erik Einarsson 1弓TheerapolThurakitseree1， Christian Kramberger1， Pei Zhao1， 

Shinya Aikawa1弓S.Harish1， Shohei ChiashF， and Shigeo Maruyama1 

lDepartment of Mechanical Engineering， The University ofTokyo， Tokyo 113-8656， Jap仰

2Global Center of Excellence for Mechanical Systems Innovation， The University of Tokyo， 

Tokyo 113-8656， Japan 
3Department of Electrical Engineering， Tokyo University of Science， Tokyo 162-8601， Japan 

Synthesis of single-walled carbon nanotubes (SWNTs) with controlled chirality 
remains a major challenge in the nanotube community， yet is necessary in order to 
obtain pristine SWNTs with uniform electrical and/ or optical properties. There are a 
number of reports in the literature showing success in reducing the average SWNT 
diameter and narrowing the diameter distribution， but most of these results were 
achieved by modifying ihe catalyst particles. Here we report a signi自cantreduction 
in SWNT diameter and simultaneous nitrogen doping resulting fiom modifying the 
carbon feedstock rather than the catalyst. 

Conventional alcohol catalytic chemical vapor deposition (ACCVD) [1] was 
performed using ethanol feedstock containing varying concentrations of acetonitrile 
(CH3CN). Based on comprehensive spectroscopic characterization， the mean 
diameter of substrate-supported vertically aligned SWNTs was found to decrease 
from 2.1 nm down to 0.7 nm with the addition of less than 3% acetonitrile in the 
ethanol feedstock. Notably， the small-diameter SWNTs remained vertically aligned. 
A reduction in diameter was also found for SWNTs grown from zeolite-supported 
catalyst particles， indicating the effect is not critically dependent on catalyst 
preparation. 

X-ray photoelectron spectroscopy 
was used to elucidate whether or 
not the nitrogen from the 
acetonitrile was incorporated into 
the SWNTs. Substitutional N 
doping was found to saturate at 
approximately 1 at.% (Fig 1)， with 刀

the majority of the N being in an 
Sp2 bonding environment. [2] 

[1] S. Maruyama et al.， Chem. Phys. Lett. 

360 (2002) 229. 

[2] T. Thurakitse児 e et al. Carbon， 

submitted. 

Corresponding Author: S. Maruyama 
Tel: +81-3-5841-6421 

Fax: +81-3-5800-6983 

E-mai1: maruvama@Dhoton.t.u-tokvo.ac.iD 
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Catalyst control for the preferential growth of semiconducting single-walled 

carbon nanotubes 

o Shunsuke Sakurai 1ぺMahoYamada2， Hiroko Nakamura2， Don Futaba
2
， Kenji Hata

1

へ
1 Green Nanoelectronics Center， Nationallnstitute o[ Advanced lndustrial Science and 

Technology (AlS刀，Tsukuba 305司 8565，Japan 
2Nanotube Research Center， Nationallnstitute o[ Advanced lndustrial Science αnd 

Technology (AlS刀，Tsukuba 305・8565，Japan 

One of the major problems on SWNTs for the widespread application in semiconductor 

electronics is the coexisting of metallic and semiconducting carbon nanotubes in the 

as-synthesized samples. Although several approaches inc1uding electrophoresis， 

gel-chromatography， and selective elimination of metallic SWNTs has been reported， the 

above postsynthesis separation processes often cause contamination or degradation of 

nanotubes. Recently， the preferential growth of metallic SWNTs achieved by varying the gas 

composition during pre-annealing process of the catalyst has been reported [1]. Here， we 

present our approach for the preferential growth of semiconducting SWNTs by controlling the 

pre-annealing process of the catalyst nanopartic1e. 

The combination of H20 and H2 vapor has been chosen for the control of iron catalyst 

nanopartic1e during the pre-annealing process. S\\守~T growths have been conducted on a 

c1ean quartz fumace system for the precise control of gas ambient. We have found that Raman 

spec仕a(入=532， 633， 780 nm) of SWNT thin films grown after the pre四 annealingprocess with 

certain amount of H20 and H2 suggested the preferential growth of semiconducting nanotubes 

with high reproduciblity. The performances of FET devices directly fabricated 合omthe 

as-synthesized SWNT films are also presented. 

This research is granted by JSPS through“Funding Program for World-Leading 

Innovative R&D on Science and Technology (FIRST Program)ぺinitiatedby CSTP. 

[1] A. R. Harutyunyan， G. Chen， T. M. Paronyan， E. M. Pigos， O. A. Kuznetsov， K. Hewaparakrama， S. M. Kim， 

D. Zakharov， G. U. Sumanasekera， E. A. Stach， Scicence， 326， 116 (2009). 

Corresponding Author: Kenji Hata 

TEL: +81-29-861-6205， FAX:十81-29四 861485・1169，E-mail: kenji-hata@aist.go.jp 
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Future extraction analysis of conductive paths in the thin film of 

self-assembled single-wall carbon nanotubes 

oShigekazu Ohmori， Takeshi Saito， Motoo Yumuraラ SumioIijima 

Nαnotube Research Center， Advanced !ndustrial Science and Technolo.幻}， !bαraki 305-8565， 

Japan 

Single wall carbon nanotubes (SWCNTs) have attracted much attention due to their 
excellent transport properties and chemical stability. [1] Such excellent properties promote 
printed electronics applications of SWCNTs， which include a thin film transistor (TFT)， a 
transparent conductive film electrode (TCF)， and so on. For these applications， SWCNTs are 
frequently applied as the thin film prepared by casting their suspension. [2] Prepared SWCNT 
thin films include locally aligned structures， ordered during the deposition， due to the strong 
self-organizing capability of SWCNTs. In terms of the local conductance of carriers along the 
orientation direction， such aligned SWCNTs should be superior to their random network. 

In this work， we have prepared the locally and highly aligned SWCNT thin film according 
to the following procedure. At first， SWCNTs were dispersed with the help of 
polyoxyethylene (100) stearyl ether (Brij 700). From this dispersion， semiconducting 
SWCNTs enriched up to 97 % were extracted by the electric field induced layer formation 
(ELF) method. [3] The oxidized silicon wafer was functionalized with 3-aminopropyl 
triethoxysilane (APTES) and utilized as the substrate. SWCNT thin films were fabricated by 
dipping the substrate into the specially diluted dispersion of semiconducting SWCNTs. 
Repeating this procedure could increase the packing density of SWCNTs in the monolayer 
film up to ca. 35 SWCNTs/μm. 

We have also fabricated TFT devices by using the above SWCNT thin film as the 
semiconducting channe1. In the investigation into the transport property of TFT devices， high 
performances with significant uniformity have been demonstrated; 2.5 (土 8%) cm

L 

/ Vs in 
mobility and 105 (土 3%) in On/Off ratio. In order to clarify the effect of locally ordered 
structure on the device performance， here we applied a novel analyzing method for specifying 
the morphology of SWCNT network based on the feature extraction framework. Images of 
the morphology observed by atomic force microscopy (AFM) were analyzed by this method 
and the resu1t of the analysis revealed hidden morphological features in the prepared thin film 
of SWCNTs as follows: The pitch of the alignment is around 29 nm corresponding to the 
extremely high tube density of 35 SWCNTs/mm. Furthermore， the statistical interval of 
SWCNTs across the alignment is 150nm. Interestingly， the feature extraction analysis p 
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Structures and Chemical Properties of Carbide Cluster Fullerenes 

oXing Lu1， Hiroki Kurihara1， Koji Nakajima1， Yuko Iiduka1， Naomi Mizorogi1， Takeshi 
Akasaka1， Shigeru Nagase2 

lL俳 ScienceCenter of TsukubαAdvancedRωearch Alliance， University ofTsukuba， Tsukuba， 

Ibαraki 305-8577， Japan 
2Dψαrtment ofThωretical and Computationα1 Molecular Science， Institute戸rMolecular 

Science， Okazaki， Aichi 444-8585， Japan 

Encapsulation of metals inside fullerenes generates a new class of hybrid molecules， 

which are called endohedral metallofullerenes (EMFs). They show unique structures and 

novel properties distinctly different from empty fullerenes， and huge potential applications 
ranging from materials science to biomedicine.1 Because of the complexity of the 

encapsulated metallic compounds， structural elucidation of EMFs has been an intractable 

issue. In particular， EMFs containing a metal carbide cluster is hard to be identified because 

two carbons are encapsulated inside the cageラ insteadof constructing the cage frame. As a 

result， many carbide cluster EMF species had been incorrectly assigned as conventional 

EMFs (SC2@C2n).2 

We present here the unambiguous structural identification of several new fullerene 

species containing a SC2C2 cluster， nameか， SC2C2@C2v(5)-C80， SC2C2@Cs(6)-C82， 

SC2C2@C3v(8)-C82， SC2C2@C2v(9)四 C82， and SC2C2@D2d(23)ぐ84， using both NMR 

spectroscopy and XRD crystallography.3 Furthermore， chemical reactions of these new 

species with eithcr a 1 ，3-dipolar reagent or a carbene reagent were systematically studied and 

the isolated derivatives were fully characterized using various techniques. It is observed that 

the cluster orientation and motion exert strong influence on the chemical properties of cage 

carbons.4 When encapsulating mu1tiple Sc atoms， cluster EMFs are always preferentially 

formed， which is obviously associated with the strong coordination ability of scandium， which 
favors the formation of various clusters， and the small ionic radius of Sc3+， which allows the 

encapsulation of the clusters inside normal fullerenes.5 

[1] (a) Chemistry ofNanocarbons， T. Akasaka， F. Wudl， S. Nagase， Eds.; Wiley-Blackwell: London， 2010. (b) X. Lu， T. 
Akasaka， S. Nagase， Chem. Commun. 2011， 47， 5942-5957 

[2] (a) Takata， M.; Nishiboriラ巳 Sakata，M.; lnakuma， M.; YamamotoうE.;Shinohara， H. Phys. Rev. Lett. 1999， 83， 
2214-2217. (b) lnakuma， M.; Yamamoto， E.; Kai， T.; Wang， C. R.; Tomiyama， T.; Shinohara， H.; Oennis， T.1. S.; Hulman， 
M.; Krause， M.; Kuzmany， H. J. Phys. Chem. B 2000， 104，5072-5077. 

[3] (a) H. Kurihara， X. Lu， Y. Iiduka， N. Mizorogi， Z. Slanina， T. Tsuchiy九T.Akasaka， S. Nagase， J. Am. Chem. Soc. 2011， 
133，2382-2385. (b) H. Kurihara， X. Lu， Y. Iiduka， M. Hachiya， H. Nikawa， N. Mizorogi， Z. Slanina， T. Tsuchiya， S. 
Nagase， T. Akasaka， lnorg・Chem.2012， 5人746-750

[4] (a) X. Lu， K. Nak司jima，Y. Iiduka， H. Nikawa， N. Mizorogi， Z. Slanina， T. Tsuchiya， S. Nagase， T. Akasaka， J. Am. Chem 
Soc. 2011， 133， 19553-19558. (b) H. Kurihara， X. Lu， Y. liduka， H. Nikawa， N. Mizorogiラ Z.Slanina、工 Tsuchiya，S. 
Nagase， T. Akasaka， J. Am. Chem. Soc. 2012， in press. (c) X. Lu， K. Nakajima， Y. Iiduka， H. Nikawa， T. Tsuchiya， N. 
Mizorogi， Z. Slanina， S. Nagase， T. Akasaka， submitted 

[5] H. Kurihara吻 X.Lu， Y. liduka， H. Nikawa， N. Mizorogi吟 Z.Slanina， T. Tsuchiya， S. Nagase， T. Akasaka， Chem. Commun. 
2012，48，1290-1292. 
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Synthesis and Structure Determination of Tm⑧C82(I) -Ni(OEP) Co-crystals 

oYuki Sado1， Shinobu Aoyagi2， Eiji Nishibori3， Yasumitsu Miyata
1
， Ryo Kitaurザ， Hiroshi 

Sawa3 and Hisanori Shinohara 1 

1 Deptment of Chemistry & Institute for Advanced Resωrch， Nagoya Universiか"Nagoya 

464-8602， Japω1 

2Craduαte School ofNatural Science， Nagoya City University， Nagoya 467-8501， Japan 

2 Department of Applied Physics， Nagoya Unかersity，Nagoya 464-8602， Japω1 

Metalloful1erenes are one of the most attractive fullerene materials due to their unique 

structure having metal atoms within a hollow carbon cage [1]， The optical and magnetic properties 

might be affected by the position ofthe metal atoms. A controllability ofthe position ofthe metal 

atoms can be used as nanometer可 caleswitching as we have already reported [2]. The position of 

the metal atoms could also be changed by the interaction with 1igands such as octaethylporphyrin 

nickel (Ni(OEP)) outsides the carbon cage. The effects of the interaction between metal atoms 

and ligands on the position of metal atoms are revealed in this study by the crystal structure 

analysis oftwo kinds ofTm@Cs2(1) -Ni(OEP) co-crystal with different Tm@C82(I) : Ni(OEP) 

compositions of 1: 1 and 1 :2. 

The 1:1 crysta1 was obtained by means of layering a dusky red solution of saturat巴d

Tm@CdI) in 1 ml toluene over a red solution of 0.6 mg Ni(OEP) solution in 1 ml chloroform. 

These two layers were di伍lsedslowly to form the corresponding single crysta1. The 1:2 crystal 

was also obtained by means of drying the same solution described above for several weeks. 

The X-ray diffraction measurement of the crystals was performed at BL02Bl beamline in 

SPring-8. The 1: 1 crystal has a monoc!inic lattice with space a space group of C2!m今 α=

25.141(3) Aラ b= 15.324(4) A， c = 19.694(0) A， β 二 94.862(6t.In contrast司 the1:2 crγstal has a 

monoc!inic lattice with a space group of C2!m，α= 25.385(3) A， b = 14.930(9) A， c = 28.958(1) 

Aラ β97.183(1)0. The crystal structures were determined based on the charge density 

distributions obtained by the maximum entropy method (MEM) [M.Takata et a1.， Nature (1995)]. 

The MEM charge densities reveal the positional change ofthulium atom within the carbon cage 

by changes of coordination structure ofNi(OEP). 

Ni(OEP) 
1 : 2crystal 

Fig.1: Synthesis of 1 : 1 & 1 : 2 Tm@Cgz(I) -Ni(OEP) co-crystals. 

[1] Y. Yasutakc， Z. Shi匂T.Okazaki句 H.Shinohara， and Y. Majima; Nano Letters， 2， 6， (2005)， 1057 

[2J H. Shinohara; Rψ. Prog. Phys 63 (2000) 843 
Corresponding Author: H. Shinohara 
Tel: +81-52-789・2482，Fax:十81・52・747-6442，E-mai1: noris@nagoya・u.JP
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UPS of Lu and Lu-carbide c1uster encapsulated fullerenes 

o Takafumi Miyazaki 1， Yusuke N akanishi 3， Tatsuhiko Nishi2， Sousuke Ookita 1， Hajime Yagi 1， 
Hisanori Shinohara3 and Shojun Hino

1 

1 Graduate School of Science and Engineering， Ehime University， Matsuyαma 790-857スJapan
2Institute戸rMolecular Science， Okazaki， 444-8585， Japan 

3Graduate School ofScience， NαgoyαUniνersiかNagoya464-8602， Japan 

We have presented ultraviolet photoelectron spectra (UPS) of endohedral fullerenes 

to elucidate their electronic structure. Here， we present the UPS of two Lu atoms， two Lu and 

carbon atoms encapsulated fullerenes and discuss them with an aid of the DFT calculation. 

The UPS of LU2@CSO-C2v， LU2C2@C80-C2ν， LU2@C8Z-C2v， LU2C2@C82-C2v， LU2@CS4 

-C2v and LU2C2@C84-D2d were measured using a synchrotron radiation light source. The onset 

energies are much smaller than that of empty CS2 (1.2 e V) by around 0.2 ~ 0.6 e V. The UPS of 

LU2@CSO・C2ν andLU2C2@CSO-C2v， and those of LU2@C82-C2νand LU2C2@C82-C2νresemble 

each other. These facts are another example to support an empirical rule that the electronic 

structure of the endohedral fullerenes is principally govemed by the cage structure. These 

UPS of deeper valence band region (BE >5 e V) shows good correspondence with those of 

other endohedral fullerenes. However， two structures at about 9.5 e V and 11.0 e V are 

observed in the UPS of Lu atoms encapsulated fullerenes. These structures are attributed to 

Lu4f levels (Lu4f712 and Lu4f5d. The BE of these levels are summarized in Table 1. These 

levels of Lu atoms encapsulated 

fullerenes are deeper than those of 

corresponding Lu and carbon atoms 

encapsulated ones by 0.2 ~ 0.4 e V. 

Furtherラ theyappear at explicitly larger 

BE than those of neutral Lu atoms. 

This shift relates to electron transfer; 

the entrapped Lu atoms donate 

electrons to the cage. Present findings 

suggest the entrapped C2 atoms 

influence the electron transfer from the 

Lu atoms to the cage. 

Corresponding Authors: 

Table 1. The UPS onset energy of Lu atoms 
endoherdal fullerenes and their Lu4f levels in 
valence band region. 

Eonset Lu4f712 Lu4f5!2 

LU2@C80-C2v 0.62 9.6 10.9 

LU2C2@C80-C2v 0.73 9.5 10.6 

LU2@C82-C2ν 0.6 9.7 11.1 

LU2C2@C82-C2v 0.87 9.4 10.8 

LU2@C84-C2v 0.68 9.6 11.1 

LU2C2@C84-D2d 1.01 9.2 10.7 

Lu metal 7.5 8.9 

T. Miyazaki， E-mail:miyazaki@eng.ehime-u.ac.jpラphone:089-927 -9930; S. Hino， E-mail: 

hino@eng.ehime-u.ac.jp， phone: 089-927-9924. 
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A reactivity index in cycloadditions of C60 

o Tohru Satoう Naoya 1 waharaう Naoki Harutaう KazuyoshiTanaka 

Depαrtment of Moleculαγ Engineering， School of Engineering， 
Kyoto Universitμ Kyoto 615-8510， J，αpαη 

In nucleophilic [4十2]cycloadditions to C60ぅ
thereactive site is a doub1e bond between 

the adjacent Sii日町mberedrings[l]. Since the LUMOs of Cωare three-fo1d degenerate， 
and are de1oca1ized over the mo1ecu1eう thefrontier orbita1 theory encounters di国cultyin 

exp1aining its reactivity. 

In this st 吋 y今 we propose a rea舵似actI¥討n竹v巾7

coup1ing， vibronic coupμ凶lin略I唱gdel加e白印n凶1

the reaction. The VCD is defined by 

η(r) =ムρ(r)x v(r)う

whereムρ(r)is the electron density differe恥 ebetween a charge transfer state and a neutra1 

stateぅandv(r) denotes the derivative with respect to a reactive mode of e1ectron-nuclear 
pote凶 a1u( r) acting on a sing1e e1ectron. 

Figure 1 ( a) ShOiνs the VCDη(r) for the T1u(z) e1ectronic state of Ci3o. The VCD is 
distributed on the doub1e bonds between the adjacent six-membered rir伊・ Figurel(b) 

shows the VCD for ethy1ene anion. From view of the VCDう C60bears ethy1ene moieties. 

Sir悶 thereare other electronic statesう T1u(x)and T1u(ν)， C60 has six ethyァ1enemoieties in 
its cage. This is consistent with the experimenta1 observation of a hexakis adduct with 

Th symmetry[3J. 

(a) (b) 

1【
Figure 1: Vibronic coup1ing density of the 

reactive mode. (a) C60 and (b) ethy1ene. 

Corresponding Author: Tohru Sato 

E-mail: tsato⑬scl.kyoto-u.ac.jp 

Tel: +81 75 383 2803 
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Fabrication and Properties of Fullerenol N anosheets 

oKeisuke Baba1， Toshiyuki Ito1， Hironori Ogata 1，2 

1 Department Of Chemical Science and Technology， Hosei University， Koganei 184-8584， 

Jαrpan 
2 Research Center for Micro-Nano Technology， Hosei University， Koganei 184-0003， Japan 

Polyhydroxylated fullerenes (C6o(OH)x: fullerenol) have been thought to have potential 

applications in a variety of areas， inc1uding optoelectronics， medical therapeutics， 

biochemistry， polymer materials scienceラ andelectrochemistry， owing to their high solubi1ity 
in a large variety ofsolvents (depending on the number ofhydroxyl groups， x). The study of 

nanomaterials is one of the most active areas due to their interesting properties that differ 

from those of bulk substances， and their wide possibi1ities of applications. In this study， we 

report the fabrication of both C6o(OH)x nanosheets and nanocrystals by the liquid phase 
reprecipitation method using two solvents of varying solubilizing ability. The morphology of 

the crystals was characterized by TEM and AFM. 

Figure 1 shows the typical TEM (a) and AFM (b) images of C6o(OH)I1(average 

composition) nanosheets fabricated by using tetrahydropyran (good solvent) and deionized 

water (poor solvent). The thickness of the nanosheets was evaluated to be in the range of 

10-200 nm. In this presentationラ theirdetailed morphology， structure and properties wil1 also 

be discussed. 

Fig.l TEM (a) andAFM (b) image ofFullerenol Thin Film bythe liquid-liquid interfacial precipitation 
method using tetrahydropyran (good solvent) and deionized water (poor solvent). 

[1] Akito M. et al.， Jpn. J. Appl. Phys. 48050206 (2009) 
[2] Chiang et al. J. Org. Chem.， 59， 3960 (1994) 
[3] H. Kasai et al.， Jpn. 1. Appl. Phys. 31 L1132 (1992) 
Corr巳spondingAuthor: Hironori Ogata 

Tel:十81-42-387-6229，Fax: +81-42・387-6229ラ

E-mail: hogata@hosei.ac.j 
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Synthesis of the C60 nanowhiskers that exhibited a good superconductivity 

oKun'ichi Miyazawa 1， Ryoei Kato1， Hiroyuki TakeyaへTakahideYamaguchi 2 and 
Y oshihiko Takano 2 

2l Fullerme Engineering Group，lVJlMJ1131tkubG305mO044，JGpm 

N仰 oFrontier Materials Group，爪目指"Tsukuba 305-0047， ~ψ仰

A new fonn of single-crystal nanofiber of C60“C60 nanowhisker"， was discovered in a PZT 

sol containing a small amount of C60 in 2001 [1， 2]. The synthesis of fullerene nanowhiskers 
(FNWs) including C60 nanowhiskers (C6oNWs) can be performed by using a simple method 

named “liquid-liquid interfacial precipitation method (LLIP method)". In the LLIP methodラ

a poor solvent of fullerene is layered on a good solvent solution of fullerene at a cool room 

temperature. The nucleation and growth of single-crystal fullerene nanowhiskers (FNW s) 

occurs through the precipitation of fullerene crystals at the liquid-liquid interface and the 

mutual diffusion of the two solvents. 

Last year， the C60 nanowhiskers doped with potassium (K) with a nominal composition of 

K3.3C60 were found to exhibit an excellent superconductivity with a Tc of 17 K [3] and a high 

Jc greater than 10
5 Alcm2. The superconducting volume fraction of K3.3C60 powder was less 

than 1 %， while that of K3C60NWS was greater than 80 % [4]. The C60NWs used in this 

discovery were the sample synthesized by the LLIP method using a C6o-saturated toluene 

solution and isopropyl alcohol (IPA) at 10 oCラ wherethe solution was ultrasonicated for 10 s 
after the fonnation of liquid-liquid interface and aged for 24 h. The sample was filtered and 

vacuum-dried for 2 h at 100 oC before the doping of K. The dried sample of C60NW  s without 

K showed a Raman profile closely resembling to that OfC60 powder (99.5% pure， MTR Ltd.)ラ

indicating that the C60NW  s have a crystal structure similar to the C60 powder where the C60 
molecules are bonded via weak van der Waals bonding forces. 

It is shown that the C60NW  s synthesized by the LLIP method have a corc-shell structure 

with a porous core containing a high-density of pores with radii白'omabout 5 nm to 20 nm 

and a thin surface layer with a thickness less than 100 nm [5]. Hence， the high 

superconducting volume fraction of K3C60NW s must have been originated from the existence 
of nanopores that assist the rapid diffusion of K. The Raman profiles of K田 dopedC60NW s 

were obtained under a N2 atmosphere. The detailed Raman profiles of the K-doped C60NWs 

wiU be presented at the symposium. 

[1] Fullerene Nanowhiskers， Ed. Kun'ichi Miyazawa (Pan Stanford Publishing， 2011) 

[2] K. Rauwerdink， J.-F. Liu， J. Kintigh and G.P. Miller， Microscopy Research and Technique 

70(2007)513-521. 

[3] Success in Realizing Superconductivity in Fullerene Nanowhiskers， 

http://www.nims.go.jp/eng/news/press/2011112/p201112270.html 
[4] Y. Takeya， R. Kato， K. Miyazawa司T.Yamaguchi and Y. Takano， Abstract ofNew Materials Science Using 

Regulated Nano Spaces， NIMS， TSllkuba， Janllary 5th -7th， 2012， pp. 33-33. 

[5] R. Kato and K. Miyazawa， Diamond and Related Materials， 20 (2011) 299-303. 
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Superconducting properties of potassium-doped fullerene nanowhiskers 

o Hiroyuki Takeya 
1
ぺRyoeiKato

1， Kun'ichi Miyazawa¥ Takahide Yama思lchi
1

へ
Yoshihiko Takano 1，2 

lNational Institutefor Materials Science， 1-2-1 Sengen， 1:'o;ukuba 305-004スJapan
2 JST， Transformatiνe Research-project on Iron Pnictides 

Various types of fullerene-based supramolecular materials have been reported by 

Miyazawa et al. so far， such as nanowhiskers (C60NWs) [1-2]， nanosheets， nanowiresラ and

nanotubes. We have been interested in the physical properties of those materials composed of 

fullerene units. In this study， we tried to dope a potassium (K) into the C60N W  for the future 

application as superconducting light wires. Firstラ superconductivitywas observed at 17 K in 

the K-doped C6QNWs. The on-set superconducting transition temperature (Tc)， measured using 
a SQUID magnetometer， was independent of the K content (x) in the range between 1.6 and 
6.0 in KxC60NW， while the superconducting volume fractions were changed wuh x as shown 

in Fig. 1. A peak of the shielding fraction was observed剖 x=3-3.3 (as high as 80 %) in 
KxC60NW， as was the phenomenon in the K-doped fullerene compounds (KxC6Q). Howeverラ

there was considerable di汀erencein the shielding volume fraction， for example， between 
K3.3C60NW  and K3.3C60. The former showed more than 80 % and the latter showed less than 
1 %. We believe the difference is caused from the structural defects， dislocations or 

nano-pores in C60NWS， which assists K-migration in the materials. 
We report the superconducting behaviors of our newly synthesized KxC6QNWs in 

comparison to those of KxC60 crystals. The upper critical field of K3.3C6QNW  was estimated as 

Hc2(0) = 159 kOe using the Werthamer-Helfand-Hohenberg (WHH) formula as shown in Fig. 
2. M-H curves and the critical current， Jc， by the Bean model will also be reported and 
discussed. 
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[1] K. Miyazawa， Y. Kuwasaki， A. Obayashi， and M. Kuwabara， J. Mater. Res.， 17，83 (2002). 
[2] K. Miyazawa， K. Hamamoto， S. Nagata， and T. SugaラJ.Mat巴r.Res.， 18， 1096 (2003). 
Corresponding Author: H. Takeya 

Tel:十81・29・859-2318，Fax: +81-29-859-2301， 

E-mai1:takeya.hiroyuki@nims.go.jp 

ー 26-



2-8 

A Single-Walled Carbon N anotube Twist Sensor 
by wrapping transfer method 

oTakeo Yamada¥ Yuki Yamamoto1， Yuhei Hayamizu1， 
Hiroyuki Tanaka¥Don N. Futaba1， Kenji Hata1

，2 

1 Nanotube resωrch center， Nationallnstitute 01 Advanced lndustrial Science and 

2TechnoloDYfAIS刀，Tsukuba， lbaraki 305・8565，Japan 
CREST， ~αrpan Science and Technology Agency (JST)， Kawαguchi 332-0012， Japan 

We previously reported the generalization of substrates for device applications by 

developing a method for the strong adhesion (“sticking") of aligned and densely-packed 

S¥¥巾.rTfilms (denoted CNT wafers) to arbitrary substrates. In this way， we could realize a 
fully-stretchable strain sensor capable of 280% strain with high durability， fast response， and 
low creep useable for human motion detection [1] 

Here， we present a rational rod twist sensor that can measure a twist (400 rad/meter) more 
than four-times more than conventional optical fiber-based twist sensors by monitoring an 

increase in resistance due to fracturing of CNT wafers wrapped around a rod by using the 

adhesion and stretching properties of CNT wafers [2]. The key process in fabricating the twist 

sensor was to wrap the aligned SWNT thin film onto the surface of a rod with a 

predetennined and constant winding angle while preserving the intemal network of the 

SWNT thin film. This difficulty is amplified because the delicate (thickness: ~400 nm) film 
must be assembled on the rod with centimeter length scale. To overcome these difficulties， we 
first assembled CNT wafers from aligned SWNT thin films on a Teflon flat substrate and then 
rolled an elastomeric rod across the 
substrate. The weak adhesion force 

between the Teflon substrate and 

CNT wafer compared to the 
interaction among the SWNTs within 

the wafer and the adhesion force 

between the elastomeric rod and CNT 
wafer allowed simple and complete 

transfer of the entire CNT wafer onto 
the e1astomeric rod with minimal 

structural distortion to the thin film. 

Therefore， we could wrap the CNT 

wafer on elastomeric rod and 
fabricate CNT twist sensor. 

Fig. The steps in fabricating the twist sensor (left) 

and picture ofthe twist sensor (right). 

[1] T. Yamada， Y. Hayamizu， Y. Yamamoto， Y. Yomogida， A. Izadi-NAjafabadi， D. N. Futaba， and K. Hata 

Nature Nanotech. 6， 296 (2011). 

[2] T. Yamada， Y. Yamamoto， Y. Hayamizu， H. Tanaka， D. N. Futaba， and K. Hata Nano Lett. Submitted. 
Corresponding Author: T. Yamada 
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Microwave heating characteristics of nano-carbon fluids 
回 towardnew hot-water supply -

Ryusuke Takida and oMasahito Sano 

Department of Polymer Science and Engineering， Yamagata University 
Yonezαwa， Yamagαta 992-8510， Japan 

Hot白 watersupply is one of the most basic utilities used in every household all over the 

world， for cooking， drinking， washing， bathingラ andeven for heating the house. In factラ nearly

30% of energy consumed by a household is used to heat water and C02 emission in Japan 

amounts to 33 x 106 tons/year for hot water supplies alone. Currently， gas combustion and 
electric heaters are two major techniques to provide hot water in domestic use. These heating 

techniquesラ however，have been well developed and further improvements on efficiency are 
rather challenging. A new heating technique based on a totally different principle is needed for 

minimizing CO2 emission and saving energy. 

It is known that solid carbon nanotubes are heated to over 1000 oC within a few tens of 

seconds by a house-use microwave oven. If this nearly explosive， rapid heating to high 
temperatures can be controlled， it may provide a highly efficient heating technique for 

hot-water supply. We propose that this can be achieved by forming nano-carbon f1uids. For 
hot-water supply， water is heated through a heat exchange with the microwave司 heated

nano-carbon f1uid. To understand microwave heating of nano-carbon f1uids， various 
nano-carbons dispersed in a high-boiling point liquid are investigated. 

The figure shows the irradiation time dependence for the nanか carbonf1uids that contain 
various amounts of graphite particles. When the rate of temperature increase is relatively 

smal1， the temperature rise is well described by Newton's law ofheating (cooling)， 

T = To + Tmax[l-exp( -t Iτ)] 

This equation is derived by assuming that (1) heating is 

uniform over the entire volume， and (2) the hot solids are 

at a constant Tmax' Since the carbon has been heated 

starting 企omthe room temperature， these conditions 
imply that the temperature of each graphite particle has 

reached Tmax immediately after the microwave has 

turned on and has stayed constantラ asseen with the 
present measurement time scale. 

In the cases of rapid increase of temperature (for 

instance， under the conditions of higher carbon 
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concentrations， larger microwave powers， different kinds of nano-carbons)， the temperature 
measurements become technically difficult and a different analytical method is required. 
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Fully Inkjet-Printed Transistors 

sased on Separated Single-Walled Carbon Nanotubes 

Satoki Matsuzaki¥Y ohei Y ornogida 1ぺKazuhiroYanagi
3

ラ

Yoshihiro Iwasa4， and oTaishi Takenobu1 

lDψαrtment of Applied Physics， Waseda Uniνersity， Shinjuku 169-8555， Japan 
2Department of Physics， Tohoku Universiか，Sendai 980-8578， Japan 

J Deportment of Physics， Tokyo Metropolitan University， Hαchioji 192-039スJapan
4QPEc， SchoolofEngineering， The University ofToわ叫 Bunわ10113-865丘Japan

Single-walled carbon nanotubes (SWCNTs) are prornising rnaterials for building wide 
range application such as flexible and printed electronics. Recently， progress in 
purification techniques enables us to obtain sarnples of a specific electronic type 
(rnetallic (rn-) or serniconducting (s-)) SWCNTs. However， the trade-off behavior 
between carrier rnobility and on/offratio was stiU a big open question. Very recentlyラ we
found clear answer for this longstanding puzzle， and realized very high-perforrnance 
transistors with rnobility of rnore than 30-50 crn2/Vs and on/off ratio of 104

_10
5 
using 

one of the solid electrolytes， ion gel [1]. In this study， we applied this understanding to 
inkjet-printing of SWCNT transistors. Since one of the advantages in inkjet printing is 
density controllability， we investigated the relationship between s-SWCNT density and 
transport rnechanisrn. Moreoverラ wehave demonstrated the cornpatibility of inkjet 
printing for SWCNT using s-SWCNT as a channel and rn-SWCNT as electrodes. 

We fabricated fully inkjet-printed SWCNT transistors by rn-SWCNT， s-SWCNT 
and ion gel (Fig. 1). Source and drain electrodes were inkjet-printed by rn-SWCNTs. We 
also inkjet-printed various density of s-SWCNT 

filrns on Si02/Si substrate. The obtained Semi∞nducting SWCNT 
perforrnance of traditional back-gate type 
transistors was well explained by SWCNT density 
and high-density filrn shows rniserably poor 
perforrnance (Fig. 2ラ grayline， on/off ratio < 2). 
Finally， we additionally inkjet-printed one of the 

electrolytesラ iongel， on identical s-SWCNT filrnsラ

and fabricated fully inkjet-printed transistors. In 
stark contrast to the back-gate type， printed ion-gel 
transistor of sarne s-SWCNT filrn reveals excellent 

on/off ratio (Fig. 2ラ blackline， on/off ratio > 103). 
These obtained results obviously indicate that the 
ongm of metallization is not the percolation of 
residual m-SWCNTs but the effect of 
unintentional carrier doping by arnbient condition. 
We believe that this is important first step for 
high皿 perforrnanceSWCNT printed electronics. 

[1] Y Yomogida et al.， The 42nd FNTG General Sympo. 

Corresponding Author: Taishi Takenobu， 
TEL/FAX: +81-3-5286-2981， E-mail: takenobu@waseda.jp 
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Fig.l Fully inkjet-printed TFT 
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Analysis of Operation Mechanism of Field Effect Transistor Composed 
of SWNT Network by Scanning Gate Microscopy 

oXiaojun Wei¥ Kenji MaedaI， Tatsurou Yahagi¥ Masahiro Matsunaga¥ Nobu戸lkiAoki¥ 

Jonathan P. Bird2， Koji Ishibashe and Yuichi Ochiai1 

1 Graduate School of Advanced Integration Science， Chiba University 
2l  -33Yayoi-cho，Inage-lqL Chiba 263-8522，Japan 
Department of Electrical Engineering， University at Buffalo， 

SUNY， Buffalo， New York 14260-1920ラ USA
3 Advanced Device Laboratory， RIKEN， 2-1 Hirosawa， Wako， Saitama 351-0198， Japan 

Carbon nanotubes (CNTs) have been regarded as one of the most fascinating 

materials 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. Scanning gate microscopy (SGM) is one of such 

techniques for local study in semiconductor nano-structures. It has been app1ied for 
FETs consisting of a single-wall carbon nanotube (S¥¥市.JT)[1] and the network [2]. 

In this paperラ wehave applied this technique for the study of SWNT thin-film FET to 

determine出emechanism of the FET operation. Two kinds of SWNTsラ synthesizedby 
CoMoCATi!¥l process (sample A) and semiconductor enriched ones (sample B)， were 
used in this study. Clear SGM responses were observed only at some points but not 

uniformly in a whole of the channel. We found that almost all of SGM responses are 

coming from inter-tube junctions in sample A. One of the possible mechanism is that a 

modulation of Schottky barrier between the metallic/semiconducting SWNT existing in 

the SWNT network. In contrast to the experimentsラ SGMimages observed in sample B 
showed different responses; several concentric rings have been observed corresponding 

to somewhere of intra-tubes (Fig. 1). Back gate vo1tage dependence of ring diameters 
were also studied (Fig. 2). Such rings have been observed in SGM responses 
corresponding to Coulomb-blockade effect [3]. 

a 

Fig.l (a) AFM topographic image ofsample B 

and (b) corresponding SG孔1image. 

[1] A. Bachtold et a!， Phys. Rev. Lett. 84ヲ 6082(2000). 
[2] N. Aoki et a!， AIP Con王Proc.1399，829 (2011). 

EZO? 
~ 
て3

1.5 2 之5 3 

Dis電器開む患いml

Fig.2 Back gate voltage dependence of line 

profiles across ring structure observed in 

sample B. 

[3] M. T. Woodside and P. L. McEuen， Science. 296， 1098 (2002). 
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Structural control of MultトlayeredGraphenes and their applications for 

large capacity Lithium ion secondary battery electrodes 

Itaru Honma 

Institute of Multidisciplinary Research for Advanced Materials (IMRAM)ラ

Tohoku University 2-1-1， Katahira， Aoba-ku， Sendai 980-8577， Japan 

Carbon materials are quite important elements in applications for various battery 
devices such as lithium ion secondary battery (LIB)， capacitor，自lelcel1s and solar cells. 
Because of their superior properties of electrical conductivity， large surface area， 
thermaVchemical tolerance and structural flexibility， a lot of attentions have been paid for 
their practical integrations in the next generation energy devices. The monoatomic sheet 
structure of the graphene materials are suitable for the capacitor devices with high energy 
density electrical double layer energy storage and/or high density anodes for LIB devices. 
Owing to their structural variety ofthe mono/multi-layered graphene with tunable inter-layer 
distances and stacking numbers， improved lithium ion accommodation in these nano-carbon 
electrodes are expected， which exceeds a limit of 372 mAhlg of the graphite anodes. In this 
paper， the versatile fabrication process of mono/multi-layered graphene electrodes by 
Hummers methods and the structural characterizations for stacking number and inter-layer 
spacing are reported. Also， the lithium 
storage properties of the graphene electrodes 
are investigated and， interestingly， large 
capacity of 540 mAhlg was obtained for the 
multilayered graphene electrodes. Moreover， 
the lithium storage capacity has been 
increased by expanding inter-layer spacing 
of multi-layered graphene， when mixed with 
carbon nanotube or fullerenes， to 784 mAhlg， 
which has been almost doubled capacity 
ttom the graphite crystals.Fig.1Transmission electron microscope 

analysis of multi-layered graphene electrodes 

Table 1 

Electrode Materials Lithium storage capacityJmAhlg} 
Graphite 372 

Graph空間 540 

Graphene + Fullerene (C6o) 784 

Graphene + Carbon nanotube (CNT) 730 

[1] Geim， A. K. & Novoselov， K. S. The rise of graphene. Nature Mater. 6， 183-191 (2007). 
[2] Dinesh Rangappa et al.， Chemistry -A European Joumal (2010) 16， 6488 
[3] EunJoo Yoo et al.， Nano Letters (2008) 8，2277 
[4] Seung-Min Paek et al.， Nano Letters (2009) 9， 72 
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Graphene is one of the most intriguing nanocarbon materials since it has a lot of excellent 

physical and chemical properties. Of particular note is the highest field effect mobility among 
al1 the existing materials. The essential requisite on applying graphene to the practical use is 
to establish the formation technique of graphene on the surfaces of many kinds of materialsラ

e.g.， graphene-orトinsulator，which enable us to realize graphene凶 basedelectronics and green 
innovations. So far， graphene preparation has been achieved by three principal methods， 
exfoliation [1]ラ CVD[2]， and thermal decomposition of silicon carbide [3]. Each of the 

methods has its distinctive drawbacks to hinder industrial use. Thus， we aspire to develop a 
new manufacturing process free of these challenges that will enable commercialization of 

graphene. Our novel formation method of graphene is based on the liquid phase growth 
(LPG) using a gallium flux as reported in the previous meetings [4. 5]. 

Here we report one of the applications of the LPG method to produce regular graphene 
structures using micro-scale templates. Figure l(a) shows the procedure how to make the 
regular graphene structures; a sandwiched configuration composed of a glassy carbon plateラ a
gallium flux， and a quartz glass substrate 

(a) 
with square anti-dots ranging from 0.5 to 
10 micrometer in size and 0.35micrometer 
in depth on the surface was annealed 
around 1000 oC for a few hours， and then 
cooled to room temperature. As shown in 
Fig l(b) and (c)今 theLPG method enables 側

us to form dish白 shapedgraphene structures 
selectively in the anti-dots. The D/G ratio 
of the graphene structures was determined 
to be less than 0.1， indicating they have 
rather good quality (Fig. l(d)). The 
detailed atomic structures and formation 
mechanism will be discussed in the 

(c) 

(d)を
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meeting.FIg.l(a)procedure，(b)laser m1cmscope imag巳 ofregular 
graphene structures forrned se1ective1y in anti-dot structure on 

References: 
[1] K. S. Novose1ov et al. Science 306，666 (2004) 
[2] X. Li et al. Science 324句 1312(2009). 
[3] C. Berger et al. Science 312， 1191 (2006). 

a quartz substrate， (c) magnified image of (b)， and (d) Raman 
spectrum and mapping images of regular graph巴nestructures 

[4] H . Hiura et al. The 40th Commemorative Ful/erene-Nanotuhes General S)叫posium，3-7 (2011) 
[5] M. V. Lee et al. The 41th Fullerene-Nanotubes General 宅'ymposiumラ 3-10(2011). 
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2 Department 01 Electrical Engineering and Computer Science， 
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The intensity ofthe four sub-peaks (P11， P12， P21 and P22) ofthe G'Raman band 

of AB stacked bilayer graphene are analyzed as a function of the laser power. We 

show that the intensity of the peaks depends on temperature and also depends on 

the laser excitation energy [1]. This special dependence is explained in terms of 

the electron-phonon (el-ph) coupling and the relaxation time of the photon-excited 

electron. Due to the small relaxation time of the photo-excited electron by 

emitting phonons， the relative intensities of the four sub-peaks are determined by 

some dominant relaxation process that give rise to some G' sub-peaks at the 

expense of others， thereby making the intensity of the peaks different from each 

other. Also， we report an anomalous behavior of the G' intensities for the 532nm 

laser energy， that shows a resonance regime in which a saturation of the P12 

process occurs. This effect is a relevant phenomena that needs to be taken into 

account for certain applications ofbilayer graphene in the field ofnanotechnology. 

[1] D. L. Mafra， P. T. Araujo， K. Sato， R. Saito， Jing Kong， M. S. Dresselhaus， 

unpuplished. . 
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Quantum Dynamics Simulation of Laser-driven 
Electron Field Emission from Graphene Nano・ribbons

Daisuke Ut叩 gi，Jun Haruyama， Chunping Hu， oKazuyuki Watanabe 

Department 01 Physics，おかoUniversity of Science，日付0162・8601，Japan 

Field emission from metallic tips with nanometer sharpness has been utilized to various 
devices because of highly bright and coherent electron source. Recent experiments on 
applying femtosecond laser pulses to such tips have realized a spatially and temporally 
localized source of ultrafast electron beam， predicting emerging applications such as an 
ultrafast electron microscopy [1]. So far little is known about the microscopic physics 
under1ying femtosecond electron emission from nanotips. A1though two phenomenological 
models， that isラphoto-field emission and optical field emission depending on laser parameters 
have been proposed [2]， theoretical analysis based on electron dynamics is lacking. 

Our objectives in the present study are to investigate the femtosecond laser四 drivenelectron 
emlsslOn from graphene nano-ribbons (GNR) and boron nitride nano-ribbons using the 
time-dependent density functional theory (TDDFT) calculations [3] and to elucidate the 
emission mechanism that depends on the applied laser parameters. We found in the present 
simulation that electron emlSSlOn from GNR abruptly increases compared with that of 
laser-free case when the laser energy (frequency) approaches the value corresponding to the 
energy band gap at gamma point in the first Brillouin zoneラ indicatingphotoemission instead 
of photo-field emission and optical field emlSSlOn. We discuss the effects of hydrogen 
termination， ribbon司 edgestructures and laser parameters on the emission mechanism. 

[1] H. Yanagisawa et al. Phys. Rev. Lett. 103，257603(2009); ibid. 107，087601 (2011). 
[2] P. Hommelhoff et al. Phys. Rev. Lett. 96， 077401 (2006). 
[3] J. A. Driscoll et al. Phys. Rev. B 83，233405 (2011). 
Corresponding Author: K. Watanabe 

Tel: +81-3-5228-8221， Fax:+81-3-5261-1023 
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Intercalation behavior of organic molecules into pillared carbon consisting 

of silsesquioxane bridged graphene layers 

Kentaro Konishi， 0 Y oshiaki Matsuo 

Department of Materials Science and Chemistry， Graduαte School of Engineering， Universiか
ofj的logo，Himそ;i，fかogo671-2280， Japan 

We have recent1y found that polar organic molecules were size-selectively intercalated into 
pillared carbon prepared from graphite oxide (hereafter GO) repeatedly silylated with 
methyltrichlorosilane in which graphene layers are connected with each other by 
silsesquioxane pillars. Considering the minimum molecular widths of the intercalated species， 
the width between two adjacent pillars for the entrance of them is well controlled between 
0.36 and 0.4 nm and the pillars should incline 企omthe normal against the graphene layers 
and they should be longer than 1.72 nm. In this study， the intercalation behaviors of various 
organic molecules into the pillared carbon were investigated in detail. 

GO was silylated with methyltrichlorosilane for 3 times and the resu1ting silylated GO was 
heated at 5000C under vacuum. Various organic molecules such as 1トalkymamineswith 
various alkyl chain lengths， n・octanoland xylenes were intercalated by immersed the 
resu1ting pillared carbon in the solutions of them for 24 h. 

Fig.l shows the X-ray difl丘actionpattems of pillared carbon after immersion in the 
solutions of n-alkylamine molecules with various alkyl chain lengths. The diffraction peaks of 
pillared carbon shifted to lower angle after immersion in the solutions of alkylamines. This 
indicates that alkylamine molecules were intercalated into it. The shift of the diffraction peak 
became larger for alkylamines with longer alkyl chains and then became almost constant for 
alkylamines with 6 carbon atoms or more. Here， note that the plate like morphology of the 
pillared carbon was almost unchanged 
even after immersion in n-butylamine. The 
interlayer spacing after intercalation of 
organic molecules increased with 
increasing in the length of them. It reached 
2.24 nm and then became constant even 
when the molecular length further 
increased. This fact strongly suggests that 
the adjacent carbon layers are well 
connected with each other by 
silsesquioxane pillars， otherwise further 
increase of the interlayer spacing is 
expected. 

[1] Y. Matsuo et al. Chem. Commun. 47， 4009 

(2011). 

Corresponding Author: Y. Matsuo 
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Roll圃 to田 rolldeposition of graphene film by microwave plasma CVD 

oTakatoshi YamadaラMasatouIshihara， Masataka Hasegawa， Sumio Iijima 

Nanotube Resωrch Center， National 1nstitute of Advanced 1ndustrial Science and Technology 
μlS刀αndTechnology Research Associationfor Single Wall Cαrbon Nanotubes (TASC)， 

Tsukuba 305-8565， Japan 

Transparent conductive films are used in a 10t of app1ications such as touch screens， 

solar cells and disp1ays. Although ITO is the most commercia1 materia1sラ asubstitute materia1 

for ITO， due to 1imited supp1ying indium， is one of the key techno1ogies to be solved. 

Graphene based films are considered to be one of the appropriate transparent 

conductive fi1ms of which substitute of ITO since graphene consists of carbon atoms. 

Although the transparent conductive fi1ms based on graphene films were fabricated by 

therma1 CVD [1] and reduction of graphene oxide [2]ラ thesereported techniques required 

higher process temperature and 10ng time. For the transparent conductive fi1m based on 

graphe即 日1ms，it is necessary to deve10p continuous deposition of graphe即日1mat 10w 

process temperature. 

Roll-to-roll process is used in mass production for film depositions on flexib1e and 

p1astic substrates. Therefore， a combination of roll-to-roll deposition and p1asma CVD is 

expected to be solved the higher process temperature and 10ng process time. Howeverラ ithas 

not yet been established for industria1 mass production up-to-now. 

We report about continuous graphene film deposition on Cu foil with 297 mm in 

width by combination of roll-to-roll microwave p1asma CVD deposition and fabrication of 

transparent conductive film based on graphene fi1m by transferring method. A pair of winder 

and um九rinderwas built into 1inear antenna type microwave p1asma CVD system [3]. Raman 

spectra indicate that a uniform graphene film is obtained in 297mm width is confirmed. 

Graphene based transparent conductive films are obtained by transferring graphene film from 

Cu foi1s to PET fi1ms. Uniform and high optica1 transparencies of transferred graphenelPET 

structures are obtained. 

[1] S. Bae et al.， Nature Nanotechnol. 5， 574 (2011). 

[2] H. Yamaguchi et al.ラ ASCNano 4，524 (2010). 

[3] T. Yamada et a1， submitted (2011). 

Corresponding Author: T. Yamada 
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Direct fabrication of high圃 qualitysingle-layer graphene 

on Si02 substrate by diffusion plasma CVD 

OToshiaki Kato and Rikizo Hatakeyama 

Department 01 Electronic Engineering， Tohoku Universiか;Sendai 980-8579， Jap仰

Graphene is a monolayer carbon sheet including high carrier mobility， flexibility， and high 

optical transmittance. These properties are advantageous if graphene is to be used as a 

component in electrical devices such as field e:ffect transistors， solar cells， and various gas and 

chemical sensors. Chemical vapor deposition (CVD) is one ofthe most promising methods of 

growing grapheneラwhichcan produce large， relatively high-quality graphene sheets. However， 

the graphene growth by CVD is limited only to the metal catalyst sur白cessuch as Ni， Cu， or 

Co， which is one of the most serious problems for the practical application of graphene as 

electrical devices. Thus， the development of the method for the direct growth of graphene on 

the insulating substrateラ especiallyon a Si02 substrate， is highly required. Furthermore， 

仕ansporttype control of graphene transistor [1] is also an important issue for the construction 

oflogic circuits with graphene-based仕ansistors.

We have realized a novelラ simple，and scalable method for the direct growth of graphene on 

an insulating substrate by plasma CVD. It is revealed that by adjusting the growth paramet町 S

using plasma CVD， the graphene layer can be made to grow along the inter白ceofthe Ni 

layer and the Si02 subs仕ateinstead of on top ofthe Ni layer. After removing the top Ni layer， 

high-quality single-or few-layer graphene sheets are found to be directly grown on the entire 

substrate area in large scale (10 x 10 mm). The electrical transport property of d的 ctly

fabricated graphene can also be controlled by introducing NH3 gas during plasma CVD. 

[1] Toshiaki Kato， Liying Jiaoラ XinranWangラ HailiangWang， Xiaolin Liラ LiZhang， 

Rikizo Hatakeyama， and Hongjie Dai， Small 7 (2011) 574. 
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Electronic properties and relative stabilities of 

commensurate and incommensurate graphene/h-BN superlattices 

o Yuki Sakai and Susumu Saito 

Dψartment of Physics，おかoInstitute ofTechnology 
2-12-1 Oh-okayama， Meguro-ku，おか0152-8551，Japan 

In recent years， heterostructures of graphene and hexagonal boron nitride (h-BN) 
have been studied intensively. The electron mobility of graphene on h-BN substrates is larger 

than that of graphene on silicon dioxide substrates [1]. It has been also demonstrated that 
graphene encapsulated in h-BN exhibits interesting properties such as metal-insulator 

transition [2]. In parallel with these experimental studies， we have investigated geometries 

and electronic properties of graphene/h世 BNsuperlattices within the企ameworkof the density 

functional theory [3-4]. Commensurate graphene/h-BN monolayer superlattices with 

lattice-matching have been found to be more stable than incommensurate superlattices 

without lattice-matching despite the intrinsic difference in lattice constants. It has been also 

found that graphene layers in graphene/h-BN monolayer superlattices could interact with each 
other through h-BN. 

In this workラ wereport relative stabilities and electronic properties of commensurate 
and incommensurate graphene/h-BN superlattices based on density functional theory. 

Commensurate phases are found to be more stable than incommensurate phases not only in 
graphene/h-BN monolayer superlattices but also in graphene/h-BN bilayer superlattices [5]. 
In additionラ pressureor thermal annealing should stabilize commensurate phases. To study 
electronic properties of incommensurate superlattices， we consider twisted superlattices where 
graphene and h-BN possess the same in-plane lattice constant but different orientation with 
each other (Fig. 1) in the twisted superlattices. Stacking geometries of these twisted 
superlattices are similar to those of incommensurate superlattices. In addition， the number of 
atoms in the supercell of a twisted superlattice should be small [6] compared with true 
incommensurate superlattices. These twisted superlattices could simulate properties. of 
incommensurate superlattices with a relatively small computational resource. It is found that 
graphene layers in twisted superlattices interact with each other weakly compared to 
commensurate superlattices. 

[1] C. R. Dean， A. F. Young， 1. Meric， C. Lee， L. Wang， S. Sorgen企ei，K. 
Watanabe， T. Taniguchi， P. Kim， K. L. Shepard， and 1. Hone， Nature 
Nanotech. 5， 722 (2010) 

[2] L. A. Ponomarenko， A. K. Geim， A. A. ZhukovうR.Jalil， S. V. Morozov、
K. S. Novose1ov， 1. V. Grigorieva， E. H. Hill， V. V. Cheianov， V. L. Fal'ko， 

K. Watanabe， T. TaniguchiラandR. V. Gorbachev， Nature Phys. 7，958 (2011) 
[3] Y. Sakai， T. Koretsune， and S. Saito， Phys. Rev. B 83， 205434 (2011) 

[4] M. Sakurai， Y. Sakai， and S. Saito， 1. Phys. Conf. Ser. 302， 012001 (2011) 

[5] Y. Sakai and S. SaitoぅMater.Res. Soc. Symp. Proc. (Submitted) 

[6] A. N. Ko1mogorov and V. H. Crespi， Phys. Rev. B 71，235415 (2005) 

Corresponding Author: Y Sakai 
E-mail: y-sakai@stat.phys.titech.ac.j 
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Impurity Adsorption on Nitrogen-Doped Graphene: A First-Principles 

Study of Energetics and Electronic Properties 

o Y oshitaka Fujimoto and Susumu Saito 

Department of Physics，おかolnstitute ofTechnology， Tokyo 152・8551，Japan 

Graphene is known to exhibit unique and interesting properties such as high carrier 

mobility and massless Dirac fermion behavior， suggesting the possibility of realization of 
novel graphene-based electron-device applications in nanoelectronics. Substitutional nitrogen 

doping is one of the most accessible means to tune electronic properties of graphene-based 

devices. It has been reported that there are two major nitrogen-defect configurations in the 
N-doped graphene: substitutional nitrogen and pyridine司 typedefects [1]. The electronic 

properties of pyridine-type defect in N-doped graphene (Fig. 1) as well as N-doped (10，0) 
CNT are shown to have p-type property， whereas the substitutional nitrogen defect induces 
donor-type states [2-4]. Thusラ dopingwith only the nitrogen is capable of producing both 

p-type and n-type conductivities. Therefore， for the development of practical graphene-based 
devices， it is essential to control strictly nitrogen-defect configurations and their electronic 

properties such as carrier type and carrier density. 

Here， we study the impurity adsorption effects on the N-doped graphene using 
first-principles density国 functionalcalculations. It is general1y expected that the impurity 

defect serves as a reactive site， and it has been reported that the hydrogen adsorbed on the 

N-doped (10，0) CNT dramatical1y changes the electronic structure [4]. In the presentation， we 
discuss the energetics of the impurity adsorption， and reveal that the electronic properties of 
N-doped graphene dramatically change by impurity adsorption. 

This work was partly supported by grants-in-aid 企omMEXT Japan through Global 
Center of Excellence Program of N anoscience and Quantum Physics of Tokyo Institute of 

Technology. 

o C atom 

総 Natom

Figure 1. Scanning tunneling microscopy (STM) image ofpyridine-type defects in graphene [3]. 

[1] D. Wei， Y. Liu， Y. Wang， H. Zhang， L. Huang， and G. Yu， Nano Lett. 9， 1752 (2009). 

[2] Y. Fujimoto and S. Saito， Physica E 43， 677 (2011). 

[3] Y. Fujimoto and S. Saito， Physical Review B 84， 245446 (2011). 

[4] Y. Fujimoto and S. Saito句 J.Phys.: Conf. Ser. 302， 012006 (2011). 
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Optimized De-agglomeration of Detonation Nanodiamond 

OShuichi Sasaki， Ryoko Yamanoi， Eiji Osawa* 

NanoCarbon Research Institute， Ltd.， AREC， 3-15-1 Tokida， Shinshu University， Ueda， 

Nαgano 386-8567， Japan 

Single-nano partic1es belong to a c1ass of materials most difficult to disperse because of 

their large and active surface. Conversely， partic1e-sizes of once dispersed partic1es of this size 

range wi1l be readily overestimated for the same reason. We encountered a good example of 

this pitfall in the case of the primary crystals in detonation nanodiamond (DN)， for which a 

diameter of 4.8土0.7nm has been considered as the final value for some time[l]. 

We have recently optimized the conditions of wet attrition milling， a method of choice for 

deagglomeration of crude DN product， long fixed by experience. Taguchi's engineering 

design method [2] was employed while fitting eight factors in two to three levels to Ll8 

measured values of particle sizes. The most critical !]: L---=二一回flL"t1.21住

#ーR'= 0.7106 

operation parameter tumed out to be the initial slu町 11|¥

concentration of agglomerated DN (Fig.l). With the i CO":'"t"t;，" (wt~ 

other parameters optimized， an optimum set of attrition 

milling conditions led to well-reproducible production 

of high quality primary particles having a greatly 

reduced partic1e-size of 3.7+0.6 nm. We presume that 

we are close to the real size range， and suspect that the 

previous dispersed particles contained small amounts of 

incompletely dispersed fractions. Contamination from 

the zirconia crusher beads also dramatically decreased 

to 2-3 ppm from the previous level of 0.2% obtained 

under the un-optimized milling conditions. A number of 

other improved properties of dispersed DN particles 

wiU be presented. 

One of the most remarkable behaviors of our latest 

aqueous colloid of dispersed DN is that the partic1es act 

like electrolytes in water (Fig. 2). With this setup， we 

found that DN colloidal solution is conductive upon applying direct vo1tage， that it stores 

electricity which is discharged spontaneously upon disconnection， that it produces electricity 

by inserting Cu/Zn electrodes (a quasi-Daniel cell)， and that it can combine with metallic ions. 

orthogonal array， and performing 18 experiments. 

Results were analyzed by solving for SN ratios of the wィ々J ・
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Fig. 2 Aqueous colloidal solution of 
dispersed DN before (a) and after 50h of 
electrolysis (b). In the latter， two layers 
appeared: in the center of lower layer is 
a black mass， which is like1y consisting 
of graphene， whereas the upper clear 
layer contains nanodiamond particles 
devoid of graphite layers 

[1] Osawaラ E.ラ inWudl， F. et al. (Eds.)， 'ChemistfアofNanocarbons，' Chapt. 17， pp. 413-432， John Wiley & 

Sonsヲ Oxford，2010. [2] Taguchi， G. et al.， 'Taguchi's QualiかEngineeringHandbook，' Wiley-Interscience， 

2004ラ 1696pages. *Corresponding Author: 81・(0)268-75-8381，OsawaEiji@aol.com. 
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Surface Engineering of N anodiamond for Targeted Cell Labeling 

Li Zhao
1
， Takuro Maeda2， Tokuhiro Chan02， Takahide Kimura1

， Naoki Komatsu
1 

1 Department of Chemistり1，Shiga UniversiかofMedicalScience， Otsu， 520-2192， Japan 

2 Department of Clinical LaboratoηMedicine， Shiga University of Medical Science， Otsu， 520-2192， Japan 

r 
Surface GrOUDS: 
Q NIRdye 宅AAcyclo幽RGD帥 ptide

ND.PG: X =y=圃OH
ND.PG.NIR: X =・N~; Y =込議
NDヂG・NIR駒沢GD:X=義AA ;Y関込識

Biomedica1 applications of nanodiamond (ND) have 

been investigated extensive1y due to its low toxicity， 

excellent biocompatibility and high extensibi1ity of the 

functiona1ity. Quite recent1y， we have grafted 

p01yg1ycero1 (PG) on the surface of ND and diss01ved it 

under physiologica1 environment [1]. Taking advantage of 

the extensibi1ity of the PG 1ayer， ND♂G is subj ected to 

modification 

surface 

mco中orate

functions such as fluorescence and targeting. As a result， 

some of the hydroxy1 groups on PG were converted to 

amino groups through stepwise organic 

transformations. Then， near-infrared (NIR) dye (IRdye CW800) and αvs3-integrin-targeting cyclo-

RGD peptide were immobilized on ND-PG through amidation and Cu(I)-cata1yzed“click" reaction， 

respectively (Figure 1). 

To eva1uate their targeting 

properties， various cancer cells 

including A549， U87MG， HeLa， 

and B 16F 1 0 were incubated in 

Figure 1. Chemical structure of surface 
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engineered ND-PG (core size = 50 nm). 
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(ND-PG-NIR-RGD Figure 2. Fluorescence images (cy5 mode) of cancer cells treated with 

PG-NIR， respectively). 

shown in Figure 2， ND-PG-NIR was not uptaken by any kinds of the cancer cells. In contrast， ND-

PG-NIR-RGD fluorescent1y 1abe1ed U87MG and A549， but did not do HeLa and B16F10. Because 

U87MG and A549 are known to expressαvs3-integrin， ND-PG-NIR-RGD was interna1ized into the 

cells through receptor-mediated endocytosis (RME) [2]. 

ND-PG-NIR with and without cyclo-RGD peptide. As 

Reference: [1] L. Zhao， T. Takimoto， M. Itoラ N.Kitagawa， T. Kimuraラ andN. Komatsu， Angのv.Chem. 1nt. 

Ed.， 50， 1388 (2011)， [2] P. Decuzzi and M. Ferrari， Biomaterials， 28， 2915 (2007) 
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Structure Differentiation of Graphene・sasedMaterials by Oxidation with 
Hydrogen Peroxide 

oMaki Nakamura 1， Takazumi Kawai 2， Michiko Irie 1， Ryot防aYug伊e2

へ
，Sumi叩oIi町lJlmaピ1，ヱム幻2乙口，3

Shun吋diBa佃ndow3
ヘ
，Ma凶sa北koYudasak初a1 

1 Nanotube Research Center， AIST， 1-1-1 Higashi， Tsukuba 305-8565， Japan 
32NEC COF?orGtiOF1934lMiyukigGOKG，TsukttbG305-85019Jαpαn 
Meijo Universiか"1-501 Shiog，αmaguchi， Nagoya 468-8502， Japan 

We previous1y reported th剖 sing1e-walledcarbon nanohoms (SWNHs) and thin graphene 
shee臼 (TGSs)in as-grown nanohoms had close combustion temperatures， but could be 
distinguished and even quantified by emp10ying high reso1ution thermogravimetric ana1ysis 
(HR同 TGA)[1]. 1n addition， it was found that TGSs combustion occurred in a wide 
temperature range， suggesting that there were different types of TGSs. 1n this report， to clarify 
the types of TGSs， we pre-treated as-grown nanohoms by mi1d pre-oxidation with hydrogen 
peroxide at room temperature before performing HR-TGA， which two types ofTGSs cou1d be 
discriminated. 

Ana1ysis of derivative curves of weight-temperature curves in HR-TGA showed that 
as-grown nanohoms used in this study were composed of SWNHs (combustion tempera加re:
562 OC)， TGSs (589 OC)， and micrometer可 izedgraphitic balls (736 OC)， and the weight ratio 
ofSWNH and TGS was 55:45. 

As-grown nanohoms were pre-oxidized with hydrogen peroxide for a certain period (合om
1 h to 56 d) in room temperature. The combustion temperatures of both SWNH and TGS 
decreased by the pre-oxidation， which wou1d be due to the increase of the number of 
oxygenated groups generated by the pre-oxidation. The weight ratio changes of SWNH and 
TGS during first one week were 1arge， e.g. by 7 days pre-oxidation， the ratio of SWNH and 
TGS was 86: 14 (31 % increase in SWNH and 31 % decrease in TGS). However， despite this 
marked change， the weight decrease of nanohorns before and after pre-oxidation was very 
small (about 10 % decrease). 

For the exp1anation of this 1arge quantity imba1ance， we assumed the existence of TGSs in 
two types. One type (TGS 1) was oxidized with hydrogen peroxideラ whichmade the 
combustion temperature to decrease to close to that of SWNHs， while the other type (TGS2) 
was 1ess oxidative and no drastic change in combustion temperature resu1ted from the 
pre-oxidation. The theoretica1 ca1cu1ation presented by Yoshizawa et a1. [2]， the 1ayer number 
counting in TEM images， and XRD ana1ysis suggested that TGS 1 had the even 1ayer numbers 
less than six， and TGS2 had the odd 1ayer numbers or thicker than six. 

[1] M. Irie， M. Nakamura， M. Zhang， R. Yuge， S. Iijima， M. Yudasaka. Chem. Phys. Lett. 500ラ 96(2010) 

[2] K. Yoshizawa， T. Yumura， T. Yamabe， S. Bandow. K. 1. Am. Chem. Soc. 122， 11871 (2000). 
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Tel: +81-29・861・6290，Fax: +81-29四 861-6290，
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Development of Multi-stage Ion Trap Mobility System with Laser 

Desorption/Ionization and Structural Observation of Polystyrene Particles 

Sho Osaka， Masashi Shinozaki， Yoshihiko Sawanishi， and oToshiki Sugai 

Department 01 ChemistηJ， Toho University， Miyamα2-2-1 Funabashi， 274-8510， Japan 

Ion mobility measurements have been utilized to analyze structures of nanocarbon 

materials[l]. We have been developing an ion trap mobility system and structural changes of 

salt solution particles were monitored for more than 2 hours[2]. However the trap system has 

low mobility resolution because of the small size of the trap. Furthermore the stability 

evaluation of the system is difficult since the structural change of the solution particles and 

the f1uctuation of the system cannot be distinguished. Here we present the development of the 

multi-stage ion trap mobility system with laser desorption/ionization ion source， which 

enables us to enhance the resolution and to evaluate the stability with polystyrene particles. 

Figure 1 shows a schematic diagram 

of the system which consists of the stacked 

ion trap and the observation and the 

desorption/ionization lasers. The charged 

particles were produced from solid 

polystyrene particles (FP-10056-2 Bay 

bioscience) with diameters of 1 O~ 14μm by 

irradiating 3rd harmonic of YAG laser. The 

charged particles were then trapped in the 

electrodes and mobility measurement was 

performed for 3 hours. Figure 2 shows the 

amplitude profile of the polystyrene particles. 

The amplitude slightly increased from 0 to 

10 min. but then became constant. This 

steady amplitude profile shows the high 

stability of the system and the structures of 

solid polystyrene particles. The enhance 

resolution and functions will be discussed. 

[1] T. Sugai et a!.， J Am. Chem. Soc. 123， 6427 
(2001). 
[2] M.Sawanishi and T.Sugai， The 38th symposium 
abstract p.37 (2010). 
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Selective synthesis of aziridinofullerene through an acid-promoted 

denitrogenation of triazolinofullerene 

Tsubasa Mikie， ONaohiko Ikuma， Koji Nakagawa， Ken Kokubo， and Takumi Oshima 

Department 01 Applied Chemistry， Graduate Schoo/ 01 Engineerinι 

Osaka Universiか"Suita 565-0871， Japan 

1，3-Dipol訂 cycloadditionreaction of azides with fullerene C60剖 [6，6]conjunct double 

bond is a valuable method for chemical modification. The reaction gives triazolinofullerene 

intermediate， followed by thermal extrusion of nitrogen molecule affording the open 

[5，6]-aza白lleroid如d/orthe closed [6，6]-aziridinofullerene on the nature of substituent of the 

azide. In the most cases， the open [5，6]-azafulleroids are more thermodynamically stable白an

the latter [1]. Therefore， it is difficult to synthesize the aziridinofullerenes by thermal deni-

trogenation. 

In this study， we report the acid-promoted denitrogenation of various triazolinofullerenes 

exclusively afforded the corresponding aziridinofullerenes. The reaction seems to proceed 

through a SN 1批 ereaction involving a fullerene cation intermediate [2]. Furthermore，出e

reaction is markedly accelerated by trifluoromethane sulfonic acid. 
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[1] D. M. Guldi et al.， J Phys. Chem.ム2000，104.8601.

[2] K. ltami et al.， J Am. Chem. Soc. 2011， 133，2402. 
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Characterization of 563t-Fullerenes 

-Separation of Regioisomeric Mixtures-

o Hiroshi lnada and Yutaka Matsuo 

Department 01 Chemistry， School 01 Science， University 01 Toかo

7-3-1 Hongo， Bunkyo-ku， Tokyo 113-0033， .h正7pan

Because [60]fullerene is widely employed in the development of organic photovoltaic 

(OPV) devices， the control of its electronic state and morphology by addition of organic 

addends to the fullerene core has become a very important issue. For instance， an increasing 

number of addends can reduce the Jt司conjugationlength， raise the LUMO level， and hence 

raise the open-circuit voltage (Voc) of the OPV device， which is beneficial for the device 

performance. Recently， 56Jτ-electron fullerenes such as bis-PCB乱1"[1]， indene C60 bis-adduct 

(ICBA) [2-6]， methanoful1erene derivatives [7ラ8]have received much attention， because they 

have high LUMO levels and afford high Voc values in photovoltaic applications. However， 

such 56Jt-electron ful1erenes are inevitably reglO1someric mixtures， except for 

methanofullerene derivatives of 1，4-diadducts [7]. Herein we report separation of isomers of 

some 56Jt-ful1erenes and characterization of structures and properties. These informatIon 

would be useful for development of efficient OPV devices. 

[1] M. Lenes， G.-J. A. H. Wetzelaer， F. B. Kooistra， S. C. Veenstra， J. C. Hummelen， P. W. M. Blom， Adv. 
Mater. 20， 2116 (2008). 
[2] W0/2008/018931; US Patent Application 20090176994 
[3] Y. Heラ H.-Y.Chen， 1. Hou， Y. Li， 1. Am. Chem. Soc. 132， 1377 (2010). 
[4] Y‘He，G. ZhaoラB.Peng， Y. Li， Adv. Funct. Mater. 20，3383 (2010). 
[5] G. Zhao， Y. He， Y. Li， Adv. Mater. 22，4355 (2010). 
[6] Y.-1. Cheng， C.-H. Hsieh， Y. He， C.-S. Hsu， Y. Li， 1. Am. Chem. Soc. 132， 17381 (2010). 
[7] Y. Zhang， Y. Matsuo， c.-Z. Li， H. Tanaka， E. Nakamura， 1. Am. Chem. Soc. 133ラ 8086(2011). 
[8] C.-Z. Li， S.-c. Chien， H.-L. Yip， C.-C. Chueh， F.-C. Chen， Y. Matsuo， E. Nakamura， A. K.-Y. Jen， Chem. 
Commun. 47， 10082 (2011) 
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Stable colloidal dispersion of indolinor60]fullerene in water and 

photocurrent characteristics of the film fabricated by electrospray 

deposition method 

oHiroshi Matsutaka1
， Yasuo Shigemitsu1

， Takaaki Orii2， Tetsuya Aoyama
2

ラ HideakiTakaku
2
， 

Yusuke T可ima1，2

J FLOX corporation， Okωvacho 7-3， Ka下vasaki，Kanagawa 210-0858， Japan 

2 Organic Optoelectronics Laboratoη'，RlKEN， }五rosawa2-1， Wαko， Saitama 351-0198， Japan 

Fullerenes have attracted great interest in many fields due to their unique chemical and 
physical properties. However， low solubi1ity ofthe fullerenes in water or other polar solvents 
is a barrier for the potentially applicable use in practice. Recently， PCBM is often used as an 
electron acceptor material in organic photovoltaic cell (OPV) due to low reduction potential 

and good solubility in many organic solvents such as toluene and chloroform. From an 
industrial and environmental viewpoint， however， it is necessary to restrain the use of a large 
amount of organic solvents that harm to the environment and health， and to develop high 
performance and eco-企iendlymaterials. 

Indolino[60]fullerene is one of the candidate白llerenederivatives that have a lower 
reduction potential than PCBM and has been expected as a good acceptor material in OPV. 

[1] Our study is that stable colloidal dispersion of an indolino[60]fullerene in water was 
performed by a reprecipitation techniqueラ mixingthe indolino[60]白llerenein a good solvent 

with a poor polar organic solvent， and exposing to a vacuum to remove the excess good 
solvent (Fig. 1). Compared with PCBM， the colloidal behavior in dispersion stability in water 
was totally different. Co110 idal stability of the ~ /CH3 
indolino[60]fullerene was qu江ehigher than PCBM and kept 

stable in water for more than one month. 
A novel electrospray deposition (ESD) method made it 

possible to form a thin film that colloidal partic1es of the 
indolino[60]fullerene were properly deposited on ITO 
substrate under controlled drying conditions. A preliminary 
photovoltaic sample (ITO/indolino[60]fullerene filml Al) 

showed short-circuit photocurrent as shown in Fig. 2. Since 
the colloidal solution has no stabilizing agent such as 
surfactants， the resu1t would reflect the property of 
indolino[60]fullerene partic1es themselves. In addition， the 

ESD method can be carried out under normal atmospheric 
pressure at room temperature.[2] Therefore it can be easy and 

cost-e宜ectiveapproach to fabricate organic devices. 
A combination of functional colloidal partic1es dispersed 

in water with the ESD method will play a key role in 
development of OPV in an environmentally司企iendlyway.

[1] Y. Numata et al.ラ Chem.Lett. 37， 1018 (2008). 

[2] T. Fukuda et al.， Phys. Status Solidi. RRL， 5(7)，229 (2011). 
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Fig. 1. Indolino[ 60]fullerαle (le食)，
and the colloida1 solution in water 
(right). 
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Fig. 2. The photocurrent measured 
as a function oftime whi1e the 1ight 
irradiation is on and off periodically， 
for the colloida1 fullerene fi1m. 
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Electronic and Geometric Structures of C32: New Semiconducting Form of 

Sp2 and Sp3 Hybrid C N etwork 

oMina Maruyama and Susumu Okada 

Graduαte School of Pure and Applied Sciences， University of Tsukuba， 1-1-1 Tennodai， 
Tsukubα， lbaraki 305-8571， Japan 

Fullerenes are known to be an atom-like constituent unit for the various crystalline 
phases in which the fullerene molecules are weakly or tightly bound each other. For instance， 
under ambient conditionラ C60 are weakly bound to its adjacent molecules leading to a 
face-centered cubic (fcc) phase. Besides the fcc phaseラ polymericphases of C60 have been 
synthesized by applying the high pressure and high temperature and irradiating right to the fcc 
C60・Inthe polymeric phases， C atoms form one-， two-， and three-dimensional covalent 
networks those result in interesting structural and electronic properties. Here， we focus on the 
small fullerenes solid those are expected to intrinsically have a polymeric structure due to its 
remarkable reactivity. We study the geometric and electronic structures of novel Sp2 and Sp3 
hybrid three-dimensional covalent network (C32) with tetrahedral symmetry based on the 
density functional theory (DFT). To express the exchange-correlation potential among the 

interacting electrons， we use the local density approximation (LDA). We adopt the ultrasoft 
pseudopotential for describing electron-ion interactions. The valence wave function is 
expanded in terms ofplane wave basis set with cutoff energy of25 Ry. 

We find two stable tetrahedral structures of which lattice parameters are a=O.98 nm 
and a=O.96 nm. Figure 1 shows optimized structures of stable C32 solid. We find that the 
network comprises of both Sp2 and Sp3 C atoms. Although they possess three-dimensional 

covalent networks consisting mainly of Sp3 C atoms， the bulk modulus of these phases are 
14.8 GPa and 15.9 GPa which are smaller than that of diamond. Thus the systems are not 
possible candidates for hard materials. Under the optimum geometries， we found that these 
phases are semiconductors with moderate indirect energy gap. The calculated energy gap is 
1.7 eV and 1.1 eV for a=O.98 nm and a=O.96nmラrespectively.

(a) 、‘，，ノ
h
U
 

〆，.、、

Fig. 1， Optimized 

structures of C32 solid 

with (a) a=O.98 nm and 

(b) a=O.96 nm. 
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Raman spectra analyses of fullerene nanowhiskers polymerized in various 

environments 

oRyoei Kato and Kun'ichi Miyazawa 

Fullerene Engineering Group， Mαteriαls Processing Unit， National institute for Materials 
Science， Tsukuba， lbaraki， 305・0044，Japan 

Ra<? et al. reported Ag(2) peak of the Raman spectrum of C60 film sifted from 1469 to 
1460 cm-J by the photopolymerization of C60 molecules [1]. In the previous symposium， we 
reported the photopolymerization of C60 nanowhiskers in air by the Raman laser beam 
irradiation. In this study， to understand the structural change of photopolymerized C60 
nanowhiskers in the various atmospheres， Raman spectra of the C60 nanowhiskers which were 
irradiated by Raman laser beam were investigated in air， solution， vacuum， and inactive gas. 

C60 nanowhiskers were synthesized by the liquid-liquid interfacial precipitation method 
[2， 3] using a toluene solution saturated with C60 (MTR Ltd. 99.5%) and isopropyl alcohol 
(IPA). The Raman spectra of C60 nanowhiskers were obtained by use of a green laser with a 
wavelength of532 nm (JASCO， NRS-3100). 

Fig. 1 shows the Raman spec仕aand the results of Lorentz curve fitting analyses for C60 
nanowhiskers irradiated in air and IPA， where we define the peak of Raman spec加 maround 
1460 cm-J

出 Ag(2)'and that around 1469 cm-1 as Ag(2). The position of Ag(2)' peak measured 

in air showed more widely scattered values as compared with those of C60 nanowhiskers 
irradiated in IPA. 
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Fig. 1 Raman spectra (heavy lines) of C60 nanowhiskers measured in air (a) and in IPA (b)， 
respectively. The results of Lorentz curve fitting analyses (thin lines) are also shown. 

A.M. Rao， Ping Zhou， Kai-An Wang， G.T. Hagerヲ 1.M.Holden， Ying Wang， W.-T. Lee， Xiang-Xin Bi， P.c. 
Eklund， D.S. Comett， M.A. Duncan， 1.1. Arnster， Science， 259， 955 (1993). 
K. Miyazawa， Y. Kuwasaki， A. Obayashi and M. Kuwabara， 1. Mater. Res.， 17，83 (2002) 

Fullerene Nanowhiskers， K. Miyazawa (Ed.) (Pan Stanford Publishing， 2011). 
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New Functionalization of Endohedral Metallofullerene with Silylene 

oKumiko Sato ¥ Masahiro Kako 2， Mitsuaki Suzuki 1， Naomi Mizorogi 1ラ TakahiroTsuchiya 1， 

Takeshi Akasaka 1， Shigeru Nagase 3 

lL砕 ScienceCenter ofTsukuba Advanced Research Alliance， University C!.円切kuba，

Tsukubα， lbaraki 305-8577， Japan 
2 Department of Applied Physics and Chemistry， The University of Electro-Communications， 

Chφ1， Toわ10182-8585， .lIαrpan 
3 Department of Theoretical and Comput~tional Molecul~r Science， lnstitute for Molecular 

Science， Okazaki， Aichi 444-8585， .lIαrpan 

A large number of researchers have investigated the chemical reactivity of endohedral 

metallofullerenes which has proven to be greatly different from that of empty fullerenes [1，2]. 

As the企uitsof many years of studies， exohedral chemical functionalization is widely 

recognized as an essential method for tuning the physical and chemical properties of 

endohedral metallofullerenes， which have the possibility to open up a new field for 

nanometerials science. 

We have reported the derivatization of endohedral metallofullerens by the addition of active 

silicon compounds [3]. Introduction of electropositive si1icon atoms onto the surface of 

fullerene has induced remarkable changes of fullerene characteristics. For instance， the 

si1ylated fullerene derivatives have more electronegative charge on the cage than the parent 

fullerenes. Moreover， we have demonstrated that the number of the silicon atoms on the 

fullerene surfaces plays an important role in the electronic properties and the movement of the 

encapsulated metal atoms. 

In this context， it is fruit白1to continue to study about silylation which is useful as adjuster 

of the electrochemical properties of fullerenes. Herein we report the preparation and 

characterization of the 白rst mono-silylated endohedral metallofullerene with silylene 

generated from thermolysis of 9，9-bis(2，6-diethylphenyl)-9-silabicyc10[ 6.1.0]nonane. 

References 
[1] Endofullerenω: A New Family ofCarbon Clusters; Akasaka， T.， Nagase， S.， Eds.; Kluwer: Dordrecht， 2002. 

[2] Chemistη ofNanocarbons; Akasaka， T.， Wudl， F.， Nagase， S.， Eds.; Wiley: London， 2010. 
[3] Yamada， M.， Akasaka， T.， Nagase， S. Acc. Chem. Res. 2010， 43， 92. 
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ESR spectra of La2⑨Cso・C3N3Ph2and La2⑨Cso anion 

oToshihiro Aizawa
1， Takeshi AkasakaヘHirokiKurihara三andTatsuhisa Kato 1 

lD々partmentofJnterdisciplinmァEnvironment，Graduate School Of Humanαnd 

Environmental Studies，め10tOUniversity，めoto606-8501， Japαn 

2 Life Science Center ofTsukuba Advanced Research Alliance， The UniversiかofTsukuba，

Tsukubα， Jbaraki 305-857スJapan

The intra-mo1ecu1ar dynamics of endo-meta1 ions has been of great interest for 

dimetallofullerenes. Two isomers of La2@CSO-C3N3Ph2 were s戸lthesizedand purified by 

Tsukuba group of the author. The major isomer of La2@CSO・.C3N3Ph2exhibited the ESR 

spectrum at room temperature as shown in the 1eft-hand side of Fig. 1. The well reso1ved 

hyperfine coup1ing structure can be observed on1y at room temperature in solution. The 

intra-mo1ecu1ar rotation of two La ions within Cso cage reflects the resu1t that two La nuclear 

spins were observed identical. 

La2@CSO anion radica1 produced by e1ectrochemistry exhibited the well reso1ved ESR 

spectrum similar to those of La2@CSO閉じN3Ph2・The spectrum measured at 80K in a 白~ozen

solution is shown in the right四 handside of Fig. 1. 1n this case， however， the temperature 

change of the spectrum can be followed 丘om3K to 180K， which can be consistently ascribed 

to the process of the rotation at various temperatures. 

1000 以)0 例)0 4000 5000 6000 70000 1000 2000 3000 400C :澗 60以〕

~lagl削ic FteldíGauss Mugnel，cFicld!G州出

Fig.l ESR spectra of La2@CSO・C3N3Ph2(le助andLa2@C紛 anion(right). Uppers are observedラlowersare simulated. 
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Synthesis and Characterization of Li⑧C60(OH)n: 

N otable Behaviors Induced by External Hydroxyl Group 

oHiroshi Ueno， Yuii Nakamura， Ken Kokubo， Takumi Oshima 

Division of Applied Chemistη， Graduate School of Engineering， 

Osak，αUniversity， Suita， 565-0871， Japan 

Chemica1 modification and meta1 encapsu1ation of fullerenes endow them with some 
unique characteristic properties. We are interested in the ionicity of Li@C60 [1] and the 
hydrophilicity offullereno1s (C60(OH)n) because their combined properties seem to p1ay a ro1e 

in new materia1s chemistry. In this study， we synthesized Li@C60(OH)n by means of 
hydroxy1ation ofLi@C60 with fuming su1furic acid or hydrogen peroxide and investigated the 
effects of encapsu1ated meta1 ion on their physicochemica1 properties in comparison with 

those ofthe corresponding empty C60(OH)n・

1.60%白mingsu1furic acid 
600C， 24 h 

通・

H)18 

2. water， 850C， 60 h 

30% H202 aq 

600C， 5 days 

The two kinds of differntly 

hydroxy1ated fullereno1s Li@C60(OH)n刷局
18 and 32) were prepared and characterized 
by IR spectroscopぁe1ementa1ana1ysis as 

well as thermogravimetric ana1ysis. 
A1though no essentia1 difference was 
observed in IR spectra between 
Li@C60(OH)n / C60(OH)n (Fig. 1ラ (a)/(b)or 
(c)/(d))， the former meta1 encapsu1ated 
fullereno 1 forms the small-sized particle 
(1.5 nm) in mixed solvent of DMSO/water 
(3/7 v/v) as compared with the 1atter 
meta1-仕切白llereno1 ( ca. 5 nm). Other 
interesting properties wi1l also be described 
in the presentation. 
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Figure 1. IR spec仕aof (a) Li@Cω(OH)18， (b) 
C6o(OH)16ラ (c)Li@C60(OHb， and (d) C60(O町36・

[1] Sawa句 H.;Tobita， H. et al.， J¥Tature Chem. 2010ラ2，678-683.
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High-throughput metal/semiconductor separation of single-wall carbon 

nanotubes using gel column chromatography 

oSatoshi Asano1， Takeshi Tanaka1
，2 and Hiromichi Kataura1

，2 

1 Technology Research Association for Single Wall Carbon Nanotubes (TASC)， Tsukuba， 

lbarαki， 305-8562， Japαn 

2Nanosystem Research lnstitute， Nαtional institute of Advanced lndustrial Science and 

Technology (AIS刀，Tsukuba， lbaraki 305-8562， Japan 

Sing1e-wall carbon nanotubes (SWCNTs) are promising materia1 for various applications 

such as high-speed e1ectronic devices. For the e1ectrica1 app1ication， metallic (M) and 

semiconducting (S) SWCNTs have to be separated after the synthesis because of the difficulty 

controlling their electronic properties in the growth process. In our project， we are 

constructing a 1arge scale M/S separation system for verification of sca1abi1ity of the gel 

co1umn chromatography methods deve10ped in AIST [1， 2]. We reported that cost reduction 

and high-throughput separation were possib1e by using a new 

agarose-based ge1 at the 1ast symposium. In this presentation， we 

show recent progress of our development. 

SWCNT dispersion in sodium dodecyl sulfate solution was 

prepared by sonication and ultracentrifugation. Approximately 

500 ml of column (XK50/30， GE Healthcare) fil1ed with the 

agarose-based gel (Figure， center) connected with a liquid 

chromatography system (AKTA explorer 100， GE Healthcare) 

and used for the M/S separation. About 12 mg of SWCNTs were 

separated into M-and S-SWCNTs in 90 min using this system 

(about 8.0 mg/h). For improvement of the throughput， we tried 

two approaches; one was a use of a high pressure-resistant 

column (Figure， left; HiScale50/20)， the other was a scale-up Figure Three columns filled 

using a bigger pilot圃 scalecolumn (Figure， right; BPG 100/500). up with new agarose-based gel. 

Detailed methods and results wiU be discussed. 

References: 

[1] T. Tanaka et al.， Phys. Status Solidi RRL 2011， 5， 301 

[2] T. Tanaka et al.， Appl. Phys. Express 2009ラ 2，125002 
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Analysis of CVD Conditions for Tuning Graphitic Layers and Fiber 

Diameter of Multi-Walled Carbon Nanocoil 

Siew Ling Lim 1， Taiichiro Y onemura ¥o Y oshiyuki Suda¥Hideto Tanoue 1， 
Hirofumi Takikawa 1， Hitoshi Ue 2， Kazuki Shimizu 3， Yoshito Umeda 4 

1 Department of Electrical and Electronic lnformation Engineering， 

Toyohashi University ofTechnology， Toyohashi， 441四 8580，Japan 
2 FzザuiRe.
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Multi-walled carbon nanocoils (MWCNCs) have been successfully grown using Sn/Fe 

catalysts supported on zeolite and MCM-41 by chemical vapor deposition (CVD) [1ラ 2].In 

the field of nanoelectrochemical system (NEMS)， it is essential to syn出esizeMWCNCs with 

smaller fiber diameter that is implicated to have a high crystallinity and hence leading to a 

high electrical conductivity. In this study， CVD synthesis conditions were investigated to 

grow MWCNC with smaller fiber diameter (less than 20 nm). Fe catalyst was supported by 

mlxmg Y-type zeolite (catalyst support material) 

and iron acetate in an ethanol solution. The mixture 

was then calcined at 1000C for 24 h in a fumace. Sn 

was deposited onto surface of Fe-supported zeolite 

by vacuum evaporation. Sn/Felzeolite was placed at 

the center of a quartz-made reaction tube for CVD 

synthesis. The reaction temperatureラ flowrate ratio 

of C2H2尽七andreaction pressure were 65か8500Cラ

0.01-0.10 and 5-760 To汀， respectively. In this study， 

the optimal CVD conditions were found to be as Fig. 1 TEM micrograph of MWCNC 
follows: reaction temperature: 700oC， flow rate 
ratio of C2H2尽七 0.02and reaction pressure: 5 Torr. Fig. 1 shows TEM micrograph of 

MWCNC grown under this CVD condition. Reduction of fiber diameter of MWCNC was 

successfully achieved. The fiber diameter is ca. 5 nm either at helical part or tip part of the 

MWCNC. It is very interestingly found that graphitic layers of helical part and tip part of the 

MWCNC are different， which are 5-8 and 41ayersヲrespectively.

This work has been partly supported by the Research Pr吋ectof the Venture Business 

Laboratory from Toyohashi University of Technology (TUT); Global COE Program 

"Frontiers of Intelligent Sensing" from the Ministry of Education， Culture， Sports， Science 

and Technology (MEXT); Core University Programs (JSPS-CAS program in the field of 

"Plasma and Nuclear Fusion") from the Japan Society for the Promotion of Science (JSPS)， 

Grant-in-Aid for Scientific Research 丘omthe MEXT， The Hori Sciences and Arts Foundation， 

Toukai Foundation for Technology， and Research Foundation for孔1aterialsScience. 
[References] [1] M. Yokota， et al.: J. NanoscI. Nanotechnol.， 11ゅう2344(2011). 

[2] S. L. Limラ etal.: Trans. MRS-J， accepted. 
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Flame Synthesis of Single-Walled Carbon Nanotubes 

oJun Ohshima， Toshio Osawa， Suguru Noda 

Dψαrtment of Chemical砂'stemEngineering， Theωuversity ofToわJO，Japan 

Single-walled carbon nanotubes (SWCNTs) expectly have various applications. But their 
expensiveness limits their applications and therefore their low-cost mass-production is 

strongly demanded. Carbon vapor deposition (CVD)， operated typically at rather low 

temperatures ~ 1000 oC to prevent soot generation， is advantageous for productivity but 
disadvantageous for crystallinity of the SWCNTs. Flame synthesis has enabled the mass-
production of carbon black and fullerene through non明 catalyticreactions， but is less applied to 
CNTs requiring catalysts [1]. In this research， we target at efficient flame synthesis of highly 
crystalline SWCNTs by forming catalyst particles at a high density and in a short time. 

We utilized premixed flame to decompose 

Fe(CsHs)2 in milliseconds， and then mixed 
the exhaust gas with C2H2 feedstock to grow 
SWCNTs (Figure 1). Products were coUected 
by a membrane filter and analyzed by 
scanning electron microscopy (SEM) and 
Raman spectroscopy. 

The fuel to oxygen ratio in the premixed 
flame is important in controlling the chemical 
state of Fe. The temperature after gas mixing 

(Tmix)ラ which was estimated by 
thermodynamic simulation， is important in 
terms of Fe particles nucleation and SWCNT 
growth. And， the nozzle geometry is 
important for mlxmg. These factors were 
systematically studied. 

The Raman spectra and the SEM images 

(Figure 2) show the formation of SWCNTs. 
At low T mix， SWCNTs were contaminated 
with many catalyst particles. At high Tmix， 
SWCNTs were formed at a high yield but 

with soot. At T mix = 1400~ 1500 K， SWCNTs 
were formed at high yield with less catalyst 
and soot contamination. We are now trying to 

improve the catalyst efficiency to enhance 
SWCNT yield and reduce catalyst/soot 
contamination by shortening the time for 
heating of carbon source and that for cooling 
the exhaust gases. 

[ 1] Wilson Merchan 

Corresponding Author: S. Noda 
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Figur・e2. Raman spectra and SEM images. 
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Wrapping of single-wall carbon nanotubes with large tube diameters 
by fluorene-pyridine copolymer 

o Masayoshi TangeラToshiyaOkazaki， and Sumio Iijima 

Nanotube Research Center， AIST， Tsukuba， 305-8565， .lIαrpan 

Selective extraction of specific single-wall carbon nanotubes (SWCNTs) from mixtures of 
various structured tubes is a crucial technique for their application to photo-electronic devices 
and production of SWCNT-based low-dimensional materials with specific molecular 
arrangements[ll. In particular， the polymer-wrapping method with rigid polymers such as 
polyfluorene and polycarbazole is highly effective in extracting specific semiconducting 
SWCNTs[24l. However， except for polym~r-wrapping with 
poly(9 ，9-dioctylfluorene-alt-benzothiadiazole) (F8BT)[5l， SWCNTs extracted via 
polymer闇 wrappingare restricted to small-diameter tubes less than 1.2 nm. Moreover， although 
F8BT can selectively extract specific large-diameter SWCNTs阿部 wellas small-diameter 
ones[2ベdiameterdistribution of the F8BT-extracted SWCNTs is rather wide: the diameters 
are distributed over the range of 1.28-1.53 nm. Rigid polymers to be used for selective 
extraction are desired to have abilities not only to selectively extract specific chirality (民m)

species， but also to narrow the diameter distribution. 
In this work， using poly(9，9-dioctylfluorene-alt-pyridine) (PFOPy) as a dispersing agent， 

we succeed in selective extraction of specific large同 diametersemiconducting SWCNTs， the 
diameter distribution of which is remarkably narrow. The absorption spectrum of 
PFOPy-extracted SWCNTs clearly exhibits the absence of metallic SWCNT absorption， 
implying that semiconducting SWCNTs are preferential1y extracted through 
u1tracentrifugation. In addition， spectroscopic analysis of the photoluminescence excitation 
(PLE) maps discloses not only the preference of PFOPy to specific (n，m) SWCNTs， but also 
the strains on SWCNTs induced by PFOPy. Figure 1 shows the PLE map of PFOPy-extracted 
SWCNTs. The PFOPy-extracted SWCNTs show distinctly intense and sharp emissions of 
(13，5) (14，3)， and (10，8) SWCNT:人 indicatingthe preference of PFOPy to specific 
semiconducting SWCNTs with large diameters near 1.3 nm: the extracted SWCNTs are 
1.24-1.38 nm in diameter. This diameter distribution is narrower than that of F8BT-extracted 
large-diameter SWCNTs (1.28-1.53 nm). Moreover， the emlSSlOn wavelength of 
PFOPy-wrapped (15，4) SWCNTs is blue-shifted 合om1616 to 1608 nm in comparison with 
emissions of SWCNTs wrapped by _ 1050 
poly(9 ，9-di-n-dodecylfluorene) (PFDi5l. This ~ 
blue-shifted emission i 

2.4E-2 

1，8E-2 

1.2E・2

6Eシ3

O 

Corrcsponding Author: T. Okazaki and M， Tange 
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Fig， 1， PLE map of PFOPy-wrapped SWCNT solution， 

Emission peaks of PFOPy-and PFD-wrapped SWCNTs 
are indicated by closed and open circles， respectively 
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Effect of the catalyst geometry on the mechanical bending of carbon 

nanotube micropillar arrays 

OYuki Matsuoka
1， Masamichi Yoshimura1， Sameh Tawfick2 

andA. John Hart
2 

1 Graduate School ofEngineering， Toyota Technologicallnstitute， Nagoya， 468-8511， Japan 

2D々partmentof Mechanical Engineering， University 01 Michigan， Ann Arbor， MI， 48109， 

u.s.A. 

The grown structure of carbon nanotubes (CNTs) micropillar changes depending on the 

pattemed catalyst geometry. Height of the micropillar was varied by the total catalyst area. [1] 
Hart et al. observed the partial growth enhancement of CNTs around a c10sely pattemed 
region.[2] It is necessary to unveil the mechanism in order to apply such structure for via 

wiring for large scale integrated circuit and thermal bumps. In this study， the effect of the 

pattemed catalyst geometry on the bending of CNTs micropillars has been investigated. 

The substrates of different diameters having constant (Fig.l (a)) or sinusoidal spacing 

(Fig.1 (b)) were pattemed with keeping the constant total catalyst area. Iron (1 nm) and 

alumina (10 nm) was utilized as catalyst and supporting layer， respectively. Reduction of the 

catalyst by heating (775 OC) under an H2 atmosphere for 10 min was followed by introduction 
of C2H4 precursor gas (25， 100 sccm) to the chemical vapor deposition tube fumace at 
constant temperature (775 OC). 

In Fig. 2 the deflection of CNT micropillar was decreased with increasing pillar diameter. 

This trend is eXplained by newly proposed two modelsラ namelybimetallic-strip [3] and 

geometric models where the difference of growth rate in catalyst area causes bending. 

Theoretically calculated curves are in accordance with the experimental results. In this studyラ

we found two local bending effects (repulsive (Fig. 3(a)) and attractive)ラ wherethe existence 

ofCNT・-growthenhancing field around each catalyst area was considered. When the spacing 

between catalyst circ1es is short enoughラ thefields are overlapped each other， and the growth 

rates are enhanced more. In Fig. 3(b)， approximately 7% longer CNTs pillar grown at dense 

catalyst area than sparse area indicates an enhancement of CNTs growth. Thus， the CNTs 

length on the near-side to other catalyst areas is increased， leading to repulsive deflection. 
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Fig.l (a) constant and (b) 
sinusoidal spacing pattern. 

Fig.3 SEM images of (a) 
observed attractive effect and 
(b) cross-sectional image 

showin只localrepulsive effect. 
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Fig.2 Relationship between 
deflection of CNT micopillars and 

pillar diameter. 

[1] G. H. Jeong et al.， Carbon 47 (2009) 696， [2] A. J. Hart et al.， J. Phys. Chem. B，110 (2006) 8250， [3] Y. Clyne， 

Key Engineering Materials， 116 (1996) 307. 
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Carbon nanotube synthesis by coalescence of heterocyclic compounds 

oKenshi Miyaura， Yasumitsu Miyata， Ryo Kitaura， Hisanori Shinohara 

Department of ChemistηJ & Institute for Advanced Resωrch， Nagoya Universi~只

Nagoya 464-8602， Japan 

The inner space of carbon nanotubes (CNTs) offers a fascinating platform for material 

synthesis. It has been reported that organic compounds such as fullerenes within CNTs can be 

converted into single-wall CNTs (SWCNTs) by thermal coalescence. Recently， we have found 

that the chirality of such molecular-derived CNTs depends on the molecular structure and its 

initial mutual orientation [1-3]. So ぬrラ the coalescence reactions have been mainly 

investigated for the aromatic compounds including graphene-like企amework.In contr・ast，

there has been no study reported on the coalescence of organic molecules composed of 

non-graphene framework. The systematic understanding of coalescence reaction for such 

molecules may， therefore， provide us a new insight into the correlation between precursor 

molecules and final products. 

In this presentationラ wereport the synthesis and characterization of SWCNTs formed 

through the coalescence of a heterocyclic compound， sexithiophene (6T， Fig.1a). 6T 

molecules were encapsulated into SWCNTs (Meijo-SO) and were converted into inner tubes 

by thermal annealing. These processes were monitored by using HRTEM observations (Fig. 

1 b，c) and Raman spectroscopy. The inner tubes were finally extracted from outer tubes by 

ultrasonication to measure a photoluminescence (PL) map. The PL map reveals the 

preferential growth of SWCNTs with a chiral index of (6，5) (Fig. 2). The result indicates that 

near-armchair SWCNTs are the most stable structure even in the reconstruction process of 

sulfur and carbon atoms in the confined inner space. 

[1] Y.Miyata，εt al.， ACS Nano 4，5807 

(2010). [2] J.Zhang， et al.， Nanoscaleラ

3，4190 (2011). [3] Y. Miyata， et al. The 

41st Fullerenes-Nanotubes-Graphene 

General Symposium. 
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Hisanori Shinohara 
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Fig.1 (a) Molecular structure of sexithiophene (6T). HRTEM 

images of(b) 6T@SWCNTand(c) DWCNT. 

Fig.2 Photoluminescence map of SWCNTs formed企ommolecular 

coalescence of 6T. 
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Hydrogen Effects on Chirality Distribution of Single-Walled Carbon 

N anotube Grown from Various Kinds of Catalysts 

o}(oshi~urakoshiラ Toshiaki }(剖0，Zohreh Ghorannevis， Toshiro Kaneko， 

and Rikizo Hatakeyarna 

Dψαrtment 01 Electronic Engineering， Tohoku University 

Aoba 6-6-05， Aramaki-Aza， Aobα-Ku， Sendai， 980-8579 Japan 

One dirnensional single-walled carbon nanotubes (SWNTs) are potential rnaterials for印刷re
nanoelectronics. Since the electronic and optical properties of SWNTs strongly depend on 
their diarneter and chiral angle， the selective synthesis of SWNTs with desired chiralities is 
one of the rnajor challenges in nanotube science and applications. Recently， we have 
dernonstrated a narrow-chirality distributed growth of SWNTs仕ornan Au catalyst [1]. Based 
on the systernatic investigation， an appropriate H2 concentration is found to be critical for the 
chirality distribution control of SWNTs grown frorn the Au catalyst. 
1n order to understand the detailed effects of hydrogen on the narrow chirality distribution 

growth of SWNTs， we have also investigated the hydrogen effects with various kinds of 
catalysts such as Pt， Ag， and Cu as nonrnagnetic catalysts， and Fe and Co as rnagnetic ones. 
The SWNTs growth is carried out with diffusion plasrna CVD. Figure (a) shows Rarnan 
scattering spectra of SWNTs grown with Co catalyst. 1ntensity of radial breathing rnode 
(RB~) around 200 crn-1 (1200) is suppressed by introduction of hydrogen (Fig. (b )). This 
indicates the growth of large diarneter SWNTs is suppressed by adding an appropriate arnount 
of hydrogen， which is consist with the previous result with Au catalyst. 
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Fig. (a) Raman scattering spectra ofSWNTs grown under the different hydrogen flow rates. 

(b) Averaged 1200 as a function of hydrogen flow rate. 

[1] Z. Ghorannevis， T. Kato， T. Kaneko， and R. Hatakeyama， Joumal of the American Chemical Society 132ラ

9570 (2010). 
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Efficient Production of N anostructured Carbon by Nickel Oxide 
N anoparticles 

o Gemma Rius 1 ， Luong Xuan Dien2， and Masamichi Y oshimura 
1 ウ

1S町長1ceScience LαboratoりJ，Toyota Technologicallnstitute， Nagoya 468-8511， Japan 

2 Hanoi University 01 Science and Technology， Hanoi， Vietnam 

The outstanding electronicラ mechanicaland thermal properties of carbon nanotubes (CNTs) 
and graphene have stimulated widespread interest for fundamental research and applications. 

In spite of the efforts devoted to establish universal synthetic processesラ precisecontrol over 
the products characteristics is stilllacking and often strongly correlated to a metal catalyst. 

This work demonstrates the growth of vertically arranged CNTs on Si substrate by alcohol 

catalytic chemical vapor deposition (ACCVD). The catalyst nanoparticles (NPs) were 
synthesized by precipitation (NiO) or sol-gel method (Ni尽..JiO)， and distributed on Si by spin 
or dip coating. Carbon nanostructures were characterized morphologically by scanning 
electron microscope (SEM) and structurally by Raman spectroscopy and XRD (composition 
and crystallinity ofNPs， data not shown). 

High yield growth of CNTs using both 
Ni/NiO and NiO NPs is achievedラ asshown 
in Fig.1. The diameter of multi-wall CNTs is 
about 10-20 nm， and single四羽rallCNTs are 
also confirmed (Raman spectroscopy in Fig. 1 
(right))， where the ca1culated diameter is 1.08 
nm. Low temperature synthesis of CNTsぅ

down to 4000Cラ is also achieved which 
emphasizes the excellent catalytic capability 
ofthe NiO NPs. 

The NiO NPs have been tested for the 
graphitization of solid amorphous C (a-C) 
precursor (Fig. 2). Combining the deposition 
of thickness-control1ed (5四 25nm)C features 
and NiO NPs on a Si02 substrate with Fig. 1. SEM and Raman spectroscopy of CNTs 

vacuum thermal annealing treatment at 9750Cラ obtainedrrom different nanoparticles. (Left) Ni/Nゆ by

the a-C is transformed into crystallineラ as ACCVD. (Right) NiO by ACCVD. 
deduced from Raman signal (not shown). 
Depending on the relation between NP size 
and as国 depositeda-C thickness， CNTs or 
nanographene can be obtained. 

[1] C. Chiu et al.， 1. Nanomaterials 906204 (2010). 
[2] C. Chiu et al.ラ Diamond& Relat巳dMaterials 18 
355 (2009). 
[3] S. Iijima， Nature 3雪456(1991). 
[4] M. S. Dresselhaus et al.， J. Physics Reports (2004). 
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Fig. 2. (Left) CNTs popping out from the thin 

nanographene/graphite pattem. (Right) Adjusting 

deposited a-C thickness only Ni nanoparticles as 

inclusions on nanographene/graphite sheet are present. 
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Synthesis and optical characterセationofN-doped single-walled carbon 
nanotubes 

oTetsuya Kato¥ Kenichi Oshita1，Fumihiko Hirata 1， Susumu Kamoi ¥ Noriyuki Hasuike 1， 
Kenji Kisoda 2， Hiroshi Harima 1 

lD句partmentof Electronics，めotoInstitute ofTechnology， Kyoto 606-8585， Japan 
2 Department ofEducation， Wakαyαma University， Wakayamα640-8510， Japan 

Single-walled carbon nanotubes (SWCNT) have attracted much attention for a next 

generation semiconductor material because SWCNTs show superior electrical and optical 

properties to existing materials. For this pu中ose，it is necessary to control their electrical 

properties by adding foreign atoms like in the silicon industry. However， techniques like 
doping foreign atoms into SWCNTs and characterization of doping levels are not well 

established yet [1，2]. Here， we report the synthesis of nitrogen (N)-doped SWCNT by 
chemical vapor deposition (CVD). 

The samples were grown by CVD at 8500C for 15 min using ethanol as the carbon source. To 

introduce N atoms， pyrazine (C4H4N2) is mixed into ethano1. Raman scattering measurements 

were carried out at room temperature excited by 532 nm laser. Photoluminescence (PL) maps 
were also employed for characterization. 

Figure 1 shows Raman spectra of radial breathing mode (RBM) region. From bottom to topラ

pristineラ 0.5wt%， 1.25 wt%， and 2.0 wt% samples are displayed. Intensity of the RBM band 

at 270 cm-1 is enhanced with increasing the concentrations of pyrazine. Typical PL maps are 
shown in Fig. 2. Vertical and horizontal axes stand for excitation and emission energiesラ

respectively. Several bright spots are clearly observed in the maps. Analyzing PL data at the 

fixed excitation energy (1.92 eV)， the relative PL intensity of (7， 6) to (7， 5) nanotubes is 
linearly decreased with the increase in pyrazine concentration. We infer that the decrease in 

the relative intensity is due to the doping N to the (7， 6) nanotube preferentially. 
The authors would like to thank Shimazu Corporation for measurements of PL maps. 
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[1] lndhira O. M et al. Nat. Mater. 7， 878-883(2008). 
[2] Jessica C.D et al. ACS Nano， 4ラ 1696-1702(2010). 
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Coherent phonon spectroscopy of RBM and RBLM phonons in 

carbon nanotubes and graphene nanoribbons 

o Ahmad R.T. Nugrahal， Gary D. Sanders2， Kentaro Satol
ラ
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DepaげmentOf Physics， UniversiりlofFlorida，Florida 32611-8440， USA 

We develop a microscopic theory for the generation and detection of coherent phonons in single wall 

carbon nanotubes (SWNTs) and graphene nanoribbons (GNRs) within a numerical extended tight 

binding model and analytical effective mass theory [1-3]. In coherent phonon (CP) spectroscopy， 

ultrafast (sub-l 0 fs) laser pulses generate electrons and holes in the conduction and valence bands of a 

SWNT or GNR. lf the pulse duration is less than the phonon oscillation period (20-100 fs)， the 

photogenerated carriers couple to the phonons through the deformation potential electron明 phonon

interaction and the lattice undergoes macroscopic CP oscillations. The CP amplitudes satisfy a driven 

oscillator equation (derived 企omthe Heisenberg equation) with a dr甘ingfunction that depends on the 

electron-phonon interaction matrix elements and the photoexcited carrier distribution functions. 

Coherent phonons are detected using a delayed probe pulse (up to 4 ps) to measure the time dependent 

oscillations in the differential transmission. Taking the Fourier transform of the differential 

transmission with respect to probe delay time， we obtain the CP spectrum as a function of phonon 

frequency with peaks in the spectrum corresponding to excited coherent phonon modes. Interesting CP 

modes in SWNTs and GNRs are the so-called radial breathing mode (RBM) [1，2] and radial breathing 

like mode (RBLM) [3]， with the frequency of 5-7 THz， respectively， in which the tube diameter and 

the ribbon width can initially expand or contract depending on their types and excitation energies [2，3]. 

For SWNTs and arrnchair GNRs， such expansion and contraction simply originate from the 

k-dependent electron-phonon interaction with respect to the graphene Dirac point. In the case of 

zigzag GNRs， the so-called edge states play an important role in the generation of coherent phonons so 

that the CP amplitudes do not depend on the ribbon size [3]. Further， we discuss the extension of the 

electron-phonon and electron-photon interactions in SWNTs to the exciton四 phononand exciton-photon 

interactions because the excitonic effects in SWNTs cannot be neglected. 

[1] G. D. Sanders et al.， Phys. Rev. B 79，205434 (2009). 

[2] A. R. T. Nugraha， G. D. Sanders， et al.， Phys. Rev. B 84， 174302 (2011). 

[3] G. D. Sanders， A. R. T. Nugr計la，R. Saito， C. J. Stanton， submitted to Phys. Rev. B (2012). 
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Visible fluorescence from ultrathin single-wall carbon nanotubes 

of chiral index (4， 3) 
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Department of Chemistη， Nagoya University & Institute for Advanced Resωrch， 

Nagoya 464-8602， Japan 

Ultrathin single-wall carbon nanotubes (SWCNTs) with a diameter of less than 0.5 nm 

have different unique properties from those for larger幽 diameterSWCNTs. For example， the 
ultrathin SWCNTs are expected to show light emission in visible region because of their large 
bandgap. 1) However， efficient synthesis of such ultrathin SWCNTs has not been achieved yet 
probably due to their structural instability. The lack of available bulk samples， therefore， still 
makes it difficult to investigate their unique physical properties. 

In this presentationラwereport the observation ofvisible tluorescence ofultrathin SWCNTs. 
The ultrathin SWCNTs have been obtained by extracting inner shells from double-wall carbon 

nanotubes.2) The extracted sample shows photoluminescence peaks at 701 and 721 nm under 

light excitation at 412 and 539 nm， respectively (Fig. 1 b). These peaks can be assignedラ

respectivelyラ to(4ラ 3)and (5， 3) SWCNTs from the comparison with the experimental 
Kataura-plot.1

) The presence of these ultrathin tubes was also supported by TEM observation 

(Fig.l c). Our finding provides an important insight for basic physical properties and 

opto-electronics applications ofultrathin SWCNTs. 
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Fig. 1. (a) Schematic illustration ofa (4，3) SWCNT. (b) Contour map and 
(c) a TEM image ofthe s巴paratedsample. 

1) R. Weisman et al.， Nano Letι3， 1235 (2003). 

2) Y. Miyata et al. ACSnano. 4，5807 (2010). 
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Acoustic wave measurement of single-wall carbon nanotube dispersion by 
the transient grating method 

oShota Kuwahara， Kenji Katayarna 

Department 01 Applied Chemistry， Chuo Uniνersity， Toわ10112-8551，Japan 

Photoacoustic and photothermal property of carbon nanotubes (CNTs) is one of applicable 
properties for contrast agents of imaging or photothermal therapy [1]. For these applications， 
the preparation technique of CNT suspension and photothermal efficiency in dispersed CNTs 
in solution affects the performance of agents. In this study， photothermal property of dispersed 
single-wall carbon nanotubes (SWCNTs) samples in aqueous solution was investigated by 
using the heterodyne transient grating mothod. 

Transient responses induced by photoexcitation of SWCNTs in aqueous solution were 
observed by the heterodyne transient grating method [2]. This method provides the 
information about the change of physicochemical property caused by pumped light， and the 
change is detected through the change of refractive index of probe light. The pump light was 
the third harmonic of an Nd:YAG laser with a wavelength of 355 nmラ andthe probe light was 
He-Ne laser with a wavelength of 633 nm. The pump and the probe beams are impinged on a 
transmission grating that is placed in front of a sample. The grating spacing of a transmission 

grating was 60μm. We mainly focused on acoustic grating on dispersed solution of SWCNTs 
obtained by transient grating and compared with the structure of SWCNTs such as diameter 
distribution and the electronic structure. To clarify the effect of diameter distribution and 
electronic structure against acoustic grating response， several types of SWCNTs which have 
different diameter distribution and electronic structure were used for this research. Enriched 
metallic and semiconducting SWCNTs were obtained by size exclusion column 
chromatography method written in previous paper [3]. The intensity of transient responses 
was scaled with the area 合actionof resonant band in visible region of absorption spectra and 
fairly compared with different dispersion. 

The transient responses of nanosecond are shown in Fig.1. The result indicates that the 
thermal expansion of water strongly depends on the diameter distribution of SWCNTs. The 
type of electronic structure of SWCNTs affects the expansion related to their efficiency of 
absorbance in UV regionラ butit causes 
little difference of the intensity of the 
acoustic grating response. The structure 
and the quality of carbon SWCNTs affect 
the acoustic grating response and their 
photothermal properties. 

SWCNT1 (d営。(日柑 1.0nm)
• SWCNT2 (d ~ 0.8. 1.2 nm) ・SWC対T3(d = 1.2.1.5 nm) 2.0 
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1.8 [1] Z. Liu et al.， Nano Res. 2ラ 85(2009). 

[2] M. Okuda and K. Katayama， Chem. Ph.下's.Lett. 

1.7 443， 158 (2007). 

[3] K. Moshammer et al.， Nano Res. 2， 599 (2009). 
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Electronic Properties of Carbon Nanotubes under the Electric Field 

oAyaka Yamanaka， Susumu Okada 

Graduate School of Pure and Applied Sciences， Universiか ofTsukub~ Tennoda~ Tsukuba 
305-857スJapan

In recent years， carbon nanotubes are attracting much attention due to its possible 
application for semiconductor electronic devices in the next generation. Indeed， it has been 
demonstrated that the individual semiconducting carbon nanotubes can work as field-effect 
transistors (FETs) in which nanotubes form hybrid structures with other conventional 
materialsラ suchas insulating substrates and metal electrodes. In FETs， since the electric field 
is essential for operating and functionalizing the electronic devices， it is the necessity to 

understand the behavior of carbon nanotubes under the electric field. Therefore， we aim to 
theoretically investigate the electronic properties of carbon nanotubes under the electric field. 

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 the pseudopotential method with the ultrasoft scheme to describe the 

interaction between valence electrons and ions. The effective screening medium (ESM) 

method is applied to investigate the behavior of carbon nanotubes under the electric field in 
the framework ofthe first-principles calculations. 

We applied the electric field on the 

capped armchair and zigzag nanotubes 

with 7 angstrom diameter in parallel 

direction to their axes as shown in Figs. 

l(a) and l(b)ラ respectively.Under the 

extemal electric field， we investigate 
the electrostatic potential on each C 

atomic site to uncover how the electric 

field affects on the electronic 

properties of the carbon nanotubes. We 
find that the potential modulation 

strongly depends on the atomic site. 

The fact indicates that the electric field 
inside the nanotube is nonuniformly 

screened by the valence electrons on C 

atoms on the nanotubes (Fig. 2). The 

structural analyses unravel that this 

unusual screening is ascribed to the 

bond altemation in the carbon 
nanotubes. 
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Fig.l Structural rnodels of capped (a) arrnchair and (b) 
zigzag nanotubes under electric field. 
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Carbon nanotubes (CNT) have been studied as fillers in diverse multifunctional composites 

due to a wide range of the excellent properties. Although various applications of CNT 

composites have been developed， application of CNTs to high conductivity composite rubbers 
is still limited. High conductivity CNT-rubber composites are in large potential demand for 

applications such as f1exible electrodes and electromagnetic shields for communication 

modulesラ medicaldevices and airplanes. For developing high conductivity CNT-rubber 
composites for such practical use， improvement of dispersion techniques is needed. As a step 

for improving dispersion techniques， we have prepared SWNT-rubber composites utilizing 
various dispersion methods and investigated the relation between dispersion methods， 
dispersed SWNT structures and electrical conductivity ofthe composites. 

Here we present electrical conductivities of SWNT-rubber composites prepared using 

various dispersion techniques. We categorized dispersion methods into three groups， i.e.， 
rotating shear， linear shear， and mechanical hammering， and we chose several typical 
dispersion techniques from each of the three groups. SWNT-rubber composite prepared using 
High-pressure jet-mil1 and Nanomizer showed higher conductivity (Figure 1). SWNT treated 

by these two processes showed smaller particle size about 50μm by laser diffraction 

measurement， and SEM observation showed these partic1es are composed of well-developed 
mesh structure of finely debundled SWNT， which is considered to be in favor of electrical 

path fonnation. The resu1ts indicate that SWNT dispersion methods for high conductivity 

composite rubber can be improved by applying strong rotating shear under high pressure. 
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Each composite contains 10 wt% of CNT. 

High pressure jet mill and Nanomizer were 

performed utilizing high pressure as high 

as 100 MPa and 200 MPa， respectively 
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Electrical properties of carbon nanotube networks decorated with cobalt 
oxide 

oDo-H戸mKim， Junghwan HuhラJong-KwonLee， Gyu-Tae Kim， Urszula 

DettlaffこWeglikowskaラ andSiegmar Roth 

School 01 Electrical Engineering & Department 01 MicrolNano秒'stems，Korea University， 

Anam-Dong， Sungbuk-Ku， Soeu1136・713，Korea 

We investigated electrical properties of single-wal1ed carbon nanotube (SWCNT) networks 
decorated with cobalt oxide particles. It is known that carbon nanotubes (CNTs) have different 
electrical properties such as metal and semiconductor depending on their chiralities. 

Semiconducting CNTs are attractive materials in a field of electrical devices because they can 

substitute a traditional semiconducting material. However， it is common that metallic and 

semiconducting CNTs co-exist after the synthesis and metallic CNTs should be removed to 

utilize semiconducting characteristics. In the mixture of metallic and semiconducting CNTs， 
doping is a good way to change the electrical property of CNTs into p-type [1] or n-type one 
[2，3]. 

In this study， SWCNTs on Si substrate were decorated with cobalt oxide to enhance p-type 
electrical characteristics. First， SWCNT networks were prepared between Pt/Pd electrodes on 

Si substrate as shown in Fig. 1. Then， a solution containing cobalt precursor was prepared by 

dissolving CO(N03)2・6H20in ethanol and Si substrates with SWCNT networks were dipped 

for 1 hr， 2 hr， and 4 hr in the solution. And， the samples were heated at 300 oC under Ar 

atmosphere to deposit cobalt oxide on the wall of SWCNTs as shown in Fig. 2. SWCNT 

field-effect transistors (FETs) showed p-type electrical characteristics and on/off ratio 

increased in proportion to dipping time. 
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Fig.2 Atomic force microscope image 
of cobalt oxide-decorated SWCNT 
networks between electrodes 

[1] D. Kang， N. Park， J.-H. Ko， E. Bae， and W. Park， Nanotechno1ogy， 16，1048-1052 (2005). 

[2] B. H. Kim， T. H. Park， S. J. Baek， D. S. Lee， J. S. Park， J. S. Kim， and Y. W. Park， J. Appl. Phys.， 103ラ

096103 (2008). 
[3] V. DeryckeラR.Martel， J. Appenzeller， and Ph. Avouris， Nano Lett.ラ 1(9)， 453--456 (2001). 
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The recent technique for the separation of metal1ic and semiconducting SWCNTs 
opened a new route to high-performance SWCNT TFTs without the effect of metallic 
nanotubes. However， the trade-off behavior between carrier mobility and on/off ratio is 
stil1 a big open question. Instead of present interpretation， in which the origin of由1S
phenomenon is believed as forming pathways ofresidual m-SWCNT， we focused on the 
metallization of s-SWCNT by unintentional doping from ambient condition. If this is 
the case， we can recover semiconducting property through carrier de-doping. For this 
purpose， we applied electrochemical de-doping to s-SWCNT mat using electrochemical 
transistor (ECT). As the results， we observed direct evidences and found c1ear answer 
for the longstanding puzzle. Based on this understanding， we realized very 
high-performance transistors with mobility of more than 30・50cm2/Vs and on/off ratio 
of 10"' _lO

J 

using one of the solid electrolytes， ion gel. In additionラ wefabricated ion-gel 
SWCNT ECT on flexible substrates and investigated the f1exibility of these devices. 

On Si02/Si substrates， the traditional back四 gate Gate Voltage (V) (Ion-Gel) 
type transistor based on s-SWCNT mat reveals 10.3 ~-j o 12  
metallic behavior (gray lineラFig. 1). However， <c 1パ"f
SWCNT ECT， pr叩aredby the same凶 WCNTmat， 'E 10占Ilon-Gel 

shows excellent 0山首ratioof 10勺05(black line， Fig. ~ 1ポ
1)ラ indicatingthat m-SWCNT is not the ongm of ~ 10・7
metallic behavior. We measured capacitance of 雪10.8

シSWCNTmat an~， finally， obtained extremely high .... 10.9 
mobility (~ 50 cmL/Vs). In addition， we have tested ・100 ・50 0 50 100 
bending durability of device on flexible substrates up Gate vo!tag~ (V) (Si02) 

to bencling ang1e' of 180 degree. As shown in Fig. :i， Fig.l Transfer Curves 

during the bending test， both on-and off-current of Curvat川副附伽同

SWCNT ECT wa.s almost constant， and transistor kept 泊三?ψ 寺 子10そOJ27
on/offratio of 10-'. Under the angle of 180 degree， the 刊 4

curvature radius of SWCNT film was 270μm. This g_1n'S! 
curvature radius of 270μm is smal1er than that of 釜山

きィ0-6
recent minimum champion record in organic transistors ;コ
(300 11m). These results obviously show the \10.7~ …ム
high-performance and ultra-high f1exibility of SWCNT -10's[ I urr:curr~nt 

o 30 60 90 120 150 180 
Bending angle (deg.) transistors and open the route to bendable electronics 

based on SWCNT thick film and ion ge1. 
Fig.2 Bending Dependence 
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Advantages of the Use of CNT as Fuel Cell Carbon Supporting Material 
Studied by Impedance Spectroscopy 
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3 JST-CREST， 5 Sanbαncho， Chかodルku，おかo102-0075， Japan 

Fuel cel1 is key technology to convert hydrogen energy into electric power quite efficiently. 

Especially， polymer electrolyte fuel cel1 (PEFC) is promising candidate for the energy sorse of car， 

portable electronic device， and house. Improvement of the PEFC performance is the one of the main 

issue for the commercialization of the device. Carbon nanotubes (CNTs) is emerged as a altemative 

carbon supporting materials from carbon black (CB) due to their high electron conductivity， excel1ent 

electrochemical durability and fibrous structure. In this study， we investigate the effects of the CNTs 

for carbon suporting through the comparison of CB-and CNTゐasedPEFC. Up to date、systematic

studies for this comparison have not been caried our yet since the preparation of the CNT-based 

electrocatalyst without maintaining the original structure was rather difficult. 

We have reported the novel approach for the use of CNT as a 

electrocatalyst. CNT was initially wrapped by polybenzimidazole 

(PBI) and the platinum nanoparticle (Pt) was loaded on the PBl-

wrapped CNT， where the PBI exfoliated the CNT bundle and as a 

glue for the Pt loading on CNT to fabricate the CNTIPBII乍t

composite [1-3]. PEFC fabricated using CNT/PBIIPt was 

evaluated and showed excel1ent performance， in which the PBI in 

the electrocatalyst served as a electrolyte to convey proton in the 

cell [4]. Hereinラ wefabricated CB-based electrocatalyst in similar 

fashin and fabricated PEFC cell to compare the difference of the 

performance. 

Fig. 1 showed the power density curves for CB-based (Fig. 

la) and CNT-based (Fig. 1 b) PEFC measured at the three 

different temperatures. At each temperature， the CNT・based

PEFC showed higher power density and the larger decreasing of 

the PEFC performance by decreasing of the operation 

temperature were observed. Impedance analysis for both cel1s 

were performced at the region of low current density. Large 

increasing of the due to the greater increasing of the resistivity 

for the proton conduction at CB-based PEFC was observed. 

Above resu1ts clealy indicates the proton pathway is smoothly 

connected in the case of CN下basedPEFC [5]. 

[1] Adv. Funct. Mater. 18， 1776・1782(2008). [2] Small 5， 735-740 (2009). [3] Carbon 47， 3227-
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Toward graphene and single四 walledcarbon nanotube composite devices 
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Single-wal1ed carbon nanotubes (SWNTs) and graphene are remarkable new functional 
materials， leading the frontier nanoscience and nanotechnology in the next century. They are 
also ideal candidates for building blocks of fu旬reelectronic nanodevices due to their unique 
electronic properties and exceptional flexibility. Tans et al. and Novolselov et al. have 
reported the preparation of SWNTs and graphene and observed the electric field effect in their 
sample [1，2]. Here， we report the simultaneous synthesis of graphene connecting two SWNT 
regions， forming a transistor device morphology. 

Figures l(a) and (b) show the morphology as observed by scanning electron microscopy 
(SEM). The fabrication process is as follows. First， we used a standard optical 
photolithography process to generate patterns at desired locations on a Ni substrate (thickness 
~25 um). Al (15 nm) and Co (0.2 nm) were deposited by sputtering. Next， SWNTs and 
graphene were synthesized simultaneously by alcohol chemical vapor deposition (ACCVD) at 
850

0
C for 3 min [3]. The SWNTs will act as the source/drainラ whilethe graphene acts as the 

channel. The graphene monolayer was identified by optical contrast in an optical microscope 
and subsequently confirmed by Raman spectroscopy. The SWNTs/graphene was transferred 
from the Ni substrate to poly(vinyl alcohol) (PVA). Figs l(c) and (d) show Raman spectra 

(入=488 nm) obtained from the corresponding electrode and channel locations indicated in 
Fig. l(b). All measurements were performed at room temperature (293 K). 

8鵬 滋織。 協繍 附総 附 滞 納織 Z劇場 瀞梯

説繍同総ゐ脳縫い鵬') 甑g醐糊繕I!lft(e馳

Fig.l (a)， (b) SEM image ofthe pattered SWNT/graphene 
r巴gions;(c) typical Raman spectrum obtained from the 
SWNT region; (d) typical Raman spectrum obtained from 
the graphene region. 

ー 70-

[1] S. 1. Tans et al. Nature 393， 49 (1998) 

[2] K. S. Novoselov et al. Science 306， 666 

(2004). 
[3] S. Maruyama et al. Chem. Phys. L巳tt.360， 
229 (2002). 

Corresponding Author: S. Maruyama 
Tel: +81-3-5841・6421，Fax: +81・3-5800-6983，

E-mail: maruyama@photon.tル tokyo.ac.jp



lP-27 

Design and preparation of a fuel cell electrocatalyst composed carbon 

nanotube-supported sulfonated polyimide and Pt 
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Hybrid metal nanoparticles and CNTs are attractive materials especially as fuel cell 

electrocatalyst due to the large surface area， remarkable electric conductivity and excellent 
electrochemical durability of CNTs. In this study， we used sulfonate poly 

[(2，2-benzidinedisulfonicacid)-alt( 1，4，5 ，8-naphthalenetetracarboxylicdianhydride) ](SPI;Fig.l ) 

as a polymeric anchors to load Pt nanoparticles on the surface of multi -walled carbon 

nanotubes(M¥¥刊Ts). Sulfonated polyimides that function as proton conductive 

polyelectrolytes are considered to be as promising polyelectrolytes for polymer electrolyte 
fuel cell (PEFC).The use of polyelectrolyte as an anchoring unit is advantages in view of the 

practical application for the PEFC since the ion are required to move smoothly in the 

electrocatalyst layer and the electrolyte in necessary in the layer. The anchoring SPI 

effectively worked as a proton conductive path in the electocatalyst. Cyclic voltammetry 

measurements have revealed that the Pt nanoparticles deposited on the SPI -wrapped MWNTs 

have a high electrochemically active surface area. These results provide useful information for 

the design and fabrication of triple phase interface stmctures of fuel cell electrode catalysts 

with high efficient performance. 

Fig.l Il1ustration of a CNT/SPUPt. 

[1] Okamoto， Fujigaya， Nakashima， Adv. Funct. Mater. 18，1776 (2008). 
[2] Okamoto， Fujigaya， Nakashima， Sma11. 5ラ 735(2009). 
[3] Fujigaya， Okamoto， Nakashima， Carbon 47，3227・3232(2009). 
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Carbon nanotubes (CNTs) have many superior properties and have attracted much attention， 

especially in the field of electronics such as field effect transistor (FETs). Carbon nanowalls 

(CNWs) are the nanocarbon materials consisting of nano scale graphene sheets. Vertically 

standing CNW s with high surface司.ω-volumeratio serve as an ideal catalyst support material 

for fuel cells and gas detectors. Noticeably， however， there are few works focusing on the 

hybrid of such nanocarbon materials， and a successful fabrication of hybrid materials with 

CNTs and CNW s has not been realized so far. A helicon discharge is known as a powerful 

method to generate high density plasmas under a low pressure condition [1]. Since neutral gas 

species are highly decomposed in the helicon plasma， it is possible to produce high quality 

nanocarbon materials by helicon plasma chemical vapor deposition (CVD). Based on this 

background， we attempt to fabricate a novel hybrid nanocarbon material with CNTs and 

CNWs (CNWs/CNTs) by helicon plasma CVD. Produced materials are characterized by 

scanning electron microscopy (SEM). It is revealed that there are no any CNWs on a Si02 

surface after the helicon plasma CVD， whereas CNWs are grown on the surface of SWNTs. 

This indicates that CNTs enhance the nuc1eation of CNWs growth. Furthermoreラ itis found 

that the alignment of CNWs against to CNT can be controlled by adjusting ion energy (ED 

coming to the substrate during the CNW s growth. Thus， CNW s uniformly align with an 

increase in Ei (Fig. 1). 

Figure 1: SEM images ofCNWsぶtlWNTs.(a)Ei= 60 eV， (b)Ei= 110 eV， (c)Ei= 130 eY. 

[1] G. Sato， W. Oohara， and R. Hatakeyama: Appl. Phys. Lett. 85 (2004) 18. 
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Macroscopic structure司 controlledassernblies of carbon nanotubes (CNTs) that utilize and 
expand their excellent yet rnicroscopic properties including high rnechanical strength and high 
electrical and therrnal conductivity are desired for a wide range of applications， In particular， 
the CNT yams would be useful as conductive wires for an applied technology including 
electronic devices which ernploy fine and flexible interconnections with the high conductivity， 

Considerable researches regarding the continuous spinning systern to produce CNT yams 
have been perforrned [1-4]. These researches have suggested that， besides a rnicroscopic 
structure of CNTs (length， crystalinity， and so on)， the orientation and interfacial controls of 
CNTs in their yams significantly affect the electrical properties [5-7]. 

In this study， we have continuously synthesized CNTs with the diarneter of 2-3 nrn [8] by 
the enhanced direct injection pyrolytic synthesis (eDIPS) rnethod [9] and directly spun thern 
into yams. The eDIPS rnethod affords the production of high quality CNT of which highly 
controlled diarneter. CNTs were synthesized by using toluene and rnethane as the prirnary and 
the secondary carbon sourcesラ respectively.The CNT sock getting out of the reactor was 
introduced into a water bath with a reel consecutively in order to shrink and wind up the yam. 
The CNT yams were dried up and further cornpressed. The structural characterization of CNT 
yams perforrned by SEM observation clearly showed that a set of process afforded 
uniforrnly-sized CNT yams with rectangle cross-section with the width and height of ca. 170 
x 15μrn respectively. In addition， the partial orientation of CNTs in the yam was also 
observed. The electrical resistivity evaluated by four-terrninal rnethod proved the electrical 
resistivity of CNT yams in the order of 10-6 Qrn along the long axis of yams. 

[1] YL. Li et. al. Science， 304， 276 (2004) 

[2] XH. Zhong， Adv Mater. 22，692 (2010) 
[3] B. Vigolo et. al. Science， 290， l331 (2000) 

[4] M. Zhang et. al. Science， 306， l358 (2004) 

[5] Q. Li et. al. Adv. i凶 ter.19， 3358 (2007) 

[6] K. Liu et. al. Nano Lett. 8， 700 (2008) 

[7] M. Miao Carbon， 49，3755 (2011) 

[8] K. Kobayashi et. al. 2-11ヲ The41 st Fullerenes-Nanotubes-Graphene General Symposium 
[9] T. Saito et al.， 1. Nanosci. Nanotechnol.ラ 8，6153 (2008). 
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Phospholipids are bio-compatible compounds available with wide diversity in chemical 
structures. Some of them self-organize to form 0 
vesicles in water. It has been know~ that， although ，.." ，，..，，， ] 

CH3(CH2)n_2C-O-CH2 common phospholipids such as lecithin ~， '，j\~' 'Lm-L~ ~ i 
(2CI6.・choline，see the right scheme for symbols) do ~ 

11 not disperse single-walled carbon 附

(βSWCN汀Ts)in water， a phospholipid derivatized with 0 
卯阿附l砂刷y
Previously， we have reported出札 bymixing a v町 ι b 
small amount of 2C18-PEG to lecithin， the mixed 
phospholipid is able to disperse SWCNTs. 2Cn-X 

It is of great interest to find out if this mlxmg method applies to other kinds of 
phospholipids and to clarify any differences in their dispersing properties for understanding 
the dispersing mechanism. In this study， we report dispersing characteristics of SWCNTs by 
mixtures of2C18♂EG with various kinds of phospholipids (changing n and X in 2Cn-劫.

The cases of 2CI8-PEG mixed with 2Cl6-choline and 2C18-choline are shown in the 
graphs. The critical dispersion concentration， the minimum concentration of 2C 18早EGat 
which SWCNT starts to disperseラ arenearly independent of the alkyl chain length of choline 
lipids. In contrast， the maximum dispersed amount differs nearly 4 times. The results of 
systematic study in alkyl chain length and other head groups will be reported. 
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Nano-meter scale space inside the carbon nanotube can accommodate foreign atoms or 
molecules those form unusual conformations. It is well known that the conformation for 
nanometer scale and low-dimensional materials plays crucial role to determine the electronic 
properties of resultant materials. For instance， the encapsulated C60 molecules form 
one-dimensional chain inside carbon nanotubes and they can easily transform into carbon 
nano-capsules via polymeric chains of C60・Asis shown in the previous works， electronic 
structures of such polymeric C60 chains and nano-capsules are totally different from that of 
the C60 solid with face-centered cubic structure. Recently， the encapsulation of coronene 
molecules into carbon nanotubes has been reported andラ insome cases， the encapsulated 
coronene molecules coalesce with its a司jacentforming coronene oligomers. Thus， in the work， 
we investigate the energetics and electronic structure of coronene polymers inside carbon 
nanotube by performing the first-principles total-energy calculations in the framework of the 
density functional theory (DFT). 

Our DFT ca1culations show that the encapsulation reaction of double四 decker
coronene-polymers is exothermic for the nanotubes whose diameter is thicker than about 1.4 
nm. The largest energy gain upon the encapsulation is about 1.5 e V per coronene molecule. 
We also found that the encapsulation energy strongly depends on the mutual arrangement 
between polymer chains. The electronic structure of the carbon nanotubes encapsulating 
double-decker coronene-polymer exhibits unusual properties. The hybrid systems are ranging 
from a metal to a semiconductor depending on the mutual stacking arrangement of 
encapsulated coronene polymers， although an isolated coronene polymer is a semiconductor 
with the energy gap of 0.7 e V. This unusual electronic structure is ascribed to the substantial 

interaction among the electron-states of each constituent. 
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3 Nanosytem Research Institute， AIST， Tsukuba， 464-8602， .fIαrpan 

4JST， CREST， Kawaguchi， 332-0012， Japan 

Single-walled carbon nanotubes (SWCNTs) encapsulate many kinds of materials in 

their inner hollow cavities with a typical diameter of 1 nm. SWCNTs filled with 

fullerenes， so白 called“peapods"have attracted considerable attention due to their 
peculiar structural and electronic properties. It is well known that fullerenes peapods are 
transformed into double-walled carbon nanotubes by high temperature annealing. 

However， the formation mechanism of peapod-derived DWCNTs is not yet understood. 
We have studied the growth process of inner CNTs from C60 fullerenes with using J.JC 

NMR and x-ray diffraction techniques. Fig. 1 shows the 13C NMR spectral evolution as 

a function of annealing temperature and of the processing time. The observed spectra 
exhibit a narrow line (around 100 ppm) originating from encapsulated C60 molecules 

superimposed on a broad powder pattern ansmg from inner and outer CNTs. The 
narrow line decreases gradually in intensity with increasing annealing time. The 

spectrum for the sample annealed for 14 hours at 1200
0

C shows only a broad powder 

pattern line shape typical for Sp2 hybridized carbon. These results indicate encapsulated 

C60 molecules coalesce into inner CNTs. The x-ray diffraction patterns in Fig. 2 also 
suggest the growth of inner CNTs by high temperature annealing. The growth process 

of inner CNTs from C60 fullerenes will be discussed based on the NMR and x-ray 
diffraction results. 
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Nano-structured graphene such as the graphene point contact is one of the most 
interesting systems in view of a study on the effect of potential barrier of the edge region of 
the sample and the carrier puddling at Dirac point on the transport properties of graphene. 
Scanning Gate Microscopy (SGM) is a power白1tool to investigate the effect of the local 
electronic structure on the transport properties [1]. In SGM， the effect of the local electrostatic 
modulation on the transport is obtained as the 2D conductance mapping as a function of the 
position of the scanning gate. In this s印dぁtheSGM instrument able to operate under UHV， at 
low temperature down to 2 K， in the magnetic field up to 8 T， is developed based on existing 
LT-STM system as schematically shown in Fig.l. Graphene point contact structure is 
characterized toward SGM investigation on graphene. 

The point contact structure of few layer graphene was fabricated by annealing of SiC at 

1750 oC and following photolithography and oxygen plasma etching processes， where the 
influence of the local potential by the scanning gate significant1y affects on the electron 
scattering at a narrow bridging region between two electrodes. To compare the behavior of 
carriers in graphene with those in ordinary metalsラ weemployed the Au point contact device 
on SiC as reference. SGM measurement was performed in lift-up manner， where tip went over 
10 nm above the height mode scanned trajectory. 

The point contact structure of graphene and Au having 700 nm channel width and 40 nm 
height was successfully fabricated as shown Fig. 2 a). SGM image of Au point contact 
showed no variation in the conductance， being consistent with the short mean free path and 
the higher Fermi energy of Au electron system. 

Fig. 1 Schematic diagram for SGM measurement 
Fig. 2 a) Optica1 microscope image of Au point contact 

b) STM height image of square region of a) 

[1] M. A. Topinka，θt aJ. SCIENCE 289， 2323 (2000) 
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Graphite oxide (hereafter GO) is easily exfoliated in polar solvents and thin film is easily 
obtained from the resu1ting dispersion. The reduction of GO thin film provides transparent 
and conducting electrode， however， the sheet resistance of the film with high transparency is 
still large because of the low conduction of electrons through the boundary between the 
reduced GO sheets [1]. In this study， in order to achieve higher affinity between GO sheets， 
theyare covalently decorated with pyrene moiety. 

GO was prepared by Hummers method from natural graphite powder with partic1e size of 
57-74μm. It was reacted with 1-aminopyrene (abbreviated as Py; 1-50 mM) in 

dimethylformamide for 1-4 days. As a catalyst， 1-eth)日ー(3-dimethylaminopropyl) 
carbodiimide hydrochloride (EDC) was added. N司 hexadecylamine molecules were 
intercalated into the resu1ting samples and they were dispersed in chloroform. The Py content 
was determined from the absorption at 349 nm observed for the dispersion. 

Fig.1 shows the X-ray diffraction pattems of GO reacted with Py under various reaction 
conditions. The difl合actionpeak at 28=11.80 due to GO shifted to lower angles with 
increasing in the reaction time or concentration of Py， and reached at 28=6.90

• The shift of 
diffraction peak was very small when only Py or EDC was added to the reaction system. The 
absorption peak ascribed to amide groups appeared in IR spectra of the Py attached samples 
and at the same time those of oxygen functional groups became weaker. These results indicate 
that Py moieties were covalently introduced not only to the edge of the GO sheets but also on 
the layer surface of GO. Moreover， GO 
layer was considerably reduced， which was 
supported by the reduced intensity of the 
peak at 286 e V due to carbon atoms bonded 
to oxygen in XPS data for the samples 
reacted with Py. The interlayer spacing of 
the Py attached GO increased after 
intercalation of n-hexadecylamine and the 
resulting materials were well dispersed in 

chloroform. In UV spectra of the 
dispersions， the peaks at 244， 281 and 349 
nm due to Py were observed and the 
content ofPy reached 27 meq/100g ofGO. 

[1] Y. Matsuo， K. Iwasa， Y. Sugie， A. Mineshige 
and H. Usami， Carbon， 48，4011-4014 (2010) 
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Kelvin force rnicrocopies (KFM) are widely used to investigate electronic devices such as 

field effect transistors (FET). Electric potential distribution in graphene FETs are very crucial 

to understand the basic device properties. Especial1y， charge trapped in contarninations 

attached during device fabrication is strongly correlated to the field effect doping of charge 

carriers， electron and holes. Here， we investigate the electric potential distribution of graphene 

FETs using KFM technique. 

Graphene FETs on Si02/Si exarnined in this study were fabricated through a well 

established transfer technique of graphenes using a polyrner filrn and a conventional 

photolithography technique， where the graphene was grown by solid phase CVD rnethod 

using a Cu catalyst and polyrnethylrnethacrylate as so1id source of carbon. Grown tri-layer 

graphene was used as channel of FETs. Figure 1 (a) shows the transfer characteristic FET. 

Figure 1 (b) shows a topographic irnage of FET sirnultaneously obtained frorn KFM at the 

pressure of ~ 10-5 Pa. The field effect rnobility was estirnated to be ~ 1000 crn2 
/V s frorn the 

potential slope of the graphene channel rneasured frorn KFM. Thus， the graphene synthesized 

frorn solid source as wel1 as that frorn gas source shows a good electronic property. Figure 

1 (c) shows the electric potential distribution related to a boxed region shown in Fig. 1 (b) with 

the presence of sorne contarninants， 

where the source-drain voltage and 

back gate voltage are fixed at 1 and -1 

V， respectively. As shown in Fig. 1 (c)， 

contarninants are negatively charged， 

where the potential profile for A-B is 

plotted in Fig. 1 (d). This irnplies that 

these negatively charged sites are one 

of ongms of the positive shift of 

Dirac point shown in Fig. l(a). Thus， 

we found that the negatively charged 

contarninants on graphene channel 

affect the hole doping in 

graphene-FETs even in the graphene 

S戸lthesizedfrorn the solid source. 
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Graphene nanoribbon (GNR) is predicted one of the most remarkable materials for 

the fabrication of nanoscale electronic devices. Thusラ particularattention has been paid to 

prepare graphene into a GNR， where the opening of an energy gap in determining GNR 

optical properties was expected because of the confinement and edge effects. [1，2] 
Recently， preparation of atomically precise zigzag GNR was reported.[3] Acene type GNR 

has not been synthesized from small molecules. 

We previously demonstrated a single-molecular processing technique using 

electrochemistry， termed‘electrochemical epitaxial polymerization¥[4，5] We synthesized 

2D thiophene polymer by electrochemical epitaxial polymerization and. thermal 

conversion.[6] This research， we examined build-up synthesis of functionalized GNR 2 by 

using the perylene bisimide derivative 1 as a monomer. We investigated synthesis of 

polymer on substrate surface. Thin film of 1 on substrate was prepared by vacuum 

deposition technique. Thus prepared film was thermally treated using an electric fumace. 

The materials prepared by thermal treatment were evaluated by Raman spectroscopy， UV-vis 
spectroscopy， etc. 
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Graphene， a two-dimensional sheet of carbon hexagons， 
can be grown on metal catalyst surface by chemical vapor 

deposition (CVD). On the other handラ annealinga graphene 

film supporting metal nanoparticles in H2 atmosphere induces 

the reverse etching reaction (Cg即 hen巳+2H2→ CH4↑). It 
was reported that Fe and Ni nanoparticles can induce this 

etching reaction for exfoliated graphene and it 
Fig.l Schematic ofmetal-catalyzed 

preferentially occurs along specific crystallographic ~~i~o~r;~i~~~~hin~-~f~l:;phene. 
orientations (mainly， zigzag direction) of graphene， as 
shown in Fig. 1 [1-4]. This metal-catalyzed etching can be applied to the graphene 

engineering including the fabrication of graphene nanoribbons with defined edges. 

Hereラ we report systematic study of the graphene-nanoparticle reactions at high 

temperature. We studied various metal nanoparticles， such as Ni， Mo， Pt， and Au， and found 

that all these metals show the anisotropic etching for few-layer exfoliated graphene. The 

etching yield increased with increasing the annealing temperature; high etchig density was 

observed at 1000 oc (see Fig. 2a)ラ whilea few etched lines were observed at 900 oc. Also， 
the width of etched lines became wider with increasing the annealing temperature， ref1ecting 
the increase of the metal nanoparticle size. Interestingly at high temperature， 1100 oc， 
growth of carbon nanofibers was observed instead of anisotropic etching (Fig. 2bラc).

In the presentation， we also show the result of the metal-catalyzed etching for our 

high-quality cvn古rowngraphene with well-defined hexagon orientation [5-7]. Our recent 

attempt to fabricate graphene nanoribbons by anisotropic etching will also be demonstrated. 

Fig.2 SEM images of exfo!iated graphene after annealing at 1000 oC (a) and 1100 oC (b) in the presence ofNi 
nanopartic1es. (c) TEM image of carbon nanofibers indicated in (b). 

Acknowledgement: This work is supported by JSPS Funding Program for・NextGeneration World-Leading 
Researchers (NEXT Program). 
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Stone-Wales (SW) defect， composed of pentagon-heptagon pairsヲ isregarded as the most 

valuable reconstruction fragment because it can alter the electronicラ mechanical，transport and 

magnetic properties of a graphene sheet. 1-2 However， the altemate properties caused by defects are 

sometimes unfavorable to applications of graphene in hyperfine nanodevices. Consequentlyラ an

important question is how to restore SW defects in graphene to obtain a pure periodic structure 

including only hexagons. In the present work， a novel meta1-participating rearrangement 

mechanism of graphene is e1ucidated via density functional calcu1ations. Results show that the 

barrier for the e1imination of Stone-Wa1es defect can be decreased by the adsorbed transition metal 

atoms (Cu， Ni， Fe， Cr， Mo， and W). Especially， the tungsten atom can indeed lower the energy 

barrier markedly. 

The reaction pathway for the W-catalyzed Stone-Wales transformation is exhibited in Scheme 

1. It is found that the reconstruction with meta1 catalysis involves not only the migration of a C2 

unit but also the movement of metal atom and carbon dimer perpendicular to the graphene plane. 

The activation barrier from the defective side is 2.86 eVラ whichis rather smaller than that of the 

Stone品Talesreaction without catalysis in graphene (more than 6 eV). Based on the transition state 

theory (TST)ラ weconsider that 1000 K is a prop巴rtemperatur巴ωyie1dthe pure nanographene， at 

which the pre-existing defect might be restored rapid1y and by which 5-7 pairs can hardly be 

regenerated. Such a conc1usion might be of great importance for the fabrication of perfect 

nanographene in the laboratory by controlling the reaction temperature 

topview 

re議ctant TSl 泌総r搬恋d泌総 TS2 

討議eview

。命ド命令。

Scheme 1 Reaction pathway for the W -catalyzed Stone-Wales transformation in top and side views. 
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Since the discovery of carbon nanotube and graphene， carbon-based nanomaterials are currently at the 

forefront of materials research because they can be used in many fields of electronics and biosensors due 

to their unique physical and chemical properties. Furthermore， theoretical and experimental 

investigations have shown that nitrogen doping in those carbon nanomaterials can tai10r their electronic 

properties. Carbon Nan sheets (CNSs， also named as carbon nanowalls， graphene nanoflakes et al)， one 

of carbon-base nanomaterials and consist of few layers of graphene， have also have attracted great 

attention because of their excel1ent properties and promising applications. Takeuchi et al reported that 

the electrical properties of CNSs can be adjusted by nitrogen addition in C2F6/H2 system using 

plasma-enhanced chemical vapor deposition [IJ， and also exhibited that the enhanced field emission can 
be obtained for CNSs treated by nitrogen plasma [2]. Those resu1ts show that the electrical structure and 

morphology of CNSs can be controlled by nitrogen addition during the synthesis of CNSs or by 

post-treatment of N2 plasma. Both electrical structure and morphology of CNSs might also play very 

important role in the electrochemical properties of electrodes modified by CNSs. Howeverラ tothe best of 

our knowledge， the electrochemical properties of the electrodes modified by nitrogen-doped CNSs have 

not been systematical1y investigated so白r.

In this work， we investigated the effect ofthe N2 plasma treatment on the sur白ceofthe CNSsラ which

grew on the Cu substrate by microwave plasma-enhanced chemical vapor deposition at relatively low 

temperature. Figure 1 shows SEM images of CNSs before and a丘町N2plasma treatment. It can be seen 

that the morphological structure of CNSs has obviously been changed a立erN2 plasma treatment. The 

detai1ed results incIuding the structures and electrochemical properties of nitrogen doped CNSs will be 

presented in the coming conference. 

Figure 1 SEM images ofCNSs before (a) and after (b) nitrogenplasma treatment. 

1. W. Takeuchi et al.， Appl. Phys. Lett. 92， (2008) 213103. 

2. ¥¥人 Takeuchiet al.， Appl. Phys. Lett. 98， (2011) 123107. 
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Edge structure， width and defects of graphene and graphene nanoribbons (GNRs) 

significant1y affect their physical properties. For example， the band gap of GNRs changes 

depending on the width of GNRs. The combination of TEM-based structural 

characterization and the physical property measurements isラ thereforeラ essentialto understand 

the intrinsic properties of graphene and GNRs. For this purpose， we have concentrated on 

the preparation ofthe TEM-compatible device where graphene 

and GNRs are suspended between two electrodes for electronic 

properties measurement and the substrate undemeath has been 

etched off to ensure penetration of electron beam through the 

sample (Fig. 1). Here， we report a preparation of suspended 

graphene and GNRs by a direct transfer of graphene grown by 

chemical vapor deposition (CVD)品110wedby plasma etching. 

Graphene was grown by 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 

direct1y tr百 lsferred onto the pre-fabricated substrate 

possessing electrodes and the penetrating hole. Figure 2 

shows an electron diffraction pattem of the so-prepared 

suspcnded graphene. As clearly seen in the figures， the 

prepared suspended graphcne is a clean monolayer graphene. 

Raman spectroscopy has also shown the successおl

preparation of suspended monolaycr graphene device. 

五lectrodes

Fig. 1 A schematic illustration of 

the suspended graphene device 

After preparation of the suspended graphene， a plasma Fig. 2 An electron diffraction 

etching was performed to fabricate GNRs from graphene. pattem of suspended graphene 

In the presentation， details of the device preparation and characterization including TEMラ

Raman spectroscopy and transport properties wiU be discussed. 
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Abstract 

There is an intrinsic valley magnetic moment (VMM) in graphene [?J， which 
can be used to design valley device. The accurate study of VMM is there-

fore very important， both from theoretical aspect and from practical aspect. 
Howevl民 sincein g叫 henethe effective coupling é~V rv 1， it is questionable 
that to what extent the perturbational calculation is valid. 

To do this we first study carrier interactions. The study shows that， be-
sides the well-known Coulomb repulsion between electronsう thereare also 

four-fermion interactions associated with U-process. The four-fermion in-

teractions are type dependent and one of them attracts carriers in di旺erent

valleys. Correspondinglyヲthetotal relative contribution to VMM are 

e2 mYs I 1 ， 1.55εm α、

一 一一一4εhの 47rn2v2 - '""'¥ 4 I 4π厄u ノヲ

where α=  e2/(εnv)回 0.73when ε= 3. The first term is vertex correction 

and the second term four-fermion correction. If we choose m = 0.26eV [?Jう

the relative modifications are about -18% and 3σ10 respectively. Since the 

corrections are independent on the divergence of the loop calculationsうVMM

can be used to check the validity of the perturbational calculation. 
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[1] D. Xiao， W. Yao and Q. NiuぅPhys.Rev.Lett.99ぅ236809(2007). 

[2]S.Y. Zhou， et αl， Nature Mater. 6，770 (2007) 
Corresponding Author: Daqing Liu 

E-mail: liudq⑬mail.xjtu.edu.cn 

-85 -



lP-42 

Geometries and Electronic Structures of Diamond N anoparticles 

o Katsumasa Kamiya and Susumu Okada 

Graduate School of Pure and Applied Sciencω， UniversiσofTsukuba， 1-1-1 Tennodai， 

Tsukubα'，Ibαraki 305-8571， Japan 

The investigation of the detailed structures and properties of the nanoscale diamond 
clusters has recently been the subject of research， with the pu叩oseof developing applications 
in medical and biological fields such as new platforms for drug carriers and cell imaging. In 
addition， investigation of their geometric and electronic properties is highly desired in 
applications of nanotechnologiesラ sincediamond nanoparticles act as effective seeds for the 
growth of carbon nanotubes and polycrystalline diamond films. However， despite the 
extensive experimental and theoretical outcomes， their fundamental characteristics are still far 
from being白llyunderstood. In nanometer-scale clusters， reconstruction of surface atoms is 
important factor in determining their energeticsラ geometryand electronic structure due to the 
high surface-to-volume ratioラthemultiple forms of the hybridizations， i.e.，平ラ Sp2，Sp3ラand
bond flexibility in the small clusters. Thus， to specifically provide theoretical insight into the 
geometric and electronic structures of the diamond nanoclusters， we here studied the 
geometries and electronic structures of diamond nanoparticles on the basis of the density 
functional theory (DFT). As representative structural models for diamond nanoclustersラ we
consider nine diamond clusters with diameters ranging from 0.6 nm (35 C atoms) to 1.4 nm 
(253 C atoms). 

Our DFT calculations clarify that the surface morphology strongly depends on the size of 
the diamond clusters. For clusters with diameters greater than 1 nm， the substantial surface 
reconstruction leads to a transformation of their outermost shell into a graphitic structure that 
wraps around the inner core. The surface reconstructIon also results in both平3andsP2 
bonding features in their electronic structures. Furthermore， a detailed analysis of the 
electronic structure of the diamond nanoclusters reveals that the electronic property depends 
sensitively on the size and surface morphology of the clusters. This finding implies that the 
surface reactivity of the diamond nanoclusters could be controllable by proper tuning of 
cluster size and its surface shape. 

00 M ~ 

[oolj 

p峨ム[01的

Fig. 1. Geometries for the (a) 147ーラ (b)159-， and (c) 253-atom nanoclusters. 
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Toxicity of nanometer-sized carbons depends on their size， shape， and functionalization. 
Long and rigid multi-wal1ed carbon nanotubes show toxicity similar to that of asbestos， while 
short carbon nanotubes show less toxicity. Toxicity of carbon nanohoms (CNHs) are known to 
be small from in vitro and in vivo tests as long as the dosage is not in the abnormal level， 

which is reasonable as the CNH aggregate size is about 100 nm. The cytotoxicity of CNH 
appeared when the cellular uptake quantity of CNH was extremely large as studied by using 
macrophage RAW264.7， where the cell death mechanism was necrotic and apoptotic. The 
RAW264.7 cells generated ROS and caused lysosomal membrane destabilization by the high 
uptake of CNH， which could be the main reason of the cell death [1]. In that study， the cellular 
uptake quantity was increased by increasing the agglomerate size of CNH aggregates. In this 
study， we reduced the agglomerate size by increasing the dispersant agents of CNH， and 
studied the cytotoxicity of CNH. 

The CNH dispersion was first prepared in PBS (10 mg/mL) using various amount of 
phospholipid PEG (DSPE-PEG: 1，2田 distearoyl-sn-glycero-3 -phosphoethano lamine-N-[ amino-

(polyethylene glycol) 2000] (ammonium salt)) as a dispersant agent (CNH: DSPE-PEG = 
1 :0.25~ 1:3). Then， the dispersion was diluted with culture medium (RPMI 1640ラ 0.125
mg/mL) and DLS analysis was performed. With the increase of DEPE-PEG， the agglomerate 
size decreased down to 100-150 nm， indicating that the CNH aggregates were dispersed 

almost individually in the culture medium. 

CNH dispersed with DSPE-PEG in PBS was added to RAW264.7 cultured in culture 
medium ofRPMI 1640. Final concentrations ofCNH in the culture medium were 0.03， 0.1， 
and 0.3 mg/mL. The cell death was evaluated by Bradford assay and G6PD assay after 24 h 
incubation. The results showed that low concentration of CNH (0.03 mg/mL) had very low 
cytotoxicity irrespective of the DSPE-PEG quantity. Interestingly， the high concentration of 
CNH (0.1 and 0.3 mg/mL) induced the cell death that depended on the quantities of 
DSPE-PEG in a complex manner: With the increase of DSPE-PEG (1 :0 .25~ 1 :0.5)， the 
cytotoxicity of CNH decreased， however， further increase of DSPE-PEG (1 :0.5~ 1 :3)， the 
cytotoxicity increased. The reason for these unusual results will be discussed in the 

presentatlOn. 

[1] Y. Tahara， M. Nakamura， M. Yang， M. Zhang， S. 1討ima，M. Yudasaka. Biomateriαls. 2012 In press. 

Corresponding Author: M. NakamuraラM.Yudasaka 
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MT7 RH 
っナ =COS({J・R=勺亨Fこ二号
r vW' + HL 

where H = h/2π[2]. We found that there is a strong 

correlation between MF / F and H as shown in Fig. 2. 
This work has been partly supported by the Research Project of 

the Venture Business Laboratory白'omToyohashi University of Technology (TUT); Global COE 

Program "Frontier of Intelligent Sensing" from the Ministry of Education， Culture， Sport， Science and 

Technology (恥1EXT);Core University Programs (JSPS-CAS program in the field of "Plasma and 

Nuc1ear Fusion") from the Japan Society for the Promotion of Science (JSPS); and Grand圃 in-Aidfor 

Scientific Research from the MEXT， The Hori Sciences and Arts Foundation， and Tokai Foundation 

for Technology. 

[1] L. Ci， et al : Mater. Lett.， 43 (2000) 291-294 

[2] X. Chen， et al : Nano. Lett.ヲ3(2003) 1299-1304 

Carbon nanocoi1 (CNC) is a carbon nano fiber which has a 

helical shape. Its fiber diameter is 100-500 nm. We focus on 

the elongation of CNC for nanodevices application. 

Graphitized carbon nanofiber has been reported to have 

higher crystallinity than as-grown carbon nanofiber [1]. In 
this study， we compared the tension deformation 

characteristics between as-grown and graphitized CNCs. A 

CNC was fixed to a substrate by a focused ion beam (FIB). 

Then we observed the elongation and fracturing of CNCs by 

gradually changing the substrate height at a constant speed 

in the FIB chamber. We obtained experimental results ofthe 

tensile deformation of 8 as-grown and 8 graphitized CNCs. 

Fig. 1 shows a schematic representation of tensionラ NF，

shearラ QF'bending momentラ MF'and torsion， TF， at the 
cross section of a helical spring， which were caused by 
applying a uniaxial tensile， F [2， 3]. We focused on 

variation of the ratio of M F to F (M F / F) on the coil pitch， 
H. MF/F can be expressed as follows [2] : 
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[3] A.M. Wahl: MECHANICAL SPRINGS， Westinghouse日ectric& Manufacturing: New York， 1944 
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Hybrid carbon materials at nano朝日calehave attracted much attention because of their novel 

physical and chemical properties. ln the present work， we engineer a new hybrid carbon 

nanostructure， namely periodic nano-ridges (PNRs)， which consist of graphene mono-layers and 

zigzag (8ラ。)single-walled carbon nanotubes. As shown in Figure 1， two types of stable complexes 

are located at the PBE level of theory. In the first type (named as PNRぺ)， the zigzag nanotube is 

covalently bonded to the graphene layer and the distance between the bottom of nanotube and 

graphene is about 1.64 A. As for another type (nominated as PNR・2)，the complex is stabilized by 

a physical adsorption between two periodic structures and the corresponding distance is about 3.53 

A， which is similar to the interlayer distance in graphite. Thermodynamically， the binding energies 

are -14.95 and -0.82 eV for PNR-l and PNR-2， respectively， which suggest that PNR-l， the 

chemical bonding compound， is more thermodynamically favorable. Moreover， the ab initio 

calculations are performed to explore the potential energy surfaces (PES) of the hybrid structures 

to study the intennolecular interaction (IMI) between graphene and nanotube. Kinetic simulations 

suggest that the nearest distance between nanotube and graphene is 2.00 A at the transition state， 

as shown in Figure 1. The barrier 仕omPNR-l and PNR-2 are 3.45 and 0.87 eV， respectively. 

In order to uncover the electronic properties of these two kinds of hybrid structuresラ the

electronic band structures of PNRs have been investigated (Figure 2). It is known that graphene 

mono-layers are semi-metal1ic and (8， 0) zigzag nanotubes are semiconducting. Clearly， with 

nanotube bonded to or adsorbed on a graphene layer， band gaps arise. The band gaps of PNR-l 

and PNR-2 are 0.059 and 0.117 eV， respectively， which means both the two structures are 

semiconducting. Furthermore， the band gap of each PNR appears between the highest point of the 

valence band and the lowest point of the conduction band at the same k-point. Consequently， a 

direct band gap is formed as one of desirable properties of photocatalysts. Additionally， in 

comparison with the pristine graphene or nanotube， the hybrid states above the Fermi level ofthe 

PNRs are increased remarkably， which provide a larger possibilities for chemical functionalization 

with other atoms or molecules. 
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Figure 2 Electronic band structures 

of PNR-l (a) and PNR-2 (b). 



2P-l 

Observation of cluster growth by Fourier transform ion cyclotron 

resonance mass spectrometry 

oHirokazu Kobayashi 1， Shohei Chiashi 2ラ ShigeoMaruyama三ToshikiSugai 1 

lD句partmentofChemistry， Toho University， Chiba 274-8510， Japan 

2 School of Mechanical Engineering， The UniversiかofToわ叫おか0113-865丘Japan

Fourier transform ion cyc1otron resonance mass spectrometry (FTICR) has been utilized to 
trace long-term c1uster reactions with high mass resolution[ 1]. Clusters are trapped in an ICR 
cell under high magnetic field for more than 1 min. with cyc1otron motion of ~ 1 00 kHz. To 
enhance these properties， it is important to study the trap processes and the time profiles of 
the reactions. Here， we present the observation of fullerene growth with over 1 min. long 
periodic motion in the trap. 

The experiments have been performed in The University of Tokyo. C60 + ions were 
produced from solid fullerene with second harmonic YAG laser irradiation (532 nm， 10 Hz， 
and '"'-' 10 mJ) in a He supersonic jet from a pulsed valve (Jordan). Those ions were 

introduced to the ICR cell located in a high vacuum chamber (l0-9 Torr). After tens of these 
introduction cyc1esラ thec1usters were trapped in the ICR cell for a min. with very long cyclic 
motion of tens of Hz. The trapped c1usters were then subjected to a high-仕equency(l O~ 130 
kHz) electric field to excite FTICR motion and to measure mass spectra after several tens of 
seconds of the introduction. The SIN of FTICR signal was strongly dependent on this trap 
period. According to this long procedure C60 + can grow to larger ones adsorbing C2 molecules 
by-produced with the laser irradiation. 

Fig.1 shows the laser power dependence of 
mass spectra. As the laser power increase， the 
growth of cluster from C6tup to C8Jwas 
observed. In particular， C74 + emerged as the 

most salient peak at the laser power of 10 mJ. 
Almost no peak of C58十 was detected 些
throughout of the experiments， which is one of ~ 

the dominant dissociation products from C60 主
with other mass spectrometry such as TOF 白書
magnetic sector mass spectrometer [2]. C70 + is A 
not so-called magic number showing that the .= 

growth products do not have stable fullerene 
structures. These results show that C60 + adsorbs 
C2 molecules produced from C60 in the long 
trap processes of FTICR. The detection time of 
other mass spectrometry is around 1 ms which 
is much shorter than th剖 ofFTICR of 1 min. 

3mJ 

6mJ 

60 80 

Number of Carbon atoms 

The product patten; do not depend on the Fig.1 Desorption laser dependence ofC60 growth 
number of the introduction cyc1es and the trap 
period from 1 sec. to 1 min. suggesting the reaction time ranges from 1 ms to several sec. 

[1] A. G. Marshall， et al. Mass Spectrom. Rev.， 17 (1998) 
[2] A.Pradeep and R. G. Cooks， 1. A伽 Spectrom.，135 (1994) 243-247 
Correspondi時 Author:T. Sugai Tel: 047-472-4406ιmail: sugai@che瓜 sci.toho-u.ac.jp
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Modification of physicochemical properties of common polymers by introducing 

fullerene moiety is one of the attractive and promising strategies to create a wide variety of 

new organic materials. For example， it is reported that the addition of C60 improves the 

thermal stability of polymers based on its radical scavenging ability. However， the 

aggregation of C60 inevitably occurs in polar solvents/polymers， e.g. poly(methyl 

methacrylate) (PMMA)， and causes the reduction in the mechanical strength. Therefore， polar 

fullerenol C60(OH)n which can be dissolved in polar solvents is preferable to be introduced to 

these polar polymers instead of the pristine C60， especially by covalent bond. 

In this study，長lllerenolhaving methacrylate addend was synthesized by esterification 

of C6o(OH)1O with the corresponding acid chloride. The structure of product， as well as the 

number of addend introduced， was determined by IR and IH NMR spectroscopy along with 

thermogravimetric and elemental analyses. The obtained partially methacrylated fullerenol 

C60(OCOC(CH3)=CH2)n(OH)1O-n (n = 2) was then copolymerized with methyl methacrylate 

(MMA) to give a fullerenol-MMA copolymer. Molecular weight ofthe copolymer component 

was increased up to 869，000 (Mw) probably due to the cross-linking by fullerenol， while that 

of PMMA synthesized in the absence of the fullerenol under the same condition was 34ラ000.

NaH，吋
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Recently， it was reported that the crystallinity of fullerene nano-tube (FNT) was improved by 
soaking into methanol [1]. Generally， it is thought that good crystallinity of fullerene 
nanか whisker(FNW) shows high perfonnance as a semiconductor. Therefore， in this s旬dyラ

we investigated the effect of methanol soaking on electrical conduction properties of FNW 
prepared by liquid liquid interfacial precipitation (LLIP) method [2]. 
As-grown FNWs were soaked into methanol. To clarify the soaking effect， three different 

soaking time lengths were used; the lengths were 30 minutes， 1 hour， and 2 hours， respectively. 
The FN¥¥んfieldeffect transistors (FNW-FETs) were fabricated using pristine FNW and the 
three types of soaked FNW. We measured the FET properties for pristine FNW-FET and three 
types ofmethanol-soaked FNW-FET. 
After thennal annealing at 440 K in 

vacuum， the 1-V characteristics of pristine 
FNW-FET (Fig. 1.) indicated that the drain 

cu町田1t(1so) increases with increasing gate 
voltage (VG). The behavior represents 
typical n-type FET operation. Figure 2 
shows the 1-V characteristics of the methanol 
soaked FNW-FET indicating almost non 
gate dependence. This result indicates that 
n-type property of FNWs was suppressed 
and the electrical propcrties became almost 
metallic by methanol soaking. This finding 
indicates the methanol soaking provides us 
one of the way to control electrical 
properties of FNWs. We will discuss the 
change of electrical conduction properties of 
FNW as well as observation using scanning 
elcctron microscopc by methanol soaking. 

[l]K. Naito and K. Matsui， et al. J. Phys.: Con王Ser
159司 012020(2009). 

[2]K. Miyazawa， et al. 1. Matcr. Res. 20ラ 688(2005) 
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Various shapes of C60 nanocrystals such as C60 nanowhiskers [1] and C60 nanosheets [2] 

have been grown by liquid-liquid interfacial precipitation (LLIP) method with the interface 

between C6o-saturated solution and poor solvent such as isopropyl alcohol (IPA). Their 

shape and structure depend on the growth conditions such as solvent. For example， in the 

growth of C60 nanowhiskers， toluene or m-xylene is used as good solvent. On the other 

handラ inthe growth of hexagonal-shaped C60 nanosheets， CC14 is used as good solvent. 

Therefore it is expected that further unique shapes and structures can be grown by the 

control of the growth condition. In this paper， we report the growth of star-shaped C60 
nanosheets by the control of the volume ratio of solvents used. 

C6o-saturated CC14 was made and introduced into the bottle. Then the IP A as poor solvent 

was gently added into the same bottle so that the liquid-liquid interface was formed. The 

bottle was shook so that the solutions were mixed. The mixture was kept at 5 oC. After a 

dayラ nanocrystalswere precipitated. The hexagonal-shaped C60 nanosheets as shown in Fig. 

l(a) were grown when the volume ratio of C6o-saturated CC14 to IPA is 1 :2， as previous 
reports [2]. It should be noted that star-shaped C60 nanosheets as shown in Fig.l (b) were 

grown when the volume ratio of C60明 saturatedCC14 to IP A is 1: 1. The volume ratio can be 

related to the supersaturation for the growth. The reduction of IP A in this work means the 

decrease of the supersaturation which might lead to the growth of star-shaped nanosheet. 

The growth mechanism wiU be discussed with other resu1ts depending on volume ratio. 

Fig. 1. Optical micrograph of (a) hexagonal'shaped and (b) star-shaped C60 nanosheets. 

[1] K. Miyazawa et al. J. Mater. Res. 17 (2002) 83 

[2] M. Sathish et al. J. Am. Chem. Soc. 129 (2007) 13816 
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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ラ wehave been developing various 

methods by modifying the original LLIP method proposed in 2002 [1]. 
It is reported that the control of diameter of C60NW  s is possible by controlling the area of 

liquid-1iquid interface[2]. So， we synthesized C60NWs using several bottles of different 

inner diameters， and measured the length and diameter of C60N W  s. 

In preparing C6oNWs， toluene was used as a good solvent and isopropyl a1cohol (IPA) as a 

poor solvent of C60・C6opowder(99.5% pure) was dissolved in toluene (2.8 mg/ml) and the 
C6o-toluene solution was ultrasonicated for 30 minutes to obtain a C60-saturated toluene 

solution. The solution was filtered to remove undissolved C60 powder. IPA was gent1y added 

to the C6o-saturated toluene solution， and the solution of C60 and IPA was rnanually rnixed 30 
times. The synthesis ternperature was 150C. 

Figs.l and 2 show the mean length and diarneter of C60NWs synthesized by use of five 

glass bottles with different diarneters. It is shown that the mean length and diarneter of 

C60NW  s increase with increasing the diameter of glass bott1e. 
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Fig.2 Relationship between the mean 
diameter of C60NW s and the inner 
diameter of glass bottle. 

Fig.l Relationship between the mean length of 
C60NW s and the inner diameter of glass 
bottle. 
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Functionalization of fullerenes is widely investigated for the pu中oseof tuning their 

electronic properties， improving their solubility and/or morphology， and connecting them to 
other functional molecules. Undoubtedly， one of the most popular fullerene derivatives is 
[6，6]PCBM ([6，6]-phenyl-C61-butyric acid methyl ester) [1]， which is now widely used as 

organic semiconductor devicesラ inparticular， as an acceptor in organic photovoltaics [2]. 
Functionalization of endohedral metallofullerenes is also well established [3] and some of 

the products have been applied to organic photovoltaics [4]. However， as for the 

functionalization of endohedral metallo[必]白llerene(M@C60)ラ onlyone example reported is 

multi-substituted Gd@C60s [5]， for which the characterization is not satisfactory. 

We recently succeeded in the synthesis and full characterization of endohedral 

metallo[60]fullerene [Li+@C6o](SbC16-) [6]. Herein， we report [Li+@[5，6]PCBM](PF6一)(2) 

and its isomer [Li十@[6，6]PCBM](PF6-)(3) as the first M@C60s functionalized by an organic 

group. Thus， the reaction of [Lt@C60](PF6-) with diazoalkane 1 gave 2ラ whichthen 

isomerized to 3 on heating to 900C (Scheme 1). Comparison of the reactivity toward these 

reactions between Li+@C60 ion and empty C60 will also be discussed. 

900C 
-一ー一一一一一~

「
叫

~ 

「
附

N2 

2 

Shceme 1. Synthesis ofLt@[5，6]PCBM (2) and Lt@[6，6]PCBM (3). 

[1] J. C. Hummelen， B. W. Knight， F. LeP巴q，and F. Wudl， 1. Org. Chem. 1995， 60， 532. 

[2] G. Yu， J. Gao， J. C. Hummelen， F. Wudl， and A. J. Heeger， Science 1995， 270， 1789. 
[3] X. Lu， T. Akasaka， and S. Nagase， Chem. Commun. 2011，47，5942. 
[4] R. B. Ross et al.ラNatureMaterials 2009， 8， 208. 
[5] a) R. D. Bolskar， A. F. Benedetto， L. O. Husebo， R. E. Price， E. F. Jackson， S. Wallace， L. J. Wilso民 andJ.M. 
Alford，1. Am. Chem. Soc. 2003，125，5471. b) E. Toth， R. D. Bolskar， A. Borel， G. Gonzalez， L. Helm， A. E. 
Merbach， B. Sitharaman， and L. J. Wilson， 1. Am. Chem. Soc. 2005ラ 127，799.
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Endohedral metallofullerenes [1] have been known to form an interesting hybrid material with 

carbon nanotubes (CNTs)， the so-called metallofullerene-peapods [2]. During the past decade， we 

have found that the metallofullerene-peapods exhibit such intriguing phenomena as local 

band-gap modulation [3]， ambipolar characteristics 

for the field-effect-transistors [4] and a sudden 

transformation from peapods to metal nanowire-

encapsulating CNTs [5] Virtually， all of these 

novel characteristics of the peapods are now 

known to be stemming from the charge-transfer 

between CNT and the metallofullerenes. 

However， the details of the charge-transfer 

interaction have not fully been understood yet. To 

shed much light on this， we have synthesized the 

world' s shortest metallofullerene-peapod， 

(Gd@Cs2)@[11]cycloparaphenylene， trying to 

elucidate the structural and electronic properties Figurel The world's shortest nano-peapod; the complex 
of a building block of such metallofullerene- of Lt凶1

1CS2with [l1]cycloparaphe町 lene.

peapod. 

Here we show that a newly世 synthesizedcycloparaphenylene [6，71， [11 ]cycloparaphenylene in this 

case (hereafter referred to as [11]仁PP)，can effectively and selectively encapsulate a C2v-Gd@C82 

metallofullerene molecule.官官 encapsulationhas been confirmed by using optical absorption and 

photoluminescence spectroscopy. In the absorption maximum of Gd@C82 at 631 nm， the red-shift 

of the peak was observed when [11 ]CPP was added to Gd@C82 solution， whereas such a spectral 

change has not been observed for [12]CPP， indicating that Gd@仁82is selectively entrapped within 

[l1]CPP. Furthermore， the binding constant Ka of Gd@CS2 with [l1]CPP in toluene solution was 

evaluated by fluorescence-quenching experiments. The obtained constant is 3.4 x 106 M七whichis 

a higher affinity of Gd@CS2 to [l1]CPP as compared with the corresponding empty C60 case. We 

will discuss the details of the charge transfer interaction between metallofullerenes and [11 ]CPP. 

Refereneces 

[1] H.5hinohara， Rep. Prog. Phys. 63，843 (2000). [2] K.Hirahara et alリ Phys.Rev. Lett. 85， 5384 (2000). 
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[7] H.Omachi et al.， Angew. Chem. Int. Ed. 49， 10202 (2010). 

Corresponding Author: Hisanori Shinohara 

Tel: 052-789-3660， Fax: 052-747-6442， 

E-mail: noris@cc.nagoya・仏ac.j

-96-



2P-8 

ESR detection of y-Cyclodextrin-bicapped N⑨C60 in water 

oMitsuhiro Okamoto
1
ラHirokiTakahashi 1， Masaki KawanoへKenjiKanaori 3， 

Ko Furukawa 4， and Tatsuhisa Kato 1 

1 Depαrtment of Interdisciplinary Environment， Graduate School of Human and 
Environmental Studies，的otoUniversity， Yoshidanihonmatsu-cho， Sa命o-ku，Kyoto 606-8501， 

Japαn 
2 Division of Advanced Material Science Poh~ng University of Science and Technology， San 

31 Hyザadong，Pohang 790-784， South Korea 
3 Department of Biomolec~l~r Engineering，-Kyoto Institute ofTechnology， Matsugasaki， 

4 SGわJo-ku，Kyoto 606-8585， Japan 
Institute for Molecular Science， Myodaiji， Okazaki 444-8585， Japan 

The encapsulation of C60 with y-cyclodextrin (y-CD) was attained by a mechanochemical 

high-speed vibration (HSV) technique. The 1:2 compositions of C60 and y-CD was confirmed 

by NMR， X司 raycrystaI structure analysis and elementary analysis. The first X-ray crystal 

structure of y-CD-bicapped N@C60 is reported in Fig. la and 1 b. The column of C60 and y-CD 

stack mediated by hydrogen bonding was obtained. 

The HSV technique was applied to the powder of y-CD and C60 containing N@C60 at 5%. 

The obtained aqueous solution exhibited the peculiar electron spin resonance (ESR) spectrum 

ofN@C60ぅ asshown in Fig. lc， which was due to the electron spin S=3/2 and the 1斗Nnuclear 

spin [ニ1.Furthermore the quintet ESR spectrum was obtained， which was attributed to the 
hyperfine structure of equivalent two nitrogen nuclei. The result suggests the formation of 

columnar dimer ofy-CD-bicapped N@C60 in water. 

a 

C 
32K 

b 

3420 3430 掛拍 制問 346(1 

Magnetie Field I Gauss 

Fig.l X-ray structure ofy-CD-bicapped C60 (a) Side view. (b) Top view along the Cs axis. 
(c) ESR spectra of y-CDゐicappedN@C60 at 32 K. 
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The deve10pment of a 1arge-sca1e dispersion method for carbon nanotubes (CNTs) is 

important for their industria1 app1ications. In many cases， u1trasonication has been wide1y 

used for dispersing CNTs in both water and organic media. Although ultrasonication is a 

strong too1 for disentang1ing the knotted CNTs， some destruction of Cl'、Hsoccurs during the 

dispersion process. In addition， in the ultrasonication method， it seems to be difficu1t to 

provide a CNTs dispersion solution on a 1arge-scale and contro1 the reproducibility of the 

properties of the dispersed CNTs. Therefore， a 1arge-sca1e and non-destructive method for 

dispersing CNTs according to the application is still required. 

In this work， we have conducted the dispersion ofMWNTs in aqueous solutions containing 

casein as a dispersant 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， a reduction in the destruction of CNTs during the dispersion process can be 

expected. The prepared MWNTs dispersion solutions were subjected to the eva1uation by 

UV-Vis司 NIRabsorption spectroscopy and thermo-gravimetry. 

MWNTs (40 mg) produced by CVD method were mixed in casein aqueous solution (40 

ml) and the resultant suspension was treated with the Nanovater under a pressure of 180 MPa. 

This treatment was repeated 20ラ 40ラ and60 times to give the black dispersion solutions. The 

obtained dispersion solutions were centrifuged (20400 g， 30 min) to separate the supematants 

from the residua1 materia1s. From the UV-Vis-NIR spectra for the supematants， MWNTs 

were found to be dispersed well in the casein solution by the treatment with the Nanovater 

depending on the repeating treatment number. On the other handラ theresidua1 materia1s 

obtained after centrifugation were treated with hydrochloric acid to hydro1yze and remove the 

proteinous components because the residua1 materia1s contained proteinous components other 

than MWNTs that originated from casein. From the amounts of the remaining components， 

the contents of MWNTs in the dispersion solutions were estimated. We will report and 

discuss the availabi1ities of the method by using the Nanovater and casein as a dispersant. 
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We report that rnrn-long vertically aligned carbon 
nanotubes (CNTs) was synthesized frorn a rnultilayer 
catalyst of iron (Fe203) and alurninurn oxides (Ab03) 
by chernical vapor deposition (CVD) using Ar/C2H2 
gas rnixture. We have exarnined CVD conditions to 
grow long CNTs with a high nurnber density and 
found that as the gas flow rate of C2H2 feedstock is 
reduced， the CNT length becarne long. In this 
condition， the size of graphitic particles in the graphite 
layers attached on top of CNTs was also reduced [1]. 
In this study， we used Ar gas instead N2 gas as a buffer 
gas. In the experirnent， sandwich structure of 

Ah03/Fe203/Ah03 filrn was deposited on Si02/Si 
Fig. 1. SEM micrograph of 

substrate by vacuurn evaporation. The CVD equiprnent veαrt‘t批t

u山se吋dwas developed in our laboratory [2勾].The gas flow Ar/C2H2 gas mixture 
rate of C2H2 was fixed at 50 ml/rnin; whereas that of 
Ar was varied from 2000 to 4500 ml/rnin. The CVD was carried out at an atmospheric 

pressure and at a reaction ternperature of 780oC. The reaction tirne was 60 min. 
Fig. 1 shows the SEM micrograph of vertically aligned CNTs with a length of 1100 

!lrn. The Ar gas f10w rate was 2500 mllrnin. This is the longest CNTs grown by our 
CVD equipment. The sizes of the graphitic particles were also shown to be the srnallest， 
~ 150 nrn indicating effective catalytic reaction for CNT growth. 
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Since the properties of carbon nanotubes (CNTs) depend on their structure， such as 
chirality， diameter， length， and layer numbersラ thestructural characterizationis fundamental 

and important as the initial approach for the application research of CNTs. A1though 
transmission electron microscopy (TEM) is power白1method for the characterization in 

nanometer-scale， the TEM observation is unsuitable to characterize the statistical detail of the 

gross CNTs. Therefore， the establishment of the global-characterization method for CNT 

structures by the spectrographic analysis is eagerly anticipated. 

Recently， we have reported that， in the enhanced 
direct injection pyrolytic synthesis (eDIPS) using ポ 70

methane as the secondary carbon source [1， 2]， ~ωJ a 
increasing the methane addition increases the proportion ~鈎
of DWCNTs in the product up to 50 % of the re1ative e必

abundance based on the number of CNTs as shown in ~ 30 

Fi伊 re 1 a. ln this presentation， we will report the i:jぷ

characterization results by resonance Raman ~ '~r 曹 F

spectroscopy on the product mainly containing SW-and 

DWCNTs. Figure 1 b showing the G-band peaks in the 
Raman spectra of products suggests that the G-band 

peak becomes rounded as increasing the proportion of 

DWCNTs. The result of curve fitting performed on these 

peaks by using the Voigt line profile showed the 
correlation between the tangential G-band feature and 

the relative abundance of DWCNTs in the product. The 

detail of the curve fitting analysis and the origin of the 

G-band of DWCNTs based on previous studies will be 

discussed at the presentation. This characterization 
method by using Raman might afford a useful index to 
evaluate DWCNTs in the specimen. 

The study has been supported by the New Energy and 

lndustrial Technology Development Organization 

(NEDO). We thank Ms. A. Kobayashi and Ms. T. Owada 
for the experimental help. 
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Selective Metal/Semiconductor Separation for 

Double-Walled Carbon Nanotubes 
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Double-walled carbon nanotubes (DWNTs) are potentially applicable to 

high sensitive field-effect transistors (FETs) because they possess mechanical 

strength and thermal stability greater than those of single -wal1ed carbon 

nanotubes (SWNTs). However， DWNTs are generally obtained as a mixture of 

DWNTs with different chirality and length. According to the different 

combinations of the outer/inner tubes， DWNTs can be c1assified into four 

types: metallic (m)/semiconducting (s)， s/m， m/m， and s/s. Hence， the 

separation of DWNTs is significantly important for their application to FETs. 

In the present study， we investigated the separation for DWNTs dispersed in 

water by column chromatography. 

DWNTs were dispersed in water containing 2 wt. % sodium dodecyl sulfate 

(SDS) by ultrasonication (l h)， and the DWNT dispersions were 

ultracentrifuged under the condition of 41，000 g for 3 h. The separation of 

DWNTs was carried out by the following two steps according to the previous 

report. 1 For the first step， chromatographic separation was conducted by 

passing the supernatant after the ultracentrifugation through a column 

(Sephacryl S-200HR， GE Healthcare Co.) with a eluent of 2 wt. % SDS solution. 

For the next step， DWNTs adsorbed on the column were col1ected by flowing 5 

wt. % SDS solution through the column. 

Consequently， UV・-vis-NIR absorption， resonance Ramanラ andNIR-photo-

luminescence (PL) data revealed that the m/m and m/s types ofDWNTs with high purity were 

collected in the eluted fraction for the first stepラ whilethe s/s and s/m types were enriched 

after the second-step elution. In this presentation， we will also present recent results regarding 

the transport characteristics (current vs. gate-voltage) for DWNTs sorted by this separation 

technique. 

[1] T. Tanaka et al. Appl. Phys. Express 2， 125002 (2009). 
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MD  Simulation of SWNT Growth Process by Catalytic CVD Method 
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It is of great importance to understand the growth mechanism of single-walled carbon 

nanotubes (SWNTs) from catalytic chemical vapor deposition (CVD) method for the future 

control of chiralities and diameters. We performed c1assical molecular dynamics simulation of 

catalyst-nuc1eated SWNT growth process， adopting our reconstructed Tersoff-type potentials 

for metal-carbon systems [1] and the simulation procedure of a previous report [2]. By 

controlling temperature and carbon density (pressure)， we successfully represent the growth 

process of SWNT (Figure 1). 

Figure 2 shows the SWNT growth rates as a function of temperature. Growth rates show 

Arrhenius type dependence on temperature. By the slope of lines， activation energies of 

around 0.4 eV was estimated for iron catalystラ whichwell agrees to those of surface diffusion 

for solid catalyst [3]. This result indicates SWNT growth is govemed by carbon atoms' 

diffusion on metal cluster's surface. 
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Fig.2 Arrhenius plots of SWNT growth rate by iron. 
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Recent advancement of purification techniques for single-wal1 carbon nanotubes 

(SWCNTs) enables us to obtain high-purity metal1icラ semiconducting，and single-chiral state 

of SWCNT samples. Various techniques such as polymer， monomer， DNA rapping extraction， 

density-gradient sorting， and gel chromatography， have been proposed for single-chiral 

purification. As a result， it is now possible to obtain single chiral samples in high purity such 

as (6，5)， (8，3)， and so on. However， it is noteworthy that the diameters of the single chiral 

samples that have been obtained by now are less than or around 1.0 nm. As a result， it is 

difficult to put organic molecules into their inner hol1ow spaces. From the discovery of 

encapsulation of ful1erenes inside the nanotubes， it is known that SWCNTs with diameter 

around 1.4 nm can encapsulate vauous kinds of organic molecules. SWCNTs encapsulating 

organic molecules (peapods) exhibit unique physical and chemical properties， but there has 

not been a technique to prepare single-chirality state of peapods， impeding detailed 

understanding of their physical/chemical properties and also device applications. Here we 

report the successful extraction of a single-chiral state of SWCNTs with (11，10) chirality (Fig. 

1)， which has 1.45 nm diameter， and their peapods. We achieved the single chiral extraction 

through the fol1owing purification approaches. First， we applied density-gradient 

ultracentrifugation by using cesium chloride as density medium (CsCl-sorting). CsCl-sorting 

can improve the sorting capability， and very useful for diameter sorting. Second， single-chiral 

extraction is achieved by two steps 

purification; metallsemiconductor sorting 

and the CsCl-sorting. We succeeded to 

prepare nearly single chiral state of 

peapods by our purification procedures. 
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Chiral SWNTs have been separated according to the handedness through preferential 
extraction with tweezer-shape chiral host molecules in our group [1-4]. Howeverラ

(n，m)-S¥¥弓.JTs
optically enriched by the method have limited mainly to (6，5) and (7，6)-SWNTs [5]. Herein， we 
report on enantiomeric enrichment of (n， m)← SWNTs， such as (8，4)ラ (9，1)，and (9，4)-SWNTs， 
other than so far reported ones together with simultaneous diameter-based separation through 
preferential extraction of 76-CoMoCAT with 2，6-pyridylene開 bridged chiral diporphyrin 
nanotweezers 1 (Fig. 1) [3， 6]. 

Separation of SWNTs according to the 
handedness is confinned by circular dichroism 
(CD) of the SDBS/D20 solutions of the washed 
SWNTs after the extraction. The SWNTs 
extracted with chiral nanotweezers

ラ
(R)-and (め-

1， exhibit symmetrical CDs as shown in Fig. 2， 
indicating that the extracted SWNTs are optically 
active. The four prominent peaks observed in ES 

22 

region mean that the solutions include at least four 
kinds of optically active (n， m)-S¥¥弓イTs.(8

ラ
4)-

SWNTs exhibit the strongest CD intensity at 588 
nm and (9，4) and (7，6)-SWNTs also give the 
relatively large CDs at 720 and 649 nm

ラ

respectively. A1tho昭 hno clear PL and only ti町 8
absorption are detected for (9，1)-SWNTs， the CD

剖

at 691 nm has comparable intensity with those of 

ゅうのラ and(7，6)-SWNTs. This may imply that the 
nanotweezers 1 recognizes handedness and 
diameter independently and discriminates 
handedness more strictly than diameter in (9，1) 
SWNTs. 

(Rト 司-1

Fig 1 Structures of chiral diporphyrin nanotweezers， 
(R)ーand(s)ー1.

60 
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Fig. 2 CD spectra of SWNTs extracted with (R)-and 
(め-1，and absorption spectra ofSWNTs extracted 
with (RトL

[1] F. Wang， K. Matsuda， N. Komatsu， Nanoscale 2011，3ラ4117;[2] F. WangラK.MatsudaラN.Komatsu， 
J Am. Chem. Soc. 2010， 132， 10876; [3] X. Peng， N. Komatsu， J Am. Chem. Soc. 2007， 129， 15947; [4] 
X. Peng， N. Komatsu， Nature Nαnotechnology 2007， 2， 361; [5] G. Liu， N. Komatsu， in Handbook 01 
carbon nano mαterials (Eds.: F. D'Souza

ラ
K.M. Kadish)， World Scientificラ

2012，in press; [6] G. Liu， T. 
Yasumitsu， L. Zhaoラ X.Peng， F. Wang， A. K. Bauriラ S.Aonuma， T. Kimura， N. Komatsu， submitted. 
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Single-Walled Carbon Nanotube Synthesis at Low Temperature 
using Pt catalyst in Alcohol Gas Source Method 

oTarkahiro Maruyama1
，*， Naoya Fukuoka1

， Yoshihiro Mizutani1
， Hiroki Kondo1

， 

Shigeya Naritsuka1， and Sumio Iijima1，2 

1 Department of Mαterials Science and Engineering， Meijo Universiか，
21-501  ShiogGF71αguchi， Tempaku， Nα'goya 468-8502， Japαn 
Research Center for Advanced Carbon Materiαls， AlST， Tsukuba 305-8565， Japan 

Single-walled carbon nanotubes (SWNTs) have been anticipated for application in a 
lot of future nanodevices. So far， we have been reporting SWNT growth by alcohol gas source 
method in an ultra-high vacuum (UHV) chamber using Co catalyst [1]. Recently， using Pt 
catalyst， we succeeded in remarkable reduction of ethanol pressure during the SWNT growth 
at 700

o
C， while keeping the SWNT yield higher than those with Co catalysts [2]. In this studyラ

we attempted to grow SWNTs at 500
0

C using Pt catalyst and investigated the structural 
property of grown SWNTs through Raman measurements. 

Pt (thickness~O.2 nm) was deposited on Si02/Si substrates by either an e-beam 

evaporator or a pulsed arc plasma gun. Then， they were heated up to the growth temperature 
(500-800

0

C) in a UHV chamber， and ethanol gas was supplied to grow SWNTs. The grown 
SWNTs were characterized by SEMラTEMand Raman spectroscopy. 

SEM and Raman results showed thatラ irrespectiveof the growth temperature， the 

optimal ethanol pressures were between 1 x 10-4 and 1 x 10-3 Pa， confirming that Pt catalyst is 
suitable for SWNT growth in a high vacuum. In additionラ asthe growth temperature 
decreasedラ theoptimal pressure was reduced and the average diameters of SWNTs became 
smaller. By optimizing the growth conditions， we could succeed in SWNT growth at 5000C 
using Pt catalyst. We will discuss the structural property of SWNTs grown with Pt catalysts. 

A part of this study was supported by the J apan Society for the Promotion of Science 

(JSPS)， a Grant-in-Aid for Scientific Research (C) 21510119. This work was partly performed 

in Nanotechnology Support Project in Central Japan (Institute for Molecular Science). We are 

grateful to the Research Foundation for Electrotechnology of Chubu for their financial 
support. 

[1] K. Tanioku et al.， Diamond Re1at. Mater.， 17， 589 (2008). 

[2] T. Maruyama et al.， Mater. Express， 1， 267 (2011). 
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Sorting for Outer-layer Semiconducting D羽lNTsthrough 

Density-gradient Centrifugation 

Yuka Nagaya， Kazushi Shimizu， Akihiro Kuno， Koji Tsuchiya， and Hirofumi Yajima 

Department of Applied Chemistry， Faculty of Science， Tokyo University of Science 

1-3 Kagurazaka， Shinjuku占u，Tokyo 162四 8601，Japan 

Double-walled carbon nanotubes (DWNTs)， consisting of two coaxial cylinders of 

graphene， have attracted much attention because they exhibit properties intermediate between 

single-walled carbon nanotubes (SWNTs) and multi-walled carbon nanotubes (M¥¥明 Ts).

Henceラ DWNTswould be a promising candidate for new generational field-effect transistors 

(FETs) and biosensors. However， DWNTs exhibit different electronic behaviors depending 

on the combination of the outerlinner walls: metal (m)/semiconductor (s)， s/mラ m/m，and s/s. 

Because the polydispersibility of DWNTs hinder their industrial application to FET， the 

establishment of sorting technique for DWNTs is required for their industrial applications. 

Previouslyラ wefound out th剖 densitygradient u1tracentrifugation (DGU) using mixture of 

carboxy methyl cellulose (CMC) and sodium dodecyl sulfate (SDS) as the dispersing agent 

was useful for sorting of SWNTs. In the present study， we investigated the DGU separation 

for DWNTs dispersed by mixed C孔1Cand SDS. 

D\\乃~T dispersions were prepared using mixed dispersants of 1 wt. % CMC and 1 wt. % 

SDS by ultrasonication (1.5 h) and by the following ultracentrifugation (41，000 gラ 3h). 

Density gradients in centrifuge tubes were performed by layering aqueous iodixanol solutions 

from 25% to 32.5%， in which only 30% iodixanol solution contained the DWNT dispersion. 

The centrifuge tubes were then centrifuged at 175，000 for 12 h. 

A fraction band of enriched DWNTs was obtained from the upper layer after DGU. 

UV→ris-NIR absorption spectroscopy revealed that the absorption peaks corresponding to 

metallic CNTs (Mll， 400闇 600nm) were lower than those corresponding to semiconducting 

CNTs (Sll， 800-1200 nm; S22， 600-800 nm) for the upper layer. This result suggests that 

the upper layer contained the s/s and s/m types of DWNTs with high purity. This fact was 

also confirmed by resonance Raman and NIR photoluminescence spectroscopies. The 

present DGU technique using the mixed dispersants of CMC and SDS would be a useful 

separation method for DWNTs. At present， further study with regard to the selective 

separation of the s/s and s/m D¥¥明 Tsfrom outer-layer s-DWNTs is in progress under the 

DGU condition of lower density-gradient. 

*Corresponding Author: Hirofumi Yajima 

TEL: +81-3-3260-4272 (ext.5760)， FAX: +81ふ 5261-4631，E-mail:日jima(aJ.住民組組s.ac.jp
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Effect of Charge of Solubilizer on the Electronic States of Single-Walled 

Carbon Nanotubes 

o Yasuhiko Hirana 1， Yasuro Niidome 1へNaotoshi N akashima 1，2，3 

lDepartment of Applied Chemistry， Graduαte School of Engineering， 

Kyushu University， Fukuokα819-0395， Jcαrpan. 

2 World Premier International (WP 1) Research Center， International Institute for 

Carbon-Neutral Energy Research (iCNER)， 

Kyushu University， 744 Motooka， Nishi-ku， Fukuoka 819-0395 

3CREST， Japan Science αnd Technology Agency， 5 S，αnbancho， Ch伊odα-ku，

Toか0102・0075，Japan 

The redox properties of single-walled carbon nanotubes (SWNTs) are related to the 

structures of SWNTs that have a specified diameter and chiral angle uniquely related to a pair 

ofintegers (n，m); the so-called chiral index. Electronic structure， one ofthe most fundamental 

features of SWNTs， also strongly depends on their diameter and chirality. 

We carried out in situ photoluminescence spectroelectrochemical measurements for films 

of cationic cellulose containing isolated SWNTs on ITO electrodes
1
，2 to determine the redox 

potentials， Fermi levels， and band gaps of (n，m)SWNTs. In this study， the effect of charge of 

the cellulose matrix on the electronic properties of the SWNTs was examined， and the results 
1.2 

were compared to those using the anionic cellulose matrix 1， 

References: 

[1] Y. Tanaka， Y. Hirana， Y. Niidome， K. Kato， S. Saito， N. Nakashima， A昭 ew.Chem. Int. Ed. 2009，48，7655. 

[2] Y. Hirana， Y. Tanaka， Y. Niidome， N. Nakashima， J. Am. Chem. Soc. 2010ヲ 132ラ 13072.
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Evaluation of Thermal Conductivity of Single Carbon N anotube in Liquid 

oRyo Kariya 1， Hisataka Maruyama 1， Fumihito Arai 1，2 

1 Department 01 Micro-Nano砂'stemsEngineering， NagoyαUniversity， 

Nagoyα464-8603， Japαn 

2 Seoul National University， SeouI151-742， Korω 

Carbon nanotube (CNT) has potential applications in various fields such as nano-sensors. 

Although electrical and mechanical properties have been investigated at single nanotube， 
measurement of thermal property of single CNT was still difficult. Therefore， very little 
research on the thermal conductivity of single CNT in liquid was investigated. 

Here， we propose a new method to measure the thermal conductivity of single CNT in 

liquid as shown in Fig.1. The thermal conductivity of the CNT is measured from the 

temperature difference between the ends of the CNT and heat flow in the CNT. Temperature 
at the edge of the CNT is measured by the temperature sensor. The sensor is made of 

polystyrene and contained Rhodamine B， which is used as fluorescent temperature indicator. 
Fluorescent intensity (FI) decreases according to temperature increase (-1.1 %/K) [1]. These 

sensors are fixed to the both ends of the CNT using optical tweezers in the electrolyte solution. 

Infrared laser (1064 nm) is irradiated to the sensor to generate temperature difference. The 
temperature difference is calculated by comparing the before and after FI from the sensors. 

Heat quantity Q is calculated by measuring the fluorescence distribution in the sensor. 

Thermal conductivity of single CNTλCNT is represented by equation (1). 

λ Q T:'2 -T  
=一一一一一一一一一 ，Q= 4πλb・ ーπ(d/2)2 T

1 
- T2 ，~ ..-.-u 1/η-1/γz (1) 

1 : Length ofCNT (5.5 J，!m)， d: Diameter ofCNT (140 nm)，九，Tz，九:Temperature increase 
ん:Thelwa1 conductivity of scnsor (0.108 W/mK)， r1 = 0.5μm，乃:Radius of sensor ( 2.5μm) 

Fig.2 shows the experimental results. Fig. 2(a) shows the assembled CNT and sensors. Right 
sensor is used for compensation of the heat flow in water. Fig.2(b) shows time-course shi白of

relative FI of each sensor. Laser was irradiated to the center sensor at 10 s， and laser was 

tumed off at 40 s. From this result， Temperature difference between the ends of CNT was 1.77 

K， and Q was 7.06μW. As a resu1tラ λCNT is 1425 W/mK. This measuring method is expected 
to contribute significantly to nanotechnology and biotechnology. 

1.0 
E 

【同# ω~伺ω 司 0.9 
0.8 

0.7 。 20 40 
Time[sec] 

Fig.l Concept ofmeasurement (a) Sensors fixed to the ends ofCNT (b) Relative FI of sensors 

Fig.2 Experimental results 
[1] H. Maruyama， et. al.， Microfluidics and Nanofluidics， 6， 383 (2009). 
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Energetics and Electronic Properties of Capped Carbon Nanotubes 

OKoichiro Kato and Susumu Saito 

Department of Physics， Tokyo Institute ofTechnology， 

2-12-1 Oh-okayama， Meguro-ku，おかo152-8551， Japan 

Many experimental and theoretical works of carbon nanotubes (CNTs) discussing 

their fundamental properties and/or the possible applications have been reported so far. 
According to the study using the tight-binding approximation， their electronic structures 
depend on their diameter and chirality [1，2]. It has been also pointed out from the density 

functional theory (DFT) calculations with structural relaxation that their electronic structures 
also depend sensitively on their geometrical parameters [3ラ4].On the other hand， the 
synthesizing technique with the precise diameter and chirality control of CNT has not been 

established yet. Hence， the accurate measurements of not only the electronic properties but 
also the geometrical parameters of CNTs have been reported scarcely so far. Given this 
situation， we have achieved the systematic DFT calculations by using the helical symmetry of 

CNTs and predicted the precise fundamental properties of CNTs [5]. Importantly， it is found 
that“near-armchair" CNTs including (6，5) and (7，5) CNTs are energetically more stable than 
other CNTs. This result corresponds well with the high abundance of near-armchair CNTs 

experimentally reported so far [6]. 
In the present work， in order to investigate further the additional reasons for the high 

abundance of near-armchair CNTs， we perform the first-principles calculations of several 
kinds of capped CNTs. The cap structures of CNTs are considered to play an important role in 
the nucleation and growth process of CNTs [7]. We discuss the energetical stability of cap 
structures of not only near-armchair CNTs but also zigzag and near-zigzag CNTs and address 

the importance of the arrangement of the pentagons in the cap structures. In addition， we also 
report the electronic properties of capped CNTs. 

(a) 

Figure: Most stable cap 
structure of (4，3) CNT. (a) 
and (b) represent top and 
side views respectively. 

[1] N. Hamada， S. Sawada and A. Oshiyama， Phys. Rev. Lett.， 68， 1579 (1992). 

[2] R. Saito， M. Fujita， G. Dresselhaus and M. Dresselhaus， Appl. Phys. Lett.， 60， 2205 (1992). 

[3] K. Kanamitsu and S. Saito， J. Phys. Soc. Jpn・ラ 71， 483 (2002) 

[4] K. Kato and S. Saito， PhysicαE， 43， 669 (2011) 
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Effective Tip Structure of Carbon Nanotube Gecko Tape 

oSatoshi Tabuchi and Yoshikazu Nakayama 

Department of Mechanical Engineering， School 01 Engineering， Osaka University， 2-1 
Yamadaoka， Suitα， Osaka 565-0871， ~αrpan 

The gecko tape is an adhesive tape mimicking the adhesion mechanism of gecko 's 
foot. The adhesion is caused by van der Waals force and has an almost equal strength to 
that of generally used glue adhesives [1]. The adhesion can be obtained in case that a fine 
structure of a high aspect ratio is made on the surface. For this reason， recently， arrays of 
vertically aligned carbon nanotubes (CNTs) have been found to be the most probable 
material to mimic the actual gecko structure [2]. 

It has been revealed that the CNT shear adhesion increases with increasing CNT 
length and the length is an important factor enabling conformatIon to the surface 
roughness and enabling generation of a strong contact by side contact [3]. In this work， 

we have investigated an effective structure of the tip part of CNT gecko tape to increase 
the adhesion and its cyclic property. 

Arc discharge-produced CNTs were aligned and protruded from the edge of a Si 
substrate to prepare a CNT cartridge. The tip part of single CNTs or bundled CNTs 
protruded from the cartridge was attached in normal direction to a Si cantilever for 
atomic force microscopy and then detached from it using a manipulator installed in a 
scanning electron microscope as shown in Fig. 1. The displacements of the Si cantilever 
for attaching and detaching gave the preload and the normal adhesionラ respectively.For 
the bundled CNTs not only straight tips but also bent tips were examined. 

Figure 2 shows the normal adhesion as a function of the preload for three samples. 
The bundled CNT can accept the preload higher than the single CNT and thus shows 
higher adhesion. The adhesion degrades with increasing the cyclic test number. On the 
other hand， the CNT with a bent tip shows the highest adhesion at any preload and the 
degradation of adhesion is small. 

The structure of the CNT with a bent tip resembles gecko' s seta which has a spatula. 
The bent tip works as the spatula. This result suggests that developing a process to 
produce vertically aligned CNTs embedded in a plastic tape in which the free end of 
CNTs is plastically bent brings CNT gecko tapes to a practical use. 

Si cantilever 

CNT¥| 

官官ア叩
Fig.l Schematic imag巴ofexperimental system 

[1] K.Autumn et al. Nature (London) 405，681 (2000). 
[2] Y.Maeno et al. Appl. Phys. Lett. 94， 012103 (2009). 
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Proper句TControl ofSingle-Walled Carbon Nanotubes Field Effect Transistor 
by Nitrogen and Fluorine Doping Using Plasma CVD 

o Makoto Akutsu， Toshiaki Kato， Syunsuke Kuroda， Toshiro Kaneko， and Rikizo Hatakeyama 

Dψartment 01 Electronic Engineering， Tohoku Universi帆 Sendai980-857~ Jt中仰

Single-wal1ed carbon nanotubes (SWNTs) are nano carbon materials consisting of a single 

graphene sheet. Since SWNTs have great and unique electrical propertiesラ thedevelopment of 
high performance SWNTs field effect transistors (SWNTs-FETs) is expected to be a critical 
issue of next-generation nano electronics. For the pu叩oseof realizing the high performance 
SWNTs-FETs， it is necessary to selectively utilize semiconducting SWNTs as a channel of 
FETs. In addition， it is also required to control the electrical properties of SWNTs-FETs for 
their practical applications. Based on these backgroundsラ weinvestigate the effect of the 

reactive gases (nitrogen and fluorine) during the SWNTs growth on the electrical transport 
properties ofthin film SWNTs-FETs. 

The SWNTs growth is performed on a substrate layered with Co 0.2 nm， Si02 300 nmラ and
Si by diffusion plasma CVD (Fig. 1) [1]， where plasmas are possible to be generated under 
various pressures ranging frorn 50 Pa (low) to 10 kPa (high). On purpose to supply feedstock 

gases uniformly， rnesh grids are used as electrodes. Since the growth process is carried out in 
a diffusion plasma region， the high quality SWNTs growth is realized. SWNTs-FETs are 
fabricated by forming source and drain electrodes (Au) on the top of SWNTs films using 
photo-lithography technique. 

Subst陪句

" Hcater 

SWNTs are synthesized under the different 
nitrogen and fluorine flow conditions. The properties 
of SWNTs are studied by Raman spectroscopy and a 
vacuum probe station under the FET configurations. 
The G and 2D Rarnan peaks of synthesized SWNTs 
tend to upshift (G) and downshift (2D) with an 

increase in the nitrogen flow and growth tirne， 
resprectively. The electrical properties of SWNTs 
grown without the nitrogen flow show p-type 
semiconductor characteristics. On the other hand. 

フ Fig.l Schematic of the experimental 
n-type features are often observed for the SWNTs る h

grown under the appropriate nitrogen flow (Fig. 2). In 
the case of adding fluorine flow， p-type features are 
enhanced. These results indicate that nitrogen and 
fluorine atorns can be doped to SWNTs by 

introducing the appropriate amount of reactive gases 
flow during the SWNTs growth. 

[1] T. Kaωand R. Hatakeyama : Appl. Phys. Lett. 92 (2008) 031502. 
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Rheology of magnetic-field responsive carbon nanotube/ionic liquid gel 

Kazune Nakagawa， OHaruya Okimoto， Tetsu Mitsumata， and Masahito Sano 

D p々artmentof Polymer Science and Engineering， Yamαgata University 
Yonezawa， 992-8510，1<<ψ仰

Functional soft-materials that respond to physical 
stimuli have been extensively investigated for a past 
decade. Polymer gels containing magnetic materials 

called magnetic polymer gelsラ andthese gels 
respond to magnetic fields. Recentlyラ amagnetic 
polymer gel was found to exhibit a reversible increase 
of the storage modulus by a factor of 500 upon 
application of magnetic field [1]. When mixed with 
ionic liquidち pristinecarbon nanotubes (CNTs) form 
gelsラ calledbucky gels. In bucky gel， CNTs constitute 
the framework of a 3D network stiffer than polymer. 
Therefore， we expect that the magnetic bucky gelラ a
bucky gel with magnetic particleう exhibitsunique 
rheological behavior. In this study， we report the 
preparation and rheological property of magnetic 
bucky gels with several CNT concentrations. 
Multi-walled carbon nanotube were suspended in a N， 
N-diethyl-N-methyl-N-(2-methoxyethyl) ammonium 
tetraf1uoroborateラ andthe mixture was molded for 20 
minutes， where the suspension gradually turned into a 
glossy， black paste. Then magnetic gel was prepared 
by mixing the ionic gel and Fe304 particle (200-300 
nm). The concentration of magnetic particle was 45 
wt%. The dynamic shear modulus at 1.0 Hz was 
measured using a rheometer under a stepwise 
magnetic field. The field direction was perpendicular 
to the strain. 
Figure 1 shows that the storage modulus (G') 

responses to the stepwise change of magnetic field 
between 0 and 500mT. It demonstrates that the change 
in G' is synchronous with the magnetic field. However， 
the variation of G今 inthe second step is smaller than 
that in the first step. In additionラ G'behavior in the 
second step (red circles in Figure 2) changes with the 
concentration of CNTs in the gel. These behaviors 
have not been observed on magnetic polymer gels. 
Therefore， we consider that the specific behavior of 
magnetic bucky gels is originated by the stiffer CNT network， which blocks the movement of 
the magnetic particles. 
[1] T. Mitsumata et al. Chem. Lett.ラ38，922(2009). Corresponding Author: Haruya Okimoto 
Tel/Fax: +81-238-26-3074 E-mai1: haruya@yz.yamagata四 u.ac.JP

警穣参

¥v 
particle 

Figure 1. Schematic drawing of 
magnetic bucky gel. 

何
仏
三
~
柄
。

O 
1.4 

q
u

つι
4
E

A
1
B且

4
司

a

・4
1
E
E

1.0 

0.9 

500十「寸「寸.------J

O μ L..J L..J L-

100 200 300 400 500 
Time / s 

C
2
L
J
u
 

g
k
n
 

a
e
a
 

o
F
n
o
b
 

針

C

泊

・・・孟

1

」

ぽ

d
o

(
n
l
 

m
略
的

C

3

γ

1

〆，E
¥

m
t
M九

P
A
M
m

創

C

3

γ

I

 

川

町

民

R
F
o
b
-
n
 

円

4

0

b

F

Y

2
s
.目
時

e
h
w
い
川

町
出

T

4

0

b

O

U
刊

、

/

日

m
C
ゆ

(a) 

(b) 

∞
門
比
三
ケ

ω

↑ε~
∞
 

-112 -

are 



2P-24 

Carbon nanotube cantilever for measurement of interaction forces be何 een

antigens and antibodies 

OYuki Terada1
ラ
SeijiAkita 1ぺTakayukiArie1

，2 

1 Department 01 Physics & Electronics， Osaka Prφcture University， Osaka 599-8531， Japan 
んCREST， Japan Science and Technology Agency， 8，αitama 332-0012， Japan 

Since carbon nanotubes (CNTs) have high aspect ratio， high mechanical strength and 

extremely light weight， CNT cantilevers enable ultrasensitive sensing applications such as 

mass and force sensors. The resonance of CNT cantilevers was used toward mass 

measurement of biological molecules in liquid [1]. In this study， we utilized the static 

displacement of chemical1y functionalized CNT cantilevers to measure interaction forces 

between antigens and antibodies. 

We made defects on a CNT tip by irradiating the high 

power laser in air to induce carboxyl group to the tip. The CNT 

tip was then activated with a cross-linker to bind 

Immunoglobulin G (lgG) produced in rabbits. After washing 

with phosphate buffer， the CNT cantilever was immersed into 

IgG solution to form covalent bonds with IgG. On the other 

hand， we coated a tungsten tip with poly-l-lysine， which 

promotes the attachment of molecules that bind rabbit IgG. 

Goat antibodies against rabbit IgG was attached to the tungsten 

tip to measure interaction forces between the antibody-attached 

tungsten tip and antigen-bound CNT cantilever. 

The measurement of interaction forces was perfonned 

under an optical microscope by measuring the static deflection 

of the IgG-attached CNT cantilever. The antigen-antibody 

bindings were observed while pul1ing and pushing the 

antibody-attached tungsten tip repeatedly (Fig. 1). From this 

result， the binding force between two molecules can be 

identified. 

Acknowledgements This study was supported by Health and 

Labour Sciences Research Grants on Research on global health 

issues， Ministry ofHealth， Labour and Welfare. 
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N ew synthesis of ultrafine nanoparticles 
from nanowires encapsulated in carbon nanotubes 

OShihono Naruse， Ryo Kitaura， Shin-ichi ItoラYasumitsuMiyata， 

Hirofumi Yoshikawa， Kunio Awaga， Hisanori Shinohara 

Department of Chemistry & Institute for Advanced Research， Mαgoya Universiか，
Nagoya 464-8602， Japan 

Ultrafine nanopartic1es have known to possess properties that are distinctly di旺erent
from that of bu1k solids [1]. The development of solution phase synthesis of various 

ultrafine nanopartic1es is， thusラ ofgreat importance to produce novel functional 
nanomaterials. In this study， we have developed a new solution phase synthesis of 
ultrafine nanoparticles based on a solution phase extraction of nanowires encapsulated 
in single-wall carbon nanotubes (SWCNTs). In this methodラ ultrathinnanowires are 

removed from interior space of SWCNTs to form ultrafine nanoparticles. We have 
focused on synthesis of AgI nanoparticles because AgI nanopartic1es， whose diameter is 
less than 10 nmラ canretain superionic phase at room 

[2] temperature 

Figure l(a) shows high resolution transmission 
electron microscope (HRTEM) image of 

AgI@SWCNTs synthesized by the sublimation method 
already reported [3] As clearly seen， dark linear 

contrasts arising企omAgI nanowires exist in SWCNTs. 

The solution phase extraction of encapsulated 
nanowires was then performed by a sonication of the 
sample with polyvinylpyrrolidone (PVP); PVP was used 
as a stabilizer for AgI nanoparticles by forming a micell 
with nanoparticles [4] Finally， vacuum filtration was 
performed to separate AgI nanopartic1es from SWCNTs. 
Figure 1 (b) shows HRTEM image of so-synthesized 
AgI nanoparticlesラ andtheir mean diameter was about 4 
nm. To the best of our knowledge， they are one of the 
smallest AgI nanoparticles ever reported. 

In the presentation， details of the synthesis method 
and further structural characterization of AgI 

nanoparticles will be discussed. 

[1]R. Ueda， Prog. Mater. Sci .35， 1 (2009). 

[2]R. Makiuraラetal.， Nature. Mater. ~， 476 (2009). 

[3]R. Kitaura， et al.， Angew.Chem.lnιEd.坐， (2009) 

[4]Y. Miyata， et al.， ACSnano.生5807(2010). 
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Fabrication ofHigh Conducting NBRlSGCNT Composites Using a 
Wet-process 
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Nagamune1， Syo Matsumura3， Naotoshi Nakashima'斗

1 Technology Research Associationfor Single Wall Carbon Nanotubes (TASC)， Tsukuba， 
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3 2HVEMLoboratory Qf」野ushuUniversiりう Fukuokα819-0395，.fIαrpan 
Department of Applied Quantum Physics and Nuc/ear Engineering， FaculかofEngineering， 

めlushuUniversity， Fukuoka 819-0395， Japan 
4 Department of Applied Chemistry， Graduate School of Engineering， Kyushu Universiか，

Fukuoka 81~仏0395， Japan 

Supergrowth carbon nanotubes (SGCNTs) with unique physical， chemical and electrical 
properties associated with an extremely high specific sur白cearea have been realized as an ideal 

material for the fabrication ofhighly thermal and electrical conducting polymer composites. There 

are two well-known processes for the fabrication of the polymer/CNT composites. The first is 

based on a dry-process in， which the CNTs are directly dispersed in a melting polymer matrix. 

The second is based on a wet-process， in which both the polymer and CNTs are dispersed in 
aqueous or organic solutions before mlxmg to provide a composite material. Actually， each 

process has both merit and demerit. 
The fabrication of the acrylonitrile-butadiene rubber (NBR)/CNT composites using a 

melt-mixed dry process were reported previously.l However， the electrical conductivity and the 

mechanical properties of the dry-processed NBRlCNT composites were found to be strongly 
affected by their mixing conditions， such as mixing time， rotor speed， and cooling rates. To 
overcome these problems， we use an aqueous solution wet-process for the fabrication of the 

NBRlCNT composites. The preparation of the NBR latex /SGCNT composites was carried out 

through the addition of a well-dispersed SGCNT/surfactant aqueous solution into a commercially 

available NBR latex solution. ln order to remove the surfactant， the latex-based NBRlSGCNTs in 

the solution was precipitated in isopropanol and then dried in vacuum at 500C for 12h. The 

electrical conductivity of the NBRlSGCNT composite films was measured using a four point 
probe apparatus. As shown in Fig. 1， ラt由heelectrical ;-…一…一一……一 一 一 一…一…一一…一一一一一一

LOOOE+Ol 

conductivity of the p戸re叩pa訂re吋d NBRlSGCNT 

composites was increased proportionally with the 

increase in the SGCNT contents. ln additionラ the

electrical conductivity of the NBRlSGCNT 

composite was also found to be much higher than 

that obtained by a dry-process. Mixing conditions 

for the synthesis of the NBRlSGCNT composites 

by the wet-process that influence on their 

electrical conductivity will also be discussed. 

[1] B.M. Cho et al. J. Appl. Polym. Sci.， 116，555，2010. 
Corresponding Author: Masahiro Shigeta 
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Estimation of barrier height in CNT-FETs with graphitic carbon 
interlayer contacts 
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1 Department ofQuantum Engineering， Nagoya University， Nagoya 464-8603， Japan 
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It has been reported that the contact resistance of the CNT-FETs with p-channel behavior 
was decreased by inserting graphitic carbon (G-C) layer between contact metal and CNTs [1]. 

Although the reduction in the contact resistance has been attributed to the improved wetting at 

the contacts， the electrical characteristics of the G-C/CNT interface are not understood 
sufficiently. In this study， we have fabricated CNT-FETs with G-C interlayer contacts and 

studied the electrical properties of the contacts in detail. The barrier heights at the contact 

were measured based on the temperature dependence of the drain current. 
Schematic cross section of the G-C interlayer between CNTs and Au electrodes of the 

CNT-FETs is shown Fig. 1. Graphitization by annealing (8000C， 15 min in vacuum) was 
confirmed by Raman spectroscopy and also by TEM observation. CNT-FETs showed p-typeラ

and have larger transconductance than those with Au contacts， suggesting the reduction of the 
contact resistance in the devices with G-C interlayer. In order to eliminate the effect of the 

adsorbed oxygen on the electrical properties of the device， the devices were annealed at 2000C 

for 90 h in vacuum. Fig. 2 shows ID-Vos characteristics of the CNT-FETs， which showed 

p-type conduction in air and ambipolar in vacuum after annealing. In order to study the origin 

of the conduction-type change， we measured the temperature dependence of the ID-Vos 

characteristics in vacuum at a small bias voltage where the hysteresis was negligibly small. 

The barrier heights were 280~360 meV for electrons and 170~220 meV for holes as shown in 

Fig. 3. These values suggest that EF of G-C is located at slightly below the midgap of the 

CNTs in vacuum. This suggests that p-type conduction of the CNT-FETs with G-C interlayer 

in air is attributed to the adsorbed oxygen. 

Fig.l Schematic structure 
of the G-C interlayer 
contacts. 
(DCNTニ 1.l~1.8 nm) 
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[1] Y. Chai et al. IEEE Trans. ED. 59， no. 1， pp. 12-19， (2012) 
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Enhanced Transparent Conducting Performance of CVD N anotube 

Networks with Tailored Microstructure 

oDong Y oung Kim， Naoto Hashimoto， Suguru Noda* 

Department of Chemical System Engineering， School of Engineering， 

The UniversiかofToわ叫 7-3-1Hongo， B聞かo-ku，おか0113司 8656，Japan 

Flexible carbon nanotube transparent conducting films (CNT国 TCFs)have gathered 
great interest owing to their high mechanical f1exibility and compatibility to role-to-role 
fabrication under ambient， and many applications are expected such as f1exible displays， 
touch screensラ andtransparent electrodes for liquid crystal displays. However， industrial 
applications of CNT-TCFs are still limited because of the insufficient transparent conducting 
performance even for those of SWCNTs (~ 500 Q/sq at 85 % transmittance including base 
films) and of the high cost of SWCNTs (~1 ，000 USD/g). We recently realized high-yield 
production of sub-millimeter-long few welled CNTs (FWCNTs) and SWCNTs by 
semi-continuous [1] and batch [2] f1uidized bed chemical vapor deposition (CVD) processes， 
respectively. The sub-millimeter-long CNTs are expected to provide fair electrical 
conductivity and mechanical f1exibility by reducing the number of junctions among CNTs in 
their random networks. 

In this work， we studied mild dispersion processes to suppress the shortening of CNTs 
and hierarchical control of the conduction paths for multilayer network films of 
(sub)millimeter-long SWCNTs and FWCNTs. Millimeter-long SWCNTs (1.5-4 nm diameter， 
].0 mm length， > 99 wt% purity) were synthesized in ] 0 min by on-substrate CVD from 
C2H4/H2/Ar with water addition [3]， and sub-millimeter-long FWCNTs (6-10 nm diameter， 
0.4 mm length， 99 wt% purity， triple-walled on average) were synthesized by f1uidized-bed 
CVD [1]， both using Fe/AI-O catalysts. Their aqueous suspensions were prepared by mild 
sonication using sodium dodecyl benzene sulfate (SDBS) as surfactant. The CNT-TCFs were 
prepared by vacuum filtration methods. Fig. 1 shows the sheet resistances of SWCNT films 
with 80% optical transmittance (excluding base films). The monolayer film had a fair sheet 
resistance although CVD-SWCNTs are used 
here (note that low resistive TCFs have been 
reported mostly for arc-or laser-SWCNTs). And 
the sheet resistance remarkably decreased for 
layer numbers of 2 or higher. The reduced 
number of junctions by mild dispersion and 
improved junctions by multiple-step filtration 
possibly yielded such improved performance. 
Transparent conducting performances of 
CNT-TCFs of other structures will also be 
reported and discussed in the presentation. 

2 3 4 
Cycle Number 

Fig. 1 Sheet resistance of multilayer 
SWCNT-TCFs of 80% optical transmittance. 
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Inkjet printing of ultra-fine carbon-nanotube thin films 

。YukiTakagi 1， Yuki Nobusa 1， Shota Gocho J， Kazuhiro Yanagi 2， Hiromichi Kataura 3， 
Taishi Takenobu 1 
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2D仰 rtment01 Physics，おかoMetropolitan University， Hachioji 192-0397， .lcαrpan 

J CREST， Japan Science and Technology Agency (JST)， Saitama 332-0012， Japan 

Printability of single-wal1ed carbon nanotube (SWCNT) is attractive properties for producing 

printed electronics on flexible substrates. We have already performed inkjet printing of 

SWCNT transistors at room temperature [1]. However， in inkjet technique， scaling down the 

size of thin film is about to reach the limitations imposed by the droplet size， because the size 

ofthin film is determined by it. Recently， self-assembled monolayers (SAMs) being useful for 

tuning surface wettability due to its simplicity can， on one hand， build a wettability contrast， 

and， on the other hand， provide a method to reduce droplet size on substrates. We used this 

technique to overcome in the context of scaling down the device sizeラ andsuccessfully 

reduced the film width from 200μm to 100μm with ultraviolet (UV) irradiation through the 

metal mask [2]. This success strongly indicates that finer mask pattern leads to smaller device 

size. Here， we used the photo mask instead of metal mask to break down into finer width. 

Figure 1 shows a schematic illustration of fabrication process. Si substrate was modified 

with 1，1，1ム3，3占examethyldisilazane(HMDS) SAMs to make a surface hydrophobic. We 

irradiated UV through a photo mask (~ 5μm) to remove HMDS partiallyラ andprinted SWCNT 

inks. As shown in Fig. 2(a)， the width of obtained thin film was drastically removed from 210 

μm to 20μm. In addition， we fabricated extremely narrow SWCNT films (< 1 μm) using the 

strong coffee-stain effect at hydrophobic!hydrophi1ic interface (Fig. 2(b)). Such a SWCNT 

string produced by inkjet printing might open new route to u1tra-fine SWCNT printed 

electronics. 

In summary， we performed fabrication of fine SWCNT films (~ 20μm) using SAMs 

patterned by photo mask， which is necessary for inkjet-printed SWCNT electronics. 
(a) 

Without 
patterning patterning 

Fig. 1 The schematic of fabrication process Fig. 2 Atomic Force Microscope 

(AFM) image of fabricated thin-films 
[1] H. Okimoto et al. Adv. Mater. 22，3981 (2010). [2] Y. Nobusa et al. Appl. Phys. Lett. 183， 106 (2011). 
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Optical absorption and Raman scattering spectra of ClOH2 

polyyne molecules inside single圃 wallcarbon nanotubes 

Tornonori Sakaguchi， Yoriko Wada， Kentaro Yarnada， oTornonari Wakabayashi 

Department ofChemistry， Kinki University， Higashi-Osaka 577-8502， Japan 

Polyyne rnolecules， H(C三C)nH(n=4-8)， are trapped inside single-wall carbon nanotubes， 
forrning C2nH2@S¥¥明T[1，2]. In double-wall carbon nanotubes， even a growth of longer 
chains of sp-carbon structure frorn rnolecular CJOH2 is observed by HRTEM and Rarnan 
spectroscopy [3]. Conceming the electronic structure of the hybrid systern of C2nH2@S¥¥明 T，
the rnechanisrn for the resonance enhancernent of the Rarnan scattering signals for polyyne 
rnolecules around 2000 crn-1 has been studied in detai1 [4，5]. The electronic structure of the 
hybrid systern is a key for understanding of the rnechanisrn for the optical properties. We have 
conducted large-scale synthesis of polyyne-encapsulating S¥¥明Ts，in order to observe optical 
absorption spectra ofCJOH2@SWNT. 

Single-wall carbon nanotubes of relatively large diarneter were produced by laser ablation 
of a graphite府 i/Cocornposite pellet in an argon-gas flow. The SWNT・-forrningregion was 
kept at 1250 oC for controlling of the diarneter of SWNTs. After the treatrnent of as-grown 
SWNTs with hydrogen peroxide for purification， ~ 1 0 rng of the SWNT filrn was dipped in a 
solution of CJOH2 in hexane for 3 days under arnbient ternperature. The sarnple of 
CJOH2@SWNT was dispersed in a solution of sodiurn cholate in D20 by sonication. 
Spectroscopic characterization was perforrned by Rarnan spectroscopy with the excitation at 
532 nrn and by optical absorption spectroscopy with a spectrophotorneter. 

Figure 1 shows Rarnan spectra of CJOH2@SWNT. The peak at 173 nrn for RBM frequency 
surrnises that the rnajority of SWNTs are those of relatively large diarneter， 1.35-1.40 nrn. The 

peak at 2066 crn-1for a syrnrnetric stretching Og rnode of CJOH2， narnely“P" peak， is observed 
relatively strongly under the experirnental condition [6]. According to the encapsulation of 

CJOH2， other features are newly appearing， narnely peaks for CH-stretching Og rnode ofCJOH2 

at 3145 crn-1， for G+P cornbination at 3636 crn-¥ and for 2P overtone at 4130 crn-1
• The 

optical absorption spectra wi1l be presented in the poster. 

[IJ D. Nishide et al. Chem. Phys. Lett. 428，356 (2006). 

[2] D. Nishide et al. J. Phys. Chem. C 111，5178 (2007). 
[3] C. Zhao et al. J. Phys. Chem. C 115， l3166 (2011). 

[4J L. Malard et al. Phys. Rev. B 76，233412 (2007). 

[5] L. G. Moura et al. Phys. Rev. B 80， 161401 (2009). 

[6] T. Wakabayashi et al. Eur. Phys. J. D 52， 79 (2009). 
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Semiconducting Bilayer Graphene Coated by Ionic Layers 

Yoshiteru Takagi1
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2CREST， Japan Science and Technology Agency， CREST， 5 Sanbαncho， Chiyoda-ku，おか0

102-0075， Japan 

Semiconducting fonns of graphene are indispensable to develop graphene based 

switching electronic devices taking advantage of their high carrier mobility. Various 

approaches to generate the semiconducting graphene have been proposed and implemented， 

such as a bilayer graphene under electric field nonnal to atomic layer， shredding of graphene 

and chemical modifications. In this work， we demonstrate the possibility of band gap 

engineering of bilayer graphene coated by ionic layers based on DFT-LDA calculation. Here 

we consider the structural model that the bilayer graphene is put between positive ions and 

negative ions fonning molecular layers (Fig. 1 (吋).The bilayer graphene inserted in ionic 

layers feel electronic field induced by the charge transfer between cation and anion molecular 

layers. This electronic field causes finite energy band gap of about 0.3 eV leading to the 

semiconductiong electronic properties on bilayer graphene. Figure l(b) shows the electronic 

band structure ofbilayer graphene inserted into the molecular layers comprising of l-ethyl-3-

methylimidazolium ion and tetrafluoroborate ion. We find finite energy band gap between π 

band and π* band of bilayer graphene， The semiconducting bilayer graphene with intrinsic 

finite energy gap could be utilized into the nonnally-off semiconductor devices. 

(a) 、、‘.
E
F
f'o 

/
s
'
t
 

K 

くを幻tive心

bilayer graphene 

くEegativei 

Fig，l (a) Schematic picture ofbilayer graphene inserted in an ionic liquid and (b) the electronic band structure 

of bilayer graphene coated by l-ethyl-3-methylimidazolium ions and tetrafluoroborate ions， The Fermi level is 

set to 0 eY. 
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A novel reduction method for graphene oxide and expanded 
graphite by water freezing expansion 

o Hyeon Jeon¥ Jaemyoung Lee¥BeomSuKim三GwangilJung
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'" Vitzrocell Co.， Sinam agriculture and industry complex， 256-41 Dugok-li， 

Sinam-myun， Yesan-gun， Chungcheongnam-do， korea 

Graphene has been regarded as prospective electrode material of lithium ion battery and 

u1tra-capacitor since it has good electric conductivity and mechanical properties with 

extensive surface area. The optical transparency of graphene shows possibility as transparent 

electrode. However， it is hard to manufacture pure graphene single layer with extensive 

surface area required to commercialization. In the case of chemical exfoliation， it has the 

possibility of explosion during reactions between strong acid and strong base. Furthermore it 

produces unnecessary chemical combinations and byproducts cause decrease of electric 

conductivity of graphene. 

In this study， graphene was manufactured by new manufacturing process combined 
physical and chemical method. The graphene manufacturing process was carried out safely 

compared with existed process. Expanded graphite was manufactured by physical expansion 

method with water freezing expansion for reduce exfoliation energy for graphene 

manufacturing. After thatラ itwas oxidized by sulfuric acid solution diluted with THF. Finallyラ

graphene oxide was reduced by borane-tetrahydrofuran. The characteristics of prepared 

expanded graphite and graphene were analyzed by field emlSSlOn scanning electron 

microscope， thermo gravimetric analysis， differential scanning calorimetry， X-ray diffraction， 

raman spectroscopy. 

Fig.l FE-SEM images of graphiteラgraphiteoxide and grapheme 

[1] Geim， A. K. and Novoselov， K. S.ο007).唱 le悶 ofgraphene". Nature Materials 6 (3): pp.l 83~191.(2007). 

[2] Y. HemandezetaL "High・yieldpr，吋uctionof伊 pheneby liquid-phase exfoliation of伊 phiピ'，Naturen叩 ot∞h.3ぅp.563(2008).

[3] C. Berger et aL "Elcctronicωnfmement and cohαm∞in pattemed cpitaxia1 graphene"， Science 312， p.1191ρ006) 
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Direct synthesis of hexagonal boron nitride on silicon wafers 
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Hexagonal boron nitride (lトBN)is a fascinating substrate to maximize the potential 

applications of graphene-based electronics because it exhibits unique properties such as 

atomically四 smoothsurface and a large bandgap.[l] The use ofh・-BNon silicon wafers is 

highly desired because the h-BN/graphene hybrids could improve silicon-based devices 

such as high-speed electronics. For this p旧pose，large-area and thin-layer h-BN films 

have been synthesized on metal substrates by chemical vapor deposition.[2，3] 

Unfortunately， the ensuing transfer processes of h-BN cannot avoid impurity 

incorporation and film damages such as cracks and holes. Such issues should be solved 

ifh-BN could be formed direct1y on si1icon wafers. 

In this presentation， we report the direct synthesis of h-BN on silicon wafers and 

quartz substrates using thermal CVD of ammonia borane (NH3BH3). The growth of 

h-BN was confirmed from optical absorption and Raman spectra. The samples show a 

distinct absorption peak at 6.1 e V and almost zero absorbance in the visible range 

(Fig.1a). It is found that the present sample is composed of double layer h-BN from the 

comparison with the spectra of monolayer h-BN.[3] The Raman peak at 1370cm-1 is 

assigned to an in-plane vibration mode of the h・-BN (Fig.l b). Furthermore， pattemed 

growth of h-BN is also achieved by covering the substrates with gallium during the 

CVD. The present findings 

provide a promlSlng way 

to deve10p the potential 

applications of graphene， 

carbon nanotubes， and 

other electronic materials 

because of their 
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semiconductor processes. 

[1] C. R. Dean et al.， Nat. Nanotechnol. 5ヲ5722(2010). [2] Y. Shi et al.， Nano.Lett. 10，4134 (2010). 

[3]. K. K. Kim et al.， Nano Lett. in press. 
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Graphene is expected to be a material with very high mobility. However， when it is 
mounted on Si02/Si substrates， its mobility becomes degraded due to the carrier scattering by 
the Si02 layer. Suspension of graphene sheets is one of the solutions to evade the scattering 
and to improve the mobility. Etching the Si02 layer undemeath a graphene sheet has been 
applied to achieve it [1]. It would be more straightforward if suspended graphene sheets are 
grown directly on the substrate. In this studyラwehave employed the submarine-style substrate 
heating method for the synthesis of nanocarbon materials and obtained ribbon-formed 
nanocarbon materials suspended between zeolite particles dispersed on Si substrates. 

In the submarine-style substrate heating method， a substrate coated with catalysts is settled 
in a case with its bottom open. The case is immersed in alcohol (carbon source) while Ar gas 
is supplied to the case continuously， which keeps a gas space around the substrate. This 
method is not only as simple as the liquid phase synthesis [2]ラ butalso applicable to a wide 
variety of catalysts including organometalic compounds which dissolve in alcohol. 

In this work， we used ethanol or 2-propanol as alcohol， and cobalt acetate and iron acetate 
supported on zeolites as catalysts. Si02/Si substrates were coated with the catalysts and heated 
with a carbon heater attached on the other side of the substrate. In the synthesisヲ the
temperature of the substrates were kept 
around 1173 K for 10 min. We analyzed 
products with FE-SEM and micro-Raman 
spectroscopy. In both cases using ethanol 
and 2-propanol， ribbon-formed 
nanomaterials were produced. They were 
found to be suspended between zeolite 
particles. Figure 1 shows one of the 
ribbon-formed materials obtained using 
ethanol. The 2D peak in the Raman 
spectrum was observed at 2697 cm-1 with 
the FWHM of 73 cm-I

. Judging from the 
peak profile， we think tentatively that the 
ribbon-formed nanomaterials could be 
few-layered graphene. 

Fig.l Ribbon-formed nanocarbon material (indicated 
with an arrow)produced with the submarine-style 
substrate heating method. 

[1] K.I. Bolotin et al. Solid State Commun. 146，351 (2008). 
[2] M. Nishitani-Gamo et al.， Jpn. J. Appl. Phys. 46ラ6329(2007). 
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D句partmentofNanosystem Science， Yokohama City University， 

22-2，Seto，Kanaawa-ku，Yokohama，236-0027，Japan 

百lestudy on irradiation e宜ectson graphene is of very interest for tailoring its properties， 

unders匂ndingirradiated-damages， and producing new materials.百leirradiation e宜ectsby ion and 

electron beams on grョphenehave been investigated by Raman spectroscopy so白r[1，2]. It is expected 

由atlaser irradiation also gives riseωvarious effects on graphene， as carbon nanotubes [3]. In this 

paper， we report出eeffect oflaser irradiation on the Raman spectra of graphene. 

Graphene samples prepared by mechanical exfo1iation and chemical vapor d叩ositionwere used for 

irradiation experiments. The samples were irradiated with a 532 nm from YAG laser.百leirradiation 

poweron出esample was ~200 kW/cm2
. 

Fig. 1 shows Raman spec回 ofmonolayer graphene before and aft，位協erirradiation. It is found that 

relative intensity ofD band at ~ 1345 cm-1 increases after irradiation. This means that some defects 

in monolayer graphene can be introduced by irradiation. In addition， the relative intensity of2D band at 

~ 2680 cm-1
ラ especial1yhigher-frequency component， decreases after irradiation.百出 mightbe 

understood from the origin of 2D band. Similar 

behaviors were also observed for few-layer 
(a) 
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graphene. On the other handラ

irradiation intensity led to no significant change 

in Ran1an spec回 formulti-layer graphene.百l1S

shows由atmonolayer and few-layer grョpphene

samples easily suffer radiation damageラ

compared with multilayer graphene. Such laser 

irradiation effect on graphene wil1 be discussed 

comparing with ion bombardment and electron 

beam irradiation. 

same 出c

Fig.1 Raman spectra of mono1ayer伊 phene

(a) before and (b) a食erlaser irradiation. 
[1J L.G. Cancado et al.， Nano Le伐.11，3190(2011).

[2] D. Tewe1debrhan， et al.， Appl. Phys. 1胤 .94，013101(2009) 

[3] M. Hakamatsuka， et al.， Carbon 49，1869 (2011) 
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We have recently reported that polar organic molecules were size-selectively intercalated 
into the pil1ared carbon prepared from graphite oxide (or graphene oxide; heareafter 00) 
repeatedly silylated with methyltrichlorosilane in which graphene layers are covalently 
connected with each other by silsesquioxane pillars [1]. In this study， this silsesquioxane 
bridged graphene films were prepared from various precursors and their electrical response to 
various organic vapors were examined. 

Oraphite oxide was silylated with octyltrichlorosilane and n占exadecylaminewas in 
tercalated into the resulting sample. The dispersion of n-hexadecylamine containing silylated 
00 was cast on quartz substrate and thin film was obtained. This was further silylated with 
methyltrichlorosilane (ClSi) twice or 3-aminoprppylethoxysialne (APS) at various conditions. 
The product was heated at 5000C under vacuum and silsesquioxane bridged graphene films 
were obtained. 

The resulting films possessed interlayer spacings of 1.3-1.8 nm. Various organic molecules 
including vinylene carbonate， diethoxyethane molecules were intercalated into the films and 
interlayer expansion was observed. This indicates that the obtained film samples possess 
similar soft pores to those ofpowder samples prepared previously [1]. 

Fig.1 shows the electrical response of silsesquioxane bridged graphene film prepared 企om
00 reacted with CjSi and then with APS 
for 6h to various organic vapors as a 
function of time. It increased quickly upon 
exposure to vinlylene carbonate vapor and 
the resistance increased by 10 % after 5h. 

1.12 

1.1 

1.08 

On the other ha叫 exposureof the film to r:Z 1.06 

larger diethoxethane molecules resulted in ~ 

the slower increase of the resistance and 
smaller increase of the electrical resistance. 
The slower diffusion and larger occupied 
volume in the interlayer gallery of 
diethoxyethane molecules would be 
responsible for the above electrical 
response. 

Reference [1] Y. Matsuo et al. Chem. Commun. 
47，4009 (2011). 
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Fig.l Electrical response of silsesquioxane bridged 
graphene film to vinlyene carbonate and diethoxyethane. 
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Institute ofTechnology， Cambridge， MA 02139-430スUSA.
3 Department of Physics， Massachusetts Institute ofTechnology， Cambridge， 
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In graphene， double resonance Raman (DRR) spectra are important not only for G' (2D) 
analysis but also weal王Ramanfeatures (M band) which are sensitive to the stacking order of 
few layer graphene. From the analysis of experimental Raman spectra of graphene， it was 
considered that DRR intensity by intervalley scattering process was involved in the scattering 
of electronic states along the Kr line with phonons along the KM  line (outer DRR scattering 

process) [1-3]. However， recent1y， experiment and calculation demonstrated that inner DRR 
scattering process， in which the scattering of electronic states along the KM  line with phonons 
along the Kr line， also contributes to DRRI of graphene [4]. Moreover， the selection of the 
scattering process depends on phonon mode. To evaluate the scattering process ofDRR peaks 
of graphene， we need to ca1culate electron-phonon matrix element for possible phonon 
combination modes of graphene. It is expected that such analysis will contribute to analysis of 
Raman spec仕aof strained graphene and of twisted bilayer graphene. In this paperラ weshow 
that electron-phonon interaction between particular initial and final electron states mainly 
contributes DRR intensity of graphene. 

Here， we ca1culate electron-phonon matrix elements of graphene for possible phonon 
combination mode of DRR scattering process in order to find and evaluate main DRR 
scattering process for each Raman peaks graphene. Electron-phonon matrix elements are 
ca1culated by using the extended tight binding scheme， the deformation potential， and force 
constants model [5]. Our calculation results show that the DRR peak ofthe combination mode 
of iTO and LA phonons for intervalley scattering (2，450 cm-1 Raman peak) comes from inner 
process. We wi11 discuss other phonon combination modes of graphene and compare our 
ca1culation results with experiments. 

[1] J. Kurti et al. Phys. Rev. B 65， 165433 (2002). 

[2] A.C. Ferrari et al. Phys. Rev. Lett. 97， 187401 (2006). 

[3] L.M. Ma1ard et al. Phys. Rev. B 76，201401 (2007). 
[4] D.L. Mafra et al. Carbon 49，1511 (2011). 
[5] J. Jiang et al. Phys. Rev. B 72， 235408 (2005). 
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Sagamihαra， Kanagawa 252-5258， JAPAN 

Abstract: Graphene， an ultimate two-dimensional sheet with thickness as thin as one 
carbon atomラ isattracting significant attention. In particularラ edgestates are of great interest 
with respect to high electronic density of states (EDOS)， electron localization， and also 
polarized spin tr溜 lSport.1

-
3However， they had been reported only by theoretical works， 

because fabrication of edges by lithographic methods easily introduces defects and damages 
to edges and they tend to obstruct edge-related phenomena. In contrastラ wefor the first time 
experimentally reported edge-related phenomena in low-defect graphene nanoribbons 
(GNRst and graphene nano-pore arrays (GNPAs)日 fabricatedby non-lithographic methods 

(i.e.， unzipping of carbon nanotubes and etching of graphenes using porous alumina templates 
as a mask). In hydrogen-terminated GNPAs with honeycomb like array of hexagonal 
nanopores， ferromagnetism and anomalous magnetoresistance oscillation ansmg from 
nano-pore edges were observed， because the nano-pore edges had possible zigzag-atomic 
structure by edge reconstruction after high田 temperatureannealing and the interpore regions 
can act as GNRs.5

-
7 

Hereラ wereport electronic features of the GNPAs. Even apart from magnetic behaviors， 
GNPAs can provide interesting and useful electronic features， because they act as a large 
ensemble of GNRs， which are fabricated at the interpore space as mentioned above. We 
observe semiconductive behaviors and single electron tunneling behaviors， which are 
sensitive to structures of the GNPAs and kinds of foreign atoms for termination of the 
nanopore edges. GNPAs will be promising for realization of integrated circuit consisting of 

GNRs， if the edge atomic structures can be controlled. 

References: 
1. N akada， K.ラFujitaヲM.，Dresselhaus， G. & Dresselhaus， M. S. ，Phys. Rev. B 54， 17954 (1996). 

2. L. Yang， C. H. Park， Y. W. Son， M. L. Cohen， S. G. Louie， Phys. Rev. Lett. 99， 186801 (2007). 

3. K. Wakabayashi， Phys. Rev. B 64， 125428 (2001). 

4. T.Shi吋imi包zu札1，ラ J.Haruyama払， D.C 
NIα仰not，陀舵e町Chl仰1ω0/0幻gy6ヲ45 (2011) 

5. K. Tada， 1. Haruyama， H. Yang， M. Chshiev， T. Matsui， H. Fukuyama， Phys. Rev. Lett. 107， 217203 

( 2011) 

6. K. Tada， J. Haruyama， H. Yang， M. Chshiev， T. Matsui， H. Fukuyama， Appl.Phys.Lett. 99， 183111 

(2011) 
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Nanographene has attracted intense attention owing to the potential for manipulation of its 
characteristics， such as (semi -)conductivity and magnetism by the edge states [1]. As the 
application field of nanographene expands from electronics to magnetics， photoelec仕omcs
and electrochemical devicesラ techniquesfor the large-scale production of high-quality 
nanographene have become essential. In this study， supercritical fluid (SCF) exfoliation was 
applied to the scalable production of high-quality nanographene. Using this technique， 
undesirable introduction of functional groups/defects can be prevented during exfoliation [2]. 

Nanographene was synthesized from platelet carbon nanofiber (p-CNF)， having a mean 
diameter of ca. 140 nm. The p-CNF consisted of a large number of nanographene platelets 
vertically stacked to the basal plane. Therefore， nanographene could be readily obtained by 
exfoliation. SCF exfoliation was performed in supercritical ethanol by placing ethanol and the 
p-CNF into a batch-type reactor. The reactor was placed into a fumace kept at 400 oc. 

AFM measurement revealed that continuous heating of the reactor for 60 min generated 
sheet-like materials， a portion of which was less than 1 nm thick. It was concluded that such 
thin sheets were monolayer graphene and the exfoliation process was successful. Moreover， 
the lateral size of the thinner graphene sheets was distributed within the smaller size-rangeラ

which suggests that during the exfoliation process， cutting ofthe basal plane was progressed. 
In order to enhance the yield of monolayer nanographene， the temperature profile was 

modified. A second heating protocol was used， in which the heating and cooling processes 
were intermittently repeated 6 times; the reactor was heated for intervals of 10 min. As a 
result， intermittent heating further enhanced the exfoliation and cutting processes. 

Figure 1 shows representive Rarnan 
spectra obtained frorn products by 
above-rne凶 onedtwo heating protocols. ~ 

It is well-known that 2D band shifts to ~ 
the lower-wavenurnber side as the layer 
number of graphene decreases. 

c 
e 

Moreover， if all of the defects can be 1200 1300 1400~500 1600 17602600 2700 2;00 
assigned to the edge state， the intensity Wavenumber (cm勺
of D band is enhanced as the lateral size Fig.1 Representive Raman spectra obtained from products by 
decreases. Compared with the products continous and intermittent heating protoco1s (normalized 
by the initial continuous heating by G band intensity). 

protocol， Raman spectrum of products by intermittent heating shows the shi抗of2D band to 
the lower wavenumber side and the enhancernent of D-band intensity. This tendency is 
consistent with the resuIts of AFM measurement. Moreoverラ wefurther discuss about the 
defects in the basalplane using the results of AFM and Raman spectroscopy. The details will 
be presented in 42na FNG General Syrnposiurn. 

[1] Y. W. Son et al. Nature 444ラ 347(2006). [2] D. Rangappa et al. Chem. -Eur. J. 16，6488 (2010) 
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Graphene has been attracting rnany researchers because of its unique properties. One 
of the great efforts has exerted to develop sophisticated rnethods for synthesis of large 
area graphene filrns. Recently， chernical vapor deposition on Cu foil has been 
dernonstrated. [1，2] Those results opened the way to new industrial integration 
processes， however， the rnethod needs cornplicated processes such as polyrnenthyl 
rnethacrylate coating and rernove of Cu foil to transfer the graphene on a conventional 
substrate. Zheng et al. [3] proposed a new rnethod in which the graphene was 
synthesized frorn a rnetal and arnorphous carbon stacked filrn. They cornrnented that 
their rnethod rnight be extended to direct forrnation of graphene on a conventional 
substrate. In this presentation， we propose the use of rnetal-carbon hybrid filrn instead of 
the stacked filrn for direct forrnation of graphene. 
Fe was ernployed as a rnetal and rnetal-carbon hybrid filrns were forrned on oxidized 
Si substrates by sputtering of Fe target under CH4 and Ar rnixed gas. The hybrid filrns 
were then therrnally annealed in a vacuurn at ternperature range of 500 -800 Oc for 20 
rnin. The thickness and cornposition of the 
filrns were rneasured by X-ray fluorescence 
analysis and X-ray photoelectron 
spectroscopy， respectively. The annea1ed 
sarnples were investigated by Rarnan 
spectroscopyラ scanningelectron rnicroscopeラ

and transrnission electron rnicroscope. 
Fig.l shows a surface rnorpho10gy of 
annealed sarnple at 800 oc. Initial thickness 
of the sarnple was 20 nrn and atornic ratio 

of carbon was 17 at%. Spherica1 shape Fig.l SEM image of an annealed sample 
particles and patches are observed. The at 800 Oc. 
particles are conforrned as Fe. Frorn the 
observation cross-section TEM， the patches 
consist of 4 -9 layers graphene. Rarnan吉20

spectrurn of the sarnple is shown in Figユ旦
Although the size of obtained few-layer 
graphene is srnall， our resu1ts show the 
capability of the direct graphene forrnation 
on the substrate. 

Reference: [1] X. Li et al.， Science 324， 1312 (2009) 
[2] S. Bae et al.， Nat. Nanotech. 5，574 (2010) 
[3] M. Zheng et al.， APL 96， 063110 (2010) 
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IR spectra of polyyne-iodine complexes in solutions 

oYoriko Wada， Tomonari Wakabayashi 

Hydrogen-end-capped polyyn久 H(C三C)n日 (n~2) ， is one of the simplest model compounds 

the system of sp-hybridized carbon chain. The molecule has cylindrically 

symmetric n-electron systemsラ andexhibits absorption bands for the allowed transition in the 

UV and those for a forbidden transition in the near UV [1ラ2].

Recently， we reported that the al10wed transition diminishes， while the forbidden emerges 

upon addition of iodine molecules into the solution of polyyne molecules under illumination 

with visible light [3]. This spectral change indicated the formation of a molecular complex by 

polyyne and iodine molecules [3]. The composition of the polyyne-iodine complex was 

determined to be 1:3 for polyyne : h ratio企omthe concentration-dependence experiments [3]. 

The1H鴨 and13C_NMR spectra showed that the polyyne-iodine complex has C2 symmetry [3]. 

In this work， we measured IR spectra for polyyne-iodine complexes in solutions for 

investigation of the molecular structure. Figure 1 shows IR spectra of C IOH2 (dotted line) and 

CIOH216 (solid line). We assigned an absorption band at 625 cm目1to CH bending (Fig. la) and 

an absorption band at 3306 cm-1 to CH stretching (Fig. 1 b) modes of CIOH2・Inthe spectra for 

CIOH216ラ absorptionbands were observed at 610 (Fig .la) and 3085 cm-1 (Fig. lb). We 

consider that the spectral shifts from 625 to 610 cm-1 and 企om3306 to 3085 cm-1 is due to the 

Department ofChemistry， Kinki Universiか"Higαshi-Osaka 577-8502， Japαn 

for 

formation of the complex. These observations suggest that the molecular 仕ameworkof CIOH2 

is retained in the complex of CloH216・
[1] E. Kloster-Jensen et a1. Helv. Chem. Acta. 57，1731(1974). 
[2] T. Wakabayashi et a1. Chem. Phys. Lett. 446，65 (2007). 
[3] Y. Wada et a1. J. Phys. Chem. B. 115，8439(2011). 

3306. 

/ ¥ C10H2 町輔、J 、--、戸町、-

、、.，ノ
'hu 

h
忠
明
白
山
村
岡
H
H

¥
 

ζ
J

、
•. 
、

今
中

tAn

Fιり
・

・

rr--

ハ
り‘E

E
A
 

V

〆
O

ヴ
伝
}

H
 

ハ
リ
白q

~
 

h
H叩
明
ロ

U
叫
口
}
{

ClOH216 

3085 

、J 戸、和

3200 3400 
uraverlumber/cm l 

620 

waveIlumber/cm l 

Figure l. IR spectra for ClOH2 (dotted line) and ClOH216 (solid line). 

3000 640 600 580 560 

Corresponding Author: T. Wakabayashi 
Tel: +81-6・6730-5880(巴x.4101)， Fax: +81-6-6723-2721ラ E-mail:wakaba@chem.kindai.ac.jp 

ー130-



2P-42 

The Fate of PEG-Functionalized Single Wall Carbon Nanohorns 

after Intravenous Injection into Mice 
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INanotube Research Center， AIsr; 2Meijo University; 3Nagのり Universiか

Carbon nanotubules such as single-wall carbon nanohoms (SWNHs) and nanotubes 

(SWNTs) have been extensively studied for application in drug delivery system and 

hyperthermia agents for cancer and other disease therapies. The pharmacokinetics of these 

nanocarbons after administration into living body certainly need to be c1arified before 

practical application. Raman spectroscopy have been used to probe the long-term fate of 

SWNTs after adminis仕ationinto mice， but the Raman intensity of SWNTs might be 

inf1uenced due to the existence of different components in different tissues leading a low 

accurate assessment. Our previous study [1] has shown that the in vivo biodistribution of 

SWNHs can be quantified by using Gd203 labels embedded in SWNHs (Gd@SWNHs). In 

this study， we show that time course of the circulationラ distributionand c1earance of 

Gd@S¥¥明 Hsfunctionalized with PEG in mice for a long-term， 4 months. 

SWNH aggregates with two different sIzes of about 70 nm and 100 nm were usedラ which

were obtained by C02 laser ablation of graphite. SWNHs were labeled by Gd203 partic1es as 

reported previously [1] and non-covalently coated with DSPE-PEG5k. The 

PEG-functionalized Gd@SWNHs (Gd@SWNHs-PEG) were dispersed in phosphate buffered 

saline and injected into mice through the tail veins (dose: 5 mg of SWNHs per 1 kg of body 

weight). Mice were sacrificed at time points of 1 hラ 6hラ and1-120 days after injection. The 

quantities of Gd@SWNHs-PEG in organs and in whole mice were estimated from the Gd 

quantities measured by ICP-AES. 

The results showed that the Gd@SWNHs-PEG circulated in blood over 6 h and 

then mainly distributed in liver and spleen. The distributions of SWNH aggregates with 

two different sizes were similar. The quantities of SWNHs in 1iver changed with the 

post-injection time (PIT)， while those in other organs did not change. The amount of 

SWNHs in liver increased and reached a maximum， about 70 % of the total injected 

quantity， at 24 h of PIT， and then decreased to about 30% at PIT 30 days. The total 

SWNHs in a whole mouse decreased for about 40% when PIT was longer than 30 days. 

About 10-15% SWNHs were detected in feces. It is presumed that disappeared 

SWNHs from liver excreted via biliary pathway. 

[1] J. Miyawaki， S. Matumura， et al. ACS Nano 3， l399 (2009). 
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C60 is a carbon allotrope and is not soluble in water. However， nanopartic1es made of C60 
can be dispersed stably in water even without using any stabilizing agents. Such dispersions 
may have uses in biological or medical applications， which inevitably use water as a solvent. 
We have been working with preparation and physicochemical characterization of C60 
nanopartic1es dispersed in water. [1ム3]During the course of the study， we encountered very 
frequent growth of microorganisms in dispersions stored in the laboratory. As C60 was a sole 
major carbon source in the dispersionsラthefinding suggests that these microorganisms utilize 
C60 for growth. Such microorganisms may play an important role in determining the ultimate 
fate of C60 released into the environment， but not much was known. This motivated us to 
initiate searches for fullerene degrading-microorganisms in natural environments. 

Screening of microorganisms was carried out using minimal Davis (MD) medium 
containing nanopartic1es of C60・Nanopartic1eswere prepared by孔1echano-Assisted Reduction 
of Size (MARS). [2，3] The medium was diluted 10 times to decrease the ionic strength of the 
medium and prevent coagulation of C60 nanopartic1es. The standard formulation was also 
modified so that C60 was a sole major carbon source and only those that utilized C60 could 
grow in the medium. 

From three environmental samples (soil， rain drops， cigarette butt)， we have successfully 
isolated five microbial strains that exhibited robust growth only in the presence of C60 
nanopartic1es. Figure 1 shows cultures of an isolateラstrainSL 1-4ラ inMD medium with or 
without C60 nanopartic1es. The organism grew and formed fibrous aggregates in the medium 
containing C60 after incubation at room temperature for 2 weeks， whereas growth was not 
observed in the C6o-free medium. Identification using 16S rRNA sequences revealed that two 
isolates showed high homology to microorganisms that degrade polyaromatic hydrocarbons 
(PAHs). Strain SLI-4 showed 96% homology to Sphigopyxis sp. TP340-8 that degrades 
phenanthrene and fluoranthene， while strain SL 1-2 
showed 99% homology to Variovorax pαradoxus that 
was found in enrichment culture using pyrene 
crystals as a sole carbon source. Considering the high 
chemical reactivity of C6o， our results suggest that 
these isolates are able to uti1ize C60 as a carbon 
source for growth. 

[1] S. Deguchi et al. Langmuir 17ラ 6013(2001). 

[2] S. Deguchi et al. Adv. Mater. 18， 729 (2006). 

[3] S. Deguchi et al. J. Phys. Chem. C 114， 849 (2010). 

Corresponding Author: S. Deguchi 
Tel:十81-46-867-9679，Fax: +81-46-867-9715今

E-mail: shigeru.deguchi@jamstec.go.jp 
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Fig. 1. Photograph showing the growth 
of strain SL 1-4 in MD medium 
containing nanoparticles of C60 (right) 
Growth was not observed in the 
medium without C60 (left). 
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Recent development in Electron Energy Loss spectroscopy and its 

applications to nanomaterial analysis 

o A，Maigne 

Gatan Inc. 3F Sakurai bldg 2-8-19 Fukagawa， Koto-ku あわ70135-0033 Japan 

Energy Electron Loss Spectroscopy has been proven many times to be the state of the art 

analysis method for material characterization. TEM and STEM performances have increased 

drastically with the development of Cs correctors as well as monochromators. Recent development 

is both CCD readout speed and electromagnetic optics allows us to develop a new spectrometer to 

take advantage of current TEM generation. 

Spectrum-Imaging is a powerful approach in data acquisition for materials characterisation 

whereby a spectrum is recorded at each pixel position in an image to form a ヲーDdata-cube'. As a 

technique it is a powerful means for rapid materials characterisation at the nanometre level and is 

well established， especially in the field of materials science. With an atomic resolution， combined 

EELS and HAADF spectrum-imaging is a formidable approach for solving materials science 

problems. New spectrometers being able to be used with an acceleration voltage down to 60keV， 

contamination and sample damage can be greatly reduce. As shown in fig.l， single wall carbon 

nanotube's carbon atoms can be mapped without damaging the sample. A new technique called 

DualEELSTM allows to record two spectrum simultaneously which makes absolute quantification 

possible. In this presentation， we will show that counting atoms can now be achieve at the the 

sub-nanometer scale. Moreover， by using the new白stread out and scanning synchronisation， it is 

possible to obtain STEお1-EELspectra at a speed of 1000 spectra per second to insure that the local 

sample excitation caused by the beam doesn't last more than few milli-seconds. 

Corresponding Author: A.Maigne 
Tel:十81-3-56392772，Fax:十81-3-56392763，

E-mail: amaigne@gatan.com 

Fig.1. EELS mapping of Gd203@SWNH 

obtainedαt 80kVwithα1.9A resolution. Sample 

courteisy ofDr.Yudasaka (AIST/NEC Japan) 
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First-principles studies of interfacial charge transfer between graphene and 

rutile (110) surface 

OCai-Hua Zhou， Xiang Zhao* 

Institute戸rChemical Physics & Department 01 Chemistη1， 

Xi'anJiαotong University， Xi 'an 710049， Chinα 

Charge transfer between two separate systems is of interest as it enables surface 

conductivity to arise in the semiconductor. [1] Recently， the interfacial charge transfer of 

graphene with different semiconductor has been investigated largely. [2] However， the intrinsic 

reason of charge transfer in graphene Isemiconductor systems is not very understood to date. 

In this work， the interfacial charge transfer mechanism of graphene/rutile(110) is elucidated 

using density functional theory (DFT). Calculated results indicate that the interfacial charge 

transfer properties of graphene lrutile (110) are influenced by the surface morphology of rutile 

(110). The interfacial interaction of graphene with perfect rutile (110) surface is so weak that 

it scarcely affects geometrical structure and electronic structure of graphene (Figure la)ラ and

very few electrons (0.01-0.02e) are transferred from rutile to graphene. However， it is 

relatively easy to transfer electrons企omoxygen-deficient rutile (110) to graphene令 andcause 

a down-wa中ingof graphene structure in those oxygen-deficient areas. (Figure 1 b). It is 

revealed that graphene acts as a acceptor in graphene/rutile(110) system. And surface oxygen 

atoms of rutile (110) hinder the electrons transfer from titanium to graphene due to the big 

withdrawing electron ability of oxygen atoms. We also calculate density of states (DOS) of 

two systems. It is shown the oxygen vacancy induces negative shi自inconduction bands edge 

of rutile， resulting into a narrow band gap (Figure 2). Decreasing the band gap of a metal 

oxide photocatalyst is one strategy towards increasing the adsorbed 企actionof solar radiation， 

so it is predicted that the photocatalytic performance of Ti02 could be improved when Ti02 

combines with graphene. 
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Reactions of C60 with Disilirane and Silirane 
in the Presence of Transition Metal Complexes 

o Ryosuke Iida 1， Daiki Inaba 1， Kentaro Takagi 1， Masahiro Kako 1 ， 

Tadashi Hasegawa2， Yutaka Maeda2， Michio Yamada2， Takeshi Akasaka
3 

1 Department of Engineering Science， The University of Electro-Communications， ChφJ， 

To付。 182-8585，Japan 
2 Department of Chemistη， Toわ10Gak昭 eiUniversiか，Koganei，Tokyo 184-8501， Japan 

3 Center for Tsukuba Advanced Resωrch Alliance， University ofTsukuba， Tsukuba，lbaraki， 

305-857スJapan

Chemical derivatization of fullerenes with various reagents has been attracting much interest 
from mechanistic and synthetic viewpoints to provide functional materials. It has been 
demonstrated that the facile silylation of fullerenes can be achieved with disiliranes [1]， 
silylenes [2]， and silyl radicals [3] as reactive silicon species， which lower the oxidation 
potentials of fullerene derivatives due to the e1ectron-donating property of organosilicon 
groups. Because these silylation procedures are conducted by irradiation， it should be noted 
that degradation of silylated products might take place under photolyses. Therefore， it is 
valuable to develop altemative procedures for silylation of fullerenes under mild conditions. 

Meanwhile， it is well known that organosilicon and organogermanium compounds are 
activated by transition metal complexes， which provide various catalyzed reactions of 
silylation and germylation of unsaturated compounds. In our continuing research of silylation 
of fullerenes， we investigate the validity of transition metal complexes as catalysts for 
silylation of fullerenes， and recently reported that the silylation of C60 using disilirane in the 
presence of palladium and nickel complexes afford the corresponding addition product. 
Herein， we report novel silylation reactions of fullerenes catalyzed by transition metal 

complexes. 
Reaction of C60 and oxadisilirane 
1 in the presence of tetrakis-

(triphenylphosphine )palladium and 
triphenylphosphine in toluene 

produced compound 2. On the 
other hands， irradiation of C60 and 1 

in toluene afforded a 1，4-adduct of C60 

C60 and 1. When silirane 3 was 
employed as a substrate， compound 
4 was obtained as the 1，2-adduct of 
3 and C60・The detail of these 

results and related reactions will be 
presented. 
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[1] AkasakaヲT.;Ando， w.; KobayashiラK.;Naga民 S.J. Am. Chem. Soc. 1993，115，10366. 
[2] Wakahara， T.; Kako， M.; Maeda， Y.; Akasaka， T.; Kobayashi， K.; Nagase， S. Curr. Org. Chem. 2003， 7，927. 
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Synthesis of [60]Fullerene-Based Rotaxanes Using Electron-Accepting 

Macrocycles 

oNoriko Kurahashi， Shin-ichiro Katoラyosuke Nakamura 

Department 01 Chemistry and Chemical Biology， Graduate School 01 Engineering， 

Gunma University， Kiryu， Gunma 376-8515， Japan 

We have so far synthesized a series of [60]fullerene-based [2]catenanes and 

[2]rotaxanes by using donor-acceptor interaction. Recent1yラ [2]rotaxane1 was successfully 

synthesized by combining a macrocyc1e containing electron-accepting naphthalenediimide 

moieties and a fullerene derivative bearing an electron-donating 1，5-dialkoxynaphthalene 
moiety as an axle compound. The synthesis of [2]rotaxane 2 ca汀ymg a more 

electron-donating TTF moiety instead of 1，5-dialkoxynaphthalene was also successful. The 

yields of 1 and 2， howeverラ wereextremely low. Thusラ aimingat the increase of yields， we 

have designed and synthesized novel macrocyc1e 5ラ inwhich two naphthalenediimide 

moieties are bridged by rigid 2，7-naphthylene linkages， and applied 5 to the synthesis of 

[2]rotaxanes 3 and 4. 

In the synthesis of [2]rotaxane 3， 6 and 5 were first mixed in CHCh at -30 oC to form 

pseudorotaxane. After 30 min， carboxy1ic acid 8ラM1'ぜBA(2悶 methyl-6-nitrobenzoic

anhydride)， and DMAP were added to the mixture， which was stirred for further 10 h at the 

same temperature. [2]Rotaxane 3 was isolated by column chromatography and GPC in 5% 

yield， which is higher than that of 1. In a simi1ar manner， [2]rotaxane 4 was also obtained in 

higher 18% yield. The increased yields of rotaxanes 3 and 4 relative to those of 1 and 2 are 

ascribed to the efficient forrnation of pseudorotaxane derived from more rigid macrocyc1e 5. 

'"シ、ず〆司、
6: Donor = l， 11 J n = ::l … …  
7 ぺíSþ=<S~Donor =' lí~-"可づ久 n = 1 

、S S~、

5 (R = C12H2S) 

/へ""S Sョ4: Donor =' ii ~>==<す\円=
、S S~ 、

[1] Y. Nakamura， S. Minami， K. lizuka， and 1. Nishimura， Angel+e Chem.， Jnt. Ed.， 42， 3158-3162 (2003). 

[2] Y. Kasai， C. Sakamoto， N. Muroya， S.-i. Kato， and Y. Nakamura， Tetrahedron Lett.ラ52，623-625(2011). 
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High Purity Synthesis of N⑧C60 Using RF-Plasma and 

Its Stability under UV-Irradiation 

oS. C. Cho， T. Kaneko， and R. Hatakeyama 

Department of Electronic Engineering， Tohoku University 
E-mail: cho⑨plasma.ecei.tohoku.ac.jp 

Although the nitrogen atom endohedral fullerene (N@C60) has been studied over the last 
decade， its purity was as low as 10-3 to 10-2 %.1) Therefore， it is required to achieve the high 
yield synthesis ofN@C60ラ

wherethe control of C60 behavior with changing oven temperature 
(Tov) is one of the effective methods. On the other hand， the properties of the synthesized 
N@C60 have been measured by UV irradiation， however， there are few reports about stability 
of N@C60 under UV irradiation. Therefore， the pu中oseof t白hiおss飢tれu吋dyi臼stωo elucidate a 
synthesis mechani臼sm0ぱfN@C6ωo1血norder to improve the yield and to c1arify t出heeff島ecはtsofUV 
i町r汀rra刈di悶at討iononN@Cω

Figure l(a的)shows the puri江tyand C60 sublimation rate (RsublD as a function of Tov under the 
conditions of an RF-power PRF = 500 W，ラ gridvoltage Vg = -90 V， and substrate voltage Vsub = 
-90 V. L) It is found that the purity increases with an increase in Tov and the highest purity of 
0.56% is realized although Rsubli is almost constant from 800 to 1000 oC. The increase in the 
purity is considered to be caused by sublimation of C60 with dispersed form as Tov increases. 

Figure 1 (b) gives a dependence of electron spin resonance (ESR) spectra on 
UV-irradiation time (tuv)ラ wherethe UV wavelength is 365 nm. It is found that the ESR-peak 
intensity gradually decreases with an increase in tuv・ Inaddition， UV回 visibleabsorption 
(UV-vis) spectra show that the peaks at 330 and 345 nm decrease with increasing tuv [Fig. 
l(c)]. Based on these results， the peaks at 330 and 345 nm in the UV-vIs spectra are expected 
to co打espondto N@C60， suggesting that the nitrogen atom N has escaped from the inside of 
C60 by enhanced vibrations of C60 or N under UV irradiation. 
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Fig. 1. (a) Dependence ofpurity and C60 sublimation rate on Tov> (b) ESR spectra and (c) UV-visible spectra as a五i.mctionof 
UV -irradiation time 

1) L. Franco， S. Ceola， C. Corvaja， S. Bolzonella， W. Hameit， and M. Magginiう Chem.Phys. Lett.， 422， 100 (2006). 
2) S. C. Cho， T. Kaneko弓H.Ishida，and R. Hatakeyama， Appl. Phys. Exp.， 5，026202 (2012). 
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2 Resωrch Center for Sustainable Energy and Technology， Kanazawa University， 

Kakumamachi， Kanazawa， Ishikawa 920-1192， Japan 

Introduction 

Organic photovoltaics (OPVs) have become increasingly important as renewable energy 
sources. Especially， inverted OPV cells have received special attention because of their 

stability. However， PCE of these devices had been lower than that of normal-structured OPV 

devices. Therefore， discovery of a novel semiconductor material that shows high performance 
in inverted OPV devices is one of the 
important challenges. Hereinラ weintroduce 

new fullerene acceptor SIMEF2 (Fig. 1) and 
report its photovoltaic performance in 
inverted solar cells. 

Results 

The configuration of the inverted OPV 

device is as follows: ITO/ZnO 

IP3HT:SIMEF21 PEDOT:PSS/Au (Fig. 1). 
Through a comparison with device using 

most common acceptor PCBM， SIMEF2 
was found to give higher Voc without a 

decrease in Jsc (Fig.2， Table 1). The reason 

for the improvement of Voc is that the 
LUMO level of SIMEF2 (-3.72 eV) is 

higher than that of PCBM (-3.80 eV). The 

high Jsc value of the SIMEF2 devices is 
probably due to the steric bulkiness of the 

organic addends on SIMEF2 being similar 

to that of PCBM. This result indicates the 

usefulness of SIMEF2 and provides 
important insights toward overcoming the 

usual trade-off relationship between Voc 
and Jsc in the development of highly 
efficient OPV devices. 

[1] Y. Matsuo et al. Appl. Phys. Lett. 100， (2012) in 
press. 

Corresponding Author: Y. Matsuo 

Tel: +81-3-5841-1476， Fax: +81-3・5841・1476，
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Fig.l Device configuration and molecular structure 
ofSI恥1EF2.

i:: 
宮-4.0

0.0 02 0.4 0.6 。怠

V繍聯関

Fig.2 Photo J-V curves of device using SIMEF2 
(black line) and PCBM (gray line) as an acceptor. 

Table 1. Comparison of OPV device performance 

Voc Jsc FF PCE 
acceptor 

[V] [mA/cm2
] [%] 

SI恥1EF2 0.66 7.9 0.56 2.9 

PCB孔1 0.56 7.8 0.55 2.4 
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Ultraviolet Photoelectron spectra and the electronic structure of 
non-IPR SC3N⑨C68 

oTomona Ohta1， Takafumi Miyazaki1， Naoko Ogasawara1， Tatsuhiko Nishi
2
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1 Graduate School Qf Scienceαnd Engineering， Ehime University， Matsuyama 790-857スJapan
3Institute/br MoleC14lu SciU1ce，OKGzdi，444-85859 JGpm 
Graduate School of Science， Nagoya University， Nagoya 464-8602， Japan 

Most fullerenes obey isolated pentagon rule (IPR) because of the stability of the cage， 

but some endohedral fullerenes that do not obey the rule (non-IPR fullerenes) have been 

isolated. It is believed that they are stabilized by the rearrangement of the electron energy 

levels induced by electron transfer to the cage.羽W勺epresent ultraviolet photoelectron spectra 

(UPS) and X-ray photωoele∞ct佐ronspectra (XPS) of non-帽四町

andd副iscusst出hemwi抗tht出hea出id0ぱfDFTcωalcu叫lla剖ti山on. . 
The deeper valence band UPS (BE > 5 eV) of 

SC3N@C68 are analogous to those of other endohedral 

fullerenes. While the upper valence band UPS (BE < 5 e V) 

are significantly different from those of other endohedral 

ful1erenes. A simulation spectrum generated from geometry 

optimized structure calculated by the DFT calculation 

reproduces the UPS very well. The structure of entrapped 

SC3N obtained from the geometry optimization is flat 

as was reported by Olmstead et al [1]. The binding 

energy (BE) of Sc2p and N1s of SC3N cluster 

Figure 1. The optimized structure 

of SC3N@C68 by DFT calculation. 

encapsulated fullerene is summarized in 

Table 1. As the BE of Sc2p and N1 s levels 

in SC3N@C68 is shifted to lower side than 

those of SC3N@C82 and SC3N@CsO， the 

electron density in the SC3N cluster of 

SC3N@C68 is larger than that of other SC3N 

encapsulated fullerenes. 

Ref. 

[1]. M. M. Olmstead et al.， Angew. Chem. 

Int. Ed.， 42， 900 (2003). 

T'able 1. Sc2p and Ni1s levels OfSC3N@C6S 

Sc 2p1l2 

SC203 406.0 

SC3N@C82 405.9 

SC3N@Cso 406.0 

SC3N@C78 405.7 

SC3N@C6S 405.3 

Sc 403.4 

Sc 2p3/2 

401.6 

401.2 

401.2 

400.9 

400.6 

398.5 

N ls 

396.9 

396.5 

395.6 

Correspondi時 Authors:T. Miyazaki， E-mail:miyazaki@eng.ehime-lは cjp，phone:089-927-

9930; S. Hino， E-mai1:hino@eng.ehime-u.ac.jp. phone: 089-927-・9924.
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Exploring ideal polymers for 

water-solubiIization of endohedral metallofullerenes 

OShoko Noda， Yusuke Nakanishi， Yasumitsu Miyata， Ryo Kitaura， and 

Hisanori Shinohara* 

Department of Chemisttァ&Institute for Advanced Research， Nagoya Universi収

Nagoya 464-8602， Japan 

Endohedral metallofullerenes (EMFs) are fullerene-based species th剖 encageone or 

more metal atoms inside， which has yielded so far many potential bio-medical 

applications such as MR1 contrast agents [1] and antitumors [2]. To accelerate these 

applications into practical use， it is essential to develop a sophisticated technique for 

water solubilization of EMFs. Recently， the wrapping of EMF c1usters with a 

biocompatible polymer has been proposed [3]. Exploring effective polymers for the 

water solubilization is， therefore， highly required for a further control of c1uster 

properties and biological functionalizations. 

In this study， we have investigated the water solubilization of EMFs using a 

commercially-available biocompatible polymer， DSPE-mPEG (MW = 5000， Laysan 

Bio， Inc.). This polymer consists ofboth hydrophilic and hydrophobic segments (Fig.l). 

The Gd@C82 metallofullerene was mixed with DSPE-mPEG in DMF， and then the 

solution was dialyzed in water as reported by Horiguchi et al [3]. In this aqueous 

solution containing DSPE-mPEG， EMF c1usters have been stably dispersed for over a 

month. In contrast， we found that such stable dispersion could not be realized in water 

containing polyethylene glycol (PEG， MW  400)ラ whichis composed of only 

hydrophilic segments. These results indicate that hydrophobic segments of 

DSPE-mPEG strongly 

interact with Gd@C82・The

detail characterization of 

these water-solub1e E恥1Fs

will be shown in the poster 

presentat1on. 

付小oふ♂又{ρ附仰仇…oc仰州c仰町H均2
.0 円 0- H 

o 

Fig.l The structure ofDSPE~mPEG 

[IJ M. Mikawa et al.， Bioco弓;ug.Chem.1.2 510 (2001). [2J X. Liang et al.， PNAS盟1，7449 (2010). [3] 

Y. Horiguchi et al.， Sci. Technol. Adv. Mater. 12，44607 (2011). 
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Synthesis and Characterization of Covalently Linked Porphyrin-La⑧CS2 Hybrids 
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Molecular Science， 1nstitute jor Molecular Science， Okazaki 444-8585， Japan 

The study of covalent and non-covalent photoactive hybrids continues to be of interest for 

developing photosynthetic and optoelectronic applications. In this work， we report on three isomeric 

covalently linked 5，10，15，20・tetraphenyl

-porphyrin (H2P)-La@C82 hybrids (i.e.， 

M l-3P， as shown in the schematic行gure)，

including their synthesis， electrochemistry， 

spectroscopic， and computational studies. 

X-ray structure of the corresponding 

reference compounds M3 definitely 

demonstrated the addition site that involves 

a (6，6)-bond on the symmetry plan of the 

C2v-C82 cage and close to the endohedral La 

atom. By complementary spectroscopic 

M14 
MHP 

4 

Ts=紬luer暗+事凶lonyl

studies， M l and M2 were proposed to have the same addition site as that of La@C82Ad・1

(Ad=adamantylidene， major isomer). 

The subsequent absorption spectral， electrochemical and computational studies on Mト3P

revealed evident electronic conullunication between the two redox-active units in the ground state. 

On the other hand， in the emlSSlOn spectra of Ml-3P， nearIy quantitative quenching of the H2P 

fluorescence suggested efficient intramolecular energy/electron transfer events in the excited state. 

Thusラ thesecovalent hybrids are expected to be useful in future design and creation of EMF-based 

materials for molecular electronic devices and photovo1taics. 
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Nano司 techDivision， YoshidαKikαi Co. Ltd.， Tokyo 146-0093， Japan 

3 Graduate School of Engineering， University of Fukui， Fukui 910-850スJapan

Single-wal1ed carbon nanotubes (SWNTs) have received much attention as promlsmg 

materials due to their mechanical and electronic properties. For their industrial application， 

dispersion of SWNTs in water and organic media is important. U1trasonication has been 

widely used for dispersing SWNTs. Since u1trasonication 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 ultrasonication treatment has been needed. 

ln this work， we examined whether SWNTs can be dispersed in water containing proteins， 

casein and bovine serum albumin (BSA)， by using a wet-type atomizer “Nanovater" (Yoshida 

Kikai Co. Ltdふ Sincethe Nanovater uses collision of solution under uItra-high pressure 

(max. 200 MPa) to disperse CNTs， the destruction of CNTs during dispersion process can be 

reduced. The UV-Vis-NIR absorption spectra and Raman spectra for the prepared S¥¥刊 Ts

dispersion solutions were measured to evaluate the structures and damages to the 

protein-SWNTs complexes. 

HiPco SWNTs (20 mg) were mixed with 40 ml of casein solution (5 mg/ml) and the 

mixture was treated by the Nanovator under pressures around 180 MPa. Repeating this 

treatment enhanced the degree of dispersion of SWNTs. The resultant primary suspension 

was centrifuged and the supematant was subjected to further evaluation as the dispersion 

solution. A comparison of the UV-

t吐h碍edispersion solu戎珂t討ionprepared by u1trasoniおca抗叩t討i叩onmethod showed t由ha剖tthe N anovator can be 

us臼edfor the p伊repa訂ra瓜ti山onof SW昂トN一Tsdispersion solutions. ln addition， we will report the 

influence ofthe treatment with the Nanovator on the SWNTs by measuring the Raman spectra 

of the dispersion solutions. 
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Carbon nanocoil (CNC) is a helical carbon nanofiber and is synthesized by chemical vapor 

deposition (CVD) with Sn/Fe catalyst. We have synthesized CNC by continuous supply of Sn 

catalytic vapor to Sn/Fe catalyst layer formed on Si substrate [1]. The purity of CNC grown 

with Sn catalytic vapor supply was higher than that without the supply [1]. In this study， the 
initial growth process of CNC was observed for the examination of effect of Sn catalyst vapor. 

Si was used as a substrate and Sn film with a thickness of 40 nm was deposited on Si 

substrate by vacuum evaporation. Fe203 catalyst was dropped on Sn/Si02/Si substrate. The 

substrate was calcined in the air for 5 min at 400oC. The other conditions were the same as 

those in our previous study [2]. The concentration of Sn(CH3)4 in ethanol was fixed at 0.2%. 
Synthesis times were 30 and 120 s. Fig. 1 shows scanning e1ectron microscopy (SEM) 
micrographs of the substrate surfaces. As for the surface synthesized for 30 s， there seems no 

difference between the deposits with and without Sn(CH3)4・Atthe synthesis time of 120 s， 
SEM micrographs show that the purity of CNC with Sn(CH3)4 supply was higher than that 
without supply. It is thought that by supplying Sn vapor， Sn was spread in the wide area on the 
Fe catalyst on substrate. 

This work has been partly supported by the Research Project of the Venture Business 

Laboratory from Toyohashi University of Technology (TUT); Global COE Program 

"Frontiers of Intelligent Se叩n隠s叩s

and Technology (孔MEXT);Core University Programs (JSPS与-CASprogram in the field of 

"Plasma and Nuc1ear Fu山1路Sl山onぜ1γHワ')from the Japan Society for the Promotion of Science (JSPS)， ， 
Grant-in-Aid for Scientific Research from the MEXT， The Hori Science and Arts Foundation， 
Toukai Foundation for TechnologぁResearchFoundation for恥1aterialsScience. 

(al) With Sn(CH3)4 (a2) Without Sn(CH3)4 (bl) With Sn(CH3)4 (b2) Without Sn(CH3)4 

Fig. 1 SEM micrographs ofthe substrates synthesized for (a) 30 s and (b) 120 s. 

[1] Y. Ishii， et al.: The 41 thFullerene-Nanotubes-Graphene General Symposium， 3P-18 (2011) 

[2] Y. Ishii， et al.: The 40th Fullerene-Nanotubes General Symposium， lP岨 8(2011) 
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One-Step Gel-Based Separation of 

High Purity Semiconducting Single-Wall Carbon Nanotubes 

o Boanerges Thendieラ YasumitsuMiyata， Ryo Kitaura and Hisanori Shinohara 

Department 01 Chemistry & Institute for Advanced Research， 

Nagoya University， Nagoya 464-8602， Japan 

Sing1e-wall carbon nanotubes (SWCNTs) have promlsmg app1ications in e1ectronic 
devices especially for thin fi1m transistors (TFTs). Unfortunate1y， the SWCNT-TFTs have 
been known to exhibit a trade-off prob1em between carrier mobi1ity and on-off current ratios 
as as-grown samp1es were mixtures of metallic and semiconducting SWCNTs. To solve this 
trade-off prob1em， the TFTs must be created企omhigh purity semiconducting SWCNTs 
which can be obtained through post-synthesis separation. A recent study shows successfu1 
separation of semiconducting SWCNTs with 99% purity using recyc1ing ge1 separation 
method. This achieves the TFTs with high carrier mobi1ities and high on-off current ratios [1]. 
However， this method consumed a qu肘 10toftime as社emp10yed，what we call， a mu1tistep 
separatlOn process. 

In this study， we have developed a method to obtain high purity semiconducting 
SWCNTs using sing1estep ge1 fi1tration based on the previous work [1]. The method includes 
a企actionatingprocess during the collection of semiconducting SWCNTs adsorbed on the gel. 
Figure 1 shows the optica1 absorption spectra of the企actionatedsemiconductor-enriched 
samp1es. The peaks of metallic SWCNTs at 
700 nm are not found in the first three 
fractions， indicating the high purity of 
semiconducting SWCNTs. Interesting1y， the 
metallic peaks start to appear from the 5th 

fraction which means that the metallic 
SWCNTs have stronger affinity to the ge1 than 
semiconducting tubes. We have a1so found that 
the earlier fraction has slightly 10nger 
nanotubes than the 1ater fraction. The detai1 
separation processes wi11 be given in the 
presentat1on. 

t
c
コ
.
a
L
6
¥
.
ω
心
〈

6∞ 8∞ 1000 1200 
Wavelength I nm 

Figure 1. The norma1ized optica1 absorption 
spectra of the collected 企actions of 
semiconducting SWCNTs. The numbers in the 
spectra represent their respective企act1On.

4∞ 
Reference 
[1] Y. Miyata et al.ラNanoRes.ヲ4，963(2011) 
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Single-wall carbon nanotubes (SWCNTs) are expected to have potential applications due 

to their prominent properties. One of key challenges for the industrialization of SWCNTs is 

the commercial-scale production of high-purity SWCNTs separated into metallic and 

semiconducting speciesヲ becauseas-prepared SWCNTs contain both species and impurities 

such as amorphous carbon. Previously， we have developed metallsemiconductor separation of 
single-wall carbon nanotubes (SWCNTs) using gel col~mnsy.2] However， in the methodラ the

metallic SWCNTs are eluted together with amorphous carbon， which affects the purity. In 
addition， metallic SWCNTs obtained even by density gradient ultracentrifugation coexisted 
with some amorphous carbon. [3] Thus， a smart purification of the metallic SWCNTs is 

appeared to be necessary to develop applications of them. 

In this study， using an agarose gel column， we tried 

the purification of the metallic SWCNTs obtained 

after metallsemiconductor separation. The results 

showed that the metallic SWCNTs dispersed at 0.25 % 
sodium deoxycholate (DOC) were adsorbed onto the 

agarose gel in the column. Subsequently， they were 
eluted by 2 % DOC solution. Absorbance spectra of 

the unpurified solution and the eluate were showed in 

Fig.l. The broad absorbance of the unpurified sample 

throughout the wavelength region was decreased by 
the purification，[4] indicating that the amorphous 

carbon was flowed out of the column， whereas the 
high-purity metallic SWCNTs were adsorbed and 

eluted by the DOC solutions. The method described 

here is useful for high-throughput purification of the 

metallic SWCNTs due to the simplicity of the gel 

column system using only one surfactant. 

Wavelength (nm) 

Fig. 1 Absorbance spectra of the metallic 
S羽TCNTsnorma1ized at 300 nm before 
(dotted 1ine) and after (solid 1ine) the 
adsorption onto the agarose at 0.25% 
DOC and the subsequent e1ution at 2% 
DOC. 
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[1] T. Tanaka et al. Appl. Phys. Express 2，125002 (2009). 

[2] A. Hirano et al. 1. Phys. Chem. C 115， 21723-21729 (2011). 
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As-synthesized single-walled carbon nanotubes (SWNTs) are mixture of both 

metallic (m) and semiconducting (s) SWNTs with different diameters and chiralities. 

Thusラ forversatile potential applications， it has been practically required to selectively 

separate as-synthesized SWNTs into pure fractions of a single chirality. Thereof， 

density gradient ultracentrifugation (DGU) techniques， based on a slight difference in 

the buoyant density of components， have been developed as an effective separation 

method， because of relatively low cost and facile processes. To solve the issues， we 

have scrutinized the dispersant conditions for SWNTs in the DGU treatment， based on a 

novel combination of polysaccharide and surfactant. Carboxymethylcellulose (CMC)， 

an anionic polysaccharide， possessed a high dispersion activity for SWNTs， assuming 

an ordered polymer wrapping arrangement on SWNTs， in contrast to sodium dodecyl 

sulfate (SDS) with a random adsorption structure. Thus， the synergetic effect by 

combination of CMC and SDS possessing different adsorption mechanism as dispersant 

is expected to give rise to a slight difference in the amount of the dispersants on SWNTs 

with different electronic types， driving the DGU-based separation of SWNTs. The 

separation characteristics for SWNTs were measured by UV-vis-NIR absorption， 

resonance Raman， and NIR-photo-luminescence (PL) spectra. S"弓..J"Tsdispersions 

were prepared with the mixed dispersants of CMC and SDS (1 wt%: 1 wt%) under the 

conditions ofultrasonication times of3 h and ultracentrifugation time of 1h at 163，000 g. 

Before DGUラ densitygradients in centrifuge tubes were performed by layering aqueous 

iodixanol solutions from 25% to 32.5%ラ inwhich only 30% dilution contained the 

S¥¥明Tsdispersed by CMC and SDS. Then， the centrifuge tubes were centrifuged at 

175，000g for 12h. Therein， s-SWNTs with high purity (>97 %) and yield (about lmg 

per dose SWNTs lOmg) were collected 仕omupper layers in the tubes. Thus， the 

present DGU technique using the mixed dispersants of CMC and SDS would be an 

effective separation method for s-SWNTs. 

*Corresponding Author: Hirofumi Yajima 
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by molecular dynamics simulations 

o Heeyuen KOHラlamesCANNON， Shigeo MARUY AMA， and lunichiro SHIOMI 

Department of Mechanical Engineering， The University ofToわ叫 TokyoJ J 3-8656， Jap仰

The bending modes of carbon nanotube have been studied for ultralow mass and force 
sensing [1，2] and its tunable resonance 企equency[3]. On the other hand， the nonlinear 
damping offlexural mode [3，4] has been shown to be vulnerable to temperature [1-4]. For this 
reason， we have studied the interaction between mechanical and thermal characteristics in a 
carbon nanotube cantilever resonator observing the phase space tr司ectories，strain-stress 
distributions， and lattice vibrational spectra. 
The ca1culation was based on molecular dynamics simulations using the REBO potentialラ

where a carbon nanotube was excited by sinusoidal mechanical force at a tube end with 
constant-temperature boundary condition. The result confirms that the localized strain 
distribution is in agreement with previous high-resolution transmission electron microscopy 
results [5]. But also it was found that the strain distribution using FFT with the strain signal at 
each atom has continuous configuration at excitation frequency. Particularly notable is the 
excitation near the 1 st mode of resonance仕equencywhich shows transient vibration mode. 
Non planar flexural movement is also observed as known by the experiment [6]. 
Based on the simulations， the dynamic Young's modulus and the damping coefficient will be 

extracted in the frequency domain for different nanotube length and chirality， and will be 
compared with the continuum theories. In addition， by carrying out the ca1culations for 
various temperatures， the interaction between the first resonance mode and the background 
phonons wi1l be discussed based on the obtained dissipated thermal energy and the phonon 
energy spectra. 

[1] B. Lassagne et al.， Nano Letters， 8ヲ3735(2008). 
[2] A. Eichler et al.， Na旬reNanotechnology， 6， 339 (2011). 
[3] V. Sazonova et al.， Nature， 431， 284 (2004) . 
[4] A. Eichler et al.， Nano Letters， 11， 2699 (2011). 
[5] 1. H. Wamer et al.， Nature materials (2011) published online. 
[6]S. Perisanu et al.， PRB， 81， 165440 (2010) 
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Because of strong interplay between structure and electronic properties in single-walled 
carbon nantubes (SWNTs)， structural modification causes to change in electronic properties. 
Thus， in order to establish the feasibi1ity of SWNT・-basednanoelectronics， developing 
effective method for modifying local structure of SWNT is required. Electron beam 
irradiation has been shown to lead to modify the nanostructure of carbon nanotubes. [1] 
However， the primary process and dynamics are difficu1t to understand because electron 

bombardment leads to complex effect involving knock-on， valence and inner-core excitation. 
In contrast to this， the excitation process ofx-ray is dominated by inner-core excitation， which 
is much simpler than the electron irradiation. Thus， the structural change of SWNT induced 
by soft x-ray irradiation is presumably a prototype for studying the irradiation effect. 
In the present paper， we report the results of Raman scattering study on the structural 

changes of SWNT induced by soft x-ray irradiation. SWNT films formed on CaF2 substrates 
were irradiated by x-ray having a spectrum showing a peak at 277 eV with a FWHM of 210 
eY. Figure 1 shows Raman spectra of irradiated and unirradiated SWNT films. These 
spectra were characterized by G+ bandラ σbandラ Dband and Radial breathing mode (RBM). 
The irradiation gave rise to enhancement of the intensity ratio of D band to G+ band (D/G) 
白・om0.025 to 0.097. The enhancement demonstrates that the x-ray irradiation generated 
defects in SWNTs. Furthermoreラ wefound the x -ray irradiation led to remarkable high 

frequency-shift of RBM. On the basis of the diameter-RBM frequency (d目的 dependence 

described by the simple relation d=248/ω[2]ラ theirradiation induced shrinkage of S¥¥J判T
from 1.53 nm to 1.46 nm. This result demonstrates the x-ray irradiation induced geometrical 
change of SWNT as well as defect formation. 
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Figure 1. Raman spectra of SWNTs measured before and after x-ray irradiation. The peak marked by * is 
ascribed to CaF2 substrate. 

[1] A. Hashimoto，巴t.a1.， Nature 430 (2004)， 870. 

[2] A. Jorio， et. al.， Phys. Rex. Lett. 86 (2001) 1118 
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Metallic carbon nanotubes (CNTs) are expected to be able to respond to sub-THz signals， 
owing to their high carrier mobility. However， a dynamical response of metallic CNTs has 

hardly been clarified thus far， compared with their static response. Previous theoretical 
investigations have predicted that the AC response of pristine metallic CNTs behaves 

inductively [1] and the AC phase correlates with the DC conductance [2]. In contrast to the 

AC response of pristine metallic CNTs， however， our understanding of influence of defects on 
the AC response is not sufficient， in spite of its importance. 

In this study， we have simulated the sub-THz AC response ofmetallic CNTs with a single 

atomic vacancy， using the Keldysh nonequilibrium Green's function method with the 
wide-band limit approximation and the nearest-neighbor 1t-orbital tight-binding model [3，4]. 
We found that a capacitive response is induced around the defect level (Fig. 1)， which is 
attributed to electron scattering by that level， when the vacancy is at the center of CNT. In 
addition， this capacitive response appears remarkably in large圃 diameterCNTs (Fig. 1)ラ

because the defect states that scatter electrons are more localized in those CNTs. This is in 

contrast to the diameter-independent AC response of pristine metallic CNTs [1]. More 

interestingly， the AC phase depends on the position ofvacancy as can be seen in Fig. 1 (note 

出atadmittance， Y， in sub-THz region can be expressed as Y (ω) = Gnc + iEhω， Gnc: DC 

conductanceラ E: emittance，ω: AC企equency)，
while the DC conductance does not. Inductive 

response occurs even at the defect level when a 

distance between the vacancy and the center of 

CNT is larger than a certain threshold. This 

behavior of AC phase can be understood in terms 

of the parity symmetry [3]. In addition to details 

of the above， we will also discuss the AC 

response of metallic CNTs with multiple defects 

in the presentation. 
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[4] D. Hirai et al.， Jpn， J. Appl. Phys. in press. 

Corresponding Author: D. Hirai 

Tel: +81・3-5841-7136

E-mail: daisuke.hirai@cello.t.u・tokyo.ac.j

-149 -

6 

d(nm) 
Fig. 1. Emittance behaviors at the defect 

level as a function of the vacancy position， 

d， measured from the center of CNT in 

several armchair CNTs. Here， Go is the 

conductance quan印m.

4 2 。



3P-16 

Femtosecond Coherent Phonon Spectroscopy of Lysozyme-SWCNT 

Conjugates in Aqueous Solution. 

o Kotaro Makino 1， Hiroki Tadokoro 1， Daisuke Shinozaki 1， Atsushi Hirano 
1
， Kentaro Shiraki 

1
， 

Yutaka Maeda2， and Muneaki Hase1 

l!nstitute of Applied Physics， University ofTsukuba， Tsukuba 305-8573， Japan 
L Department of Chemistry，あわ10Gakugei Uniνersiσ，おか0184-8501，Japan 

The interactions between sing1e-wall carbon nanotubes (SWCNTs) and proteins， in 
particu1ar charge transfer between them， have not yet been unvei1ed， although they are 
important physica1 phenomena to realize medica1 app1ications， such as drug delivery carriers 
[1] and biosensors [2]. So far， we have investigated dynamics of coherent radia1 breathing 
mode (RBM) of SWCNTs in various conditions and found that environments around 

SWCNTs significantly affect their e1ectrical and optica1 properties [3]. In this study， we 
investigated the ultrafast dynamics of coherent RBM of lysozyme-suspended SWCNTs 
(LSZ-SWCNT) in terms of secondary structure of lysozyme. Lysozyme is one of promising 
dispersants for SWCNT and the dispersibility can be controlled by adding alcohols [3]. 
Pump-probe transmittance measurement was employed by utilizing femtosecond optical 
pulses with 30 fs duration and 850 nm wavelength to excite and detect the coherent RBM. 
Samples investigated were LSZ-SWCNT aqueous solutions at neutral pH in the presence of 

three different alcohols (50 vo1.%); ethanol (EtOH)， 2ム2-trifluoroethanol(TFE)， and 
1，1，1，3，3，3-hexafluoro-2-propanol (HFIP)， and LSZ-SWCNT aqueous solution without a 
additive. 

Fig. 1 shows the coherent RBM spectra for 
LSZ-SWCNT conjugates， in which mainly two -::::;' 
peaks at 6.4 THz from (13ラ 2)tubes and at 7.2 ，e 
THz 丘om(12ラ 1)tubes were observed. The O 

intensity ratios of these two peaks vary among . ~ 
samples. We attributed 出is resu1t to the 苦
deformation of lysozyme induced by added 
alcohols. Indeedラ alcoholshave a large efIect on 
denaturation of lysozyme， depending on the 
type of alcohol， which has been confirmed by 
circular dichroism (CD) spectra [4]. Therefore， 
addition of the alcohols is likely to a1ter the 
structure of lysozyme including hydrophobic 
pocket which is expected to attach onto SWCNT， 
leading to the modification of phonon intensity associated with charge transfer. 
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Fig. 1. Coherent RBM spectra of LSZ-SWCNT 
aqueous 古olutionscontaining alcohols (TFE， 
EtOH， and HFIP) and no additive (H20). 

[1] M. Zhang， T. Murakami， K. Ajima， K. Tsuchida， A. S. D. Sandanayaka， O. Ito， S. 1りima，M. Yudasaka， Proc. 
Natl. Acad. Sci. USA.I05 14773 (2008). 
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[4] A. Hirano， Y. Maeda， T. Akasaka， K. Shiraki， Chem. Eur. J. 15，9905 (2009). 
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Crystallization is a crucial step for u1timate戸 purificationof the compounds and identification 

of their structure. Periodic potentials in solids reduce carrier scattering originated from 

disorders or dislocations， and then improve its conductive characteristics such as increase of 

carrier mobility， and also enable them to exhibit macroscopic quantum phenomena such as 

superconductivity. As regards to nano-carbon materialsラ theircrystalline solid forms have 

demonstrated unique their remarkable phenomenaラ suchas superconductivity in crystalline 

solid systems of fullerene and graphite by alkali metal doping. However， in the case of 

single-wall carbon nanotubes (SWCNTs)， three dimensional crystalline systems of them have 

not been achieved yet. Recently， it becomes possible to obtain high-purity single-wall carbon 

nanotubes with a single chiralityラ however，how to crystallize them has been unsolved 

problem. Here we present an approach to make crystals of SWCNTs. We applied vapor 

diffusion methods on the crystallization of (6，5) chiral SWCNTsラ andas a resu1t， needle-like 

crystals are obtained. We clarified the characteristics of SWCNTs inside the crystals by 

micro-Raman measurements 

and transmission electron 

microscope images. SWCNTs 

are aligned to the parallel to 

the crystal axis， and the purity 

was improved by the 

crystallization processes. 

This work is partially 
supported by a Grant-in-Aid 
for Scientific Research on 

lnnovative Areas (No. 
21108523， "π四 space") 企om

MEXT. 
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1. Estimation of CNT contact resistivity 
To apply carbon nanotube (CNT) to electronic devices， it is important to estimate and 

reduce the contact resistivity. Previously， we have reported that vertically aligned CNT is 

synthesized using remote plasma CVD (RPCVDi1l， and polished/open-ended using Chemical 
Mechanical Polishing. Open-ended CNT-metal contact resistivity is estimated to be 

1~2 X 10-8 Ocm2 at most using contact mode AFM current mapping. TllIs value is more 

than 1 order of magnitude small~r than the contact resistivity of úaph~ne[2l. Here we report 

the CNT on SiC[3，4tmetal contact resistivity and the comparison between RPCVD CNT and 

CNTon SiC. 

2. Electric resistance measurement of CNT on SiC 

Length-controlled CNT is synthesized on the 

C四 surface of n-type 4H-SiC substrate (specific 

resistance: 10-2 Ocm .) with SiC surface 
decomposition method[3，41. This CNT is double-layer 

dominant， the outer diameter is 2~3 nm， and densely 
aligned (surfacc density: > 1013 cm-2). SiC 

substrate is fixed on the bottom electrode (Au/Ti) 
Fig. 1 Schematic image of AFM current mapping 

using conductive paste (Ag)， and current mapping is 
imaged using contact mode AFM (Fig. 2(a)). Fig. 1 

shows the schematic illustration of AFM current 

mapping. While a few high electric current peaks exist 

in zero level region in case of RPCVD CNT (Fig. 

2(b))， a few low current spots in high current region in 

case ofCNT on SiC (Fig. 2(a)). 

3. Estimation of CNT on SiC-metal contact resistivity 

Fig. 3 shows the relationship between resistance 

and length of both RPCVD CNT and CNT on SiC. If 

CNT outer diameter is 2.5 nm and the contacting 

diameter of CNT and AFM probe is ~ 1 0 nmラ t?eFig.2 (a) Current mapping image ofCNT on SiC 

number of contacting CNT i~ _~o ~11.. N~~~liz~ng the (b) Current mapping image ofRPCVD CNT 
resistance of the intercept (3 5k Q) in Fig.3 (Tarman 80 

method)， the contact resistivity of CNT on SiC can be 70 

expected to be 1~2 x 10-8 ncm2 at most. This 
l 綴

value is equivalent to RPCVD CNT contact resistivity，己50

which means 伽 t the way of RPCVD CNT ~ 40 
normalizing is reasonable. A 0(， 
1. T. Iwa叫 ci，H. Kawara出 etal.， Nano Lett. 8， 3(2008) '0山

2. K. Nagashio， A. Toriumi et al.. Appl. Phys. Lett. 97， 143514 (2010) ci 20 
3. M. Kusunoki et al.， Appl. PIぴs.Lett. 77， 531 (2000) 10 
4. M. Kusunoki et al.， Appl. Phys. Lett. 87， 103105 (2005) 
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Fig. 3 CNT resistance vs CNT length 
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The electromagnetic field localized near the surface of a metallic tip known as near 
field has provided new way to image single-wall carbon nanotube (SWCNT) in the 
Tip-、EnhancedRaman Spectroscopy experiment or TERS [1，8]. The Raman signal of SWCNT 
by near field in TERS experiment has been found to be much stronger than the conventional 
resonance Raman signal[2]. These phenomena result from the enhancement of near field 
which is believed to be radiated by the collective oscillation of合的 electronson the metal1ic 
surface known as surface plasmon coupling with laser light [3]. The numerical calculation of 
the scattered electric field from metallic tip also confirm the strong amplitude of near field [4]. 
However， the underlying physics of the interaction between near field and SWCNT is still 
unclear. Thereforeラ understandingnear field enhancement and its interaction with SWCNT is 
important in order to understand experimental results. 

In this paper， we have simply modeled the metallic tip as the metallic sphere whose 
diameter is the same as the diameter of the tip apex. The electromagnetic fields outside and 
inside the metallic sphere are then obtained analytically by solving vector Helmholtz equation 
in spherical coordinate [5]. The interested metals are Au and Ag whose dielectric constants as 
a function of wavelength are fitted with experiment data [6]. We calculate the maximum of 
electric field enhancement of Au and Ag spheres of He-Ne lascr light as a function of radius 
and find that it is in the range of 3-5 for both of them. However， we show that the high electric 
field enhancement about 35 occurs at laser light 350 nm for Ag-sphere of radius 20 nm due to 
the effect of dipole resonance and skin depth of Ag-sphere. The enhancement as a function of 
radius of another wavelength will also be given. Further， we have studied near iield-exciton 
interaction based on time-dependent perturbation theory and the concept of exciton in 
SWCNT [7]. We show the excitonic selection rules for the parallel component of near field. 
The calculation results will be compared to experiments [8]. 

[1] A. Hartschuh et al. Phys. Rev. Lett. 90， 095503 (2003). 

[2] N. Peica et al. Phys. Status Solidi B 247， 2818 (2010). 
[3J M. 1. Stockman， Phys. Rev. Lett. 93， 137404 (2004). 

[4] Z. Yang et al. J. Raman. Spectrosc. 40， 1343 (2009). 
[5J G. Mie， Ann. Phys. 25， 377 (1908). 
[6] P. B. Johnson and R. W. Christy. Phys. Rev. B 6， 4370 (1972) 
[7] 1. Jiang et al. Phys. Rev. B 75， 035407 (2007). 
[8] L. G. Cancado et al. Phys. Rev. Lett. 103， 186101 (2009). 
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The unique mechanical， electrical and thennal properties of both single-and multi-walled 
carbon nanotubesラ haveattracted extensive research attention in recent years. Numerous 

investigators have reported remarkable physical and mechanical properties for this new fonn 

of carbon. From unique electronic properties and a higher thennal conductivity than diamond 

to mechanical properties where the stiffness， strength and resilience exceeds any current 
material， CNTs offer tremendous opportunities for the development of fundamental new 
material systems [1-3]. Now， CNTs have been used to reinforce many kinds of materials 
inc1uding polymers， metalsラ andceramics [4-6]. Considering the excellent thennal conduction 

of CNTs， which is twice as high as that of diamond， hence it is expected that this excellent 

property will be demonstrated by incorporating the carbon nanotubes into a ceramics material， 
so as to expand the use of CNTs further. 

In this study， Si02/MWCNT nanocomposite was obtained by precursor method. MWCNT 

was first functionalized by treatment with MCPBA(m-chloroperbenzoic acid). The coating 

route leads to adsorption of TEOS on the modified MWCNT surface. SiC/MWCNT 

nanocomposite was obtained by thennal treatment. The structures of the SiC/MWCNT 

nanocomposites were evaluated with transmission electron microscopy(TEM). As shown in 
Fig.1， the TEM image of the SiC/MWCNTs nanocomposite shows that the surface of the 

MWCNTs was covered by the SiC. It is expected that the thennal conductivity of 

SiC/MWCNT nanocomposite wi1l be higher than that of original MWCNT. The phases in the 
SiC/MWCNT nanocomposites were identified by an X-ray diffraction(XRD). The thennal 

properties of SiC/MWCNT nanocomposite were perfonned using thennogravimetric analyzer 

(TGA) and laser flash apparatus(LFA). 

[1] P. G. Collins et al. Sci己nc巴Am巴rican283， 62 (2000) 

[2] M. Terrones， Annu. Rev. Mater. Res. 33， 419 (2003) 
[3] A. Bachtold et al. Science 294， 1317 (2001) 

[4] S. Curran et al. Synthetic Metals. 103，2559 (1999) 

[5] S. R. Dong et al. Mater. Sci. Eng. A313， 83(2001) 
[6] A. Peigney et al. Ceram. Intem. 26， 677(2000) 
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Cyclic olefin polymer (COP) such as ZEONEX@， ZEONOR@， APEL@， ARTON⑧ lS a new 
class of optical polymer which possesses simultaneously high th目立lalstability and superior 
optical property over the traditional optical materials like PMMA and Pc. However， due to its 
insulation resistance， these materials were not able to utilize for the electrical applications. To 
overcome this problem， we have synthesized a new type of the COP that exhibits a relatively 
high electrical conductivity in combination with its intrinsic superior thermal and optical 
properties through a homogeneous incorporation of a wel1 dispersed supergrowth carbon 
nanotube (SGCNT) aqueous solution into a stabilized latex-based COP matrix at room 
temperatures. This work reports the synthetic procedure of the electrical conducting 
COP/SGCNT composite particles as well as its thermal and electrical characterizations. 

The fabrication of the COP/SGCNT composites was carried out via two processes. The 
first is based on the addition of the SGCNT/surfactant aqueous solution into the pre-made 
COP latex. The second on the addition of the SGCNT/surfactant aqueous solution into the 
in-situ emulsion polymerization of the cyclic olefin monomer catalyzed by a Grubbs catalyst 
at elevated temperatures. The diameters of the polymer latex as well as its composite particles 
were precisely controlled by adjustment of the monomer/surfactant ratios as well as the 
emulsification conditions. The altemating interaction between the SGCNT and the polymer 
particle surface was controlled via the choice of the surfactants， i.e.， cationic， anionic， or 
nonionic. The molecular weights of the polymer particles were controlled using a chain 
transfer agent adding to the polymerization system. 

The COP/SGCNT 
composite particles 
were collected by 
precipitation of the 
latex-based polymer 
solution in methanol， 
followed by vacuum 
drying at 50 oC for・
12h. For further 

characterizations， 

Fig.l: (a) SEM image of the COP/SGCNT composite partic1es; (b) Core-Shell the composite 
structure ofthe COP7SGCNT comoosite oartic1es particles were 

pressed at high temperatures under vacuum to yield uniformed thin films. 
The electrical conductivity of the composite thin film was measured using a four point 

probe apparatus. The morphology of the COP and COP/SGCNT composite particles was 
observed by SEM (Fig.la) and TEM. It was interesting to found白瓜 undera typical 
polymerization condition， we could produce a unique COP/SGCNT composite particle having 
a core-shell structure where core is SGCNT/COP and shell is COP (Fig. lb). 
Corresponding Author: Hoang The Ban 
Tel: 080-3301-5819， E-mail: hoang@tasc・乱
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A grand challenge con企ontingnanoscience today is the development of new functional 

devices that can function in a nanoworld. 1n this report， we present a nanoactuator， consisting 
of a carbon nanotube (CNT)ラ witha new function. It can serve as a component actuator for 

future nanosized devices. 

Using a transmission electron microscope (TEM) equipped with a manipulator， we recently 

demonstrated the transition between the flattened state and the tubular state in rather thick 

CNTs [1]. This unique transition behavior provides a new concept of a nanosized device: a 

nanotorsional actuator. The f1attened CNT can be twisted. The transition丘omthe flattened 

state to the tubular state reverses the twist and generates a torsional to叫ue.Figure 1(a) 

portrays a proposed actuator in a flattened state. Two electrodes support a flattened and 

twisted CNT at both ends， which have a tubular shape. One end is fixed to the electrode. The 

other end， which is connected to the electrode with a CNT bearing structure [2]， is free to 
rotate. Figure 1 (b) portrays a TEM image of an initially f1attened and twisted CNT 

corresponding to the state of Fig. 1(a). When a certain amount of current is applied to the 

CNT， the CNT changes its state to a tubular state with rotation at the 企eeend， which tums 
back the initial twist， as shown in Figs. 1(c) and 1(d). The transition is reversible and 

control1able by the amount of current applied to the CNTs. 
We have also discussed detaiIs of the phenomenon and possibility of the device， such as 

mechanism and response of the transition and output power of the actuator， with not only 
TEM observations but also molecular dynamics (MD) simulations. Both results c1arified that 
the driving force of the transition is thermal energy. 1n addition， MD  simulations indicate that 

a specific graphitic stacking order taken for the CNT inside determines the initial twist of a 

flattened CNT and thereby determines the rotational angle of the actuator. 

(a)・・・・・・圃.(c) 

{む}

Fig. 1 Schematics of the proposed nanotorsional actuator for (a) the flattened and (c) the tubular states. TEM images of 
aCNTco汀espondingto the states of proposed actuator: (b) the flattened and (d) the tubular states. 

[1] R. Senga et al.， submitted to Appl. Phys. Lett. [2] 1. Cumings and A. Zettl， Science 289 602 (2000) 
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Since the high carrier mobilitぁSWNTsare expected to the application to the various kinds 
ofthe electronic devices. Especially， semiconducting SWNTs (S-SWNTs) are direct band-gap 
materials and expected to be use白1for photonic and optoelectronic applications [1]. The 
S-SWNTs are reported to show unipolar p-type behavior under ambient conditions and 
various chemical doping have been reported to convert from p-type to n-type. 

In this study， we fabricated the various types of p-n diodes based on S-SWNTs/Si hetero 
junction with some deposition methods and characterized their electronic properties for 
clarify the白bricationcondition of the diode with the near ideal characteristics and 
photovoltaic properties. 

The SWNTs used in this study were purchased企omAldrich (CoMoCAT (0.8士0.1nm in 
diameter)). The ratio of the S-SWNTs in this material was about 90% or more. The SWNTs 
were dispersed in 1，2-dichlorobenzene at 0.5 mg/mL by ultrasonication， and SWNTs thin film 
was fabricated on the n-type Si wafer (100 orientation，ρ<く 0.02Q cm) in which layers of Cr 
and Au were deposited on the backside by using airbrush. Finally， Ag was deposited at 100 
nm. The schematic of SWNTs/Si diode is showed in Fig. 1. 

The thickness of the SWNTs thin film was estimated by both UV-vis absorption 
measurement and film thickness gauge. The current density園 voltage(J-ηcurve was measured 
both dark andAM1.5G condition (100 mW/cm2). 

Fig. 2 shows one example of the J-V characteristics of p-SWNTs/n-Si device 
(transmittance of SWNT thin film at 550 nm is 46%). The photovoltaic parameters of this 

device is 九c= 0.089 V， Jsc = -0.60 mA/cm三FF= 0.258 and η= 0.014%. 
The relationship between the fabrication condition and the J-V characteristics for several 

kinds of SWNTs/Si devices will be presented. 
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[1] P.同L.Ong etα1.， Nanotechnology 21 (2010) 105203. 
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The pi1ot-scaled mass production of the supergrowth carbon nanotubes (SGCNTs) has 
attracted much interest 企omboth industry and academic due to their superior physical， 
chemical and electrical properties over the existing CNTs. The app1ication of the SGCNTs has 
become an important research topic in the related field in recent years. Our group has focused 
on the development of polymerlSGCNT composites that exhibit a high electrical conductivity 
in combination with the intrinsic superior mechanical properties ofthe polymer matrix. 

There are two well-known processes for the fabrication of the polymer/CNT composites. 
The first one is based on the aqueous mixing of the polymer and CNT solutions with or 
without the assistance of a surfactant. The other is based on the organic solution process， in 
which both the pol戸nerand CNTs are separately dispersed in an organic solvent before 
mixing to form the composites. Because of the fact that CNTs is a strongly hydrophobic 
material and extremely difficult to disperse in almost existing polymers and organic solvents， 
it is particularly important to develop an efficient dispersing agent for these polymer/CNT 
composite materials. This work reports an unprecedented resu1t on the discovery of an 
efficient dispersing agent for the SGCNTs based on the polyviny1chloride (PVC)， which is a 
well-known as a low-cost and mass produced commodity polymer. The preliminary results on 
the mechanical and electrical conductivity of the PVC/SGCNT composites will also be 
discussed. 

The dispersion ofthe SGCNTs in a PVC/dimethylacetamide (DMAc) 1 wt% solution was 
carried out using a bath-type sonication at room temperature for lh. The resu1ting 
SGCNT IPVC solution was characterized by UV absorption spectroscopy. As shown in Fig.l ， 
the absorbent intensities of the SGCNT/PVC solutions in the range of 400-1600 nm 
wavelengths were very high and almost 一一

identical before and after the centrifugation. 
The resu1t suggests the formation of an 
SGCNT/PVC solution without any 
aggregation. Simi1ar experimental process 
was also applied for the fabrication of the 
HiPco/PV CI dimethylacetamide solution 
system. However， a well dispersing solution 
of this system was not achieved. o
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Carbon nanotubes (CNTs) which have a hollow structure are promising nanosca1e 
p1umbing materia1 for transport of atoms and nanoparticles. In this study， the behavior 
of a nicke1 (Ni) nanoparticle encapsu1ated in a CNT was observed during the passage of 
a current by in-situ transmission e1ectron microscopy (TEM). 

CNTs were attached to an edge of a gold (Au) p1ate of 50μm thickness by 
die1ectrophoresis， and then Ni was deposited on CNTs. A free end of a Ni-deposited 
CNT was brought into contact with a tip of an Au-coated tungsten need1e inside a TEM. 
By app1ying an e1ectric current to the CNT， Ni nanoparticles on the CNT were inserted 
into the CNT. The behavior of the Ni nanoparticle encapsu1ated in the CNT was 
observed by in-situ TEM with a te1evision cameraラ andthe current and vo1tage applied 
to the CNT were simultaneous1y measured. 

Figure l(a) shows the TEM image of a Ni nanoparticle encapsu1ated in a CNT. 
When the bias voltage was increased to 1.9 V， the current increased to 93μA. At the 
same time， the Ni nanoparticle moved in the direction of the e1ectron flow (Fig. 1 (b)) 
and the CNT was cut at the point of Ni nanoparticle (Fig. l(c)). Figure 2 shows 
time-sequence series of TE孔1images of connection process of CNTs. The CNT2 tip was 
brought into contact with the Ni nanoparticle on the CNT 1 tip. When the bias voltage 
was increased to 1.9 V， the current increased to 80μA and the Ni nanoparticle moved to 
the CNT2 tip (Fig. 2(a)). When the Ni nanoparticle was pressed on the CNTl tip， the 
CNTl cap opened and a CNT-Ni-CNT junction was formed (Fig. 2(b )). Finallyラ theNi 

nanoparticle disappeared and two CNTs were reconnected (Fig. 2(c)). 

Fig. 1 Time-sequence series of TEM images of migration of a Ni nanopartic1e encapsulated in a 
carbon nanotube. 

Fig. 2 Time-sequence series of TEM images of a connection process of carbon nanotubes. 
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Single-walled carbon nanotubes (SWNTs) are one of the most attractive materials for 

next古enerationelectronic devices. Howeverラ ina single-channel SWNT field-effect transistor 

(FET) it is difficult to obtain a large drain current and to fabricate integrated circuits because 

of variability of FET characteristics and limitations on current capability. In contrast， a SWNT 

thin-film transistor (TFT) can solve these problems [1， 2]. Here， we used an as-grown SWNT 

film as the FET channel because as-grown S¥¥明 Tsdemonstrate higher perfor宜lancethan 

solution-processed S¥¥弓-J"Ts.

Figure 1 shows the SEM image of a fabricated TFT on a Si substrate. The channel length 

and width are 5 and 3μm， respectively. After fabrication of a 

photolithographically defined electrode array (Ti/Pt: 5 nm/15 

nm)， Fe particles acting as catalyst were deposited over the 

pattemed photoresist using a pulsed arc幽 dischargeplasma gun 

[3]. The residual resist was then removed and SWNTs were 

synthesized by standard alcohol CVD. 

Typical transfer characteristics are shown in Fig. 2. A large 

on/off ratio of about 106 was obtained， however， the on-current 

remained at the few-).tA level. This is attributed to relatively 

Fig. 1 SEM image of 
S¥¥乃HTFT.

A -̂4 

poor contact between channel and electrodeラ butthe drain 'v 

current is expected to improve by process optimization. 

References: 

[1] E. S. Snow et al. App1. Phys. Lett. 82， 2145 (2003). 

[2] Q. Cao et al. Nature 454 495 (2008). 

[3] D. Phokharatkul et al. Appl. Phys. Lett. 93， 053112 (2008). 
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Resistance distribution measurement of CNT networks grown directly 
on Si substrate by conductive atomic force microscopy 

oKousuke Housayama1， Yuki Okigawa 1， 
Yutaka Ohn01， Shigeru Kishimoto1

ぺTakashiMizutani 1 

1 Department of Quantum Engineering， Nagoya Universiか，Nagoya 464-8603， Japan 
~ Venture Business Lαboratory， Nagoya University， Nagoya 464-8603， Japan 

Carbon nanotubes (CNTs) are expected to be suitable for applications to thin film 

transistors (TFTs) because of their advantages of high mobility and flexibility. In order to 

implement high-performance CNT・.TFTs，it is important to understand the electrical properties 

of the CNT networks. In the previous study on the measurement of the electrical properties of 

the CNT networksラ thesample was prepared by the wet process [1，2]. In such cases， there is a 
concem that the electrical properties of CNT networks are affected by the effect of chemical 

doping during the wet process. In this study， we measured resistance distribution of CNT 

networks grown directly on Si substrate with Si02 by thermal chemical vapor deposition 

using conductive atomic force microscopy (C-AFM). In the C-AFM， the conductive tip acts 

as a scanning local electrode and 1-V characteristics between tip and Au electrode of the 

sample are measured. 

Figure 1 shows the schematic view of C-AFM measurement and current distribution image 

obtained by C-AFM (Vtip土 0.2V， VGs=O V). There are two paths (path 1 and 2). Both paths 

cross each other where abrupt change in gray scale intensity was observed， suggesting the 
existence of a large inter CNT resistance. Figure 2 shows the resistance distribution along 

path 2 at VGダ=0V The resistance shows step-like increase at the cross point (L=1250 nm). 

From the step of resistance value， the inter CNT junction resistance was estimated to be about 

30 MQ. The resistivity of CNT was estimated to be 18~320 MQIμm. These large values 

suggest that the CNTs are semiconducting and in off state at V GS=O V 

3 nA 

1 pA 

Fig. 1 Current distribution image obtained by C-AFM 

(V(ip=0.2 V， Vcs=O V) 

lnset is the schematic view ofthe C-AFM measurement. 
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Fig. 2 Resistance distribution along path 2 (V(ω;=0 V) 

[1] M. S. Fuhrer et al. Science 288司 494(2000). [2] P. N. Nirimalraj et al. Nano Lett. 9， 3890 (2009). 
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In situ transmission electron microscopy study on electric transport 
characteristic of a silicon nanoparticle held between carbon nanotubes 

oTomohiro Terada， Koji Asaka， Hitoshi Nakahara and Yahachi Saito 

Depαrtment of Quantum Engineering， Nαgoya University， Furo-cho， Nagoya 464-8603 

Si1icon nanoparticles (Si NPs) are expected to be applied to sing1e e1ectron transistors and 

e1ectro1uminescence devices [1]. Electric transport property of a single Si NP has not been 

studied in detail. In this study， we manipulated a Si NP using carbon nanotubes (CNTs) as a 

conductive probe in a transmission electron microscope， and studied the electric transport 

property of the single Si NP by in situ transmission electron microscopy (TE孔1)with 

simu1taneous measurements of the bias voltage and current. 

CNTs synthesized by arc discharge method were attached to the edge of a gold plate by 

dielectrophoresisラ andSi was deposited on the surface of the CNTs at 873 K by electron beam 

evaporation. The gold plate was mounted on a stationary stage on a specimen holder of TEM. 

A gold-coated tungsten needle fixing a CNT was mounted on a piezoelectric translation stage 

on the specimen holder. The tip of the CNT protruding from the needle was brought into 

contact with a Si NP deposited on the CNTs in the microscope， and current-voltage (1-η 
characteristic of the Si NP was investigated while observing the structure. 

Figure 1 shows a TEM image of a Si NP used for 1-V measurement. The Si NP of 25nm in 

diameter is held between two CNTs， as indicated by a downward arrow. The Si NP is 

crystalline and its surface is covered with natural oxide layers of 1-2 nm in thickness. Figure 2 

shows 1-V curves of the Si NP shown in Fig. 1. The current begins to increase exponentially at 

an applied voltage of2.7 V. The I-V curves were analyzed using the Fowler-Nordheim (F-N) 
theory. The F-N plots， which are obtained from I-V curves shown in Fig. 2ラ followed

approximatelya straight line， suggesting that the current was caused by the F-N tunneling. 
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Fig. l. TEM image of a Si NP he!d between 
two CNTs. 

Fig. 2. l-V curves of a Si NP of 25 nm in diameter 

observed in Fig. 1. 

[1] X. Zhou et a!， J. Appl. Phys.ラ106，044511(2009). 
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Continuous electron doping to SWCNT film with inkjet technique 
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Carrier doping is extremely important technique and many researches about hole and 
electron doped SWCNTs have been already reported [1]. Particular1y， p-type dopant is we11 
studied and the continuous downshift of SWCNT Fermi level towards the valence band has 

been confirmed. In stark contrast to this， it is sti11 difficultωinvestigate detail doping process 
in electron doped SWCNTs due to air instability of dopants. Recent1y.ラ severalair-stable 
electron donors have been reported through the transistor fabrication and opened a route for 

the detailed study of electron doping process. Howeverラ transistormeasurement cannot 
distinguish the Fermi level shift of SWCNT from the lowering of Schot向 barrierfor 
electrons， and the direct observation of conduction band filling is strongly required. Here， we 
direct1y investigated charge transfer between SWCNTs and dopants by optical measurements， 
and clarified the detail electron doping process using continuous inkjet doping. 

Figure 1 shows a schematic il1ustration of inkjet chemical doping process. SWCNT thin 

film was fabricated by inkjet technique on quartz substrate. On these SWCNT films， 
we printed the solutions of N-type dopants， such as Polyethyleneimine (PEI)， 
1-1' -Dibenzyl-4，4¥bipyridinium dichloride (Viologen) and NADH， and measured their 
absorption spectra. We repeated this cycle to investigate the printing times dependence of 

SWCNT Fermi leve1. Figure 2 represents the absorption spectra of both pristine and doped 

SWCNT film and the difference spectrum between them. The dopants for Figs. 2(a) and 2(b) 

are PEI and Viologen， respectively. These results obviously indicate the shift of Fermi level 

and we observed clear transition of SWCNT behavior from natura11y-doped p勾peto 

air-stable n-type by the printing times dependence. 
In summary.ラ wehave combined continuous electron doping by inkjet printing with optical 

measurementsラ andsuccessfully investigated the electron doping process of SWCNT. We will 
also quantitatively argue the relationship between the Fermi level shift and the amount of 

printed electron dopants， which suggests charge-transfer mechanism between them. 
(a)PE1  (b) Viologen 
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Fullerene encapsulation inside carbon nanotubes 

formed by surface decomposition of SiC 

。YukiMori， *Takahiro Maruyama， Shigeya Naritsuka 

Department 01 Materials Science and Engineering， Meijo University， Nagoya 468-8502， 

Japan 

It has been reported that well-aligned zigzag-type carbon nanotubes (CNTs) could be 

produced on SiC(OOO-I) by surface decomposition of SiC [1]. Electronic modification of 
these CNT films might lead to novel CNT devices because of their high CNT density and 
unique structure. In additionラ encapsulatingadditional molecules into the inner-spaces of 
CNTs is one of promising methods to control the electronic property of CNTs [2]. In this 

studyラ weattempted to encapsulate fullerene into the insides of CNTs， while keeping the 
original CNT/SiC hetero-structures. 

CNT films formed by surface decomposition of 6H四 SiC(OOO-I)were used as samples. 
Opening of CNTs were carried out by annealing CNT films in nitric acid (60%) at 1000C for 4 

hours. Then， for the purpose of encapsulation， the CNTs were exposed to the vapor of 
fullerene in a test tube at 800oC， which were evacuated to ~3 X 10-3 Pa before heating. After 

these treatments， the CNT films were characterized by Raman spectroscopy and SEM 
observations. TEM observations were also carried out for CNTs after peeling off from the SiC 
substrates before and after the encapsulating treatments. 

Fig. 1 shows a typica1 TEM image of a CNT after 
exposing to the vapor of fullerene. In the inner CNTち a10t 
of fullerenes were observed， which had not been seen 
before this treatment. A1though a few fullerenes seem to 
adhere to the outside of CNTs， the density of fullerenes 
inside the CNT was much higher than the outside， 

indicating that fullerenes were well encapsulated into the 
inside of CNTs. We also investigated the effect of both 
opening and encapsulating treatments on the encapsulation 
yield into the CNT films. 

A part of this study was supported by the Japan 

Society for the Promotion of Science (JSPS)， a 

Grant-in-Aid for Scientific Research (C) 21510119. This work was partly performed in 
Nanotechnology Support Project in Central Japan (Institute 
for Molecular Science). 
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[2] T. Kato et al.， Appl. Phys. Lett. 95 (2009) 083109. 
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Doping Properties of OnかDimensionaln-ConjugatedMolecules 
inside Single Wall Carbon Nanotubes 

Rieko Moriya
1
， oK~zuhiro Yanagi1， Nguyen Thanh Cuong2

ラ
MinoruOtani2

ラ
SusumuOkada

3 

1 ToかoMetropolitan Uniν.， 2AIST， 3Univ. ofTsukuba 

According to the Gauss's law， there is no electric field inside the hollow spaces of charged 
cylindrical materials. So the charges on the surface of the cylinders do not influence the 

properties of materials inside the hollow space. Single-wall carbon nanotubes (SWCNTs) are 

cylindrical graphitic tube with diameter of about 1.0 nm. SWCNTs can encapsulate various 

kinds of organic molecules. It is well known that the SWCNTs can be charged by doping of 
electrons or holes， but how the encapsulated molecules can be doped has been under 
discussion. Clarification of the doping properties of encapsulated molecules is of great 
importance for correct understanding of electric phenomena inside nano-space. Here we 

clarify that encapsulated molecules can be doped by electro田 chemicaltechniques， and their 
doping characteristics are quite different from those in a solution. We used s-Carotene (Car) 

as encapsulated molecules for the following three reasons: (1) Car is a model of 

one-dimensional n-conjugated molecules. (2) Raman signals 企omthe encapsulated Car are 
strong and stable enough for detailed investigation. (3) Encapsulation of Car has been well 

confirmed by various techniques. We investigated the electro-chemical properties of Car 

inside semiconducting SWCNTs. We found that extraction of electrons of Car occurs clearly. 

The Raman intensity of C=C stretching modes of Car has decreased as the shift of the 

potentia1. When Car in a solution is doped by electrochemical technique， potential must be 
changed very quickly (more than 10 Vs-1

) to recover the signal in order to avoid the diffusion 

and chemical reactions of doped Car. However， in the case of Car in SWCNTs， although the 
potential is veηT slowly changed (about 1.0 X 10-3 Vs-1

)， the signal can be recoveredラ

suggesting the improvement of stability of Car as well as confinement effect of nano-space. 

Moreover， the dependence of Raman intensity on the potential is clearly different between Car 
in SWCNTs and in a solution， suggesting influence of surrounding semiconducting SWCNTs 
on Car. The extraction of electrons of Car occurred after that of the surrounding 
semiconducting SWCNTs. Density-functional 

theory (DFT) calculations on Car inside 

semiconducting SWCNTs have shown that the 
highest occupied molecular orbital (HOMO) of 

Car is located in the middle of the 

semiconducting band gap. However， the energy of 
HOMO become 

agreement with experimental results. 
Corresponding Author: K. Yanagi 
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Preparation of nanographene sheets decorated by size岨 controlledPt 

sub-nano/nanoclusters 

oTakaaki Tomai， Yuji Kawaguchi， Satoshi Mitani， Itaru Honma 

Institute of Multidiciplinary Research for Advanced Materials， Tohoku Universiか， MJYGgi
980-8577， Japan 

Recently， many studies regarding the functionalization of graphene by surface modification 
and/or metal nanocluster decoration have been conducted. Graphene and its composites have 

been shown to have advantageous properties as electrochemical catalysts in energy devices. 

Yoo et al. showed that 2-3 nm闇 Pt-nanocluster-decoratedgraphene contains sub-nano Pt 

clusters (<0.5 nm) and suggested that such sub-nanocluster has Sl中eriorCO tolerance for an 

electrochemical catalyst ofDMFC (direct methanol fuel cell) [1]. 

In this study， we focused on controlling the size of Pt nanocluster on graphene to clarify 

the dependence of Pt cluster size on the propertiy for electrochemical catalyst. In a previous 

study， carboxyl groups were shown to remain mainly at the edges of graphene oxide sheets， 
even after reduction. Futhermore， organic Pt ammine complexes attached at the edges of the 
graphene sheets [2]. In this study 

nanographene oxide sheets were 

employed as graphene source 

because it was considered that 

nano-graphene sheet， which has a 

high edge-state density， was 
desirable as a support material for 

Pt nanoclusters prepared from Pt 

complexes. The TEM images of 

Pt nanoclusters on nano-graphene 

are shown in Fig. 1. 

To prepare nano-graphene 
sheets decorated by Pt clusters Fig.1 (a) STEM and (b) HAADF-STEM images of 
with large surface area， the liquid nanographene sheets decorated by Pt clusters 

phase reduction technique was 

used on nanographene oxide sheets (< 100 nm)， followed by vapor phase reduction ofthe Pt 
complexラ (Pt(N02)2(NH3)2).

By varying the initial concentration of Pt complex， we precisely controlled the size of Pt 

nanoclusters with a narrow size distribution on the nanographene sheets with a relatively large 

surface area (270 m
2
/g). The mean diameters of Pt nanoclusters in 20， 5 and 2 wt% Pt 

nano-graphene were 2.4， 1.5 and 1.1 nm， respectively. 

Moreover， we suggest that Pt-decorated nano-graphene sheets could offer excellent CO 

tolerance performance of Pt for the methanol oxidation reaction. Further details will be 

discussd in 42
uO 

Fullerenes-Nanotubes-Graphene General Symposium. 

[1] E. Yoo， T. Okata， T. Akita， M. Kohyama， J. Nakamura， 1. Honma， Nano Lett. 9，2255 (2009). 

[2] R. Yuge， M. Zhang， M. Tomonari， T. Yoshitake， S. Iijima， M. Yudasaka， ACS Nano 2，1865-1870 (2008). 
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N ovel electric field e旺ectson magnetic 

oscillations in graphene nanoribbons 

Ning Ma 

Depαrtment of Applied Physicsタ Xi'αηJiαotongUniversity， Xi'an 710049， Chinα 

Abstract 

Graphene nanoribbons (GNRs) has drawn much attention in recent years 

in both theoretical and experimental fields because of its quasi-two-dimensional 

(2D) structure and its promising use as nanoscale transistors [11. To dateヲ

many investigations have focused their attention on the electronic and mag-

netic properties of GNRSヲ revealingspectacular e旺ectsarising from the con-
finement of electron and hole gases[21. 

In our studyヲweinvestigate the de Haas-van Alphen e百ectof G NRs in the 

presence of an electric五eldand scattering from impurities. Using quantum 

electrodynamics theoryう wecalculate the energy eigenvalues and eigenstates. 

By employing quantum statistical approchう wederive the magnetization and 

magnetic susceptibility. We五ndthat the magnetization and magnetic sus-

ceptibility are shown to be modulated through the dimensionless parameter 

(sニ岩)ぅ suggestingthat GNR山 uldbe a non-linear mag附 icmedium 

Moreover， the amplitude of magnetic oscillations collapses due to impurity 
scattering and temperature in both zigzag and armchair nanoribbons. 

一…嶋敬鱒験場欄岡剛院勝戦樽
安息..抽融制泌助孝雄砂鎌場刷機総動剛繍

[1] A.K. Gei叫 andK.S. Novoselov， Nature Mater.6， 183(2007) 
[2] Y. ZhangぅY.W.TanぅH.L.Stormer， P. KimぅNature438ぅ201(2005)
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Influence of electrolytes for the preparation of 
graphene oxide via electrochemical method 
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Figl Schematic diagram showing 

the electrochemical apparatus. 

Fig2 Statistical thickness analysis 

of graphene sheet from (a)Na2S04 

and (b )Na.，HP04 
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Chemically modified graphenes， including graphene 

oxides， reduced graphene oxides and their derivatives， 

have attracted a lots of attention due to its solution 

processability. Previously， we have reported a new 

electrochemical exfoliation method using a sodium salt as 

an electrolyte [1]. The advantage of this method is an 

environment-friendly process without using strong 

oxidants that are often employed in other popular 

oxidation procedures such as Hummers method. However， 

the effect of electrolytes for exfoliation of graphite is 

largely unknown. Herein， we have investigated the 

influence of electrolyte materials for graphene exfoliation. 

Figure 1 shows an experimental setup， where an 

expanded graphite sheet is employed as both an electrode 

and a so町 ceof graphene for electrochemical exfoliation. 

A Pt plate and an Ag/ AgCl electrode are used as the 

working and reference electrodes， respectively. Na2S04， 

NaN03， Na2C03， CH3COONa， Na2HP04ラ Na2Si03，

Na2S20r5H20 were used as electrolytes. Upon 

application of a dc voltage of 4-10 V， the graphite 

electrode was quickly broken into small pieces and spread 

into the solution. After the exfoliation， the graphite pieces 

were collected on a filter， washed with water and HCI， and 

dried in a vacuum oven. 

Figure 2 shows the statistical thickness analysis for the 

graphene sheet from Na2S04 and Na2HP04・ Theaverage 

thickness of their graphene is 2.41 nm from Na2S04 and 

9.80 nm from NaHP04， respectively. Graphite electrode 

was not exfoliated by Na2C03， CH3COOi刈a，

Na2S203・5H20.This means that it is difficuIt to exfoliate 

graphite by the sa1ts of weak acids. 

In summary， this work shows that the size and thickness 

of exfoliated graphene via electrochemical method are 

related to the type of electrolyte. 

[1] H. Okimoto et al.， Abstract ofthe Fullerene-nanotubes-graphene symposium， 3p-7(2011). 

[2] W.S. Hummers et al.ラJAm. Chem. Soc.， 80ラ 1339(1958).
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Effect of hydrogen in cooling on graphene growth 

o Yuki Anno， Masahiro Yamamoto， Seiji Akita， and Takayuki Arie 

Department of Physics and Electronics， Osaka Prefecture University， Osαka 599-8531， Japan 

To apply graphene to device applications， high-quality， large-area graphene synthesis 

will be required. Chemical vapor deposition (CVD) has been used to synthesize graphene 

films on copper foils. In this study， we aim to clarify whether the flow of H2 during cooling 

affects the growth and quality of graphene films. 

Graphene was synthesized on copper foils by 

thermal CVD method using CH4 with He as a carrier gas. 

Growth temperature and time were 10000C and 15 minラ

respectively. During cooling process， we introduced 350 

sccm He with a variety of flow rate of H2 to consider 

whether H2 affect the growth of graphene during cooling. 

Resultant graphene were evaluated by an optical microscopy 

and Raman spectroscopy after the transfer of graphene films 

to Si02(300nm)/Si substrates. 

Raman spectra 合omthe graphene films grown with 

the H2 flow rate of 50 sccm (Fig. 1) and 350 sccm (Fig. 2) 

show that G' peak increases with decreasing the H2 flow rate， 

while D band peak increases with increasing the H2 flow 

rate. Figure 3 summarizes G' /G and D/G ratios with respect 

to the H2 flow rate. G' /G ratio tends to decrease with 

increasing the flow rate of H2， while D/G ratio increases 

with increasing the H2 flow. These results indicate that 

graphene becomes thicker and more defective as the flow 

rate of H2 increases， also proved by atomic force 

microscopy. This implies that H2 may have an effect of 

inhibiting carbon atoms from constructing six-membered 

ring structure， or inducing etching damage to the graphene 

film. 

Acknowledgements This study was partially supported by 

Grant-IIトAidfor Scientific Research on Priority Area of the 
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Synthesis of a novel nanocarbon structure: multi・layergraphene formed at 

the both sides of catalyst metal film on a substrate 
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2 FiザitsuLaboratories Ltd.， 10-1 Morinosato-Wakamiya， Atsugi 243-019スJapan

Graphene has attracted great attention frorn rnany researchers due to its excel1ent physical 
properties such as extrernely high electron rnobility [1]. These attractive properties rnay lead 
to rnany applications， such as interconnects and channels of large scale integrated circuits. In 
this presentation， we dernonstrate forrnation of a novel nanocarbon structure consisting of 
rnulti開 layergraphene， where rnetal filrn is sandwiched by rnulti-layer graphene on a substrate. 
This unique st印刷日 isforrned by a sirnple process: just depositing rnu1ti-layer catalyst filrn 
(Co/TiN/Co) on a substrate and supplying the substrate with acetylene at a ternperature of 
4500C. 

Figure l(a) shows the cross sectional TEM irnage of the sarnple， which appears to be 
cornposed of three layers. The first layer and third layer appeared to be a layered rnaterial 
such as rnulti-layer graphene. In fact， the distance between each layer was estirnated to be 
approxirnately 0.37 nrn， c10se to the distance between the graphene layers of graphite. Further， 
the白rstand third Iayers were assigned to be rnulti-layer graphene analyzed by electron energy 
loss spectroscopy and x-ray dif丑action.The second layer was identified as the rnetal filrn 
original1y deposited on the substrate. Narnely， the rnetallayer was lifted up by graphene layers 
forrned at the interface of the substrate and the metal filrn. At the sarne tirneラ rnulti-layer
graphene was also forrned on the upper surface of the rnetal filrn. The structure is 
schernatically illustrated in figure 1 (b). The thicknesses of the upper and lower graphene 
stacks were estirnated to be 
approxirnately 30 and 15 nrnラ

respectively. The cornposition of the 
rnetal filrn rernained unchanged， 
although their thicknesses seerned to 
fluctuate to sorne extent. It has been 
found that， by controlling the thickness 
of the catalyst filrn and growth condition， 
the thickness of graphene is controllable. 
The details of the synthesis rnethod wiU 
be described in this presentation. 

This research is partly supported by 
the Japan Society for the Prornotion of 

substrate 

Figure 1 (a) TEM image and (b) schematic model of 

multi-layer graphene at the both ends of catalyst film 

on a substrate. 

Science (JSPS) through its“Funding Prograrn for World-Leading Innovative R&D on Science 
and Technology (FIRST Prograrn). 

References: [1] K.S. Novoselov et α1.ヲScience306 (2004) 666. 
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CVD synthesis of graphene / hexagonal boron nitride hybrid sheets 

OKeiichi Kamon， Yasumitsu Miyata， Eriko Maeda， Yuki Sasaki， Ryo Kitaura， 

and Hisanori Shinohara* 

Department of Chemistη& Institute for Advanced Resωrch， Nagoya University， Nagoya 

Graphene has attracted much attention in recent years as important components for the 

next-generation electronic devices because of their excellent electronic transport properties. 

Hexagonal boron nitride (h-BN) is an insulating isomorphic of graphite with boron and 

nitrogen atoms. Because of their structural analogうん it is interesting to hybridize these two 

materials. Such a graphene/h-BN hybrid sheet can be regarded as a new two-dimensional 

atomically thin sheet with both metallic and insulating properties. Recently， chemical vapor 

deposition (CVD) has been demonstrated as an efficient method to synthesize single-layer 

graphene and h-BN films [1-2]. The growth of both of these has been shown to follow the 

so-called Frank van der Merwe model under controlled CVD conditions. This fact has 

motivated us to produce single-layer hybrid sheets of graphene and h-BN by using multistep 

workラ wereport the CVD synthesis 

graphene and h-BN hybrid sheets. For the synthesis of 

the hybrid sheets， the single-layer graphene with a grain 
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such synthesized sheets are composed of 

micrometer-sized polygonal grains surrounded by narrow 

sheets with a width of around 1μm (Fig.la). Raman 

spectra of the sheets show that the polygonal grains and 

the surrounding narrow sheets coηespond to graphene 

and h-BN， respectively (Fig.lb). The results indicate that 

h-BN can be synthesized through an in田 planeepitaxial 

growth on the graphene edge. These results provide a 

novel hybrid materials 

reveal that 

as way 

two-dimensional super lattices ofgraphene and h-BN. 
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Growth of Nitrogen-doped Graphene by Chemical Vapor Deposition 

oSusumu Kamoi1， Jun Nakamura1， Kenji Kisoda2， Noriyuki Hasuike1 and Hiroshi Harima
1 

lDぐpartmentof Electronics， Kyoto Institute ofTechnology，め;0ω 606-8585，Japan 
~ Department of Physics， Wakayama Universiか~ Wakayama 640-8510， Japan 

Grapheneラ atwo-dimensional network of Sp2 carbon atoms， is attractive for electronic 
device applications because of its exceptional electronic and physical properties. From the 

perspective of practical graphene-based integrated devices， it is important to prepare high 

quality graphene sheets in large-area while controlling its electrical properties. The doping of 

the acceptor/donor to the graphene is a viable approach to tailor its physical and electronic 

properties. Theoretical predictions also show that the in-plane substitution of nitrogen atoms 
into the graphene can modulate its electronic properti-es to an n-type semiconductor [1] 

However， it is difficult to prepare the nitrogen-doped graphenes in large area， and then 
various problems stiU remain for the growth. 

We report here the growth of large-area nitrogen-doped graphene sheets by a chemical 

vapor deposition using ethanol as the carbon source. The samples were grown at 975
0
C on 

Cu/Mg0(100) substrate. For nitrogen doping， pyrazine (C4H4N2) was added to ethanol， and 
doping level were controlled by varying the concentration of pyrazine. To characterize the 

nitrogen-doped graphene samples， we conducted Raman spectroscopic observation with 458 
nm line of an Ar laser excitation. 

Figure 1 shows Raman spectra of the 

samples doped with pyrazine of the several 

concentrations. For comparison， Raman spectra 
of undoped graphene and HOPG are also shown. 

As shown in Fig. 1， we observed the G-and 2D-

peak of graphene at the entire surfaces of the 

samples. And， the G/2D intensity ratio is roughly 

estimated about 0.5 for all samples. These results 

indicate the monol(iyer graphene was grown on 
all over the surface [2]. Figure 2 shows the plots of 

the G-peal正 frequencies and FWHMs. With 

increase in the pyrazine concentration， the G-peak 
gradually shifts to lower frequency side and 

becomes broadened. This suggests the systematic 
incorporation of nitrogen atoms in the Sp2 of 
graphene [3]. 
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Polarized Raman scattering study on graphene nanostructures 
on vicinal SiC substrate 

oSusumu Kamoi
1
， Kenji Kisoda

2
ラ
NoriyukiHasuike1， Hiroshi Harima1， 

Yusuke Kurisu3
ラ
SatoruTanaka3 and Akihiro Hashimot04 

1 Department of Electronics，めotoInstitute ofTechnology，めloto606-8585， Japan 
L Department of Physics， Wakayama University， Wakαryama 640-8510， Japan 

J Department of Applied Quantum Physics and Nucleαr Engineering， 

めlushuUniversity， Fukuoka 819-0395， Japan 
4 Department of Electrical and Electronics Engineering， 

University ofFukui， Fukui 910-850スJapan

Graphene is a monolayer of carbon atoms arranged in a hexagonal honeycomb structure. 

Recent1yラ graphenenanoribbons attract remarkable attention because it is predicted that 

graphene nanoribbons have a finite bandgap and show different magnetic and optical 

properties白'ombulk graphenes. The graphitization of silicon carbide (SiC) substrates is one 

of the promising approaches for fabricating epitaxial gr叩hene.Especiallyラ epitaxialgraphene

on vicinal SiC substrate grows anisotropically along the nano-steps on the surface llJ. Henceラ

forτnation ofribbon-like structure is expected on the epitaxial graphene along the steps. 

The samples were prepared by the sublimation technique on Si-face of vicinal 6H国 SiC

(0001) substrate inclined to [1-100] direction. The number of graphene layers was evaluated 

by atomic force microscope. The polarized Raman spectra were observed at room temperature 

using 458 nm line of an Ar laser excitation. 

Figure 1 shows polarized Raman spectra as a 

function of incident light polarization angles. The 

polarization angle is measured 仕om [1-100] 

direction of SiC substrate. The inset shows the 

dependence of the G-peak intensity on the 

polarization angle. The data are fitted by following 

equatlOn今

I(G) (θin)= I(G)min+[I(G)max幽 I(G)min]cod(01n)，
where fJin stands for the polarization angle [2]. The 

G-peak intensity strongly depends on the 

polarization angle and it gives maximum at fJin=O 

(polarization direction is parallel to [1-100]) and 

mmlmum atθin=90 (perpendicular to [ト100]).

This result agrees with earlier theoretical and 
experimental reports [2， 3]， and suggests that the 
sample contains the graphene ribbon-like structure 

with the armchair edge. 

References: 
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[2] K. Sasaki et al.， J. Phys. Soc. Jpn. 79，044603 (2010). 
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Anisotropic Graphene Growth along Bunched Steps on Copper Surface 

oKenjiro Hayashi， Shintaro Sato， and Naoki Yokoyama 

Collaborative Resωrch Team Green Nanoelectronics Center (GNC)， 

Nαtionallnstitute 01 Advanced lndustriα1 Science αnd Technology (AIS刀，

16-10nog，ωva， Tsukub~Ibaraki305-8569， Japan 

Since the discovery of single-layer graphene uniformly formed on Cu foil surfaces by 
chemical vapor deposition (CVD) [1]， initial stages of graphene growth have been 
investigated， focusing on the influences of CVD conditions and surface morphology to the 
growth kinetics. Previous studies reported that the nuc1eation occurred at defects such as 
impurities and surface stepsラ whilethe growth kinetics was rarely influenced by such defects 
[2，3]. It is believed that surface adsorption of carbon species govems graphene growth on Cu， 
making the growth self-limiting. Therefore， the surface morphology is expected to play a 
quite important role not only in the nuc1eation but also in the subsequent growth of graphene. 

In this study， we investigated the initial stages of CVD graphene growth on a Cu film to 
explore correlations between the surface morphology and graphene growth under low 
pressure condition. Actuallyラ wetracked changes of the Cu surface morphology during the 
graphene growth， revealing an interesting correlation. 
Surface steps on a Cu grain， which occurred during 
hydrogen annealing prior to the growthラ werefound to 
be the nuc1eation sites of graphene islands and to affect 
the subsequent growth substantially. We observed， for 
the first time， an anisotropic graphene growth on the Cu 
surface accompanied with morphological changes 
(Fig.1)， resu1ting in graphene array formation (Fig.2). 
The resultant surface morphology is attributed to the 
step bunching during the growth. Detailed analyses 
suggest that the graphene arrays， which were 
preferentially formed along the steps， served as a partial 
shield of the Cu surface， preventing step-flow-like Cu 
atom diffusion and evaporation at the growth sites. As a 
result， the growth locations acted as a pinning site of the 
step motion， leading to the step bunching. 

This work was supported by JSPS through the FIRST 
Program， initiated by CSTP， Japan. This work was partly 
conducted at the Nano-Processing Faci1ity supported by 
ICAN，AISTラJapan.
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[2] J. M. Wofford et al.， Nano Lett. 10ラ4890(2010). 
[3]Q. Yu et al.， Nature Mater. 10，443 (2011). 
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Fig.l Laser microscope image of Cu 
film surface after graphene growth 

Fig.2 SEM image of graphene array 
grown along steps on Cu surface 
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Scanning Tunneling Microscopy Observation of Moit・eStructure in the 

Transferred Graphene to HOPG 

o Masahiro Ishihara and Masamichi Y oshimura 

Surface Science Laboratory， Toyota Technologicallnstitute， 2-12-1 Hisakat，αTempaku 
Nagoyα468-8511， Japan 

Moire structure originated from the lattice misorientation of two graphite layers has been 

reported on highly oriented pyrolytic graphite (HOPG) [1]. However， it is not easy to easi1y 

produce moire structure in a large area. In this research， we succeed at producing moire 

structure in large area and with good reproducibility by transferring monolayer graphene 

synthesized by chemical vapor deposition (CVD) method on HOPG [2]. 
Graphene used a commercial one synthesized on copper foil (Graphene Supermarket). 

Polymenthyl methacrylate (PMMA) was spin-coated on graphene as subordinate material and 

copper foil was dissolved by FeCh・Thenit was transferred on HOPG substrate and PMMA 
was dissolved by chloroform. Obtained sample was observed by scanning tunneling 

microscopy (STM). 

Figure 1 shows STM images oftransferred graphene on HOPG. In Fig. l(a)， moire structure 

is extended to more than 100xl00 nm2 in area. Figure l(b) shows other moire structure with 

different periodicity. We observed various moire structure with periods ranging from 1.5 nm 
to 10.5 nm (rotation angle is ranged 合om1.3 0 to 9.4 0) on the same sample. This difference is 

originated from various domains of graphene as well as HOPG. These domains cause 

difference in direction of lattice orientation from place to place. Amplitudes of moire structure 

are also differed and they are ranged from 0.03 nm to 0.36 nm. It is thought that this is 
ref1ected electron density stronger than height. 

Fig. 1. STM image of moire structure on the transferred graphene on HOPG 

(a)Tunneling current: 0.8 nA， tip-sample voltage: 0.1 V， image size: 150 x 150 nrrl. 

(b) Tunne1ing current: 1.0 nA， tip-sample voltage: 0.1 V， image size: 75 X 75 nm2. 

[1] M. Kuwabara， D.R. Clarke， D.A. Smith， Appl. Phys. Lett. 56 (1990) 2396. 

[2] William Regan et al.， Appl. Phys. Lett. 96 (2010) 113102. 
Corresponding Author: Masahiro Ishihara 

E-mail: sd11403@toyota-ti.ac.j 
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Chemical doping of graphene thin films from organic conductor 

oRyousuke Ishikawa1， Yasuyoshi Kurokawa2， Adarsh Sandhu1司 3
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Technology， Aichi 441-8580， Japan 
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Japan 

Transparent conductive films (TCFs) are critical components of a myriad of technologies 

inc1uding flat panel disp1ays， light emitting diodes， and solar cells. Graphene-based TCFs 

have attracted a 10t of attention because of their high electrical conductivity， transparency and 

low cost. Carrier doping of graphene would potentially improve the properties of 

graphene-based TCFs for practical industrial applications. Howeverラ controllingthe carrier 

type and concentration of dopants in graphene films is challengingラ especiallyfor the 

synthesis of p-type TCFs. 

Here， we describe a new method for doping 

graphene using the conjugated organic molecule， 

tetracyanoquinodimethane (TCNQ) as shown in 

Fig.l [1]. Notablyラ TCNQis well known as a 

powerful electron accepter and is expected to 

favor electron transfer from graphene into TCNQ 

molecules， thereby leading to p-type doping of 

graphene films. Small amounts of TCNQ 

drastically improved the resistivity without 

degradation of optical transparency as shown in 

Fig.2. The sheet resistance increased by less than 

10 % after 1 year at room temperature under 

ambient atmosphere. Such a stability is a quite 

critical issue of doping technique in any 

application fields. Moreover， doping mechanism 

of the chemical doping is investigated using the 

first-principles method based on density 

functional theory. 
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Fig.1 Schematic image of chemical doping 
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Non-equilibrium dynamics of dehydrogenation of graphane 
induced by the ultra圃 shortlaser pulse 

o Y oshiyuki Miyamoto¥Hong Zhang2
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Central2， 1-1-1， Umezono， Tsukuba 305-8568， Japan 
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Nano-Bio Spectroscopy group and ETSF Scientific Development Centre， Department Fisica 
de Materiales， Universidad del Pais 陥SCO，Al，仰idade Tolosa 72， E-20018 San Sebastian， 
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Graphane is hydrogen (H) tenninated graphene on both sides of the sheet fonning si -like 
bond network. Graphane was theoretically proposed in 2007 [1]， and the reality was 
experimentally suggested later[2，3]. Since C-H bonds on both side has the same binding 
energyラ desorbingH atoms only from one side is thennodynamically inhibited. 

In this presentation， we propose 
non-thennal way to desorb H atoms only企om
one-side of graphane with use of short-pulse 
laser shot. Figure 1 shows the first聞 principles
simulation of the molecular dynamics based on 
the time-dependent density functional 
theory[4]ラ representingH-desorption only from 

upper side of graphane with very short (~ 2 

fs) pulse laser causing asymmetric 
time-variation of the electric field of laser shotラ

which causes large de-touching forces to H 
atoms only on one side. 

We will present details of the numerical 
scheme [5刈 toperform this simulation and 
discuss application of the ultra-short laser 
pulse for structural change of materials as well 
as possible applications of the 
half-dehydrogenated structure. 
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Fig. 1 Molecular dynamics (MD) of graphane 
upon irradiation with pulse laser. Upper panel shows 
stable structure of graphane and the lower panel 
shows a snapshot of the MD representing one-side H 

desorption 40 fs after the laser shot. 

[1] J. O. Sofo， A. S. Chaudhari， and G. D. Barber， Phys. Rev. B75， 153401 (2007). 
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[3] J. D. Jones， et al.， CARBON 48，2335 (2010). 
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[5] O. Sugino and Y. Miyamoto， Phys. Rev. B59， 2579 (1999); Phys. Rev. B66ラ089901(E) (2002). 
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Model Experiment of Production of Carbon Clusters 
by Impact of Asteroids 

oTetsu Mieno
1， Sunao HasegawaヘKosukeKurosawaヘKazutaka乱1itsuishi3 

lpepartment 01 Physics， Shizuoka University， Suruga-ku， Shizuoka 422-8529， Japan 
~ Inst. Space Astronautical Science， JAXA， Chuou-ku， Sagamihara 252-5210， Japan 

.J Nationallnst. Material Science， Sakura， Tsukuba， 305“0003， Japan 

It is expected that many types of carbon nanoclusters are produced by impact reactions of 

asteroids in space， when such reactions take p1ace in a carbon-rich atmosphere. Particu1ar1y on 

Titan satellite， a 1arge number of carbon clusters produced by impacts of asteroids are expected to be 

stored as there are much amount of co1d methane in nitrogen atmosphere. [1] Here， impact 

production of carbon nanoclusters is examined in nitrogen gas using a two-stage light-gas gun to 

simulate the impact reactions in space. A small polycarbonate ball (or a stainless steel ball) is 

injected at about 6.5 km/s into a pressurized target chamber to collide with an aluminum target (or a 

hexane + aluminum target) in 1 atm of nitrogen gas. [2， 3] Reactions by changing the target material 

and the target temperature are carried out. After the impact， we carefully collect produced soot and 

analyze it by a TEM， a LD-TOF-MS， a Raman spectrometer etc. We confirm the production ofmany 

types of carbon nanoclusters such as metal-encapsulated carbon nanoparticles， carbon nanotubes， 

balloonlike nanocarbons， fullerenes， etc. Therefore， in space， many kinds of carbon clusters have 

been produced by impact phenomena， and they are stored on star's surfaces and in interstellar space. 

[1] Titan斤omCassini-Huygens， ed. R. H. Brown， J. Lebretonラ andJ. H. Wait (Springer， Dordrecht， 

2009) p. 75. 

[2] T. Mieno and S. Hasegawa: Appl. Phys. Express 1 (2008) 067006. 

[3] T. Mieno， S. Hasegawa and K. Mitsuishi: Jpn. J. Appl. Phys. 50 (2011) 125102. 

Corresponding Author: T. Mieno， TEL & FAX: +81-54-238-4750， sptmien@ipc.shiz:uoka.ac担

Fig. 1 Photograph of an impact on the target 
by a high四 speedcamera. 

Fig. 2 TEM image ofproduced bal1oon-like carbons. 
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Buffer gas optimization for structure control of carbon nanohorn 
aggregates prepared by CO2 laser ablation 
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Nanotube Research Center， National Institute of Advanced Science and Technology (AIS刀，

Tsukuba， 305・8565，Japαn
431F15titutejbrAdlYGF1cedResωrch， Nagoya Uniνersi帆 Nαgoya，464-8602， Japan 
Department of Materials Science and Engineering， Meij・oUniversity， Nagoya 468同 8502，

Japan 

Single-wall carbon nanohoms (SWNHs) are single-graphene tubules with nanometer-scale 

diameters， and about 2000 of them gather and fonn a spherical aggregate with diameters of 

50-200 nm. Many白ndamentaland application studies have been done since its discovery in 

1998 [1]. In spite of these vigorous studiesラ
intentionalmorphology-control of the SWNH 

aggregates， i.e.， seed， budラ
dah1ia，and petal-dahlia types， has not been thoroughly investigated 

yet. In this studyラ wesucceeded in morphology-selective preparation of SWNH aggregates by 

changing the buffer gas in CO2 laser ablation of graphite [2]. 

The CO2 laser ablation was operated at 3.5 kW. During 30 seconds laser ablation， the target 

was rotated at rotation speed of 2 rpm. The buffer gases were He， N eラ N2，Ar， Kr， or Xe， and 

the gas flow rate was 10 L!min. The gas pressure in the chamber was controlled at 760 To江

Seed type for He， dahlia type for N2， Ar and Ne， and petal dahlia type for Kr were prepared 

preferentially， respectively. In Xe， thin graphene sheets were the major product. The degree of 

graphitization increased with the mass number of the buffer gas. Although shapes of SWNH 

aggregates observed by a scanning transmission electron microscopy were quite similar for 

the samples prepared by buffer gas of N2 and Ar， thermogravimetric analysis and N2 gas 

adsorption results clearly indicated that SWNHs grown in N2 had considerably small surface 

area than those grown in Ar. We found that oxidation treatments made this discrepancy almost 

disappear
ラ
leadingto possible costs reduction for production by substituting N2 for Ar buffer 

gas and progressing application to various promising fields. The details are shown in the 

presentatlOn. 

[1] S. Iijima et al. Chem. Phys. Lett. 309， 165 (1999). 

[2] R. Yuge et al. Carbon， in press. 
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Structure and Phase Behavior of Water Confined in Zeolite Templated 

Carbon (ZTC) 
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Japan 

3 lnstitute of MultidisciplinaηResωrchfor Advαnced Materials， Tohoku UniversiかSendai，
980-8577， Japan 

Zeolite Templated Carbon (ZTC) is a new porous carbon synthesized using the 

nanochannels of zeolite Y. (Fig.l) 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 m2

jg. A proposed model for ZTC is buckybowl-like 
nanographenes assembled intoa three-dimensional1y ;egular network [11. 

In this work， we carried out differential scanning calorimetry (DSC)， NMR measurements， 
X幽 raydiffraction (XRD) experimentsラ andc1assical molecular dynamics (MD) calculations to 
c1arify the structure and phase behavior of water confined in nanopores of ZTC. The phase 
behavior was investigated by DSC measurements and there was no evidence for liquid-solid 

transition as in the bulk down to 150 K. The NMR measurements showed consistent results 
with the DSC measurcments and also indicated that the confined water exhibits fast motion 
down to 200 K. As for the structure， it was indicated by the MD calculations that the confined 
water c1uster at low temperatures is not 
crystalline ice but a kind of an amorphous solid. 
The amo叩houssolid can be characterized by 
distorted hydrogen bond networks with very few 
dangling-bonds. XRD patterns were simulated 

by using the structure obtained by the MD 
calculationsラ andthey were quite similar to those 
obtained by the experiments. (Fig. 2) 

Fig.l Possible structural model proposed 

for ZTC solid. 

Reference: [1] H. Nishihara et al. Carbon 47， 1220 (2009). 
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Influence of ZnO Powder Addition on Upright State of Carbon Nanotwists 
Treated by Dielectric Barrier Discharge 
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Field emitter (FE) coated with dielectric material has good current-voltage characteristics. 

This is because the coated dielectric material reduces the work function of FE [1]. We have 

used carbon nanotwists (CNTws) as a base material of FE， and the printed CNTws on 

substrate were treated with dielectric barrier discharge (DBD) to make CNTws stand up on 

substrate [2]. CNTw is a kind of helical carbon nanofiber and is expected to be s仕onger

against ion bombardment than carbon nanotube (CNT) because of its larger fiber diameter 

(100-200 nm). In our previous study， we coated Pt on FE surface and then treated the surface 

with DBD. However.ラ Ptwas rearranged from the surface of CNTw dot to substrate near the 

dot. In this study， we added ZnO powder (Kanto Chemical Co.， Inc) to CNTw paste before 

printing. The CNTw paste was prepared by mixing ZnO powder into a mixture of an organic 

binder， silicone one and CNTw. The CNTw FE was fabricated by screen-printing the paste on 

a Si substrate and by ca1cining the paste at 400oC. We compared the upright state of CNTws 
between non-added-and ZnO-added-FEs. Figure 1 shows an SEM micrograph of surface of 

the CNTw dot with ZnO addition. Table 1 shows the average lengths of upright CNTws of 

non-added and ZnO-added. The average length of ZnO-added was shorter than non-added. 
This work has been partly supported by the Research Project of the Venture Business Laboratory 

from Toyohashi University of Technology (TUT); Global COE Program "Frontier of Intelligent 
Sensing" from the Ministry of Education， Culture， Sport， Science and Technology (MEXT); Core 
University Programs (JSPS-CAS program in the field of "Plasma and Nuclear Fusion")企omthe Japan 
Society for the Promotion of Science (JSPS); and Grand聞 in-Aidfor Scientific Research from the 
MEXTラ TheHori Sciences and Arts Foundationラ TokaiFoundation for Technology， and Research 
Foundation for恥1aterials.

Tab1e 1. Average 1ength ofupright CNTws. 

Non-added 

ZnO-added 

Fig. 1 Upright CNTws with ZnO addition 

[1] W. Yi， et al.: Adv. Master.， 14ラ 1464(2004) 

[2] Y. Hosokawa， et al.: J. Phys. D: Appl. Phys.， 41， 205418 (2008). 
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Laser ablation of graphite in solution 

with low density hydrogen-containing molecules 

o Yuki Sato， Takeshi Kodama， Haruo Shiromaru， Yohji Achiba 

Department ofChemistry， Tokyo Metropolitan University， Hachioji， 192-039スJαrpan

In the 41 st FNTG symposium， we reported preliminary results of laser vaporization of 
graphite in solvent of liquid Ar (hereafter LAr) by a nanosecond laser. The LAr (m.p.=ー189.2
OC) was prepared in a bottle cooled by an LN2， in which a small amount of the hydrogen 
atoms was involved mainly because of the contamination of water (ice). Chemical species 
adsorbed onto the graphite surfaces were also a source of hydrogen. By the absorption 
spectrum of the hexane solution of irradiated sample， formation of polyynesヲ fromCSH2 to 
C12H2， were confirmed. The results indicate that a smal1 amount of contaminants provides 
terminal hydrogen atoms. 

In the present study， laser ablation experiments with higher purity of the LAr and 
graphite were performed to clarify the effect of these contaminants. The procedure of 
preparing the ablation target was modified as follows: 
1. A vacuum line was connected to the cell， to prevent condensation of ambient water vapor. 

(Previously LAr was prepared in a LN2 cooled cell with f10wing Ar gas， keeping the 
pressure to be slightly higher than 1 atm to prevent the cell from reverse flow of the air.) 

2. The graphite target was preheated in an oven and then evacuated for several hours. 
3. To prevent the LAr from freezing， commercial low-purity LAr was used for the coolant 

instead ofLN2・
Other experimental procedure was the same with that in the previous study. That isラ thelaser 
used for the experiment was a Nd: YAG (入=532nm) with a duration ofabout 10 ns and 10 Hz 
repetition rate. The on-target power was about 150 mJ/pulse and a typical elapsed time of 
1fI司adiationwas 30 minutes. 

The absorption spectra of the ablated samples were measured at LAr temperature 
without the solvent replacement (LAr to hexane). For all the irradiated samples examined so 
far， the typical peaks of polyynes were not observed. Absorption measurement of hexane 
solution at room temperatureラ wherethe LAr solvent was replaced by hexaneラ willbe 
presented in the symposium. 
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Preparation and purification of iron oxide nanotubes 
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Nanotube has potential ability due to i包 S加伽ralfeatures of high 

a甲ect-ratio，large剖rface紅儲whichst叩lS企'Ominner and outer surfaces 

and im町 spacewith molecular size. According to血el1氏四tはudy，

nanotube甜ucturecan be fonned by many materials， such as vanadium 

oxide， Ti02， ZrOz， Ah03血 dFe203， so on [1・5]，as well as conventiona1 

caroon nanoωlbes. Pr，中arationt，田:hniques of such metal幽oxide

nanotubes can be rough1y cl拙泊吋intotwo methods: one is a ter叩late

method using nanorod. Briefly， after∞，veringせ1enanorod叩 品 田with

m巴包1oxide， nanorod as template was rernov，吋. 百1eother is bui1d-up 

method by戸沼lingthe bulk material into the sh田:t:or血esn田t-like

struc旬reand by rolling up such sn白 :tsto fonn也etl必e. In血巴pl1esent

study， we回 cedthe鈎mplepl1中arationt，巴chniquereport，αi in the pal匂nt

[6]， andeval田副社1eproduc包wl也a蜘 1tionto剖 rface∞ntamination.

pro出ciionof iron oxide nanotubes was carried out by solving 1 g of 

block copol:戸1erof polyethy1ene and polypropyle田 g1ycol (a 

Sigma-Aldrich， Plぽ'OnicF-127) into 10 g of l-propanol 

wl血out柏戸:negly'∞1. Next， 4 g of iron(Ill) ni回te

non池y命百te (0.01 mol) was addedωabove solution， and 

s出rofor 1 hour under sonication in order to make 501 

百1es01 thus ob匂inedwas kept at 50 "c for 10 days w近10Ut

vibration.百1engela血0田 productfonned during血is

m鉱山ingprocess was taken out盆'omthe solution. Finally 

the gel was heated up to 120 "C with a ramp rate of 10C/min 

and kept 4 hours under flowing dry町 of200 m1Imin in 

order to roll up也巴 sheet血 dto fonn郎bestruc制re.

Remained田rfac凶1twas removed by rinsing the products in 

E伯 Hwi世1sonication and s叩aratedc回出向gally(10000 G， 

30min). 

S 
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町民

Fig. 1. 1EM imag田ofFezU:lnanot池田Jmag'回 inthetop 
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Fig. 2. TG-DTAα町田t成 田for出苧rep置-edFe2U:l nanotubes. It was found 
量。mb:o也包紅白血a.t40%of∞n凶nina.tedresi加.lsur加田包W前期I制

tobuma.t170"C 

Figure la indicates a tip of the n叩 otubepl'l吋uct， and we can recogrrize伽 ttheωbe was∞，ver，吋bynumero国

contarninat吋 materia1s，which ma)あestill remaining四rfac凶1. Fi伊 e2 is TG-DTA of as-pr，吋u田dsanlple. From 

也isfigure，託wasfound血atrough1y 40 % of surfac凶 t甜11remained and四ch並npurity叩民間werestarted bum at 

1700C. H由民inorder to remove such∞n回ninants，we h田t吋 as-producedsarnple up to 170 oC with a ramp rate of 

1 oC/min and k，叩，t4hoursun加盟owingdry町 of200m1Imin. TEM irnage ofr，悶1制 productw;ぉ shownin Fig.lb， 

which clearly indicates a rernoval of∞ntaminat吋 materialswithout damaging the tube蜘伽re.
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恥1atsuzaki，Satoki 2・10，3P-29 Nihei， Mizuhisa 3P・36
Mieno， Tetsu 3P・44 Niidome， Yasuro 2P・18
民1ikie，Tsubasa 1 P-1 Nishi， Tatsuhiko 2・3， 3P-5 
Minami， Nobutsugu 2S・4 Nishibori， Eiji 2圃2

孔1itani，Satoshi 3P-32 Nishihara， Hirotomo 3P-46 
Mitsuishi， Kazutaka 3P・44 Nishimura， Hidenori 3P-26 
Mitsumata， Tetsu 2P・23 Nobusa， Yuki 1P幽24，2P-29
Miyamoto， Daisuke 1S・2 Noda， Shoko 3P・6
Miyamoto， Y oshiyuki 3P・43 Noda， Suguru 1 P-11， 2P-28 
Miyata， Yasumitsu 1・5， 1-6， 1P・14，1P-19， Noguchi， Takeshi 2P・2

1 P-40， 2・2， 2P・7，2P-25， Noguchi， Takuya 2P-13 
2P-33，3P-6， 3P-10，3P-37 Noguchi， Yusuke 2P圃34

Miyauchi， Yuhei 1-3 Nugraha， Ahmad 1 P-18 
MiyauraラKenshi 1P-14 
Miyazaki， Takafumi 2・3， 3P・5 く 0>
Miyazawa， Kun'ichi 1P・5，2-6， 2・7， 2P-5 Ochiai， Takumi 3P・18
Mizobuchi， Shingo 1P・36 Ochiai， Yuichi 2・11，2P-3 
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Ogasawara， Naoko 3P・5 Sato， Satoru 3P・7
Ogata， Hironori 1 P-39， 2・5， 3P帽23 Sato， Shintaro 3S-5， 3P-36， 3P-40 
Ogiso， T. 2P-38 Sato， Takuya 1P・28
Ohashi， Keishi 3S-6 Sato， Tohru 2・4
Ohmori， Shigekazu 1-13， 2P幽 11 SatoラYoshiaki 1P-33 
Ohno， Yutaka 2P・27，3P胴27 Sato， Yuki 3P-48 
Ohshima， Jun 1 P-11 Sato， Yu-uki 1P-30 
Ohta， Tomona 3P圃5 Sawa， Hiroshi 2-2 
Okadaラ Hiroshi 2P・6 Sawanishi， Y oshihiko 3・13
Okada， Susumu 1・2， 1・4， 1 P-4， 1 P-21， Se只awa，Yasutomo 2P・7

1P-31， 1P-42， 2P-31， 3P・31 Seki， Yasuaki 1-7 
OkamotoラMitsuhiro 2P-8 Sekine， Akinori 3P-23 
Okazaki， Toshiya 1・8， 1P・12，2P・14 Senga， Ryosuke 3P-22 
Okeyui， Kenji 2P-40 Shigemitsu， Yasuo 1P-3 
Okigawa， Yuki 3P-27 Shigeta，孔1asahiro 2P-26， 3P-21， 3P-24 
Okimoto， Haruya 1 P-30， 2P-23， 3P-34 Shimizu， Kazuki 1P・10，1 P-44， 2P・10，3P-9，
Okujima， Tetsuo 1P-36 3P・47
Omachi， Haruka 2P-7 Shimizu， Kazushi 2P-17，3P・12
Ono， Shin 2P-9， 3P同8 Shimizu， Ryo 3P・29
Onoda， Kunihiro 2P-40 Shimizu， Satoru 1・5， 1・6
Oohara， Kazuyoshi 3P-18 Shimomur孔 Shuichi 2P・5
Ookita， Sousuke 2・3 Shinohara， Hisanori 1・5， 1・6， 1P・14，1P-19，
Orii， Takaaki 1P・3 1P・40，2・2， 2・3， 2P・7，
Osaka， Sho 3-13 2P-25， 2P-33， 3P胴5，3P・6，
Osawa， Eiji 3-10 3P・10，3P-37
Osawa， Toshio 1 P-11 Shinozaki， Daisuke 3P-16 
Oshima， Hisayoshi 2P-40 Shinozaki，孔1asashi 3-13 
OshimaラTakumi 1P・1，1P-8， 2P・2 Shiomi， Junichiro 1 P-26， 3P-13 
Oshita， Kenichi 1 P-17 Shiraki， Kentaro 3P-16 
Otani，孔1inoru 3P-31 Shiraki， Yuki 3P-49 

Shiromaru， Haruo 3P-48 
<P> Shoji， Mao 3P-23 
Park， Jin Sung 1・3 Sivasankaran， Harish 1・11

Slanina， Zdenek 3P聞7
<R> Sobe， Yuhei 3P・34
Riusラ Gemma 1 P-16 Someya， Hiroko 3S-6 
Roth， Siegmar 1P・23 Suda， Yoshiyuki 1 P-↑0， 1P-44， 2P・10，3P圃9，
Rubio， Angel 3P-43 3P-47 

Suenagaラ K. 3P・17
<S> Sugai， Toshiki 2P幽 1，3・13
Sado， Yuki 2-2 Sugioka， Yuki 3P・47
Sagitani， Satoshi 1P・32 Suzuki， Hironori 2P-14 
Saito， Riichiro 1P胴 18，2P-37， 3・3， 3Pぺ9 Suzuki， Mitsuaki 1 P-6 
Saito， Susumu 2P-20，3・8， 3・9 Suzuki， Shoji 1P・40
SaitoラTakeshi 1・6， 1・13，1P司29，2P-11 Suzuki， Takuya 2P・14
Saitoラ Yahachi 3P・25，3P-28
Saka只uchi，Hiroshi 1P-36 <T> 
Sakaguchi， Tomonori 2P-30 Tabuchi， Satoshi 2P-21 
Sakai， Yuki 3・8 Tachibana， Masaru 2P圃4，2P-35 
Sakurai， Shunsuke 1閉7， 1・12 Tachibana， Yuji 2P-36 
Sanders， Gary 1 P-18 Tadokoro， Hiroki 3P・16
Sandhu， Adarsh 3P-42 Tahara， Y oshio 1 P-43， 2P-42 
Sano，孔1asahito 1 P-30， 2・9， 2P-23， 3P-34 Tajima， Yusuke 1P-3 
Sasaki， Shuichi 3・10 Takagi， Kentaro 3P司 1
Sasaki， Yuki 1P・40，3P・5，3P・37 Takagi， Y oshiteru 2P・31
Sato， Hisako 1P-36 Takagi， Yuki 2P-29 
Sato， Kentaro 1P開 18，2P-37， 3・3， 3P・19 Takahashi， Hiroki 2P・8
Sato， Kumiko 1P-6 Takahashi. Kohshin 3P・4
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Takai， Kazuyuki 
Takaku， Hideaki 
Takano， Y oshihiko 
Takashima， Tadashi 
Takenobu， Taishi 

Takeuchi， Kenji 
Takeya， Hiroyuki 
Takida， Ryusuke 
Takikawa， Hirofumi 

Tanaka， Hiroyuki 
Tanaka， Kazuyoshi 
T anaka， Satoru 
Tanaka， Takeshi 
TangeラMasayoshi
Tanoue， Hideto 

1P-33 
1P-3 
2・6， 2・7
2P-9， 3P園8

1P-24，2・10，2P・14，2P-29， 

3P圃 17，3P-29

18ぺ
2・6， 2・7
2-9 
1P-10， 1P-44， 2P・10，3P-9，
3P・47
2-8 
2-4 
3P-39 
1・1， 1P-9， 3P-11 
1P-12 
1P幽 10，1P-44， 2P・10，3P-9，
3P-47 

Tapsanit， Piyawath 3P-19 
Tawfick， Sameh 1P-13 
Terada， Tomohiro 3P-28 
Terada， Yuki 2P-24 
Terrones， Mauricio 18-1 
ThendieヲBoanerges 3PぺO
Thurakitseree， Theerapol 1・11
Tobita， Hiromi 2P必
Toh， Shoichi 2P-26 
Tojo， Tomohiro 18-1 
Tomai， Takaaki 2P‘39， 3P聞32
Tomatsu， Naoya 3P-18 
Toriumi， Naoto 2P-3 
Toyama， Kiyohiko 3P-45 
Tsuchiya， Koji 2P-12， 2P-17， 3P-12 
Tsuchiya， Takahiro 1P-6， 3P-7 
TsudaラKenichiro 38必
TsudomeラMikiko 2P-43 
Tsuji， Masaharu 1 P-37 
Tsukagoshi， Kazuhito 与2
Tyumina， Anastasia V. 3-2 

<U> 
Ue， Hitoshi 

Uejima， Mitsugu 
UenoラHiroshi
Umeda， Y oshito 

Uno， Hidemitsu 
Urabe， Yasuko 
Utsugi， Daisuke 

く明T>

Wada， Y oriko 
Wakabayashi， Tomonari 
Wang， Wei-Wei 
Wang， Zhipeng 
Watanabe， Fumiaki 
Watanabe， Kazuyuki 

1 P-1 0， 1 P-44， 2P・10，3P-9，
3P-47 
2P-26， 3P-21 ， 3P・24
1P-8 
1P-10，1P・44，2P-10， 3P・9，
3P-47 
1P-36 
1・1， 3P-11 
3-4 

2P-30，2P・41
2P圃30，2P・41
1P-38 
1P-39 
2P-35 
3-4 

Watanabe， Satoshi 
Watanuki， Shogo 
Wei， Xiaojun 

く X>
Xu， Ming 

<Y> 
Yaεi， Hajime 
Yagi， Katsunori 
Yagi， Y. 
Yahaεi， Tatsurou 
YajimaラHirofumi
Yamada， Kentaro 
Yamada， Maho 
Yamada， Michio 
Yamada， Takatoshi 
Yamada， Takeo 
Yamaguchi， Takahide 
Yamaguchiラ Takashi
Yamaξuchi， Yasutaka 
Yamakoshi， Risa 
Yamamoto， Masahiro 
Yamamoto， Takahiro 
Yamamoto， Yuki 
Yamanaka， Ayaka 
Yamanoi， Ryoko 
Yamashita， Motoi 
Yanagi， Kazuhiro 

Yan只払ラ Cheol.占1inn 1 

Yang払， Mei
Yasumitsu， Tatsuki 
Y okoi， Hiroyuki 
Y okoyama， N aoki 
Y omogida， Y ohei 
Y onemura， Taiichiro 

Yoon， Howon 
Y oshida， Kazuma 
Yoshida， Ryo 
Y oshikawa， Hirofumi 
Y oshimune， R. 
Y oshimura， Masamichi 
Yoza， Kenji 
Yudasaka， Masako 
Yuge， Ryota 
Yumura， Motoo 

く Z>
Zhang， Hong 
Zhang， Minfang 
Zhao， Li 
Zhao， Pei 
Zhao， Rui-Sheng 
ZhaoラXiang
Zhou， Cai-Hua 
Zhou， Xin 
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3P・15
2P嗣 12
2・11

1・7， 1・9

2-3 
3P-36 
2P-38 
2-11 
2P・12，2P-17， 3P幽 12
2P-30 
1・12
3P-1 
3-6 
1・7，・10，1P-22，2・8
2・6， 2・7
2P-42，3P聞45
3P-22 
2P・9，3P・8
1 P-35， 3P-35 
3P圃 15

2・8
1P・21
3-10 
1P-22 
1P・24，1 P-32， 2・10，2P・14，
2P-29，3P・17，3P-29， 3P-31 
3P-20 
2P圃42

2P-15 
2P-34 
38-5， 3P-36， 3P圃40
1 P-24， 2・10，3P・17
1P・10，1P・44，3P・9，3P・47，
2P-10 
1P-22 
1P・37
2P-4 
2P・25
3P・17
1 P-13， 1 P-16， 3P-41 
3P-7 
1P-43，2P・42，3・12，3P・45
3開 12，3P・45
1・7，同9， 1・10，1・13，
1P-22 

3P-43 
2P-42 
3・11
1-11 
1P-45 
1P・38，1 P-45， 2P・45
2P・45
2P-42 



複写をご希望の方へ

フラーレン・ナノチューブ・グラフェン学会は、本誌掲載著作物の複写に関する権利を一般社団

法人学術著作権協会に委託しております。

本誌に掲載された著作物の複写をご希望の方は、(社)学術著作権協会より許諾を受けて下さい。

但し、企業等法人による社内利用目的の複写については、当該企業等法人が社団法人日本複写権セ

ンター((社)学術著作権協会が社内利用目的複写に関する権利を再委託している団体)と包括複

写許諾契約を締結している場合にあっては、その必要はございません(社外頒布目的の複写につい

ては、許諾が必要です)。

権利委託先:一般社団法人学術著作権協会

干107・0052 東京都港区赤坂 9サ 41 乃木坂ピル 3階

電話:03-3475-5618 FAX: 03・3475町 5619 E幽Mail:info@jaacc.jp 
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干113・8656東京都文京区本郷 7・3・1

東京大学大学院工学系研究科機械工学専攻
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DXR Raman Microscooe 
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

e前処理不要、 ljJm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

穆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
〒22引1白心O∞022神奈川県横浜市神奈川区守屋田町T3-9C棟2F圏 0120司 3-670
巨-ma副副il:i川nfわOひ-如@the町r町rm町mofi官s油he町r.c∞Dαm WWW.t曲he町r町rn町mosci陪er目川t此tifi防c.jpp 

Part of Thermo Fisher Scientific 

Thermo 



グラフェンの分布を 5分でイメージング

最高のイメージング性能
独自のコンフォーカル光学系採用により、理論限界に迫る

空間分解能 350nmを実現。強度分布の均一なライン照明

(特許取得済み)が試料上の 400点でラマン散乱を同時に

励起するため、超高速イメージングが可能です。

超高精度ピークシフト測定
焦点距離 500mmの分光器を搭載し、高波数分解能と光

学系の明るさを高いレベルで両立しました。高分解能グ

レーテイングと組み合わせることで、 0.1cm-1を超える窮

度でピークシフトを検出。応力測定lζ力を発揮します。

オートメーションを追求
最大で4波長のレーザーを搭載でき、ソフトウヱアから

ワンクリックで切り替えて使用できます。わずらむしい光

学調整は一切不要です。グレーティングの切り替えやレー

ザー強度の罷整などもすべてワンクリックです。

製造元.

ナノフォトン株式会社 www.nanophoton.jp 

N…hoton 

熱酸化したシリコン基板上に分布するグラフェン薄膜のうマン

イメージ。炭素 1原子のシートである単層グラフェンと、二層、

三層、自J曹の多層グラフェンが、それぞれどのように分布して

いるかを、わずか数分の測定時腎と 350nmという高い空間分

解能でイメージングしています。

※このサンプルは物質・材料研究機構の津谷大樹様よりご提供頂きました。

.RAMAN司 11標準仕様表

レーザー 532nm / 785nm /その他(電動切換)

イメージング方式 ライン照明÷ビーム走査、ほか各種モード

分光器 焦点距離 500mm回折格子 3枚(電動切換)

検出器 電子冷却 CCD1 .340x400画素

光学顕微鏡 正立製/倒立君主

空間分解能 (xI y / z) 350nm / 500nm / 1000nm (@532nm) 

分光分解能 (FWHM) 1町6cm-1(ピーク位置決め精度は O.lcm-1)

フマンシフト検出範囲 80cm-1 ~ 5000cm-1 

販売代理屈 ・アルパックイーエス株式会社 ww ulv -仁o.jp

本社官業部 n-tIC.，?..If:lr"of.)11 大阪営業所 TEL 06-4807-0081 

松本支~__J....*_e.f:f:f:l 姫路営業所 TEL 0791-62-3951 

仙台営業所 111I .. 1' ..... m:..m 福岡営業所 TEL 092-483-1451 

茨城営業所 111I .. ~fi_ 熊本嘗業所 TEL 0968-38-1 1 1 5 



販売

本装置はカーボンナノチューブ・グラフヱンや燃料電諮問触媒を始めとする

各種ナノ粒子を分散させる事を目的に開発いたしました。

実施例:カーボンナノチューブ・ク、ラフエンの分散、燃料電池触媒評価
納入実績:各大学、自動車メーカー、光学機器メーカー、電子部品メーカー

人と科学のステキな未来へ

]スモ・バイオ株式会社
〒1犯でdo16東京都江東区東陽2-2-20東陽駅前ビル
URL:http://www.cosmobio.co.jp 
TEL (03)5632-9610 FAX (03)5632-9619 
販売支援部栗原 mkurihar@cosmobio.co.jp

開発部 笹原 ksasahar@cosmobio.co. jp 

製造率東湘電機株式会社
干232-0027神奈川県横浜市南区新川町5-29-2新井ビ ル2F
TEL (045) 261-8388 FAX (045) 252-8935 
技術部長伊藤
e-mail:k-ito@bioruptor.jp 



溶液中の粒子のナノレベル微細化・分散に

l BRANSON 彦 ぞジナイザ-
ホーン先端部の振帽の安定性を、より高めた Advanceタイプに怠りました。

近年のナノテワノ口ジーの発展及び粉体関連技術の向上により、より微組

お粒子に対する乳化分散処理の要望が増えてまいりました。

超音波ホモジナイザーを使用し、均質芯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 29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lは100nm程度まで'の分散

力があります。 40kHz機は、さらに細かいレベルで分散ができる可能性が

あります。

20KHz超音波ホモジナイザー

BRANSON SONIFIERシリーズ

高周波 40KHz超音波ホモジナイザー

BRANSON SLPeシリーズ

プランソン社の製品は、ホーン先端部の振幅の安定性が高く、強力おキャピー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。

む嘩車d曜 科離締
本数:すれベ

本重量!lC滋
両~C)6:部議25+-3171 陶xO経略325凶器科部

:加筏~2:判締法4QOO.向)(~ト議位:~37設す
;潟0114す桝輯織を1 ぬ)(011ヰ器4-~樹立



鹿鰻濁定
絡調M生と耐需品性の評価

ラマン分光光度計

inVia 5-'1)ーズ(レニショ一社製)

.径測定
精製鋼後の鰻察 忠四U

CNTとボリマーコジ場欝砂ト

試料の観察
走査型プローブ顕微鏡

SPM-9700 

Total solutions for the future of nanotechnology 
株式会社島津製作所

分析針演i事業務マーケティング部プロモーションG
〒604・8511京都市中京区西ノ京桑原町1
TEL075・823・1468FAX075・841・9325http://www.an.shimadzu.co.jp 



誘導体化フラーレン用I:UlIζカラム.

COSMOSIL 
堕璽堕 SI[R 里町~]tQ ~o 1] 

-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、ンの分析例

仁60インデンは誘導体化フ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は、Buckyprepに比べて誘導体化フラーレンの保持が大きくなります。

COSMOSIL Aoolication Data 

Colurnn 

Colurnn size 

Mobile phase: 

Flowrate: 

T emperature 

Detection 

4.6mmI.D.-250mm 
Toluene 

1.0m1lmin 
300C 

UV 325nm 

高分離精製可能!

Buckyprep Buckypr叩ーD

NACALAI TESQUE， INC 

Sample 

I町 Vol
C60 [lndene]n 
1.0μl 

(1.0mglml) 

• 
禰略構

• 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

金属内包フラーレンの分離

誘導体化フラーレンの分離

摘|波市ーと~ COSMOSI L Buckyprep 

問じ;幽町長~ COSMOSIL Buckyprep-M 

E 掴..COSMOSIL Buckyprep-D 

-誘導体化フラーレン(Buckyprep四 D) -金属内包フラーレン(Buckyprep-M)

COS時OSILAoolication Data COSMOSIL Aoolication Data 

Column: Buckyp同p-D
Column size: 4.6mmI.D.-50rnm 
恥10bilephase: Toluene 

FIow rate: 1.0 ml/min 
Temperature: 300C 

Detection: UV325nm 

1 

2 Cs6 

Column: Buckyprep-M 

Column size; 4.6mrnLD.-250mm 

Mobile phase: Toluene 

Flow rate: 1.0 mJ/min 

Temperature: 300C 
Detection: UV312nm 

Sample: 1; C60 (0.125mglml) 
2;Cη (0.250mglml) 

3; [6，1句Phenyl-C6IBut戸icAcidMe出ylEst町 11 3 ‘ 
[PCBM] (0. 1 25mg/ml) 

4; [6，6]-Phenyl-C7I Butyric Acid Methyl Estcr 
[ [70]PCBM] (0.375mglml) 

Inj.Vol. 1.0μ 

Sample: Sc2@仁76(1)
Sc2@C冗

SC2@C80(I) 
C86 
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Sample courtesy 01 Prof. H.Shinohara， 

Department of chemistry， Nagoya Universiか
NACALAI TESQUE， INC 

ナカライテスク株式会社

詳しい'情報はWebsiteをご覧ください。

価格・納期のご照会 フリーダイヤル 0120-489-552 
製品に関するご照会 TEL: 075-211-2746 FAX: 075-21ト2710

Web site :http://iNww.na仁alai.co.jp干604-0855 京都市中京区二条通烏丸西入東玉屋町498



TOVO~ハNSO
Inspiration for Innovation 

東洋炭素株式会社

本社 〒530-0001大阪市北区梅田3-3-10梅田ダイビル10F Tel 06-6451-2114 Fax 06-6451-2186 www.toyotanso.co.jp 



ATOMISTIX TOOLKIT@ 
Atorni仁田ScaleModeling 

Softwa陀 forNano控除ctronics

ω的
『
〉
〉

E
コ一“己のコ。

Atomistix ToolKit (ATK) offers unique capabilities 

for simulating electri日 1transpo同 propertiesof 

nanodevices on the atomic scale. Based on an 

open architecture which integrates a powerful 

S仁川ptinglanguage with a graphical user interface， 

ATK isa comprehensive platform for studies in 

nanoelectronics， using both accurate first-

principles(DFT) and fast semi-empirical methods. 

Moreover， ATK includes a very advanced electro-

statiC. model to allow realistic simulations of 

nanoscale transistor structures. 

す阿波:静evices

ATK is also an ideal tool for educational courses 

in various subjects， from basiC quantum mechar干
ics to graduate courses in nanoelectroni仁s.

Special discounts are available for teaching 

licenses. 

Since 2006， over 400 s仁ienti日ζarticleshave been 

published using ATK. The software is used by 

over 100 research groups at leading universities， 
government labs， and electronics companies 

around the world， in a wide range of application 

areas. 

問。lecularDevice 阿etaトSemiconductor

GRAPHENE & NANOTUBES 

NANOWlRES 

MAGNETIC TUNNEL }UNCTIONS 

ん1uLECULARELECTRONICS 

COMPLEX INTERFACES 

HIGH-K DIELECTRICS 

SPINTRONICS 

SINGLE-ELECTRON TRANSISτORS 

お問い合わせは
QuantumWise Japan株式会社

Level 8， I¥littochi Nishi-Shinjuku Building 6-10-1 
NishトShinjuku，Shinjuku-ku Tokyo 160-0022 Japan 
Tel: 81-3-5325~3057Fax: 81-3-5325-3058 
代表取締役臼井信念

shinji.usui@quant1.imwise.co.jp 

I-VCURVE 

TRANSISTOR CHARACTERISTICS 

SPIN CURRENT 

SCHOTTKY BARRIER 

LEAKAGE CURRENT 

CONTACT RESIS:fANCE 

TUNNEL九1AGNETO-RESISTANCE. 

CHARGE STABILITY DIAGRAM 

Please visit our Web Site 

http://www.quantumwise.com(En.) 

http://quantumwise.co.jp (Jpn.) 





dEOL 本社・昭島製作所干 196-8558 東京都昭島市武蔵野 3 - 1 - 2 TEL: 042-543-1 1 1 1 
嘗業企画室干1日口口口12 東京都立川市曙町2-8-3 新鈴膏ビル3F TEL: 042-528-33日1
札幌 (011)726-9680・仙台(022)222-3324'筑誼 (029)856-3220 東京 (042)528-3211・横浜 (04町 474-2181
名古崖 (052)581-140日大瀬 (06)6304-3日41 広島(082)221-250日高松 (087)821-0053福岡 (092)411-2381 



。Wako Luminescence Technology Corporation 

Luminescence Technology社CLumtec社)では新しいグラフェン関連製品を取り扱いしております。

HRTEM of Single Graphene Power TEM of Single Graphene Power 

高純度フレークグラフェン

CVDグラフエン

グラフェンナノプレート

BNナノチューブ

ナノ金属&無機ナノ材料

カーボンナノチューブ

•••••• 単層グラフエン

グラフェン酸化物

グラファイト酸化物

改質グラフェン

グラフェンフィルム

ナノグラファイト粉末

【関連製品】•••••• 

色素増感太陽電池材料

LT-S944 N3 

有機太陽電池中間体材料有機太陽電池材料

K0220 4，4-di-2-ethylhexyl-dithieno 
[3，2-b:2'，3'ーd)siloleICBA LT圃59030

和光純薬工業株式会社
0120-052・B06

問い合わせ先

フリーダイヤル 0120-052-099 フリーファックス

URL: http://www.wako-chem.co.jp 
E-mail目 labchem-tec@wako

〒540-8605 大阪市中央区道修町三丁目 1番 2号

〒103-0023 東京都中央区日本橋本町四了目 5番目号

北海道・東北・筑波・東海・中国・中国・九州

本社

東京支庖

営業所
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