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Presentation Time : Plenary Lecture (40 min presentation + 5 min discussion)
Special Lecture (25 min presentation + 5 min discussion)
General Lecture (10 min presentation + 5 min discussion)

Poster Preview (1 min presentation without discussion)
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Time table

September 7th (Wed)

September 8th (Thu)

September 9th (Fri)

9:00] Registration begins at 9:00

KADERU Hall opens at 9:30
Lectures begins at 10:00

10:00 Plenary Lecture
(Junichiro Kono) 10:00-10:45

General Lectures [3]

11:00 (Properties of nanotubes -applications of
nanotubes) 10:45-11:30

Coffee Break 11:30-11:45

General Lectures [3]

1200 (Applications of nanotubes- Graphene sy nthesis+
Properties of graphene) 11:45-12:30

Lunch
(Administrative meeting)
13:00 12:30-13:45

Special Lecture
14:00| (Yasumitsu Miyata) 13:45-14:15

General Lectures [4]
(Atomic layers)

14:15-15:15
15:00

Coffee Break 15:15-15:30

Special Lecture
(Hiroshi Ajiki) 15:30-16:00

16:00 General Lectures [3]

(Atomic layers - Nanohorns -
Nanowires) 16:00-16:45

Poster Preview
17:00 (1P-1 through 1P-40)
16:45-17:25

Poster Session
(Exhibition Hall)
18:00 17:25-19:00

19:00

9:00

10:00

11:00

12:00

13:00

14:00

15:00

16:00

17:00

18:00

18:45
19:00

Registration begins at 9:00
KADERU Hall opens at 9:15
Lectures begins at 9:45

Plenary Lecture
(Jin Zhang) 9:45-10:30

General Lectures [3]

(Properties of nanotubes - Formation and
purification of nanotubes) 10:30-11:15

Coffee Break 11:15-11:30

General Lectures [3]
(Lectures of Osawa Award and
lijima Award Nominees)
11:30-12:30

Lunch
12:30-13:45

Award Ceremony 13:45-14:00

General meeting
14:00-14:30

Special Lecture
(Don. Futaba) 14:30-15:00

General Lectures [3]
(Applications of graphene)
15:00-15:45

Coffee Break 15:45-16:00

General Lectures [2]

(Properties of graphene » Other topics) 16:00-16:30

Poster Preview
(2P-1 through 2P-39)

9:00] Registration begins at 9:00
KADERU Hall opens at 9:15
Lectures begins at 9:45

Special Lecture
10:00| (Hideyuki Hisashi) 9:45-10:15

General Lectures [3]

(Properties of nanotubes - Applications of
graphene) 10:15-11:00

11:00] Coffee Break 11:00-11:15

Special Lectures
(Naoto Saito) 11:15-11:45

General Lectures [3]
12:00 (Properties of graphene)
11:45-12:30

Lunch
12:30-13:45
13:00

Poster Preview
14:00 (3P-1 through 3P-39)

13:45-14:25
Poster Session
(Exhibition Hall)
15:00 14:25-16:00
16:00 Special Lecture

(Yoko Yamakoshi) 16:00-16:30

General Lectures [3]
(Endohedral nanotubes * Chemistry of

16:30-17:10 17:00 fullerenes - Fullerenes) 16:30-17:15
Poster Session 17:15
(Exhibition Hall)
17:10-18:45
Plenary Lecture:40 min + 5 min [2]
Banquet Special Lecture:25 min + 5 min [6]
2F, Tancho, Hotel Sapporo
Garden Palace Aword Nominee Lecture:10 min + 10 min [3]
19:00-21:00

21:00

General Lecture:10 min + 5 min [30]

Poster Preview:1 min [118]
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1-9 Germanium Sulfide Photodetectors with High Photosensitivity and Broad Spectral Response
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* Takayuki Watanabe, Hiroe Kimura, Shigeki Hano, Shunsuke Sakurai, Motoo Yumura,
Kenji Hata, Don Futaba
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1P-14  Improvement of Single-Walled Carbon Nanotube Cathodes for Perovskite Solar Cells
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1P-19  Possible mechanism for selective separation of semiconducting single-walled carbon
nanotubes
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supports
* A [, Santiago Esconjauregui, Lorenzo D'Arcié, John Robertson
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EFREMEREX ( 13:45-14:00 )
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2S-5 Super-Growth CVD: Past, Present, and Future
* Don Futaba
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2-7 Hydrogenation properties of supported metal nanoparticles on graphene

* Shigehito Isobe, Kengo Omori, Satoshi Yasuda
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2P-2 Supramolecular Differentiation for Construction of Anisotropic Cgy Nanostructures by
Time-Programmed Control of Interfacial Growth
W * Kosuke Minami, Partha Bairi, Jonathan P. Hill Waka Nakanishi, Lok Kumar Shrestha,
Liu Chao, Koji Harano, Eiichi Nakamura, Katsuhiko Ariga
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2P-7 Synthesis of local phenylboronic acid-modified single-walled carbon nanotubes and its PL
behavior
A * Hisashi Onitsuka, Tomohiro Shiraki, Naotoshi Nakashima

2P-8 HWLEV TTF o ) F a— T OrERE & Ytk
* A BERES, B TS, wE &

2P-9 Theory of optimized power factor of low-dimensional semiconductors and application to
semiconducting carbon nanotubes
X T H T2 TN VRIS XTI XTToN FREE PR

+/Fa—TDiEH
2P-10  Effect of internal structure on the electrical performance of MWCNT-Cu wires
¥ * Rajyashree Sundaram, Atsuko Sekiguchi, Takeo Yamada, Kenji Hata

2P-11 Measurement of photoinduced force acting on polystyrene microsphere by carbon nanotube
mechanical resonator

* LM BRI A AL FEZ, B AT

2P-12  Photothermoelectric properties of carbon nanotubes terahertz imagers and inspection
applications

w ¥ gk KM, D REE JTE T

2P-13  Flexible heater and temperature sensor for temperature range higher than 100 °C using
multiwall carbon nanotube
* Daiki Kobayashi, Kuniharu Takei, Takayuki Arie, Seiji Akita

2P-14  Novel method to detect dopamine with high sensitivity based on adsorption onto carbon
nanotube surface
w * Takuya Ushiyama, Shigeru Kishimoto, Yutaka Ohno
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2P-17  Substrate design for high efficiency single walled carbon nanotube synthesis
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2P-18  Control of catalyst surface states towards synthesis of single chirality single-walled carbon
nanotubes using plasma CVD
I * Bin Xu, Toshiro Kaneko, Toshiaki Kato

Rar/Fa—7
2P-19  First-principles calculations of electronic states and solid state NMR parameters in alkali
halides encapsulated single-walled carbon nanotubes
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2P-21  Effect of crystallization of Ni catalyst on low-temperature direct-precipitation of multilayer
graphene
* Jumpei Yamada, Yuki Ueda, Kyosuke Fujiwara, Daichi Yamamoto, Takahiro Maruyama,
Shigeya Naritsuka

55271 DB
2P-22 VT 7 = KRB OIEEEILE R— 0 MR AESOILEIC 5 2 D
* R Bt [FHE S KO

2P-23  Electrochemical characteristics of enzyme/graphene electrodes

* I deE I G PR IR A

2P-24  Electrochemical properties of CVD-grown monolayer graphene oxidized by UV/O;
treatment

* IR I g A
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2P-26  Edge-disorder effect on Id-Vg characteristics of GNR-FETs
” * Eks REG LK BT

55200
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* R B, i &

2P-28  Probing interface strain in graphene and boron nitride in-plane heterostructures
¥ * Shintaro Yoshimura, Yu Kobayashi, Shun Ogawa, Shogo Sasaki, Yutaka Maniwa,
Yasumitsu Miyata
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2P-31 Photoluminescence properties of monolayer MoS, FETs fabricated by dry-transfer process
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* R HI#, Shengxi Huang, Xi Ling, Huaihong Guo, Teng Yang, Mildred S. Dresselhaus,
Tk PH—HS

xii

102

103

104

105

106

107

108

109

110

111

112

113

114

115



98B (K)

2P-34  ERHEIZ KD T8 MoS, DN KX v v TG
W * Pk LT K 1 B E R 2O, EBRE & EH BT

>/ A4 Yv—
2P-35  Growth of Diamond Nanocylinder Forest Using Template-Assisted Microwave Plasma
Chemical Vapor Deposition
w * Wenxi Fei, Masafumi Inaba, Yu Hirano, Hideki Masuda, Hiroshi Kawarada
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2P-36  In situ synchrotron X-ray diffraction study of structural changes on neutron-irradiated
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2P-39  Ultrathin graphene-based solar cells

Ya-Ping Hsieh, * Chin-Fu Chen, Mario Hofmann
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September 7th, Wed.

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

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

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

Plenary Lecture ( 10:00-10:45)
1S-1 Wafer-Scale Monodomain Films of Spontaneously Aligned Single-Wall Carbon Nanotubes
* Junichiro Kono

General Lecture ( 10:45-11:30)

Properties of nanotubes * Applications of nanotubes

1-1 Optical Property of Carbon Nanotubes and Low Dimensional Atomic layer materials by
using Circular Polarized light
* Riichiro Saito, Naomichi Sato, Yuki Tatsumi

1-2 Control of photoluminescence properties of single-walled carbon nanotubes
* Yutaka Maeda, Yuya Takehana, Akane Nishino, Shun Minami, Michio Yamada,
Mitsuaki Suzuki, Shigeru Nagase

1-3 Application of carbon nanotubes as electrodes and doping methods in photovoltaics
* [l Jeon, Shigeo Maruyama, Yutaka Matsuo

>>>>>>> Coffee Break ( 11:30-11:45 ) <<<<<<<

General Lecture ( 11:45-12:30)
Applications of nanotubes * Graphene synthesis * Properties of graphene
1-4 Mechanically durable and stretchable micro-supercapacitors with elastomeric components
harmonized with wearable field-effect transistors
* Fumiaki Tanaka, Atsuko Sekiguchi, Karolina Laszczyk, Kazufumi Kobashi,
Shunsuke Sakurai, Don Futaba, Takeo Yamada, Kenji Hata

1-5 Wafer-scale integration of suspended graphene nanoribbons and its growth mechanisms
* Hiroo Suzuki, Toshiro Kaneko, Yasushi Shibuta, Munekazu Ohno, Yuki Maekawa,
Toshiaki Kato
1-6 Direct observations of graphene and its oxide dispersed in solution

Yutaka Matsuno, Yu-uya Sato, Hikaru Sato, * Masahito Sano
>>>>>>> Lunch Time ( 12:30-13:45 ) <<<<<<<

Special Lecture ( 13:45-14:15)
1S-2 Growth and characterization of in-plane atomic layer heterostructures
* Yasumitsu Miyata

General Lecture ( 14:15-15:15)
Atomic layers
1-7 Visualization of structural modulation in the charge density wave phase of 1T-TaSe, by

scanning transmission electron microscopy
* Keita Kobayashi, Hidehiro Yasuda

1-8 Polarity control of h-BN nanoribbons by uniaxial strain
* Ayaka Yamanaka, Susumu Okada
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September 7th, Wed.

1-9 Germanium Sulfide Photodetectors with High Photosensitivity and Broad Spectral Response
* Dezhi Tan, Xiaofan Wang, Yuhei Miyauchi, Kazunari Matsuda

1-10 Current jump and memory effect in MoS; transistor operated at high temperature
* Tomoki Yamanaka, Masahiro Matsunaga, Ayaka Higuchi, Yuichi Ochiai, Guanchen He,
Jonathan P. Bird, Nobuyuki Aoki

>>>>>>> Coffee Break ( 15:15-15:30 ) <<<<<<<

Special Lecture ( 15:30-16:00 )
1S-3 Selection rules of optical excitations for single-walled carbon nanotubes
* Hiroshi Ajiki

General Lecture ( 16:00-16:45)

Atomic layers * Nanohorns * Nanowires

1-11 Strain Modulation of Electronic Properties in Hexagonal Boron-Nitride Atomic Layers
* Yoshitaka Fujimoto, Susumu Saito

1-12 Host-Guest Complexation of Cyclodextrins on Carbon Nanohorn Particles
* Koji Harano, Junya Yamada, Akihito Kumamoto, Naoya Shibata, Eiichi Nakamura

1-13 Dependence of the resistivity of carbon nanocoils on coil diameter
* Yoshiyuki Suda, Yasushi Nakamura, Tamio lida, Toru Harigai, Hirofumi Takikawa,
Hitoshi Ue, Hiroyuki Shima

Poster Preview ( 16:45-17:25)
Poster Session ( 17:25-19:00) (¥%) Candidates for the Young Scientist Poster Award
Chemistry of fullerenes
1P-1 Preparation of gold nanoparticles stabilized by water-soluble fullerenol Cgo(OH )36
* Nozomi Sato, Ken Kokubo, Hidehiro Sakurai

1P-2 Thermal single electron transfer between Cgy and dienamines leading to
pyrrolidinofullerenes via hydrogen shift of radical intermediates
* Naohiko lTkuma, Hiroyuki Yamamoto, Ken Kokubo, Takumi Oshima

Applications of fullerenes

1P-3 Availability of fullerene for skin photo-aging; Anti-inflammatory and suppression of
carboxylated protein generation.
* Hisae Aoshima, Masayuki Ito

1P-4  Nanoscale Water Droplet Confined in Fullerene Bilayer Vesicles
Y *Sgi Prakash Maddala, Tatsuya Homma, Ricardo Gorgoll, Koji Harano, Wasim Abuillan,
Alexandra Burk, Motomu Tanaka, Eiichi Nakamura

Endohedral metallofullerenes
1P-5 ESR measurements of Gd@Cgo(CF3);
* Takahisa Yamaguchi, Ayano Nakagawa, Hisanori Shinohara, Ko Furukawa,
Tatsuhisa Kato

Fullerenes
1P-6 Electronic properties of PCBM under an external electric field
* Sho Furutani, Susumu Okada
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September 7th, Wed.

Properties of nanotubes

1P-7 Electronic states of chalcogen encapsulated in single-walled carbon nanotubes studied by
First-Principles DFT Calculations
* Yutaka Sato, Yosuke Kataoka, Eita Yokokura, Hironori Ogata

1P-8 Bolometric performance of highly purified (6,5) Single Walled Carbon Nanotubes
Junko Eda, * Yohei Yomogida, Kazuhiro Yanagi

1P-9 Superconductivity in WS, chiral nanotube
Yo * Feng Qin, Wu Shi, Toshiva ldeue, Masaro Yoshida, Alla Zak, Reshef Tenne, Tomoka
Kikitsu, Daishi Inoue, Daisuke Hashizume, Yoshihiro Iwasa

1P-10  The structural contribution to the electrical character of super-growth SWCNT forest
through a height dependent study
* Takayuki Watanabe, Hiroe Kimura, Shigeki Hano, Shunsuke Sakurai, Motoo Yumura,
Kenji Hata, Don Futaba

Applications of nanotubes
1P-11  Development of Air-stable n-type Thermoelectric Materials wtih Benzimidazole
derivative-doped Single-walled Carbon Nanotubes
% * Yuki Nakashima, Tsuyohiko Fujigaya, Naotoshi Nakashima

1P-12  Fabrication of Multi-walled Carbon Nanotube / Polystyrene Compound Materials through
Photo-induced Chemical Bond Formation
* Takuma Baba, Tomoya Takada

1P-13  Role of n-extended Aryl Crown Ethers in the Salt-induced Chemical n-type Doping of
Single-walled Carbon Nanotubes
W * Tomohiro Ikeda, Yoshiyuki Nonoguchi, Tsuyoshi Kawai

1P-14  Improvement of Single-Walled Carbon Nanotube Cathodes for Perovskite Solar Cells
* Takahiro Sakaguchi, Hayato Kobayashi, Hiroki Suko, Takeshi Okochi, Taiki Inoue,
Rong Xiang, Shohei Chiashi, Esko Kauppinen, Shigeo Maruyama

1P-15  Iron-Nitrogen-Doped Vertically Aligned Carbon Nanotube Electrocatalyst Synthesized
through Instantaneous and Repetitive Pyrolysis for Oxygen Reduction Reaction

W * Yosuke Uchibori, Satoshi Yasuda, Kei Murakoshi

Formation and purification of nanotubes

1P-16  Synthesis of new-structured multi-walled carbon nanotubes inside silicon carbide nanotubes

* Tomitsugu Taguchi, Shunya Yamamoto, Hironori Ohba

1P-17  Purification of high purity semiconducting single-wall carbon nanotubes with a large
diameter of 1.9 nm by gel filtration

Yook Boanerges Thendie, Haruka Omachi, Jun Hirotani, Yutaka Ohno, Ryo Kitaura, Yasumitsu

Miyata, Hisanori Shinohara

1P-18  Single-walled carbon nanotube synthesis using Ru catalysts by alcohol catalytic chemical
vapor deposition in high vacuum
* Takayuki Fujii, Hoshimitsu Kiribayashi, Seigo Ogawa, Takahiro Saida,
Shigeya Naritsuka, Takahiro Maruyama
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1P-19

¥

September 7th, Wed.

Possible mechanism for selective separation of semiconducting single-walled carbon
nanotubes
* Keita Ozono, Fumiyuki Toshimitsu, Naotoshi Nakashima

Endohedral nanotubes

1P-20

STM/STS studies on Europium nanowires encapsulated in carbon nanotubes
* Terunobu Nakanishi, Ryo Kitaura, Shoji Yoshida, Osamu Takeuchi, Hidemi Shigekawa,
Hisanori Shinohara

Graphene synthesis

1P-21

1P-22
w7

Two-step growth of graphene directly grown on sapphire substrate by non-catalytic alcohol

CVD
* Yuki Ueda, Jumpei Yamada, Kyosuke Fujiwara, Daichi Yamamoto, Takahiro Maruyama,
Shigeya Naritsuka

CVD growth of graphene using boron nitride as growth templates
* Shun Ogawa, Yu Kobayashi, Yutaka Maniwa, Yasumitsu Miyata

Applications of graphene

1P-23

1P-24

1P-25

1P-26

1P-27

1P-28

Graphene FET of high photosensitivity using schottky diode between graphene and n-type
silicon
* Shiho Kobayashi, Yuki Anno, Kuniharu Takei, Takayuki Arie, Seiji Akita

Catalytic properties of non-metal and platinum supported surface-modified nanocarbon

materials

* Hironori Ogata, Haruhiko Yoshitake, Yutaka Sato, Tomoaki Nishimura, Zhipeng Wang,
Shingo Morimoto, Yoshio Hashimoto, Morinobu Endo

Control of nonlinearity of suspended graphene resonator by standing of light
* Taichi Inoue, Yuki Anno, Kuniharu Takei, Takayuki Arie, Seiji Akita

All-graphene oxide device with tunable supercapacitor and battery behaviour by the
working voltage
* Chikako Ogata, Ruriko Kurogi, Kazuto Hatakeyama, Takaaki Taniguchi,

Michio Koinuma, Yasumichi Matsumoto

Suppression of Electrical Conductivity Deterioration of Cu Nanowire by Coating
2D-layered Materials
* Nguyen Thanh Cuong, Susumu Okada

Evaluation of the electrochemical capacitance of graphite oxide electrode prepared by the
electrochemical oxidation/reduction cycle
* Keisuke Awaya, Kazuto Hatakeyama, Michio Koinuma, Yasumichi Matsumoto

Properties of graphene

1P-29

¥

1P-30

Contrast mechanisms of the fluorescence microscopy that allows direct observations of
nanocarbons in solution
* Hikaru Sato, Yutaka Matsuno, Yu-uya Sato, Masahito Sano

Metal Permeation into Multi-layered Graphene Oxide Film
* Michio Koinuma, Chikako Ogata, Yasumichi Matsumoto
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September 7th, Wed.

1P-31  Enhanced terahertz-wave absorption in monolayer graphene via evanescent wave coupling

W * Yoichi Harada, M. Shoufie Ukhtary, Minjie Wang, Sanjay K. Srinivasan,
Eddwi H. Hasdeo, Ahmad R. T. Nugraha, Weilu Gao, Yuji Sakai, Riichiro Saito,
Junichiro Kono

Atomic layers
1P-32  Transverse Magnetic and Transverse Electric Surface Waves in Silicene
* M. Shoufie Ukhtary, Ahmad R.T Nugraha, Eddwi H. Hasdeo, Riichiro Saito

1P-33 A Scalable Clean Transfer Process with Polymethylglutarimide
YO * Takashi Matsumae, Tadatomo Suga

1P-34  Energetics and electronic structures of hexagonal GaN thin films and heterostructures
Y * Yanlin Gao, Susumu Okada

1P-35 Formation of 1D confining potential in MoS,/WS,-based heterostructures
* Yu Kobayashi, Shoji Yoshida, Ryuji Sakurada, Kengo Takashima, Takahiro Yamamoto,
Tetsuki Saito, Satoru Konabe, Takashi Taniguchi, Kenji Watanabe, Yutaka Maniwa,
samu Takeuchi, Hidemi Shigekawa, Yasumitsu Miyata

1P-36  Fabrication and optical properties of vertical heterostructure of monolayer-WSe,/MoTe,
Y * Tukao Yamaoka, Lim En, Koirala Sandhaya, Yuhei Miyauchi, Kazunari Matsuda

Carbon nanoparticles
1P-37  Electronic and magnetic properties of porous hydrocarbon networks
* Jun-ya Sorimachi, Susumu Okada

Bio
1P-38  Construction of graphene — TiO, hybrid nano-material using bifunctional protein
supramolecule
YC * Yuki Hashima, Yasuaki Ishikawa, Mutsunori Uenuma, Naofumi Okamoto,
Ichiro Yamashita, Yukiharu Uraoka

Other topics

1P-39  Rapid and Reversible Dispersibility Tuning of Carbon Nanomaterials by the
Photoisomerisation of an Azobenzene-derived dispersant
* Hirokuni Jintoku, Yoko Matsuzawa, Hideyuki Kihara, Masaru Yoshida

Graphene synthesis

1P-40  Effect of the flow regime on graphene growth
Ya-Ping Hsieh, * Ching-Hua Shih, Yi-Jing Chiu, Mario Hofmann
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September 8th, Thu.

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

Plenary Lecture ( 9:45-10:30)
2S-4 Growth of Single-Walled Carbon Nanotubes with Controlled Structure
* Jin Zhang

General Lecture ( 10:30-11:15)
Properties of nanotubes * Formation and purification of nanotubes
2-1 Doping and electronic properties of BN nanotubes

* Susumu Saito, Yoshitaka Fujimoto

2-2 Chirality selective synthesis of single-walled carbon nanotubes with sputtered Co-W
catalyst and its possible mechanism
* Hua An, Rong Xiang, Hiroki Takezaki, Shinnosuke Ohyama, Yang Qian, Taiki Inoue,
Shohei Chiashi, Shigeo Maruyama

2-3 Development of new polymeric gels for the M/S separation of single-wall carbon nanotubes
* Guowei Wang, Xiaojun Wei, Atsushi Hirano, Shunjiro Fujii, Takeshi Tanaka,
Hiromichi Kataura

>>>>>>> Coffee Break ( 11:15-11:30 ) <<<<<<<

Osawa Award Nominee Lecture ( 11:30-11:50 )
2-4 Utilizing a caged electron spin of an endohedral metallofullerene for molecular location
sensing
* Yuta Takano, Ryo Tashita, Mitsuaki Suzuki, Shigeru Nagase, Hiroshi Imahori,
Takeshi Akasaka

Iijima Award Nominee Lecture ( 11:50-12:30)
2-5 Evaluation of Enantiomeric Purity of Single-Wall Carbon Nanotubes using Flavin
Mononucleotide
* Xiaojun Wei, Yohei Yomogida, Atsushi Hirano, Shunjiro Fujii, Takeshi Tanaka,
Naomichi Sato, Riichiro Saito, Hiromichi Kataura

2-6 Low temperature growth of ultra-high mass density carbon nanotube forests on conductive
supports
* Hisashi Sugime, Santiago Esconjauregui, Lovenzo D'Arcié, John Robertson
>>>>>>> Lunch Time ( 12:30-13:45 ) <<<<<<<
Award Ceremony ( 13:45-14:00)
General Meeting of the FNTG Society ( 14:00-14:30 )
Special Lecture ( 14:30-15:00 )

2S-5 Super-Growth CVD: Past, Present, and Future
* Don Futaba
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September 8th, Thu.

General Lecture ( 15:00-15:45)

Applications of graphene

2-7 Hydrogenation properties of supported metal nanoparticles on graphene
* Shigehito Isobe, Kengo Omori, Satoshi Yasuda

2-8 Metal Phthalocyanine/Reduced Graphene Oxide Hybrid Electrocatalyst for cathodic Oxygen
Reduction Reaction
* Shinichi Murakami, Michio Koinuma, Yasumichi Matsumoto

2-9 Oxygen reduction reaction catalyzed by copper-incorporated carbon electrocatalysts
* Masaru Kato, Marika Muto, Ichizo Yagi

>>>>>>> Coffee Break ( 15:45-16:00 ) <<<<<<<

General Lecture ( 16:00-16:30)

Properties of graphene < Other topics

2-10 Novel Proton/Electron Mixed Conductor using Graphene Oxide
* Kazuto Hatakeyama, Michio Koinuma, Tetsuya Kida, Shinya Hayami, Yasumichi
Matsumoto

2-11 Threshold shift of diamond electrolyte-solution gate field-effect transistor by anodic
oxidation
* Masafumi Inaba, Keisuke Igarashi, Takuro Naramura, Shuhei Abe, Masanobu Shibata,
Yukihiro Shintani, Atsushi Hiraiwa, Hiroshi Kawarada

Poster Preview ( 16:30-17:10)
Poster Session ( 17:10-18:45) (3% Candidates for the Young Scientist Poster Award
Chemistry of fullerenes
2P-1 Synthesis and self-aggregation properties of various triazoliumfullerene
* Toshihiko Okada, Saori Inaba, Naohiko Ikuma, Hidehiro Sakurai

2P-2 Supramolecular Differentiation for Construction of Anisotropic Cgy Nanostructures by
Time-Programmed Control of Interfacial Growth
¥ * Kosuke Minami, Partha Bairi, Jonathan P. Hill, Waka Nakanishi, Lok Kumar Shrestha,
Liu Chao, Koji Harano, Eiichi Nakamura, Katsuhiko Ariga

Applications of fullerenes

2P-3 Enhancement of Fill Factor in Inverted Organic Solar Cells using Self-Assembled
Monolayer of Fullerene Catechol
* [l Jeon, Keisuke Ogumi, Takafumi Nakagawa, Yutaka Matsuo

2P-4 Solid-State NMR Studies on the Aggregated Structures in Organic Bulk Heterojunction
Solar Cells
* Saki Kawano, Hironori Ogata

Endohedral metallofullerenes

2P-5 Triplet state of molecular oxygen in open Cg
* Azusa Kato, Tsukasa Futagoishi, Yasujiro Murata, Tatsuhisa Kato
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September 8th, Thu.

Properties of nanotubes

2P-6 Interactions between carbon nanotubes and aromatic amino acids
* Atsushi Hirano, Kazuki Iwashita, Kentaro Shiraki, Shun Sakuraba, Tomoshi Kameda,
Rieko Ishii, Takeshi Tanaka

2P-7 Synthesis of local phenylboronic acid-modified single-walled carbon nanotubes and its PL
behavior
A * Hisashi Onitsuka, Tomohiro Shiraki, Naotoshi Nakashima

2P-8 Geometries and electronic properties of MoS, nanotube
* Shuntaro Oshima, Masayuki Toyoda, Susumu Saito

2P-9 Theory of optimized power factor of low-dimensional semiconductors and application to
semiconducting carbon nanotubes
* Nguyen Tuan Hung, Ahmad Ridwan Tresna Nugraha, Riichiro Saito

Applications of nanotubes
2P-10  Effect of internal structure on the electrical performance of MWCNT-Cu wires
W * Rajyashree Sundaram, Atsuko Sekiguchi, Takeo Yamada, Kenji Hata

2P-11  Measurement of photoinduced force acting on polystyrene microsphere by carbon nanotube
mechanical resonator
* Masaaki Yasuda, Kuniharu Takei, Takayuki Arie, Seiji Akita

2P-12  Photothermoelectric properties of carbon nanotubes terahertz imagers and inspection
applications
A * Daichi Suzuki, Shunri Oda, Yukio Kawano

2P-13  Flexible heater and temperature sensor for temperature range higher than 100 °C using
multiwall carbon nanotube surface
* Daiki Kobayashi, Kuniharu Takei, Takayuki Arie, Seiji Akita

2P-14  Novel method to detect dopamine with high sensitivity based on adsorption onto carbon
nanotube
¥ * Takuya Ushiyama, Shigeru Kishimoto, Yutaka Ohno

Formation and purification of nanotubes
2P-15  Single-walled carbon nanotube synthesis by alcohol catalytic CVD in high vacuum using
Rh catalysts
* Takahiro Maruyama, Akinari Kozawa, Takahiro Saida, Shigeya Naritsuka, Yoko lizumi,
Toshiya Okazaki, Sumio lijima

2P-16  Combinatorial screening of binary metal catalyst for chirality-selective growth of
single-wall carbon nanotubes
¥ * Michiko Edo, Hisashi Sugime, Suguru Noda

2P-17  Substrate design for high efficiency single walled carbon nanotube synthesis
* Naoyuki Matsumoto, Azusa Oshima, Sachiko Ishizawa, Kenji Hata, Don Futaba

2P-18  Control of catalyst surface states towards synthesis of single chirality single-walled carbon
nanotubes using plasma CVD
¥ * Bin Xu, Toshiro Kaneko, Toshiaki Kato
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September 8th, Thu.

Endohedral nanotubes

2P-19

First-principles calculations of electronic states and solid state NMR parameters in alkali
halides encapsulated single-walled carbon nanotubes
* Eita Yokokura, Yosuke Kataoka, Hironori Ogata

Graphene synthesis

2P-20

2pP-21

CVD growth of nitrogen doped multilayered graphene by mixing the melamine vapor to
methane and their characterization
Takahiro Yoshida, Bun Tsuchiya, * Shunji Bandow

Effect of crystallization of Ni catalyst on low-temperature direct-precipitation of multilayer

graphene

* Jumpei Yamada, Yuki Ueda, Kyosuke Fujiwara, Daichi Yamamoto, Takahiro Maruyama,
Shigeya Naritsuka

Applications of graphene

2p-22

2P-23

2pP-24

2P-25

2P-26
W

Diffusion of Pt atoms on non-metallic atom-doped graphene support
* Syun Hasegawa, Yuji Kunisada, Norihito Sakaguchi

Electrochemical characteristics of enzyme/graphene electrodes
* Noritoshi Nakagawa, Kouhei Yanai, Masahiro Hiraro, Shinji Koh

Electrochemical properties of CVD-grown monolayer graphene oxidized by UV/O;
treatment
* Kouhei Yanai, Noritoshi Nakagawa, Shinji Koh

The effect of graphene on growth and viability of bacteria and yeast
* Kyohei Mizobuchi, Noritoshi Nakagawa, Masahiro Hirano, Fumiyoshi Abe, Shinji Koh

Edge-disorder effect on Id-Vg characteristics of GNR-FETs
* Kengo Takashima, Takahiro Yamamoto

Properties of graphene

2pP-27

2P-28
W

2P-29

Effect of metal nanoparticles on carrier accumulation in graphene under an electric field
* Manaho Matsubara, Susumu Okada

Probing interface strain in graphene and boron nitride in-plane heterostructures
* Shintaro Yoshimura, Yu Kobayashi, Shun Ogawa, Shogo Sasaki, Yutaka Maniwa,
Yasumitsu Miyata

Polarity and magnetism of rippled graphene with topological defect
* Mina Maruyama, Susumu Okada

Atomic layers

2P-30

2p-31
W

Valley polarization mapping in transition metal dichalcogenides heterostructures
* Yusuke Hasegawa, Kazunari Matsuda, Yuhei Miyauchi, Shinichiro Mouri

Photoluminescence properties of monolayer MoS, FETs fabricated by dry-transfer process
* Wang Xiaofan, Yuhei Miyauchi, Kazunari Matsuda
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September 8th, Thu.

2P-32  Growth and characterization of monolayer Mo, Re,S, alloys
¥ * Shohei Mori, Shogo Sasaki, Yu Kobayashi, Liu Zheng, Shoji Yoshida, Takahiro Takeuchi,
Hidemi Shigekawa, Kazutomo Suenaga, Yutaka Maniwa, Yasumitsu Miyata

2P-33  Anisotropic optical absorption and Raman spectra in GaTe with the interference effect of the
substrates
* Yuki Tatsumi, Shengxi Huang, Xi Ling, Huaihong Guo, Teng Yang, Mildred S. Dresselhaus,
Riichiro Saito

2P-34  Bandgap modulation of bilayer MoS, by electric field effect
w * Tetsuki Saito, Yu Kobayashi, Kenji Watanabe, Takashi Taniguchi, Yutaka Maniwa,
Yasumitsu Miyata

Nanowires
2P-35  Growth of Diamond Nanocylinder Forest Using Template-Assisted Microwave Plasma
Chemical Vapor Deposition
w * Wenxi Fei, Masafumi Inaba, Yu Hirano, Hideki Masuda, Hiroshi Kawarada

Carbon nanoparticles
2P-36  In situ synchrotron X-ray diffraction study of structural changes on neutron-irradiated
highly oriented pyrolytic graphite under static high pressure and temperature
* Tomohiko Hisakuni, Shin-ichi Honda, Masahito Niibe, Mititaka Terasawa, Yuji Higo,
Keisuke Niwase, Hirokazu Izumi, Eiji Taguchi, Tadao Iwata

Bio
2P-37  Upconversion photoluminescense imaging of carbon nanotubes in mice tissues
¥ * Saki Okudaira, Masako Yudasaka, Yoko lizumi, Toshiya Okazaki, Kazunari Matuda,
Yuhei Miyauchi

Other topics
2P-38  Thermal interface materials of vertically aligned carbon fibers embedded densely in
polymer matrix
¥ * Ryo Yamada, Hisashi Sugime, Toshio Osawa, Suguru Noda

Applications of graphene
2P-39  Ultrathin graphene-based solar cells
Ya-Ping Hsieh, * Chin-Fu Chen, Mario Hofmann

Banquet ( 19:00-21:00 ) 2F, Tancho, Hotel Sapporo Garden Palace
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September 9th, Fri.

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

Special Lecture ( 9:45-10:15)
3S-6 A Study about improving Safety of Carbon Nanotube - Development of Non-airborne type
Carbon Nanotube -
* Hideyuki Hisashi 6

General Lecture ( 10:15-11:00)
Properties of nanotubes * Applications of graphene
3-1 Optical Properties of Oxidized (6,5) Single-Wall Carbon Nanotubes

* Mari Ohfuchi, Yoshiyuki Miyamoto 33
3-2 Graphene coated silver substrate for SERS with acid tolerance

* Seiya Suzuki, Masamichi Yoshimura 34
3-3 A nanoporous graphene terahertz detector

* Juxian Li, Suzuki Daichi, Shunri Oda, Yoshikazu Ito, Fujita Takeshi, Yukio Kawano 35

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

Special Lecture ( 11:15-11:45)
3S-7 Carbon nanotube application and safety in artificial joints
* Naoto Saito 7

General Lecture ( 11:45-12:30)
Properties of graphene
3-4 Synthesis and Photophysical Properties of Chemically Converted Graphene—Pyrene Linked

Systems
* Tomokazu Umeyama, Jinseok Baek, Imahori Hiroshi 36
3-5 Diazonium Chemistry for Tunable Grafting and Nanomanipulation
John Greenwood, Tomoko Inose, Yasuhiko Fujita, Oleksandr Ivasenko, Yoshito Tobe,
Steven De Feyter, * Hiroshi Uji-1 37

3-6 Graphene Nanoribbon Fabrication by Gate-Controlled Edge-Selective Photo-Oxidation
* Ryo Nouchi, Morihiro Matsumoto, Keiichiro Ikeda 38

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

Poster Preview ( 13:45-14:25)
Poster Session ( 14:25-16:00 ) (3% Candidates for the Young Scientist Poster Award
Chemistry of fullerenes
3P-1 Preparation of methanofullerene derivatives: [70]PCBM and bis-[70]PCBM with high
regioselectivity
* Takatoshi Ito, Yuta Inoue, Tetsuo Iwasawa, Fukashi Matsumoto, Toshiyuki Iwai,
Kazuyuki Moriwaki, Yuko Takao, Takumi Mizuno, Toshinobu Ohno 122

3P-2 Structure Determination of Saturn-Like Oligothiophene Macrocycle with C4;H, and Cyg
* Hiroshi Okada, Hideyuki Shimizu, Shinobu Aoyagi, Biao Zhou, Masahiko Iyoda,
Yutaka Matsuo 123

XXiX



September 9th, Fri.

Applications of fullerenes

3P-3 Preparation of [Cgp]Fullerene Nanowhisker-Silver Nanoparticle Composites and Their
Catalytic Activity for Oxidation of Tetramethylbenzidine with Hydrogen Peroxide
* Jeong Won Ko, Weon Bae Ko

3P4 Color tuning of semitransparent organic solar cells using oxide/metal/oxide transparent
anode
* Shunjiro Fujii, Hiromichi Kataura

Endohedral metallofullerenes
3P-5 Isoration of a missing Fullerenes Gd@C,, derivatives
w * Ayano Nakagawa, Shinobu Aoyagi, Haruka Omachi, Zhiyong Wang, Katsuma Ishino,
Ryo Kitaura, and Hisanori Shinohara

Properties of nanotubes
3P-6  In-situ TEM study on structure and optical emission during Joule heating of a multiwall
carbon nanotube
A * Koushi Nishikawa, Koji Asaka, Hitoshi Nakahara, Yahachi Saito

3P-7  Novel Dispersion and Evaluation Method for CNTs by Using Ultrasonic Mixer,PR-1
* Takatsuka Takayuki

3P-8  Pyrene dimer and monomer on single-walled carbon nanotubes
¥ * Jinseok Baek, Tomokazu Umeyama, Yuta Sato, Kazu Suenaga, Hiroshi Imahori

3P-9 Electronic structure of CNT thin films with nanoscale interfaces under an electronic field
* Taketo Kochi, Susumu Okada

Applications of nanotubes
3P-10  Voltage generation by movement of electrolyte solution on carbon nanotube thin film
¥ * Tomohiro Yasunishi, Shigeru Kishimoto, Yutaka Ohno

3P-11  Controlled n-type doping of carbon nanotube thin-film transistors with salt and crown ether
* Fumiyuki Nihey, Kei Endo, Jiang Pu, Noriyuki Tonouchi, Fusako Sasaki, Yuki Kuwahara,
Takeshi Saito, Hiroyuki Endoh

3P-12  High-yield fabrication of n-type carbon nanotube thin-film transistors on flexible plastic
substrate
¥ * Fu-Wen Tan, Jun Hirotani, Tomohiro Yasunishi, Shigeru Kishimoto, Yutaka Ohno

3P-13  Response to pH of carbon nanotube thin-film transistors for sensor applications
* Kana Hasegawa, Nguyen Viet, Takuya Ushiyama, Shigeru Kishimoto, Yutaka Ohno

3P-14 n-Type Thermoelectric Properties of Single-walled Carbon Nanotubes encapsulating
1,1'-Bis(diphenylphosphino)ferrocene
¥ * Yu lihara, Yoshiyuki Nonoguchi, Tsuyoshi Kawai

3P-15 Gradual etching and long-length burning of metallic single-walled carbon nanotubes toward

semiconducting nanotube arrays
* Taiki Inoue, Keigo Otsuka, Shohei Chiashi, Shigeo Maruyama
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September 9th, Fri.

Formation and purification of nanotubes

3P-16

pie

3P-17

3P-18

3P-19

Effect of 7,8-substituents of Flavin Derivatives on Selective Separation of Single-Walled
Carbon Nanotubes
* Kanako Nishimura, Fumiyuki Toshimitsu, Naotoshi Nakashima

Efficient growth and chirality control of single-walled carbon nanotubes by extended

alcohol catalytic chemical vapor deposition

* Bo Hou, Cheng Wu, Yoko lizumi, Takahiro Morimoto, Toshiya Okazaki, Taiki Inoue,
Shohei Chiashi, Rong Xiang, Shigeo Maruyama

Growth of Single-Walled Carbon Nanotubes from Solid-Phase Cobalt Carbide

Nanoparticles by Molecular Dynamics Simulations

* Ryo Yoshikawa, Hiroyuki Ukai, Takagi Yukai, Yann Magnin, Shohei Chiashi,
Christophe Bichara, Shigeo Maruyama

In-Plane TEM Imaging of Bimetallic Catalyst for SWNT Growth
* Rong Xiang, Akihito Kumamoto, Hua An, Taiki Inoue, Shohei Chiashi, Yuichi Ikuhara,
Shigeo Maruyama

Endohedral nanotubes

3P-20 Oxidative Decomposition of Carbon Nanotubes and Extraction of Encapsulated Materials

yxe

* Miho Yamagishi, Haruka Omachi, Masachika Kato, Ryo Kitaura, Hisanori Shinohara

Graphene synthesis

3P-21

3p-22

Growth of Single-Crystal Bi-Layer Graphene Using Alcohol CVD

* Masaki Sota, Mohamed Atwa, Kotaro Kashiwa, Naomasa Ueda, Xiao Chen, Taiki Inoue,

Rong Xiang, Shohei Chiashi, Shigeo Maruyama

Effects of nanobar-catalyst types on structure of graphene nanoribbon grown with advanced

plasma CVD
* Yuta Wato, Hiroo Suzuki, Toshiro Kaneko, Toshiaki Kato

Applications of graphene

3P-23

3p-24

3P-25

3P-26

3p-27

3P-28
¥

Enhancement of laser-induced water decomposition by 2D sheets studied by first-principles

simulations II
* Yoshiyuki Miyamoto, Hong Zhang, Xinlu Cheng, Angel Rubio

Size separation of graphene nanosheets by gel chromatography
* Shunichi Ishiguro, Takaaki Tomai, Yuta Nakayasu, Naoki Tamura, Itaru Honma

Evaluation of GO Catalyst regarding oxidative amine coupling reaction
* Takuya Isaka, Kentaro Tajima, Tomoki Yamashina, Yutaka Ohta, Kazuyuki Takai

Magnetic Characterization of NOx adsorption by Nanographene Host Material
Satomi Nishijima, Asataro Yamada, * Kazuyuki Takai

Electrochemical grafting of aryl molecules onto graphene on Au
* Shun Tanno, Yusuke Sato, Ryota Kumagai, Koji Nakashima, Masaru Kato,
Satoshi Yasuda, Kei Murakoshi, Ichizo Yagi

Fabrication of Graphene Composite Plasmon-Active Photoelectrode
* Kensuke Yasuda, Hiro Minamimoto, Ruifeng Zhou, Satoshi Yasuda, Kei Murakoshi
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September 9th, Fri.

Properties of graphene
3P-29  Direct observation of ultrafast carrier dynamics in graphene on SiC(000-1) studied by time-
and angle-resolved photoemission spectroscopy
W * Takashi Someya, Hirokazu Fukidome, Hiroshi Watanabe, Takashi Yamamoto,
Masaru Okada, Hakuto Suzuki, Yu Ogawa, Takushi limori, Nobuhisa Ishii, Teruto Kanai,
Keiichiro Tashima, Baojie Feng, Susumu Yamamoto, Jiro Itatani, Fumio Komori,
Kozo Okazaki, Shik Shin, Iwao Matsuda

3P-30  Work function modulation of edge functionalized graphene nanoflakes
* Remi Taira, Ayaka Yamanaka, Susumu Okada

3P-31 Charge/Covalent Interactions at the Interface between Graphene and Electrolyte
* Daisuke Suzuki, Kazuyuki Takai

Atomic layers
3P-32  Growth and optical properties of Nb-doped WS, monolayers
pAY * Shogo Sasaki, Yu Kobayashi, Zheng Liu, Kazutomo Suenaga, Yutaka Maniwa,
Yuhei Miyauchi, Yasumitsu Miyata

3P-33 Layer number controlled synthesis of integrated WS, array
¥ * Li Chao, Kaneko Toshiro, Kato Toshiaki

3P-34  Polarization-resolved photoluminescence spectroscopy on monolayer transition metal
dichalcogenides under electrostatic gating
* Wenjin Zhang, Yusuke Hasegawa, Shinichiro Mouri, Kazunari Matsuda, Yuhei Miyauchi

3P-35 Electron beam lithography induced strain in MoS, crystal
¥ * Masahiro Matsunaga, Ayaka Higuchi, Guanchen He, Tetsushi Yamada, Peter Kriiger,
Jonathan Bird, Yuichi Ochiai, Nobuyuki Aoki

Nanohorns
3P-36  Optimization of Preparation Conditions for Fibrous Aggregates of Single-Walled Carbon
Nanohorns

* Ryota Yuge, Fumiyuki Nihey, Kiyohiko Toyama, Masako Yudasaka

Other topics
3P-37 Ambipolar transistors based on random networks of WS, nanotubes
e * Mitsunari Sugahara, Kawai Hideki, Yohei Yomogida, Yutaka Maniwa, Susumu Okada,

Kazuhiro Yanagi

3P-38 Self-assembled nanofibers of fluorinated bisanthene derivatives
* Hironobu Hayashi, Hiroko Yamada

3P-39  Synthesis of Sulfur-doped Graphene Oxides
* Haruka Omachi, Zois Syrgiannis, Yasuhiro Kinno, Maurizio Prato, Hisanori Shinohara
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September 9th, Fri.

Special Lecture ( 16:00-16:30 )
3S-8 Functionalization of Cgy and M3N@Csg for bioapplication
* Yoko Yamakoshi 8

General Lecture ( 16:30-17:15)
Endohedral nanotubes * Chemistry of fullerenes - Fullerenes

3-7 Doping of porous nanostructures

* Hidetsugu Shiozawa 39
3-8 Fullerene Modification by Using Fullerene Cation Intermediate: Migration and Cyclization

* Yutaka Matsuo 40

3-9 Al5-structured Cs;Cgp : the first non-cubic A;Cg fulleride
* Yasuhiro Takabayashi, Ruth H. Zadik, Kosmas Prassides 41

XXXili



EifEE - FAEE
Plenary & Special Lectures

1S-1 ~ 1S3
2S-4 ~ 28-5
3S-6 ~ 3S-8



1S-1

Wafer-Scale Monodomain Films of Spontaneously Aligned
Single-Wall Carbon Nanotubes

. 1 . . 1 . . 1,2
Weilu Gao', Xiaowei He', and oJunichiro Kono'**

lDepartmem of Electrical & Computer Engineering, Rice University, Houston, Texas, USA
2Department of Physics & Astronomy, Rice University, Houston, Texas, USA
3Department of Materials Science & NanoEngineering, Rice University, Houston, Texas, USA

One of the grand challenges in nanoscience and nanotechnology is how to create
macroscopic devices by assembling nano-objects while preserving their rich variety of
extraordinary properties. For example, the one-dimensional character of electrons, phonons,
and excitons in individual single-wall carbon nanotubes (SWCNTs) leads to extremely
anisotropic electronic, thermal, and optical phenomena that have stimulated much interest in
diverse disciplines, but their macroscopic manifestations have been limited. Therefore,
worldwide efforts are in progress to develop ways to produce large-scale architectures of
aligned SWCNTs.

Here, we report a simple and robust method for
preparing exceptionally large (> cm?®) monodomain
films of aligned SWCNTs based on spontaneous
alignment that occurs during slow vacuum filtration.
The produced films are globally aligned within
+1.5° (the nematic order parameter ~ 1) and are
highly packed, containing 10° nanotubes in a
cross-sectional area of 1 um”. The film thickness is
controllable from a few nm to ~100 nm; sufficiently
thick films act as ideal polarizers in the terahertz
frequency range. This method 1is universally
applicable to SWCNTs synthesized by various
methods.

Moreover, by combining this method with
recently developed sorting techniques, we fabricated
highly aligned and chirality-enriched SWCNT
thin-film devices. Semiconductor-enriched devices
exhibited polarized light emission,
polarization-dependent photocurrent, and anisotropic

The film is
polarized parallel to the
alignment direction and transparent to

Fig.1: opaque to light

SWCNT

light polarized perpendicular to the

conductivities and transistor action with high on/off
ratios. These results significantly advance the
frontier of research toward scalable carbon-based
electronics and photonics.

[1] X. He, W. Gao, L. Xie, B. Li, Q. Zhang, S. Lei, J. M. Robinson, E. H. Haroz, S. K. Doorn, R. Vajtai, P. M.

alignment direction on a macroscopic
scale (top) and a microscopic scale
(bottom). Note also that the film can be
easily patterned using conventional
photolithography techniques (bottom).

Ajayan, W. W. Adams, R. H. Hauge, and J. Kono, Nature Nanotechnology 11, 633 (2016).

Corresponding Author: Junichiro Kono
Tel: +1-713-348-2209, Fax: +1-713-348-3091
E-mail: kono@rice.edu
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Growth and characterization of in-plane atomic layer heterostructures
oYasumitsu Miyata'

! Department of Physics, Tokyo Metropolitan University, Hachioji 192-0397, Japan
? JST-PRESTO, Kawaguchi, Saitama 332-0012, Japan

Semiconductor heterojunction interfaces have been an important topic, both in modern
solid state physics and in electronics and optoelectronics applications. Recently, the in-plane
heterostructures of atomically-thin transition metal dichalcogenides (TMDCs, Fig.la) are
expected to realize one-dimensional (1D) electronic systems at their heterointerface due to
their tunable electronic properties. Even though there have been several reports on the growth
and device studies, it is still an important challenge to develop the microscopic basis of
electronic properties of such atomic-layer heterojunction interfaces. For this purpose, we have
fabricated high-quality TMDC atomic layers and various heterostructures based on TMDCs
[1-5]. Herein, we report on unique electrical potential modulations of heterojunction
interfaces based on TMDC atomic layers [5].

Chemical vapor deposition (CVD) was used to prepare high-quality TMDC samples on
exfoliated graphite flakes, as reported in our previous paper [1]. As shown in Fig. 1b, WS, (or
MoS,) grains are initially synthesized on the graphite, after which the second growth process
of another TMDCs is conducted with firstly-grown grains. Scanning tunneling
microscopy/spectroscopy (STM/STS) analyses revealed that the monolayer systems have
atomically-sharp interface structure, and form conventional type II heterojunction with
staggered gap [3]. Interestingly, we found that the bilayer samples showed the formation of
1D confining potential (potential barrier) in the valence (conduction) band around the
heterointerface [5]. The present findings indicate that the atomic layer heterojunctions provide
a novel approach to realizing tunable 1D electrical potential for embedded quantum wires and
ultrashort barriers of electrical transport.

Figure 1. (a) Structure model of in-plane MoS,/WS, heterostructure and (b) its growth process by chemical
vapor deposition.

[1]1Y. Kobayashi et al., ACS Nano, 9, 4056 (2015).

[2] Y. Kobayashi et al., Nano Res., 8, 3261 (2015).

[3]S. Yoshida, et al., Sci. Rep., 5, 14808 (2015).

[4] S. Sasaki et al., Appl. Phys. Express 9, 071201 (2016).
[5]1Y. Kobayashi et al., Sci. Rep., in press.

Corresponding Author: Y. Miyata
Tel: +81-42-677-2508, E-mail: ymiyata@tmu.ac.jp
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Selection rules of optical excitations for single-walled carbon nanotubes
Hiroshi Ajiki
School of Science and Engineering, Tokyo Denki University, Hatoyama 350-0394, Japan

A single-walled carbon nanotube (SWNT) has cylindrical structure of a seamlessly
rolled-up graphene. Because of its characteristic structure, the SWNT can be a metal or a
semiconductor whose bandgap is inversely proportional to the diameter, and the bandgap can
be changed by applying a magnetic flux passing through the tube axis due to the
Aharonov-Bohom (AB) effect [1]. These attractive properties can be directly observed from
optical spectra. To analyze the electronic states from the optical spectra, it is necessary to
know optical selection rules. The selection rules of a SWNT depend on the direction of light
polarization because of its cylindrical structure [1]. Interestingly, spectral peaks corresponding
to optically allowed transitions do not appear for light polarization perpendicular to the tube
axis [1]. This fact comes from the depolarization field arising from induced charge density on
the cylindrical surface.

An optically excited electron-hole pair forms a bound state called an exciton. The exciton
effects are significant in low dimensional systems such as the SWNT. In fact, the binding
energy of the exciton in a SWNT reaches a few hundred millielectronvolts, and thus the
excitons can be observed at room temperature [1]. Because of the exciton effects, spectral
peaks become large and narrow for light polarization parallel to the tube axis, and small but
well-defined peaks appear in spite of the depolarization effect for perpendicular polarization.
The small peaks originate from the bonding states (bright states) of degenerate excitons
around the K and K’ points, which is formed via an electron-hole exchange interaction. The
anti-bonding states of the K and K’ excitons are optically inactive states (dark states) [1]. As a
matter of fact, the dark states have a slight oscillator strength (quasidark states) because the
degeneracy of the K and K’ excitons is lifted due to the intrinsic band asymmetry of the
electron and hole [2]. The band asymmetry parameters can be evaluated by observing
intensity ratio of the quasidark to bright states in photo-luminescence excitation spectra.

The optical selection rules are valid when the light wavelength is much larger than the
diameter of a SWNT, and this condition is fully satisfied in the usual situation. This means
that the selection rules are violated for a high-gradient light field, that is, the field intensity
significantly changes across the diameter of the SWNT. Such a high-gradient light field is
generated by exciting surface plasmons. We have shown the selection-rule breakdown for
perpendicular polarization of an isolated SWNT placed in a nanogap of a metallic nanodimer
[3]. Although the Raman signal for the perpendicular polarization is weak, we can detect the
signal because of the strong enhancement of the light field due to the surface plasmons. The
breakdown of the selection rules has been numerically simulated [3]. This study indicates that
the metallic nanostructures not only enhances the light intensity, but increases the optical
excitation channels beyond the selection rules.

[1] H. Ajiki, J. Phys.: Cond. Matt. 24, 483001 (2012) and referecnes therein.

[2] Y. Miyauchi, H. Ajiki, and S. Maruyama, Phys. Rev. B 81, 121415(R).

[3] M Takase, H.Ajiki, Y.Mizumoto, K. Komeda, M. Nara, H. Nabika, S. Yasuda, H. Ishihara, and K. Murakoshi,
Nat. Photonics, 7, 550 (2013).

Corresponding Author: H. Ajiki
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E-mail: ajiki@mail.dendai.ac.jp
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Growth of Single-Walled Carbon Nanotubes with Controlled Structure
Jin ZHANG
Center for Nanochemistry, College of Chemistry and Molecular Engineering, Peking

University, Beijing, 100871, PR. China
Email: jinzhang@pku.edu.cn

In this talk, we will focus on the controlled growth of SWNTs arrays with ultra-high
density, high ratio semiconducting properties and special chiral angles. For the SWNTs arrays
with ultra-high density, Trojan catalysts (released from substrate) was developed and the
density can be as high as 150 tubes/um. Combining Trojan catalysts with Mo nanoparticles as
cooperating catalysts, the ultra-high density SWNTs arrays with wafer-scale area can be
obtained. For the SWNTs arrays with semiconducting properties, oxides catalysts with oxygen
vacancy, bimetal catalysts and uniform Mo,C catalyst were used to grow semiconducting
SWNTs arrays and ratio of semiconducting tubes can be higher than 95%. For the SWNTs
arrays with special chiral angles, based on the analysis the thermodynamics and kinetics of
SWNTs growth, horizontally (2m, m) SWNT arrays with chiral angle of 19.1°, tubes arrays
with small chiral angles(less than 10°) and near-armchair tubes ((n, n-1) or (n, n-2)) can be
grown under different conditions.

Reference:

[1] Chemical Vapor Deposition Synthesis of Near Zigzag Single-walled Carbon Nanotubes with Stable
Tube-Catalyst Interface, Science Advance, 2016, 2, e1501729.

[2] Growth of High-Density Horizontally Aligned SWNT Arrays using Trojan Catalysts, Nat. Commun. 6
(2015), 6099.

[3] Growth of Horizontal Semiconducting SWNT Arrays with Density Higher than 100 tubes/um using
Ethanol/Methane Chemical Vapor Deposition, J. Am. Chem. Soc. 2016, 138, 6727-6730.

[4] Diameter-Specific Growth of Semiconducting SWNT Arrays Using Uniform Mo2C Solid Catalyst, J. Am.
Chem. Soc. 137(28) (2015), 8904-8907.

[5] Selective Scission of C—O and C—C Bonds in Ethanol using Bimetal Catalysts for the Preferential Growth
of Semiconducting SWNT Arrays, J. Am. Chem. Soc,137 (3) (2015), 1012-1015.
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Super-Growth CVD: Past, Present, and Future
o Don N. Futaba'?

! National Institute of Advanced Industrial Science and Technology (AIST), Central 5, 1-1-1-
Higashi, Tsukuba, Ibaraki, 305-85635, Japan.
? 2Technology Research Association for Single Wall Carbon Nanotubes (TASC), Central 5,
1-1-1 Higashi, Tsukuba, Ibaraki, 305-8565, Japan.

Over two decades have passed since the discovery and structural elucidation of the carbon
nanotube (CNT), however industry has yet to fully realize the promise of their unique
properties. For single wall carbon nanotubes (SWCNTs), one of the major obstacles has been
the low cost, industrial availability. Twelve years ago, water-assisted chemical vapor
deposition (Super-growth CVD) was developed which demonstrated the highly efficient
synthesis of high purity SWCNTs, and recently, an industrial production plant, based on this
technology went into operation to realize the industrial use of SWCNTs.

This presentation will provide an overview of our recent progress in the synthesis and
application of millimeter-scale, vertically-aligned SWNTs using Super-growth CVD. First, |
will provide a brief description of the day Super-Growth CVD was serendipitously discovered.
Second, I will describe the current state. Finally, I will present our future outlook.

This paper is based on results obtained from a project commissioned by the New Energy
and Industrial Technology Development Organization (NEDO).

Corresponding Author: D. Futaba
Tel: +81-28-861-4654, Fax: +81-28-861-4851
E-mail: d-futaba@aist.go.jp
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A Study about improving Safety of Carbon Nanotube
- Development of Non-airborne type Carbon Nanotube -

oHideyuki Hisashi

Mitsubishi Corporation, Marunouchi Park Bldg.6-1.Marunouchi 2-chome,
Chiyoda-Ku, Tokyo, 100-8086.Japan

Carbon Nanotube (CNT) has a light-weight and numerous mechanical properties, such as
higher mechanical strength, higher electrical conductivity, higher thermal conductivity and higher heat
resistance. So CNT sometimes is described as “Black diamond in 21 century”. Other hand the worldwide
demand for CNT has not grown in these 30 years. In spite of those advantages, the worldwide demand
volume of CNT is several hundred metric tons per year and is much smaller than that of Carbon Black (ca.
12 million metric tons per year). Except its relatively high price, the main reason for this low-demand of
CNT is on the public uncertainties over its safety. Recently several researches comment as follows. “On
manufacturing process of CNT and CNT related products, the concern about CNT’s penetration into
worker’s abdominal cavity is not realistic. But we must emphasize the inhalation risk.” The bulk density
value of CNT is in a smallest-level category among all raw materials. So by handling CNT in
manufacturing process, CNT particles are released into the air and remain for a long time. Airborne CNT
particle will not settle easily. Then this situation will cause the inhalation risk. Granulation is one of the
common methods to increase bulk density of powdery materials. Because the surface of CNT has less
activity about chemical reaction and physical interaction with other materials, it is very difficult to
granulate CNT by using of typical binders such as water. Then we developed new method of granulating
CNT based on CNT’s lipophilicity. As the result we became its bulk density to be more than ten times
value. This new granulated CNT powder is suppressed about the ability of its airborne and is also
effective to keep the hands clean during treatment of CNT by hands. Furthermore, during compounding
of CNT into plastics or rubber matrix, the new granulated CNT powder is easily fed into extruders
without bridging in the hopper. In that compounded material, the new granulated CNT particle is highly
dispersed into plastics or rubber matrix. And we can select a high concentration of CNT particle. We
indicate the new granulated CNT in the pictures, as shown Fig.1(a). The diameter of each particle is

1-2mm, and we can find that each particle is an agglomeration of smaller particles (Fig. 1(b)).

(a) (b)

JSH-S&BaLl

Figure 1. Photographs of (a) Granulated CNT and (b) the enlarged granules.
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Carbon nanotube application and safety in artificial joints

Naoto Saito

Institute for Biomedical Sciences, Interdisciplinary Cluster for Cutting Edge Research,
Shinshu University, Asahi 3-1-1, Matsumoto 390-8621, Japan

We have been working to conjugate carbon nanotubes (CNTs) to polyethylene for use in
sliding and rotating parts of artificial joints. These elements of polyethylene artificial joints
wear away with long-term use, leading to breakage of the joint and the need for surgical
revision. With this in mind, we are developing more durable artificial joints made of
polyethylene and CNTs to reduce the rate of wear loss. As the number of patients receiving
artificial joint replacement surgery has been rising worldwide each year, those requiring
revision surgery have also increased steadily. Thus, the clinical application of sturdier
CNT-based artificial joints is expected to dramatically reduce the need for revision and extend
the use of prostheses to younger patients.

Of course, the concerns regarding the safety of CNT inhalation are completely different
from those associated with long-term CNT implants. Therefore, safety testing of CNTs and
their composites as implantation materials in the body must be performed, including the
assessment of inflammatory reactions, acute cytotoxicity, irritation, sensitization, chronic
toxicity, and carcinogenicity. Further research and development in this area will lead to the
production of superior CNT biomaterials of benefit to a larger number of patients in the near

future [1].

[1] N. Saito et al. Chem Rev. 123, 456 (2015).
Corresponding Author: N. Saito
Tel: +81-263-37-2405, Fax: +81-263-37-3549

E-mail: saitoko@shinshu-u.ac.jp
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Functionalization of Cg and M;N@Csg for bioapplication
oYoko Yamakoshi'
I Laboratorium fiir Organische Chemie, ETH Ziirich, CH 8093, Switzerland

Based on the unique physicochemical properties of fullerenes such as photosensitivity and
metal encapsulation, bioapplication of fullerenes in areas such as photodynamic therapy and
MRI contrast agents have attracted significant attentions in recent decades. Because of their
extreme hydrophobicity, the preparation of water-soluble fullerene materials is critical for
bioapplications. We have been focusing on the preparation of biocompatible fullerene
materials by complexation or conjugation with non-toxic poly(vinylpyrrolidone) (PVP) [1].

In this study, we have developed a bis-carboxylic acid Prato derivative of Cg (3) as a
useful precursor for further attachment of functional groups such as water-soluble polymers or
targeting moieties. A glycine derivative (1) was subjected to the 1,3-dipolar cycloaddition
(Prato reaction) to Cgo in the presence of formaldehyde to provide [6,6]-adduct 2 (Fig. 1,
Scheme 1). The deprotection of ‘Bu group under acidic condition successfully provided
bis-carboxylic acid derivative 3, which was subjected to the further additions of water-soluble
PEG and PVP or solid phase peptide synthesis to provide biocompatible fullerenes such as
Ce0-PEG 4, Cgo-peptide 5, and Ce-PVP 7 [2]. A similar Prato reaction was carried out to
M3N@Cso (M = Sc, Lu, Y, Gd) using N-ethylglycine as a dipole to evaluate their reactivity
(Fig. 1, Scheme 2). In contrast to the result of Cgo, the [5,6]-adduct (9a-b) was obtained as a
major product in the reaction of ScsN@Csp and LusN@Cgo, whereas a mixture of [5,6]- and
[6,6]-adducts (9c-d, 8c-d) was obtained in the case of Y3;N@Cgp and GdsN@Cgo. Further
kinetic and computational studies indicated that the kinetic products of Prato reactions of
M3;N@Cso (M = Sc, Lu, Y, Gd) were all [6,6]-adducts 8a-d, which isomerized to the
thermodynamic product [5,6]-adducts 9a-d in a manner dependent on the size of endohedral
metal cluster inside Csp, which affected the energy level of the adducts due to the
pyramidalization and degree of strain of the metal cluster (M3N). In the presence of excess
amount of dipole, the bis-adducts
10c-d were efficiently obtained
from Y3N@C80 and Gd3N@C80 °7T°°

M
[3] :| T YW \’< ° /i HBTU DIPEA m
. g X\W/TfK W @ ) Ceo-PEG
TFA N o .

Scheme 1

<>

[1] Yamakoshi, Y et al. J. Chem. Soc., o e TN

oooooo

Chem. Commun. 517 (1994); Iwamoto,
Y et al. Chem. Commun. 4805 (2006);
Oriana, S et al. Chem. Comm. 49, 9302
(2013). i
[2] Aroua, S. et al. Org. Lett. 16, 1688
(2014); Polymer Chem. 6, 2616 (2015).

Scheme 2 @

[3] Aroua, S. et al. J. Am. Chem. (uinetic product . [56kmano ga, b g
Soc. 134, 20242 (2012); Chem. Eur. J. @ﬁ "
20, 14032 (2014);J. Am. Chem. |

Soc. 137, 58 (2015).
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Fig.1: Prato reactions of Cgy and M3N@Cso (M = Sc, Lu, Y, Gd).
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Optical Property of Carbon Nanotubes and
Low Dimensional Atomic layer materials
by using Circular Polarized light

Riichiro SaitoO, Naomichi Sato, Yuki Tatsumi

Department of Physics, Tohoku University, Sendai

Circular polarized light has an angular moment which shows unique properties on
carbon nanotubes and transition metal dichalcogenide (TMD) atomic layer materials. In
the case of carbon nanotubes, we can observe the circular dichroism (CD) for chiral
nanotubes. In the case of TMDs, we can observe the valley and spin polarization. In this
presentation, we discuss common optical properties by perturbation theory for

electro-magnetic fields.

In particular, for the CD of carbon nanotubes, we discuss the selection rule for the
circular polarized light. As for valley polarization, spin and valley degree of freedom of
TMD are selectively excited by circular polarized light, which are expressed by inner
product of the polarization vector and dipole vectors. Within the tight binding method,
we calculated dipole vectors for graphene, carbon nanotubes, and TMDs, from which
we can see the common physics in the optical properties. The calculated results are
compared with the recent experimental results. We would like to propose possible

experimental observation in the optical properties with use of circular polarized light.

Corresponding Author: Riichiro Saito

e-mail ; rsaito@flex.phys.tohoku.ac.ip

Web: http://flex.phys.tohoku.ac.jp
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Control of photoluminescence properties of single-walled carbon nanotubes

oYutaka Maedal, Yuya Takehanal, Akane Nishinol, Shun Minamil, Michio Yamadal,
Mitsuaki Suzuki,' Shigeru Nagase®

! Department of Chemistry, Tokyo Gakugei University, Tokyo 184-8501, Japan
? Fukui Institute for Fundamental Chemistry, Kyoto University, Kyoto 606-8103, Japan

PL spectroscopy is a very powerful tool for the assignment of semiconducting
single-walled carbon nanotubes (SWNTs) because it can be separately observed the E;, PL
peaks of individual SWNTs by the excitation of the E,, transitions. Recently, NIR light has
received significant attention in bio-imaging applications owing to the high transparency of
biological tissues. To improve the performance of SWNTs as biological imaging materials,
chirality-separated semiconducting SWNTs have been investigated, and have exhibited
superior performance than their non-separated ones. In addition, it was reported that sidewall
functionalization of SWNTs results in a new and bright PL. peak in the longer wavelength
region. Therefore, the sidewall functionalization is an effective method for controlling the PL
characteristics of SWNTs for practical applications. We report herein the control of PL
properties of SWNTSs by chemical functionalization/defunctionalization protocols.

Photoreaction of SWNTs with disulfide in the presence of oxygen afforded oxidized
SWNTs. It was revealed that the photoreaction proceeds more favorably in metallic and
small-diameter SWNTs than the other types of SWNTs on the basis of their Raman and
absorption spectral changing [1]. When (6,5)-SWNT enriched sample was used, the intensity
of the characteristic absorption and PL peak at ~976 nm (E,;) decreased with an increase of a
new PL peak at ~1150 nm. Large Stokes shift allows use of E;; energy for the excitation due
to the easy elimination of Rayleigh scattering. It is noteworthy that the excitation of Ej;
energy increases the excitation efficiency and decreases phototoxicity in their application. To
control PL properties, dialkylation of (6,5)-SWNTs enriched sample and subsequent thermal
treatment were conducted. Dialkylated SWNTs (R'-SWNTs-R”) were synthesized using
alkyllithium (R'Li) and alkyl bromide (R’Br) [2,3]. Interestingly, the degree of
functionalization is tunable by steric hindrance of alkyl groups used in the reductive
alkylation. In addition, the subsequent thermal treatment is effective to control their degree of

functionalization. Interestingly, SwnTs
& “Bu-SWNTs/*Bu ) Ex:Ej )
new PL peaks were observed — °7 "™ i 10000 B SWNTs=8u(300°C)
. . 044 AN \/ 3000 8000 'y BBy (eee)
depending on the substituents g . N z e T Enl
.- 1 f 2 200 X Eyy o) 2 6000 g nr
and condition of the thermal g 0z fl g o '|‘ Eal £ o0 lbcEe I
. A Y a 0 L & |
treatment [4]. This = oipa A\ = "7 [\ v a0]
methodology has advantages — o0+ % o olad e na,
. .. . 600 800 000 1200 1000 1200 1400 1600 1000 1200 1400 1600
for thelr pI'OdLlCthlty, hlgh PL Wavelength (nm) Wavelength (nm) Wavelength (nm)

efficiency, and large Stokes Figure. Absorption and PL spectra of SWNTs and functionalized SWNTS.
shift.

[11Y. Maeda et al. J. Am. Chem. Soc. 135, 6356 (2013). [2] Y. Maeda et al. Org. Lett. 12, 996 (2010).
[3]1 Y. Maeda et al. J. Am. Chem. Soc. 134, 18101 (2012). [4] Y. Maeda et al. Chem. Commun. 51, 13462 (2015).
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Application of carbon nanotubes as electrodes and doping methods in
photovoltaics

oll Jeon', Shigeo Maruyama'~, Yutaka Matsuo'~
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? National Institute of Advanced Industrial Science and Technology, Ibaraki 305-8564, Japan
3 University of Science and Technology of China, Anhui 230026, China

Carbon nanotubes (CNTs) have emerged as materials for next-generation electrodes in
solar cells (SCs), offering a possible alternative to indium tin oxide (ITO). CNTs have
excellent mechanical flexibility and are composed entirely of naturally abundant carbon.
Therefore, CNT transparent conductive films in SCs have been the subject of active research.

For the research in SCs, organic SCs and perovskite SCs have attracted a great deal of
attention as solution-processable and flexible light-harvesting devices that have the potential
to meet the world’s energy needs. The efficiency of SCs has increased tremendously with the
recent emergence of perovskite SCs. As the result, power conversion efficiency (PCE) has
reached as high as 20%.[1] However, SC flexibility is still limited by the use of ITO, which is
bendable but not completely flexible like the carbon materials.

We have been working with diverse materials and their applications in solar cells. So far,
we have demonstrated applications of CNTs as the transparent electrode, replacing ITO and
metal electrodes in SCs. This was done with the doping, which is mandatory to maximize the
conductivity and transmittance. We investigated several types of dopants and methods
depending on the applications. ITO-free, CNT-based organic SCs showed a PCE of 6.04%
with the PTB7:PC7BM photoactive layer, in which MoOx thermal doping was used.[2] On
the other hand, metal-free window-like CNT-based organic SCs produced a PCE of 4.1%[3],
because it was transparent solar cells, which could be used for window applications. For this
research, we used MoOx doping and HNO; doping, separately. For the application in
perovskite SCs, diluted HNOs (35 v/v%)-doped CNT-based device produced the highest PCE
of 6.32% which was about 70% of the ITO-based device (9.05%).[4] This work opened up the
research area of single-walled CNT applied SCs, as similar works have followed up, citing
our papers. Especially our first paper on CNT application in organic SCs[1] reached a citation
number of 16 in less than a year.

My next step of this research is to use both CNTs and graphene as the electrodes to achieve
full carbon SCs. This will be full-carbon SCs, which will again open up a new field of
research that many researchers around the globe will follow.

[1] M. Saliba et al. Energ. Environ. Sci. 9, 1989 (2016).

[2] 1. Jeon, K. Cui, A. Anisimov, A. Nasibulin, E. I. Kauppinen, S. Maruyama, Y. Matsuo
J. Am. Chem. Soc. 137, 7982 (2015)

[3]1. Jeon, C. Delacou, A. Kaskela, E. 1. Kauppinen, S. Maruyama, Y. Matsuo
Scientific Reports, 2016 under revision

[4]1 1. Jeon, T. Chiba, C. Delacou, Y. Guo, A. Kaskela, O. Reynaud, E. I. Kauppinen, S. Maruyama, Y. Matsuo
Nano Lett. 15, 6665 (2015)
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Mechanically durable and stretchable micro-supercapacitors with
elastomeric components harmonized with wearable field-effect transistors

oFumiaki Tanaka', Atsuko Sekiguchiz, Karolina U. Laszczykl, Kazufumi Kobashi?,
Shunsuke Sakurai’, Don N. Futaba®, Takeo Yamada®, Kenji Hata®

" Technology Research Association for Single Wall Carbon Nanotubes (TASC), Tsukuba
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Flexibility or stretchability is one of the notable trends in recent electronics towards
wearable/implantable systems. Although many flexible/stretchable devices have been
proposed so far, mechanical durability is another essential aspect that wearable/implantable
devices should possess to keep device performances when exposed to various mechanical
stresses occurred in our daily lives.

Here, we developed mechanically durable and stretchable micro-supercapacitors composed
of elastomeric materials towards elastomeric electronics possessing both mechanical
durability and softness as a system rather than a single device. To this end, we used
single-walled carbon nanotubes (SWCNTs), rubber, composite of SWCNT and rubbers, and
sulfuric acid electrolytes to make the micro-supercapacitors and demonstrated that
elastomeric field effect transistors (FETs) can be driven with them.

The elastomeric micro-supercapacitors had high mechanical durability: the device
performances did not degrade even after the severe mechanical stresses including pressures up
to 6 MPa or by high-heels step and impact by being struck with a hammer. As well as the
mechanical durability, the micro-supercapacitor had stretchability up to 30% and higher
energy and power densities (e.g., 16.8 mWh/cm® and 86.3 W/cm’, respectively, at a current
density of 19.2 A/em’) compared to conventional stretchable supercapacitors. In addition, the
elastomeric FETs had the same level of mechanical durability and stretchability.

In both devices, SWCNTs played important roles in mechanical strengths and device
performances. The usage of long and pure SWCNTs grown by super-growth method provided
a flexible and mechanically durable thin film, which also possessed high electric conductivity
and specific surface area, by entangling SWCNTs into deformable network structure. In
addition, when mixed with rubbers, the SWCNT network worked as good fillers for
conductivity and framework to support the structure of rubber matrix. As a result, SWCNT
thin films became good storages for electric double layers in micro-supercapacitors, while the
composite of SWCNT and rubber became good electric conductors for current collectors in
micro-supercapacitors and electrodes in FETs.

To demonstrate the compatibility between elastomeric micro-supercapacitors and FETs as
a system, they are connected with rubbery interconnection of SWCNT-rubber and then the
FET was driven by three micro-supercapacitors connected in series. The result clearly showed
that elastomeric materials can constitute an electronic system with micro-supercapacitors and
FETs beyond a single device.

Our elastomeric system opens up a possibility to realize all-elastomer-state electronics for
wearable/implantable systems, providing both softness for wear and mechanical durability for
tolerance against the severe mechanical stresses from the environment.

This presentation is based on results obtained from a project commissioned by the New
Energy and Industrial Technology Development Organization (NEDO).
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Wafer-scale integration of suspended graphene nanoribbons
and its growth mechanisms
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Graphene nanoribbons (GNRs) combine the unique electronic and spin properties of
graphene with a transport gap that arises from quantum confinement and edge effects. This
makes them an attractive candidate material for the channels of next-generation transistors.
Although GNRs can be made in a variety of ways, the reliable site and alignment control of
GNRs with high on/off current ratios remains a challenge.

Up to now, we developed a novel method based on the advanced plasma CVD method [1]
with nano scale Ni catalyst (Ni nanobar) for directly fabricating suspended GNRs devices [2].
However, the growth yield of suspended GNRs is low and understanding the growth
mechanism is required to solve this problem.

Based on this background, we attempted to elucidate the growth dynamics of GNRs in our
method. Through the comparison of molecular dynamics simulation and phase diagram
calculation with the systematically obtained experimental results, it is found that the Ni
nanobar becomes liquid state during the high temperature condition (~900 °C) and only the
Ni nanobar under plasma CVD can maintain its fine structure with liquid phase due to higher
carbon composition. Then, phase separation . .
between graphene and Ni happens during the @ (- -
cooling process, which accelerates the dewetting ]
and the destabilization of liquid phase Ni nanobar
under the GNR, resulting in the formation of
suspended GNR (Fig. 1(a)). By following this
growth model, the yield of suspended GNR growth
can be drastically improved (~90%) and wafer
scale synthesis of 1,000,000 suspended GNRs has 7 B
been realized. The edge structure of GNRs was O carbon compositin [at %)
also analyzed by polarized Raman measurements, Fig. 1: (a) Growth model of suspended GNR, (b)
revealing near zigzag edge is dominantly formed optical microscope image, and (c) scanning

with high uniformity in our suspended GNR clectron microscope image of suspended GNRs
array in wafer scale.
arrays.
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[1] H. Suzuki, T. Kato and T. Kaneko, Plasma and Fusion Res. 9, 1206079 (2014).

[2] T. Kato and R. Hatakeyama, Nature Nanotechnology 7, 651 (2012).

[3] H. Suzuki, T. Kaneko, Y. Shibuta, M. Ohno, Y. Maekawa and T. Kato, Nature Communications 7, 11797
(2016).
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Direct observations of graphene and its oxide dispersed in solution
Yutaka Matsuno, Yu-uya Sato, Hikaru Sato, oMasahito Sano
Department of Organic Materials Sci., Yamagata University, Yonezawa 992-8510, Japan

A graphene sheet is only one atomic layer thick, yet over several microns wide. This 2D
morphology is a main reason that graphene is often placed on a solid substrate for fundamental
researches and applications, with a risk of unintentional mechanical strain and chemical doping.
Graphene oxide (GO) has many oxygen-containing functional groups, which enable GO to be
readily dispersible in various solvents. GO are often used in a form of dispersions for practical
applications. Despite of its importance, there has been no practical technique to directly
visualize and characterize nanocarbons in liquid environments.

Recently, we have developed a new microscopy that allows direct observation of
nanocarbons in solution. In order to visualize atomically thin, 98% transparent graphene in
solution, we need to have a very faint illumination compensating for “shooting against the light
source”, additional contrast mechanisms besides the small absorption, and orientations facing
the wide surface toward an objective lens. These conditions are simultaneously satisfied by
dispersing nanocarbons in a fluorescent dye solution near a solid surface. We use the dye
fluorescence within a few hundred micrometers from the solid surface as an illumination.

A procedure is simple and quick. A nanocarbon solution is mixed with a dye solution, and is
placed on a glass surface. This cell is put on the microscope and an observation is started as if
using an ordinary optical microscope. Because the solution is open to the air, it is free to
manipulate or perform additional experiments on the solution while observing it in real time.

Sub-micron to sub-millimeter sized GO sheets executing 3D motions are imaged clearly in
solution. There are several different mechanisms for contrast. Fluorescence quenching by
Dexter electron transfer or Forster resonance energy transfer (FRET) gives dark images. By
applying FRET, it is possible to image only an object which has absorbance at the emission
wavelengths of the dye. Even then, a large part of the illuminating light is still transmitted
through nanocarbons, allowing direct observation of layering and network structures.

Fluorophore properties of many dyes depend on local environments such as solvent, pH,
polarity, hydrophobicity, temperature, and concentration. We can create a situation where the
dye fluorescence is retarded. If a nanocarbon recovers the fluorescence, it appears bright in a
dim background. We show an example of GO appearing bright as a result of adsorption and
proton-exchange with dye molecules. Because graphene does not induce such changes, it is
possible to differentiate dark graphene from
bright GO coexisting in the same solution.

As-synthesized GO itself fluoresces in
solution. This autofluorescence can be used to
image GO without mixing dyes. A simultaneous
acquisition of fluorescence spectra is useful for
studying its mechanism. Finally, the viewing
object is not limited to nanocarbons. The same
contrast mechanisms apply also to various other
substances, including living microorganisms.

Corresponding Author: M. Sano
Tel: +81-238-26-3072 E-mail: mass@yz.yamagata-u.ac.jp

Fig. 1. Image of GO in aq. rhodamine b solution.
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Visualization of structural modulation in the charge density wave phase of
17-TaSe, by scanning transmission electron microscopy
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Some transition metal dichalcogenides (TMDCs) show a charge density wave (CDW)
phase transition due to their low-dimensional electron system [1]. In the CDW phase, the
structure of the TMDCs is modulated from that of the normal phase by the periodical
displacement of the transition metal atom positions. The formation of supercells in the CDW
phase of TMDCs due to the structural modulation has been observed by diffractometry, and
models of the displacement of transition metal atoms by the CDW phase transition have been
based on these results [1]. To clarify the structural modulation of TMDCs by the CDW phase
transition, it is necessary to visualize the displacement of the transition metal atom positions
in the CDW phase transition in real space. This would also help clarify the waveform of the
CDW, the unique properties of the CDW phase of TMDCs, and the mechanism of the phase
transition.

In this study, to clarify the actual structural
modulation of TMDCs by the CDW phase transition
by experimentally, we attempted to visualize the
periodic displacement of Ta atom position in CDW
phase of 17-TaSe,, which is a typical TMDC that
shows a CDW phase at room temperature, by
annular dark-field scanning transmission electron
microscopy (ADF-STEM). In consequence, we
found that the additional periodic image contrast,
which was consistent with the periodicity of the
supercell of the CDW phase of 17-TaSe,, was
superimposed on the image contrasts arising from Fig.1: ADF-STEM images of 17-TaSe,
atomic columns in the ADF-STEM image of CDW acquired from the c-axis. A periodic
phase of 17-TaSe, (Figure 1) [2]. We compared image contrast with six-fold symmetry
experimental and simulated images and found that lcsohfriil; inaddition to the atomic
the periodic image contrast reflects the periodic '
density fluctuations of Ta atomic columns caused by the static displacement of Ta atom
positions. The results confirm that the Ta displacement model predicted by the diffractometric
method is correct. Furthermore, we reveal that the CDW has a unique waveform; a coherent
CDW is formed on every layer of 17-TaSe:.

[17J. A. Wilson, F. J. Di Salvo, S. Mahajan, Adv. Phys. 24, 117 (1975).
[2] K. Kobayashi, H. Yasuda, Submitted.
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Polarity control of h-BN nanoribbons by uniaxial strain
oAyaka Yamanaka, Susumu Okada
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305-8577, Japan

Hexagonal boron nitride (h-BN) is attracting much attention as an insulating version of
graphene, due to its unique physical properties, such as mechanically strong hexagonal
network, high thermal conductivity, and an insulating electronic structure with wide band gap.
Because of these properties, h-BN is regarded as a potential material for the wide areas in the
current and future nanotechnologies. Although h-BN possesses the same network topology to
the graphene, their physical properties are totally different each other due to the difference in
the constituent elements. In our previous works, we demonstrated that the energetics and
electronic structure of nanoscale flakes of h-BN are insensitive to their shapes and sizes. On
the other hand, edge polarity of the h-BN nanoflakes is sensitive to the edge morphology and
chemical functionalization. However, it is still unclear the detailed polar properties of the
h-BN nanoflakes in terms of the structural deformations. Thus, in this work, we study the
electronic structure of h-BN with uniaxial strain to investigate the effect of strain to
polarization of h-BN nanoribbons. All calculations are performed by using the density
functional theory (DFT) with the generalized gradient approximation. The effective screening
medium (ESM) method is applied to avoid the unintentional dipole interactions with the
periodic images.

In this study, we applied tensile and compressive strain parallel to the ribbon direction to
h-BN nanoribbons with various edge structures ranging from armchair to zigzag. Figure 1
shows the potential difference between B and N edges of a zigzag h-BN nanoribbon as a
function of the strain. We found that the potential difference monotonically increases with
increasing the tensile strain and changes
its sign at 16 % (Fig. 1). The fact indicates 2
that the ribbon under the 16% tensile strain
does not exhibit edge polarization, even
though  the  asymmetrical  atomic
arrangements at the edges. More
interestingly, above the 16% strain, the
potential different changes its sign,
indicating that the polarity inversion
occurs in the uniaxially stretched h-BN
ribbons except the armchair ribbons.

2 .l _

Potential Difference [V]
[ |

_4 | | | | | | |
20 15 10 -5 0 5 10
Strain [%]

Potential difference of

Corresponding Author: A. Yamanaka
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Fig.1: zigzag  h-BN
nanoribbon as a function of strain. Positive
and negative x-axis denote the tensile and

compressive strain, respectively.
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Germanium Sulfide Photodetectors
with High Photosensitivity and Broad Spectral Response

oDezhi Tan, Xiaofan Wang, Yuhei Miyauchi, Kazunari Matsuda
Institute of Advanced Energy, Kyoto University, Uji, Kyoto 611-0011, Japan

Recently, the high-sensitive photodetectors with broad spectral response have been reported
using the novel 2D materials, (e.g., graphene, transition metal dichalcogenides and black
phosphorus) [1,2]. As a new member of 2D material family, metal monochalcogenides (e.g.,
GeS and GeSe) have attracted much interests for the highly sensitive photodetector
applications. The p-type semiconductor 2D GeS with an orthorhombic structure has close
direct and indirect optical transitions with small energy difference. Our previous report
showed that the GeS exhibits strong light absorption in a broad range from visible to
near-infrared spectral regions, which promises GeS as a high-sensitive photodetecting
material [3].

Here, the highly sensitive-photodetector based on GeS nanosheets has been demonstrated.
We fabricated the GeS nanosheets by using the mechanical exfoliation method and then
GeS-based field-effect transistors (GeS-FETs) were prepared using the electron-beam
lithography (Inset of Fig. 1(b)). The photo-responses of GeS-FETs were checked with or
without light irradiation, where the bias-voltage and light intensity were controlled. Figure 1(a)
shows the photocurrent of GeS-FETs with different illuminating light intensity. A nonlinear
light-intensity-dependent response is observed (Fig. 1a). The GeS photodetectors exhibited
high photoresponsivity R; of about 70 A/W under illumination of 0.66 pW cm 2 at
wavelength of 400 nm (Vy =0V, Vs =4 V). The specific detectivity, the key figure of merits
of a photodetector, is estimated to be 4.8 x 10! Jones. The photodetecting performance can be

enhanced dramatically via
increasing the back-gate voltage @ . donaity (AWiom) . b
. . ower densi cm) «
(Ve) up to 80 V (Fig. 1(b)). Ry is e ag
enhanced to be 600 A/W under the  150f. 502 . 1117 /4
same illumination  conditions. & |¢ 1975 3016 1<,
S 1, 4159. 5302 S0 400l
Moreover, we revealed that the GeS ¢ . 6698. 0 o0l
photodetector ~shows a broad £100f R s
spectral response in the wavelength g 400 nm et x
range of 400-800 nm along with 2 B
. e o 50t ,:.0‘:’44"‘»‘ o 10}
high photosensitivity. These *,:»;;;.w
excellent  properties of  high . A =400 nm
photocurrent generation and broad 0 . . .
< . L 0 2 4 1 10 100
pectral response indicate that the v.o(v) Power density (LW/em?)

GeSjFET phOtOd?teCtor is a highly Fig.1 (a) Photocurrent under light (400 nm) irradiation with
qualified candidate for the different power density. (b) Photo-responsivity with 7, = 0 and
optoelectronic applications. 80 V. Inset shows the optical image of GeS FET.

[1] C. Liu, et al., Nat. Nanotechnol. 9, 273 (2015).
[2] H. Yuan, et al., Nat. Nanotechnol. 10, 707 (2015).
[3] D. Tan, et al., arXiv:1606.06953 (2016).
Corresponding Author: D. Tan
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Current jump and memory effect in MoS, transistor operated at high
temperature
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? Department of Electrical Engineering, University at Buffalo, SUNY,
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Molybdenum disulfide (MoS,) have received remarkable attention as new 2D materials
with great potentials for future applications [1]. Recently, Jiang et al., reported a kink
(memory step) was reproducibly appeared in the transfer curve at high temperature above 450
K [2]. In this study, we attempt to evaluate the memory step by changing the thickness of
MoS; layers.

MoS, FETs were fabricated using exfoliated MoS, crystals by well-known scotch tape
method. We transferred the crystals onto electrodes pre-fabricated on a SiO,/Si substrate by
dry transfer method using a #-BN sheet. The devices form bottom contacted configuration by
Au electrodes. Figure 1 shows an optical microscope image of the typical FET. The FET was
installed into a vacuum probe station and then it was annealed at 400 K for 20 hours [3] to
improve the performance. After the annealing process, additional annealing was performed at
500K for several hours.

After the second annealing process, we measured transfer curves at different temperature
between 300 K to 500 K. While no significant change was observed at near room temperature,
a current jump was significantly appeared at around zero back gate voltage at high
temperature above 400 K. Such a jump was observed at around ¥, = 0 V in a forward back
gate voltage sweep (from -40 to 40 V) while a sudden decrease of the current occurred at
around V, = -30 V in the backward sweep. The height
of the jump increased with increasing the temperature.
Interestingly, the jump became more pronounced with
decreasing the MoS; thickness. However, the jump is
not peculiar effect only in MoS, device since a similar
trend was observed in a graphene one. Hence, the gate
insulator of SiO, may act as the origin of the current
jump and the memory effect at high temperature.
Further discussion will be argued in the presentation.

[1] Q. H. Wang ef al., Nature Nanotech. 7, 699 (2012).

[2] C. Jiang et al., J. Appl. Phys. 117, 064301 (2015).
[3] B. W. H. Baugher ef al., Nano lett. 13,4212 (2013).

Corresponding Author: N. Aoki Fig.1. Optical microscope image of a
Tel:+81-43-290-3430, Fax:+81-43-290-3427 typical MoS, FET device. The dashed

a . line shows the shape of the MoS,
E-mail:n-aoki@faculty.chiba-u.jp crystal. The top of MoS, was covered

by a #-BN sheet.
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Since the successful exfoliation of graphene from multilayer graphite, hexagonal boron nitride
(h-BN) atomic layers have been also regarded as fascinating materials from the viewpoints of
fundamental physics and relevant applications in nano/opto-electronics because the structural
properties of the h-BN atomic layers are similar to those of graphene. On the other hand, the
electronic property of h-BN atomic layers is quite different from that of graphene: graphene
exhibits metallic property, while the h-BN layers possess sizable band gap [1]. This sizable
band-gap nature of the h-BN atomic layers would provide not only new physical properties
but also novel nano- and/or opto-electronics applications.

One of the effective ways to control the electronic properties of nanomaterials is to
dope with heteroatoms. Actually, it is reported that the electronic properties of h-BN layers is
changed from insulating to metallic properties by doping with carbon atom [2]. Another way
to tune the electronic properties is to apply the strains. For example, the band gaps of h-BN
atomic layer are tunable by applying strains [3, 4].

In this talk, we report the systematic study that clarifies the strain-induced effects on the
stabilities and the electronic properties of h-BN monolayers and bilayers [3-8]. In the former
part, we show that the impurity states in the C-doped h-BN monolayers become relatively
shallow states when biaxial strains are applied. Furthermore, the compressive strains can
induce the new conduction channel (Fig. 1). In the latter part, we show that the band gaps of
the h-BN bilayers are tunable by applying strains. We also show that the biaxial strains can
produce a transition from indirect to direct band gaps of the h-BN bilayer.

[1] K. Watanabe, T. Taniguchi, and H. Kanda, Nature Mater. 3 (2004) 404.
[2] X. Wei, M. Wang, Y. Band, and D. Golberg, ACS Nano 5 (2011) 2916.
[3]Y. Fujimoto, T. Koretsune and S. Saito, J. Ceram. Soc. Ipn. 122 (2014) 346.
[4] Y. Fujimoto, T. Koretsune and S. Saito, JPS Conf. Proc. 1 (2014) 012066.
[5]1Y. Fujimoto and S. Saito, J. Ceram. Soc. Jpn. 123 (2015) 576.

[6] Y. Fujimoto and S. Saito, Phys. Rev. B 93 (2016) 045402.

[7]1Y. Fujimoto and S. Saito, J. Ceram. Soc. Jpn. 124 (2016) 584.

High

[8] Y. Fujimoto and S. Saito, to be published. © Balom © Catom

Low

Fig. 1 Nearly free electron state (Ref. [6]).
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Host-Guest Complexation of Cyclodextrins on Carbon Nanohorn Particles
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Dispersion of carbon nanomaterials in water is an important technique for enhancement of
their processability and medicinal applications. Whereas natural or synthetic surfactants have
been widely employed for preparation of water-dispersible nanocarbons, the use of an excess
amount of surfactants and their removal by posttreatment are often problematic [1]. Herein we
report shape-selective complexation of cyclodexrin (CD), a common host compound for a
small hydrophobic molecule, on the surface of carbon nanohorn (CNH) particles through
host-guest interaction at a molecular level. We found that CNH particles become dispersed by
mixing and heating with cyclodextrins with various diameters (Figure). In contrast,
single-walled carbon nanotubes and graphite did not disperse in water by the same treatment,
suggesting that the shape-selective interaction of CD molecules with the curved tips of CNH
plays a crucial role in formation of highly-dispersible CNH particles. The complexation of
CDs on carbon nanohorns was verified by high-resolution transmission electron microscopy
(TEM, Figure), in which a trapezoidal contrast of a single cyclodextrin molecule was clearly
observed. Such a shape-selective recognition of the nanocarbon surface allows us to separate
CNH particles from as-purchased mixture with graphitic particles by mixing with only a small
amount (1 wt%) of cyclodextrin, which was confirmed by thermogravimetric analysis and
TEM observation.

1 wit% cyclodextrin (CD)

HO-
<

70°C, 24 h

Carbon nanohorn CD/CNH
(CNH) in water complex

Figure. Dispersion of CNH particles in water through host-guest complexation of cyclodextrin on the tips of
nanohorns. A high-resolution TEM image of y-cyclodextrin on a nanohorn is shown on the right.

A part of this work was conducted in Research Hub for Advanced Nano Characterization,
The University of Tokyo, under the support of “Nanotechnology Platform™ (project No.
12024046) by MEXT, Japan.

[1] M. Zhang et al. J. Phys. Chem. B 109, 22201 (2005).
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Carbon nanocoils (CNCs) are an exotic class of low dimensional nanocarbons with helical
shape. Typical thicknesses and coil diameters of CNCs fall within the ranges of 100—400 nm
and 400-1000 nm, respectively, and their full lengths are on the order of several tens of
micrometers [1]. We have developed a precise resistivity measurement system for
quasi-one-dimensional nanomaterials using a focused ion beam [2]. The system enables the
resistivity of CNCs to be measured and its dependence on coil geometry to be elucidated.
Low-temperature resistivity measurements performed on the CNCs revealed that electron
transport through the helical axis is governed by the variable range hopping mechanism. The
characteristic temperature in variable range hopping theory was found to systematically
increase with coil diameter, which supports our theory that the population of sp?>-domains in
CNCs decreases considerably with coil diameter.

CNCs samples were synthesized by catalytic chemical vapor deposition [1]. After the
synthesis, a portion of the CNCs was graphitized to obtain graphitized CNCs (G-CNCs) by
heat treatment in Ar atmosphere at 2873K for 30 min using a Tammann oven. We then cut off
a single CNC from an as-grown aggregate and made the measurement sample using FIB
technique [2]. Figure 1 shows the relationship
between the coil diameter and resistivity at room

10"

temperature: 15 single CNCs and three single i S8 B,
G-CNCs were examined. For reference, the [JRAR CNe
resistivities of four single linear-shaped CNFs with = CNFD o0
fiber diameters of 407—1258 nm are also plotted on g 10° P B
the vertical axis. The resistivity of the CNCs was 3 G

. : A & G-CNC
found to increase with their coil diameter, although o

T
0 500 1000 1500 2000
Coil diameter, D-d [nm]

certain sample-dependent fluctuation was observed.
In contrast, the resistivity of G-CNCs was almost
invariant to changes in coil diameter. Electron Fig.1: Relationship between resistivity

transport through the helical axis will be discussed and coil diameter: 15 CNCs, three
in the presentation. G-CNCs, and four CNFs were
examined.

[1] Taiichiro Yonemura, ef al., Carbon, 83 (2015) 183-187

[2] Yasushi Nakamura, et al., Applied Physics Letters, 108
(2016) 153108-1-4
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Bulk hexagonal boron nitride (h-BN) and h-BN atomic layers are structurally similar to
graphite and graphene respectively, but possess fundamental gap in their electronic structure
and are interesting future device materials. Although the doping into h-BN monolayer induces
rather deep donor and acceptor states, external strain is found to modify the electronic
structure and reduce the ionization energy of the impurity induced states [1]. Also the
interlayer interaction in the h-BN bilayer gives sizable reduction of the fundamental-gap value.
Here we study the electronic properties of BN nanotubes to clarify the curvature effect on the
electronic structure of h-BN layers.

We first review the electronic structure of the zigzag BN nanotubes studied in the
framework of the density functional theory [2]. Their fundamental gap is found to decrease in
the case of thin nanotubes. We next discuss the electronic properties of thin BN nanotubes.
We study a series of zigzag nanotubes, armchair nanotubes, and finally the chiral nanotubes,
and show that the gap value depends not only on the diameter but also on the helicity of the
nanotube [3]. Finally, we discuss the electronic properties of C doped zigzag BN nanotubes.
The C atom is doped at the B site of the nanotube and therefore induces the donor state. We
discuss the ionization energy of the donor state and its nanotube-radius dependence.

BN (6,6) BN (9.0)

energyleV)
energy[eV]

dos

Density of states of BN nanotubes
[1]Y. Fujimoto and S. Saito, Physical Review B 93, 045402 (2016).

[2] S. Okada, S. Saito, and A. Oshiyama, Physical Review B 65, 165410 (2002).
[3] M. Toyoda, Y. Uchida, and S. Saito, to be published.
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Chirality selective synthesis of single-walled carbon nanotubes with sputtered
Co-W catalyst and its possible mechanism
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The excellent electrical properties have made single-walled carbon nanotubes (SWNTs) one of
the most of promising building blocks for future electronics and optics. However, the potential
industrial applications are impeded by the mixed chiralities of as-grown SWNT assemblies. Direct
synthesis of SWNTs with single chirality is challenging but always attracts considerable attention.
Recently, Co7Ws clusters were reported to structurally match and thus successfully growing a
single chirality SWNT (12, 6), with over 90% and a zigzag SWNT (16, 0), with near 80%, by
controlling the catalyst structure and growth conditions with a high-temperature reduction and
growth [1, 2].

In this report, we show that (12, 6) can be selectively grown at lower temperatures and with
better spatial uniformity by using a sputtered bimetallic Co-W in alcohol catalytic chemical vapor
deposition [3]. The enrichment of (12, 6) is 50-70% according to the statistical Raman mapping
analysis and optical absorption spectrum. Reduction temperature before growth is found to be
critical for the selectivity. At high reduction-temperatures, selective area electron diffraction
identified an intermediate structure of CosWsC, which is associated with the selectivity [4]. The
details of catalyst structure, and time-dependent selectivity from 10 s to normally 5 min will be
discussed.

[1]F. Yang et al., Nature 510, 522 (2014).

[2] F. Yang et al., J. Am. Chem. Soc. 137, 8688 (2015).

[3] S. Maruyama et al., Chem. Phys. Lett. 360, 229 (2002).

[4] H. An et al., Nanoscale, (2016), in press, doi: 10.1039/C6NR02749K
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Development of new polymeric gels for the M/S separation of
single-wall carbon nanotubes
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The metal/semiconductor (M/S) or single-chirality separation of single-wall carbon
nanotubes (SWCNTs) is important for the electronic or biomedical applications. Among
various separation methods [1, 2], the gel column chromatography shows a great potential for
scalable production [3]. However, the available gels have been limited to agarose and allyl
dextran-based gels. The current gels are not optimized for the separation of SWCNTs and face
the problem of high cost. Moreover, two gels are far from enough for studying the
microscopic separation mechanism. Thus, more efforts are needed in developing new
polymeric gels.

In this study, we will introduce the latest results in finding novel polymeric gels that can
be used for the separation of SWCNTs.
Considering the current two gels are 24

polysaccharides, we focused our screening on

polysaccharide polymers. Several kinds of  __ ,

water  soluble  polysaccharides were =

cross-linked to get their corresponding gels. E

The gels were proved to be effective for the g 16

M/S separation. Fig. 1 shows the optical -

absorption spectra of M- and S-SWCNTs that 6 12

were separated by the newly developed guar a

gum gel. In contrast, water insoluble < 0.8

polysaccharides were examined to be ] Metal 7
ineffective for the M/S separation. This 0.4 — T
research reveals the importance of gel o0 500 700 9500 1100 1300
wettabilities and provides us a general strategy Wavelength (nm)

to modify water soluble polymers for M/S Figure 1. Normalized optical absorption spectra
separation. The variety of the newly developed of pristine SWCNTs and separated M- and

gels will contribute to both scientific
researches and industrial applications.

This work was supported by JSPS
KAKENHI, grant no. 25220602.

S-SWCNTs using a new guar gum gel.

[1] C. Y. Khripin et al. J. Am. Chem. Soc. 135, 6822-6825 (2013).

[2] S. Ghosh et al. Nat. Nanotechnol. 5, 443-450 (2010).

[3] H. Liu et al. Nat. Commun 2, 309 (2011).
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Utilizing a caged electron spin of an endohedral metallofullerene for
molecular location sensing
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Location recognition in molecular-scale provides valuable information on positional
relationship, absolute conformation and dynamics of molecules. This information is critical to
elucidating biological processes and understanding the nature of functional molecular materials.

Endohedral metallofullerenes are promising nano-materials including that for spatial
location recognition [1], because the caged metal is uniquely isolated from the outer
environment and rarely escapes from the fullerene cage even in extreme conditions, such as
strongly acidic media and high temperature. Such stability makes them the preferred molecular
probes in a variety of materials ranging from biological systems to industrial chemicals.

In this study, we present a novel molecular location sensing approach based on an endohedral
metallofullerene, Ce(@Cso, using its anisotropic magnetic properties which lead to temperature-
dependent paramagnetic shifts in 'HNMR spectra [2] (Fig.1). To achieve this concept, five site-
isomers of Ce@Cs2CH>-3,5-CsH3sMe: (1a-e) were chemically synthesized by a radical coupling
reaction [3]. The temperature-dependent shifts, which are induced by the magnetic anisotropy
of the caged Ce, in 'H-NMR spectra of the isomers were clearly characterized by means of
experimental molecular structural analysis and theoretical calculations using density functional
theory. Detailed numerical analysis of the shifts using suitable statistic criteria successfully
located the relative position of the nearby hydrogen atoms from the inside Ce atom. These
results evidenced that the paramagnetic shifts based on the anisotropic magnetism of the
encapsulated metal atom can be used for molecular location recognition.

Location
recognition

" NMF | Analysis
shifts + model of
‘ = the addend

Fig. 1 Schemes for (left) synthesizing Ce@Cs,CH2CsH3Me, and (right) location sensing by the fullerene.

References: [1] For a review; M. Yamada et al., Bull. Chem. Soc. Jpn., 2014, 87, 1289. [2] Y. Takano et al., J. Am.
Chem. Soc., 2016, 138, 8000. [3] Y. Takano et al., J. Am. Chem. Soc., 2008, 130, 16224.
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Recently, we separated 12 (n,m) enantiomers of single-wall carbon nanotubes (SWCNTSs)
[1], which showed two times higher circular dichroism (CD) intensities than the reported
value in the previous work [2]. However, we could not estimate the enantiomeric purity (EP)
of SWCNTs because the available evaluation method was not reported to date.

In this study, we report an available
evaluation for the EP of (6,5) SWCNTs ' 650
using chiral flavin mononucleotide

600

(FMN) [3] for the first time. Two (6,5) 8 S
enantiomers (defined as (+) with a § 7 20

. . . 5 R 650
negative Ez» CD signal and (-) witha @ u
positive one), which were separated by < us' 600
gel chromatography, were dispersed in IRe “7% 550
FMN solution after removing the 950 1000 1050 950 1000 1050
initial dispersant. Figure 1 shows the Wavelength (nm) E1y Emission (nm)
optical ~ absorption  spectra  and Figure 1. Optical absorption spectra (left) and PL
photoluminescence (PL) excitation- excitation-emission maps (right) of (+)- and (-)-(6,5)

emission maps of (—|—)_ and (_)_(6’5) SWCNTs dispersed in FMN solution.
SWCNTs dispersed in FMN solution.
Difference in Ei1 wavelength between (+)- and (-)-(6,5) was clearly observed. This is
probably attributed to the non-equivalent local environments induced by the chiral FMN
which possessed unequal affinities for (+)- and (-)-(6,5) SWCNTs. This difference enables us
to distinguish (+)- and (—)-compositions contained in enantiomeric mixture. By a conventional
peak decomposition procedure, the EP of (6,5) SWCNTs was successfully estimated based on
the integrated intensities of the fitted Ei1 optical absorption peaks of (+)- and
(—)-compositions (78% and 75% for (+)- and (-)-(6,5) samples, respectively, shown in Figure
1). Furthermore, we confirmed that the estimated EP is proportional to the CD intensity,
which allows us to estimate the EP of (6,5) SWCNTs simply from the CD intensity. Because
we know that CD intensity depends on the diameter of SWCNT and wavelength of the
incident light, we can try to estimate the EP of the other chiral (n,,m) SWCNTSs using present
result for (6,5).

This work was supported by KAKENHI No. 25220602.

[1] X. Wei et al. 49th FNTG Symposium 2-5, p28 (2015)., X. Wei et al. (2016) submitted.
[2] S. Ghosh et al. Nat. Nanotechnol. 5, 443-450 (2010).

[3]S.Juetal. J. Am. Chem. Soc. 134, 13196-13199 (2012).
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Growth of dense carbon nanotube (CNT) forest on conductive supports by chemical vapor
deposition (CVD) is of great importance for variety of applications such as sensors,
interconnects in LSI, and heat dissipation devices. The growth on conductive supports is
generally more challenging than that on insulating supports. This mainly comes from the
difficulties of the formation of catalyst nanoparticles, therefore we need to engineer the
catalyst/support systems. On the other hand, lowering the process temperature during CVD,
which is typically ~800 °C, is another key issue since versatile substrates are available.

Here we report low temperature (450 °C) growth of dense CNT forests on Cu conductive
layers using two types of catalyst/support systems. One is the CNT forests with a record high
mass density of 1.6 g cm™ by Co-Mo catalyst on Ti supports (Fig. 1a, b) [1, 2]. The density is
controllable with Mo thickness, and the forests can be patterned with a pitch of ~400 nm and
a line width of ~200 nm due to their highly packed morphology (Fig. 1¢). The growth kinetics
is investigated in detail, and it has been found that the morphology of the forests change
drastically before the growth termination. The : .
morphology change comes from the structure (a) W[_tﬂhOUt» MO# (b) with Mo
change of catalyst nanoparticles. i b ' by o

The other dense CNT forest is the one
grown by Co/Al/Mo multilayer catalyst system 0.34 gcm* 1.6 gcm?
(Fig. 2) [3]. The 0.5 nm Al layer between Co
and Mo acts as a barrier layer partially
preventing Co-Mo interdiffusion. The CNT
forests consist of tubes with extremely narrow
inner spacing. The forest shows the thermal
effusivity of 1840 J m? s% K' and the
thermal conductivity of 4.0 J s’ m' K7,
suggesting the forest is potentially useful for
the heat dissipation devices. The growth Fig. 1: CNT forests grown at 450 °C on Ti-coated Cu
mechanism and the kinetics of dense CNT layer with (a) Co catalyst and (b) Co-Mo catalyst. (c)

£ ts will be di d Patterned CNT forest with the pitch of 400 nm and a
orests will be discussed. line width of 200 nm,

[1] H. Sugime et al., Appl. Phys. Lett. 103, 073116 with Al (partial barrier layer) without Al

(2013). - .,‘_-g-q- —— i ;r ] :
[2] H. Sugime et al., ACS Appl. Mater. Interfaces 6, . . : !
15440 (2014) T,D:Iemmémem;tp::? 3 3 !
[3] H. Sugime et al., ACS Appl. Mater. Interfaces 17, e . M‘n_lc i dense f‘:'e“ i:‘;‘i’i‘;’;?;’:r::t?;::

16819 (2015).
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Fig. 2: SEM image and schematic of dense CNT
forests with Co/Al/Mo catalyst.
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Hydrogenation properties of supported metal nanoparticles on graphene
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We have reported that Fe nanoparticles on graphene can absorb hydrogen at low temperature by
density functional theory (DFT) calculation [1]. In this work, we have experimentally investigated the
hydrogenation properties of metal nanoparticles of Fe, Ni, Cu and Au on graphene. The metal
nanoparticles were evaporated on single layer graphene on Cu substrate by vacuum evaporation
method. The samples were hydrogenated under 1.0 MPa of H,, for 10 min, at -196 °C, 100 °C, and
dehydrogenated from R.T. to 400 °C and analyzed using mass spectrometer (MS). The hydrogen
desorption was observed around 1600 °C for Fe, around 150 °C for Ti, and not observed for Au.
Observed hydrogen desorption was caused by metal nanoparticles because we could not observed

hydrogen desorption when we performed same experiment to graphene on Cu substrate.

3

[}

b

h=4

[}

c

i 8 |FelG
£
QW
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100 200 300

Figure Temperature / °C

TEM image of Fe nanoparticles on graphene (left)
Hydrogen MS profiles of each Fe, Au, Cu and Ni nanoparticles on graphene (right)

[1] K. Takahashi et al., Low temperature hydrogenation of iron nanoparticles on graphene, Scientific

reports, 4: 4958 (2014)
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Metal Phthalocyanine/Reduced Graphene Oxide Hybrid
Electrocatalyst for cathodic Oxygen Reduction Reaction

Ce g .1 C g . 1 Cq . 1
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Pt/C is the best electrocatalyst for cathodic oxygen reduction reaction (ORR) in fuel cells
and metal-air batteries. However, high cost and limited reserve will be problem in the mass
production. Therefore, development of highly efficient and stable Pt-free electrocatalyst is
required. MPcs exhibit positive charge and have attracted a great deal of attention for a wide
variety of applications owing to their versatile functional properties, which depend on the
central metal ion. We proved that an iron phthalocyanine (FePc)-based catalyst exhibits high
activity for ORR at an alkaline condition[1]. GO exhibit negative charge and have electric
insulation owing large amount of oxygen functional groups, while removal of these groups by
a reduction process. Reduction changes insulating GO into conductive rGO that have
graphene-like sp’ domains. In this work, presents the electrocatalytic activity for ORR of
MPcs/GO hybrid catalyst.

GO was prepared by Hummers’ method. A GO dispersed (0.5 g L) in
N,N-dimethylformamide. A solution of MPcs (0.5 g L") was prepared by adding FePc
powder to chloroform and subjecting the resulting mixture to ultrasonic treatment for 30 min.
The mixed solutions were dipped on glassy carbon electrode, and vacuum drying. Then, the
MPcs/GO/GC electrodes were reduced for 10 min at -1.1 V (vs. Ag/AgCl) in 0.1 M Na,SOa.
Samples were tested as electrodes for the ORR in 0.1 M KOH saturated with O,. Pt wire and
Ag/AgCl electrodes were used as the counter and reference electrodes, respectively.

The CV results (Fig.1) shows that the FePc/rGO hybrid offered a higher peak reduction
potential than 20 wt% Pt/C. Moreover, the onset potential of FePcOC¢He¢/rGO and
FePcOCH3/rGO were observed at +0.06 V and +0.02V (vs Ag/AgCl), respectively. These
results suggested that FePcOCsHs/rGO and FePcOCH;/rGO indicated high ORR catalytic
activity in alkaline electrolyte. XPS results showed that most of Fe where complex were
central metal was left in FePcOCsHgs/rGO

and FePcOCHs/rGO by electrochemical T . a
reduction of the samples. Furthermore, Fe in o Ly '\..--’( T
the FePcOC¢Hys/rGO and FePcOCH;/rGO ) !
was confirmed that the Fe*'is dominant. T 10
However, this problem need more %
investigation and is still open to discuss. £ 20 4
Funding and sample offer form ADEKA ] g
corporation are gratefully acknowledged. FePcOCH3/rGO
FePcOCg¢Hg/rGO
w0 : : : : .
[1]T. Taniguchi et al. Part. Part. Syst. Charact. 30, 03 02 01 0 01 0.2

Potential(V vs Ag/AgCl)

Fig.1: CV results in O,-saturated 0.1 M KOH.

1063 (2013).
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electrocatalysts

oMasaru Katol’z, Marika Mutoz, Ichizo Yagil’2

IFacully of Environmental Earth Science, Hokkaido University, Sapporo 060-0810, Japan
? Graduate School of Environmental Science, Hokkaido University, Sapporo 060-0810, Japan

Oxygen reduction reaction (ORR) is a key reaction in energy conversion devices such as
polymer electrolyte fuel cells (PEFCs). In PEFCs, platinum group metals (PGMs) are widely
used as cathode materials to electrochemically catalyze the ORR. PGMs, however, are rare
and expensive, and should be replaced by non-PGM electrocatalysts for the widespread
commercialization of PEFCs. Intensive efforts have been devoted to developing non-PGM
ORR electrocatalysts such as Fe- and Co-based electrocatalysts and one of the promising
synthetic approaches to them is pyrolysis of metal, nitrogen and carbon precursors."”
Compared with Fe- and Co-based electrocatalysts, much less Cu-based electrocatalysts have
been reported,” ! even though an enzyme of Laccase efficiently catalyzes the ORR at the
active center of a trinuclear copper complex.'®

Herein we report synthesis, characterization and ORR catalytic activity of a Cu,N-codoped
carbon electrocatalyst (r[Cutrz/GO]) synthesized in pyrolysis from a trinuclear copper
complex with a nitrogen-rich ligand of 1,2 4-triazole (Cutrz)!”' as the metal and nitrogen
source and graphene oxide (GO) as an carbon source (Fig. 1). Cutrz, which has a trinuclear
metal core, was inspired by the catalytic active site of Laccase. We used GO because we
expected that the heating treatment reduced GO involving incorporation of copper active sites
into conductive carbon sheets.!"*!

Linear sweep voltammetry of r[Cutrz/GO]
recorded in a pH range from pH 1 to pH 13 under

oxygen revealed that the ORR activity of + /<J\
r[Cutrz/GO] increased with increasing pH and the ” f“(N:[:N)”ﬁ
activity at pH 13 was higher than that of Pt/C. S
Physical chemical measurements including X-ray cur
photoelectron spectroscopy and X-ray absorption THo00-c, 455 "eutrEeol
fine structure spectroscopy demonstrated that the underAr

pyrolysis process involved not only the reduction of Fig.1:  Synthetic  procedure  of
graphene oxide but also incorporation of unsaturated r[Cutrz/GO]

. 2
copper cores into sp~ carbon networks.

[1] M. Lefévre et al., Science. 324, 71 (2009). [2] G. Wu, K.L. More, C.M. Johnston, P. Zelenay, Science. 332,
443 (2011). [3] M.S. Thorum, J. Yadav, A.A. Gewirth, Angew. Chem. Int. Ed. 48, 165 (2009). [4] M. Kato et al.,
J. Phys. Chem. C., in press. DOI: 10.1021/acs.jpcc.5b11663. [5] M. Kato et al., Phys. Chem. Chem. Phys. 17,
8638 (2015). [6] N. Mano, V. Soukharev, A. Heller, J. Phys. Chem. B. 110, 11180 (2006). [7] T. Yamada, G.
Maruta, S. Takeda, Chem. Commun. 47, 653 (2011). [8] K. Kamiya, K. Hashimoto, S. Nakanishi, Chem.
Commun. 48, 10213 (2012).
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Proton/electron mixed conductors with high electrical and protonic conductivities enable
various applications such as fuel cells, supercapacitors and gas separation membranes.
Perovskite-type oxides such as BaCeOs, LaYbO; and LagWO,, are most commonly used as
mixed conductors. However, these materials only act at higher temperatures (> 650 °C). To
overcome these problems, heterogeneous mixtures of electron and proton conductors have
been reported to produce mixed conductors that function at room temperature. A Nafion based
membrane hybridized with carbon showed proton and electron conductivities of ~10°-10* S
em™ and ~107 S cm™, respectively, at room temperature. However, in such heterogeneous
mixed conductors, carrier transport is limited by phase boundaries, making it substantially
difficult to obtain high mixed conductivities. Thus, it is desirable to develop single phase
mixed conducting materials where diffusion paths of charged carriers are interconnected in
the molecular scale.

Graphene oxide (GO), the oxidized form of graphene, shows high proton conductivity
becaus of its large amount of oxygen functional groups. While it is well-known that reduced
GO (r-GO) acts a good electron conductor becaous its sp’ domains gradually expand by
reduction process. Herein, we demonstrate the successful control of the proton and electron
conductivities of GO using the photoirradiation and thermal reduction processes [1]. The
proton conductivity decreased when the layer distance decreased, whereas the electron
conductivity drastically increased with decreasing oxygen content. We also discovered that
photo or thermally reduced r-GO films act as a good proton/electron mixed conductor at room
temperature. In this case, electrons transfer through r-GO planes, while protons diffuse into
the interlayer (Fig. 1). This single phase mixed conductor showed both the proton and
electron conductivities of ~10* S cm™ under high /rGO layer
humidity conditions. Moreover, we were successful to € —>« = “ - h‘, -
incr'ease thqse conduct@vitie.s ~2-3 orQer magnitudes H'f\n,/""\‘/""\_’,)\“ ,i.ﬂq,,-i’\, H*
by introducing sulfate ions into r-GO interlayers [2]. ’ : ’

: e- ~ ] I -
Among mixed conductors reported, the developed _:. . oy .~ ‘_*e
r-GO films exhibited the best performance at room H*=" Sy—d !“‘.'\aj“' s g1
temperature, demonstrating their feasibility for € — ". DL - fee— "

various  applications such as fuel cells,

° . Fig. 1 Schematic model of
supercapacitors and gas separation membranes.

electron and proton mixed

conduction in r-GO film.
[1] K. Hatakeyama et al. Chem. Mater. 26, 5598 (2014).

[2] K. Hatakeyama et al. J. Mater. Chem. A 3, 20892 (2015).
Corresponding Author: K. Hatakeyama

Tel: +81-96-342-3659, Fax: +81-96-342-3679,
E-mail: kazuto@kumamoto-u.ac.jp

-31 -



2-11

Threshold shift of diamond electrolyte-solution gate field-effect transistor
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Diamond surface has wide potential window and is biocompatible, it is useful for bio- and
chemical- sensing. We have investigated the electrolyte-solution gate field-effect transistors
(SGFETs) with diamond channell!!. Hydr