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does not use platinum. We have previously reported that pyridinic nitrogen forms an active site in
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bottom-up catalyst design using pyridine-type nitrogen-containing molecules is possible. It was
also clarified that hydrophobicity in the vicinity of pyridinic nitrogen is essential for improving
the catalytic activity.

DFT



(CNT)

Pt
Pt
2004 Pt CNT 2009
Pt Nano Letters
O2+4e+4H" - 2H0 1
| ToorarmER | [ Eusemzx |
2016 1  Science \ /
— o
N:5.48 at%
2021 6
2300 . —
';;6-\‘,:;4 4(;2 4(‘]0 3!;8 3;6"‘3;4“—-35;2
Binding energy (eV)
N1s X
Pz (XPS) N 1s
Pz
Pz
ST™M STS
3

STM STS

CO,

NaCl
MEA
XPS XRD

SEM



~
N =
2 [a.c] ( A
DA ) DA DA
(HOPG)
3 ST™M
DA 26 kcal/mol
1t -CH
4 DA/HOPG pyri-HOPG
(a)  450m x 450m (b) U I B : ]
k:
<
£
%
5
S 1
-15 —
| clean-HOPG
: —— 1.5 at. % DA/HOPG| |
-18 - ---- pyri-HOPG u
il IR NI BT B
01 02 03 04 05
Potential (V vs RHE)
HOPG
ORR ( ) clean-HOPG
() 15 at%DA/HOPG
Mom
750
5 NaCl
NaCl
NrGO: N-doped reduced graphene oxide caged-NrGO
XPS
SEM caged NrGO
caged-NrGO 127° NrGO 92°
caged-NrGO
MEA caged-NrGO  NrGO
0z

pyri-NH*



>

Intensity (a.u.)

Intensity (a.u.)

2D stacke
graphene sheets

caged-NrGO

G NrGO
IIIIIII|IIIIIIIIII|IIIIIIIIIIII]IIIIIIIIIII|IIIIIIIIIIIIII

1000 1500 2000 2500 3000
Raman shift (cm™)

ATTTIN NI RRRRNRRNA RRRRARRRNE A AN A RN U]

408 404 400 396 392

Binding Energy (eV)

Stirring

Drying at 80 °

Wrapping of GO over§

NaCl crystals

NaCl Crystals

3D Morphology, Porosity
Induced Hydrophobicity

NrGO

3D N-dopdporous graphene
Caged NrGO

GO@NaClCrystals
(GO@NacCl)

NrGO@NacCl Crystals




4 4 0 0

Takahashi Ryota Harigai Toru Tanimoto Tsuyoshi Takikawa Hirofumi Setaka Toshiya Nakamura 102

Junji Suda Yoshiyuki

Nitrogen doping of carbon nanoballoons by radiofrequency magnetron plasma and evaluation of 2019

their oxygen reduction reaction activity

Electronics and Communications in Japan 3 10
DOl

10.1002/ecj .12172

Takeyasu Kotaro Nakamura Junji 2019

Local electronic structure and activity of nitrogen-doped carbon 2019

TANSO 204 210
DOl

10.7209/tans0.2019.204

Santosh K. Singh, Kotaro Takeyasu, Junji Nakamura 31

Active Sites and Mechanism of Oxygen Reduction Reaction Electrocatalysis on Nitrogen- Doped 2018

Carbon Materials

Advanced Materials 1804297
DOl

10.1002/adma.201804297]

Riku Shibuya, Takahiro Kondo, Junji Nakamura 10

Bottom- Up Design of Nitrogen- Containing Carbon Catalysts for the Oxygen Reduction Reaction 2018

ChemCatChem 2019-2023
DOl

10.1002/cctc.201701928]




42 16 13

59

2019

Kotaro Takeyasu

Effective local structure and reaction mechanisms for bottom-up designed metal-free ORR catalyst

International Congress on Pure & Applied Chemistry Yangon (ICPAC Yangon) 2019

2019

Recent improvement of N-doped graphene catalysts for oxygen reduction reaction by hydrophobization

2019

124

2019




, S. K. Singh, , s

NIMS 2019

2019

2020

2020

Active site of nitrogen-doped carbon catalysts for fuel cell

59

2020

124

2019




, SINGH, Santosh,

124

2019

, SIINGH, Santosh,

124

2019

, SINGH, Santosh,

124

2019

124

2019




pH

2019

2019

2019

2019

2019

2019

2019

2019




13 2019

2019

13 2019 Student prize

2019

Junji Nakamura

Mechanism of Oxygen Reduction Reaction on Nitrogen-doped Carbon Catalysts

AVS 66th International Symposium & Exhibition

2019

Junji Nakamura

Model catalyst studies using surface science techniques

Tailored surfaces in operando conditions

2018




10

2018

Junji Nakamura

Model study of nitrogen-doped carbon catalysts for oxygen reduction reaction

International Congress on Pure & Applied Chemistry Langkawi (ICPAC Langkawi) 2018

2018

, SINGH,Santosh, ,

122

2018

122

2018




s , , SINGH, Santosh,

122
2018
HOPG
2018
2018
2018
2018
, s , Santosh. K. Singh,
2018

2018




Takahiro Kondo, Junji Nakamura

Catalyst Design for Oxygen Reduction Reaction Using Pyridinic Nitrogen-Doped Carbon Materials

233rd ECS Meeting

2018

Moeko FURUKAWA, Riku SHIBUYA, Kotaro TAKEYASU, Junji NAKAMURA

Bottom-up design of ORR catalyst using pyridinic nitrogen containing molecules and carbon nanotubes

The 8th Tokyo Conference on Advanced Catalytic Science and Technology (TOCAT8)

2018

T. Kondo, R. Shibuya, J. Nakamura

Bottom-up design of nitrogen-containing carbon catalysts for the oxygen reduction reaction

34th European conference on surface science (EC0SS34)

2018

T. Akimitsu, R. Shibuya, K. Takeyasu, T. Kondo and J. Nakamura

Mechanism of Oxygen Reduction Reaction Studied with Model Catalysts of Pyridinic-N Containing Molecules on HOPG

31st International Microprocesses and Nanotechnology Conference (MNC 2018)

2018




Junji Nakamura

Fuel cell catalysts using graphene

The 18th International Symposium on Laser Precision Microfabrication (LPM2017)

2017

2017

2017

2017




2017

2017

Junji Nakamura

Active sites of nitrogen-doped carbon materials for oxygen reduction reaction

16th Korea-Japan Symposium on Catalysis & 3rd International Symposium of Institute for Catalysis, KADERU 2-7

2017

Junji Nakamura

Oxygen reduction reaction by pyridinic nitrogen-containing carbon electrocatalysts

ECOSS-33

2017




Riku Shibuya

Oxygen Reduction Reaction of Graphite Decorated by the Pyridinic-Nitrogen Contained Molecules with High Density

American Vacuum Society (AVS) 64th International Symposium & Exhibition

2017

Riku Shibuya

Bottom-up design of N-containing carbon catalyst for oxygen reduction reaction

The 5th Ito International Research Conference

2017

1
Riku Shibuya, Takahiro Kondo, Junji Nakamura 2018
Wiley- VCH Verlag GmbH & Co. KGaA 23

Active Sites in Nitrogen- Doped Carbon Materials for Oxygen Reduction Reaction

http://www. ims.tsukuba.ac.jp/~nakamura_lab/index.html




(Kondo Takahiro)

(70373305) (12102)
(Kanbara Takaki)
(90204809) (12102)




