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Hydrophobic effects of nitrogen doped graphene catalysts on oxygen reduction reaction

(OKaito Homma', Yuuto Endou’, Santosh Singh!, Koutarou Takeyasu', Junji Nakamura'*

!Tsukuba University
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The change of reaction mechanism in pH of N-doped carbon catalyst

OKenji Hayashida' + Yusuke Hikita + Kotaro Takeyasu' * Takahiro Kondo' * Junji Nakamura'”

!Tsukuba University
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361-365 (2016).
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Interaction of water with nitrogen-doped graphene

(OAzim Fitri Zainul Abidin and Ikutaro Hamada"

Department of Precision Engineering, Graduate School of Engineering, Osaka University,
2-1 Yamadaoka, Suita, 565-0871, Japan

Graphene has been one of the most attractive
materials since its discovery, due to the unique structural

properties and usefulness in a broad class of applications.

Doping graphene with foreign elements has also been
investigated to tailor its electronic properties, for
instance, opening up its zero-band gap to provide new
possibilities for more application'>. Among them,
Nitrogen (N) is one of the most frequently studied
dopants especially for modifying the electronic,
transport, and magnetic properties of graphene, in
particular, for improving the catalytic activity of
electrocatalytic oxygen reduction reaction (ORR) in the
fuel cell application’. It was reported that the intrinsic
physico-chemical properties and catalytic reactivity of
N-doped graphene are governed by the N-concentration
and its local structures (e.g., graphitic and pyridinic-N).
However, the role of the N-doping of graphene in
catalytic reaction has not been fully understood. As a
first step to fully understand the origin of the
electrochemical ORR, we investigated the interaction of
water with N-doped graphene by employing density
functional theory calculations, as water is essential in
electrochemistry and electrochemical ORR.

In this work, we used rev-vdW-DF2*, a variant of
van der Waals density functional, which is shown’ to be
accurate in describing the interactions between water
and graphitic materials.

We found that in contrast to pristine graphene, where
the stabilities of different water orientations do not differ
much, stable water configurations differ significantly on
N-doped graphene, depending on the doped N
configurations (Fig. 1). In the case of graphitic-N, water
with oxygen pointing towards the surface is more stable,
whereas in the case of pyridinic-N, water with hydrogen
pointing towards the surface is more stable. Based on
the electronic structure analyses, we concluded that the
graphitic-N is positively charged, whereas pyridinic-N is
negatively charged, and that the charge state of doped N
is determining factor of the stable water configurations.
We anticipate that our results have great implication to
the interaction between water and doped graphitic
materials, such as graphene, carbon nanotube, and also
to the electrochemical reactions on the graphene-based
catalyst, and will be useful in the modeling of the
interface between water and N-doped graphitic materials,
in particular, by classical force fields. In this talk,
interaction curves and electronic structures of water in

©The Japan Society of Vacuum and Surface Science

*E-mail: ihamada@prec.eng.osaka-u.ac.jp
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Fig. 1.
graphitic-N, and pyridinic-N structures as functions of
water-surface distance. The most stable water orientations
for the pristine graphene (left), graphene with graphitic-N
(center), and graphene with pyridinic-N (right) are shown in
the lower panels. H, C, N, and O atoms are represented by

white, brown, silver and red spheres, respectively.

different configurations on different graphene structures
will be discussed in great detail.
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Surface reactions of 2D materials controlled by field-effect transistors

ORyo Nouchit?*

!0saka Prefecture University, 2Japan Science and Technology Agency
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Elucidation of surface molecular processes by in situ core-level spectroscopy

OMHiroshi Kondoh'*

1Keio University
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In situ electron microscopy of laser heating formation dynamics of carbon nanotubes
supporting molybdenum carbide particles
OTomoya Egoshi”, Naoki Uemura, and Tokushi Kizuka

University of Tsukuba
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Structural analysis of reduced molybdenum oxide catalyst for light-assisted reverse
water-gas shift reaction
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Fig. 1. The relationship between the CO evolution rates in

the reverse water gas shift reaction over Pt/HMo0Os.(T)

and the stoichiometry of the oxygen vacancy (y)

determined by TG analysis.
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Preparation of Reduced Titanium Dioxide Assisted by Hydrogen Spillover
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Fig. 1. H,-TPR profiles of (a) Pt"/TNR, (b) TNR. Fitting
curve spectra overlap the obtained spectra displayed with

plots.
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Synthesis of hetero-dipeptides using a dry-wet cycle on a mineral
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