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Function as a Research Center for Catalysis Community
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In the beginning of the fiscal year 2020, | would
like to say a few words.

The establishment of the institute can be dated
back to 1943 when the Research Institute for
Catalysis was established in Hokkaido Imperial
University. The Institute was restructured as
Catalytic Research Center in 1989 and further into
the present form, Institute for Catalysis (ICAT) in
2015. The department of fundamental research is
responsible for the research and development of
innovative catalysts. The department of practical
applications aims at transferring the achievement
to the industrial application and at creating
technological seeds inspired by the industrial
needs. The department of target research is
driven by associate professors. Researchers
outside ICAT even from foreign countries are
collaborating on specific important problems.
Catalysis Collaborative Research Center provides
cooperation units to adapt to the social imperatives
that is rapidly changing due to not only scientific
and technological trends but also politics and
economics inside and outside Japan.

In 2010, ICAT was authorized as a Joint Usage/
Research Center by the Ministry of Education,
Culture, Sports, Science and Technology (MEXT) of
Japan. Since then, ICAT has provided financial and
technical supports to the collaboration proposals
from the catalysis community. This project is open
to international collaborations. About 10 % of the
adopted proposals are from worldwide catalysis
community.

ICAT also participates a MEXT project, Integrated
Research Consortium on Chemical Sciences,
that is jointly organized by Nagoya, Kyoto,
Kyushu Universities. This project aims at unifying
the concept of materials and synthesis at the
interdisciplinary level and also at cultivating young
talents.

Since problems on natural resources and
environment become more and more prominent,
developments in material transformation, energy
conversion, and environmental protection will be
essential not only for our affluence but for the
foundation of life on earth. However, the financial
situation for promoting scientific researches is still
in a severe condition. Active researches, which are
now being conducted throughout Japan at various
phases, is not necessarily conducted with sufficient
financial and technical supports. Institute for
Catalysis Science will serve as a center for catalyst
research community through the Joint Usage/
Joint Research Project. We look forward to your
cooperation, guidance, and encouragement.

Jun-ya Hasegawa
Director of Institute for Catalysis
April 2020
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Observe, Think, Create and Manipulate Surfaces
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Kiyotaka Satoru Hiroko

ASAKURA TAKAKUSAGI ARIGA-MIWA
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Fig. 1. Ultra-fast XAFS measurement of WO; after
photoabsorption and possible distortion. W-O1 or W-
02, the shortest bond, is further contracted.

Our missions are to develop unique surface analysis
techniques, to observe the catalytically active solid
surfaces on an atomic level, to reveal the reaction
mechanisms, to make the catalytically interesting surfaces
and to manipulate the surface reactions. We applied the
accelerator-based beam techniques such as synchrotron
radiation, positron, muon and X-ray free electron laser to
the characterization of the surfaces. We have developed
a new method such as bond-specific method, MARX-
Raman (Multi Atom Resonance X-ray Raman) XAFS.
We have carried out theoretical analysis collaborating
with Chiba University Team. In addition, we found a new
signal enhancement of the Nitrogen Raman at the onset
of Ga K-edge of GaN single crystal as shown in Figure
2. Figure 1 shows the Ultrafast XAFS using X-ray free
electron laser (XFEL) which has revealed the structural
distortion of WO, after the photo irradiation. The other
activities are electrochemical and surface science studies
of Ni,P single crystal, theoretical analysis of TiO,(110) 1 x
2 structure and operando polarization dependent XAFS of
highly dispersed metal species on the flat and well-defined
surfaces.
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Fig. 2. The N K-edge X-ray Raman enhancement
effect of onset of Ga K-edge in GaN. Red and Green
lines in right frame are Raman spectra excited at
10.367 eV (onset) and 10.361 eV, respectively.
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Catalysis Theory Research Division
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Theoretical and Computational Approach to Catalytic Principles
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Fig. 1 Catalytic reactions at a Pt-TiO, interface
under a bias field.

To understand complex mechanisms in catalytic
processes, we are developing accurate theories for
describing electronic structures in complex molecular
systems, the QM/MM methods for large molecular
systems, the first-principles molecular dynamics
simulations for reaction dynamics, and analytical methods
based on quantum and statistical mechanics. These
methods are applied to various catalytic reactions involving
organic, transition-metal, and heterogeneous catalysts.

Our current research focuses on the following topics:

1. Mechanism of hydrolysis by carbon catalysts.

2. Mechanism of ethylene oxidation with Pt/
mesoporous SiO, catalyst.

3. Catalytic reactions with supported metal clusters
under a bias field.

4. Computer-aided catalyst design for methane
activation.

5. Mechanism of transition metal-catalyzed
hydrosilylation reactions.

6. Reaction mechanism of activation of inert
molecules by metal cluster catalyst.

Rearrangement Pathways of Au,0,
(" agse st
TS
TS, & ﬁ
N
4

TS

“\

INT,

)

Fig. 2 Rearrangement pathway of gold clusters with
a O, molecule.
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Catalytic Transformation Research Division
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Molecular Design of Heterogeneous Catalysts and Their Application for Utilization of Natural Resources
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Fig. 1 Conversion of cellulose to soluble (3-1,4-glucans
and glucose by a carbon catalyst in a flow reactor.
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Our strategy is molecular design of heterogeneous
catalysts and their application for utilization of natural
resources. We study conversion of non-food biomass
including lignocellulose biomass and chitin, a marine
biomass, to valuable chemicals by heterogeneous
catalysts. Air oxidation of woody biomass provides a
weakly acidic carbon that hydrolyzes the woody biomass
to soluble B-1,4-glucans and monomeric sugars in flow
systems (Fig. 1). Another topic is to develop zeolite-
supported metal catalysts that selectively produces syngas
(CO + H,) from methane at reaction temperatures below
650 °C.

Our interest also includes catalytic application of
mesoporous materials. We reported high activity of Pt/
mesoporous silica in low temperature oxidation of ethylene
to CO, (Fig. 2). This catalyst is practically used in the latest
models of refrigerators to mitigate aging of vegetables
and fruits. We are aiming for application of the catalyst in
industrial food storage.
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Fig. 2 Proposed mechanism for low-temperature oxidation
of ethylene over Ptmesoporous silica.

. <

"

&
80,



ARYRAA R AT EBFT

Catalyst Material Research Division
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Design of Multifunctional Catalysis for Ideal Synthesis and Automotive Pollution Control
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Takashi TOYAO
S. M. A. Hakim SIDDIKI

Our aim is to design new heterogeneous catalysts
for green organic reactions and automotive pollution
control with minimum use of precious metal resources.
Mechanistic and structural studies by various in situ
spectroscopic methods establish the structure-activity
relationship, which provides fundamental aspects
for catalyst design. We have found that creation of
multifunctional active sites at Metal-Metal or metal-support
interfaces is a key factor for design of novel catalysts.
We utilize computational and data science in addition to
the aforementioned experimental findings to contribute to
improvement in global energy and environmental situation
by developing heterogeneous catalysts with innovative

functions.
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Photocatalysis Research Division
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Design, Fabrication and Characterization of Photocatalyst Particles and Clarification of Mechanisms
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Fig. 1
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Bunsho Ewa Mai

OHTANI KOWALSKA TAKASHIMA

We are aiming to design, fabricate and characterize
photocatalyst particles and to clarify the mechanism of their
photocatalysis. (1) Reversed double-beam photoacoustic
spectroscopy (RDB-PAS) (Fig. 1) for evaluation of energy-
resolved density of electron traps in sample particles has
been developed and shown to be a unique comprehensive
identification and evaluation method for almost all metal
oxides not limited to photocatalysts. (2) Light-intensity
dependences were examined using ultrahigh-intensity
continuous monochromatic light sources to find electron
transfer mechanism depending on the density of electrons
or holes in a particle and co-catalytic action of loaded
noble metals. (3) Preparation of highly "pure" titanium(lV)
oxide (titania) photocatalyst particles with decahedral (Fig.
2) and octahedral shapes by coaxial flow-type gas-phase
reaction and modified hydrothermal method, respectively.




= FHEEET FTRFTERF]

Macromolecular Science Research Division OF,
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Structural Control of Polymers and Supramolecules Leading to Advanced Materials
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Fig. 1 Structure of poly(dibenzofulvene), the
first T-stacked vinyl polymer.

-

Our research activities encompass synthesis and
characterization of polymers having controlled structures
and supramolecules. With design concepts focusing on
“macromoleuclar chirality” in mind, we conduct synthetic
research work targeting helices, 1-stacked conformations,
hyperbranches, and cross-linked gels as well as structural
With such ordered
structures in hand, we aim at creating advanced functional

regulation of supramolecules.

materials showing catalytic activities, photo emission,
photo-electronic functions, non-linear optical properties,
separation functions, and pharmaceutical activities.

As an example of our achievements, m-stacked
conformation was constructed and elcucidated for
poly(dibenzofulvene), vinyl polymer, for the first time (Fig.
1). Based on the m-stacked structure, this vinyl polymer
shows valuable photo electronic properties that have been
thought to be unique to main-chain conjugated polymers.
Another goal is to create a polymer helix, a most important
structural motif of polymer chain, we have, for the first
time, prepared a single-handed helix of polymers on the
basis of chirality of light (circularly polarized light) in a
reversible manner. This achievement is expected to trigger
various CPL-based preparation methods to create a wide
variety of chiral polymers (Fig. 2).

Fig. 2 Creation of polymer helix by circularly
polarized light (CPL).
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Reinforcing the Collaboration of Government, Industry and Academia
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The Research and Development Division was started
at the Institute for Catalysis (ICAT) Hokkaido University
in 2014 guided by the Ministry of Education, Culture,
Sports, Science and Technology (MEXT). At the end of
2014, Hokkaido University and the National Institute of
Advanced Industrial Science and Technology (AIST) drew
up a contract to realize the cross-appointment system
to reinforce the government-industry-academia network.
In 2015, | was appointed the leader of the Hokkaido
University Cross-appointment Team, which was set up
in the Interdisciplinary Research Center for Catalytic
Chemistry AIST. Then, with the cooperation of ICAT,
AIST and Riken (the Institute of Physical and Chemical
Research), we launched the project named “Catalyst
Informatics.” The Artificial Intelligence Research Center
AIST helped facilitate and drove the project. In 2017, the
National Institute for Materials Science (NIMS) joined
the project. In 2019, “Catalyst Informatics Symposium,
-Catalyst Research Accelerated by Interdisciplinary
Fusion-" was held in the collaboration with ICAT-Riken-
AIST- NIMS. In 2020 ICAT will organize the symposium.

Mission of the R&D Division

Reinforcing government-industry-academia collaboration

Business

Government
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Research Cluster for Sustainable Catalyst
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Developing Fundamental Resources for Catalysis Research

Cluster Leader: R&JI3Z M (un-ya HASEGAWA)

Member: 2B B (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
5B IKERF— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
FEEHZFE DA (Mayumi NISHIDA, ICAT, Hokkaido Univ.)

AR F R D SCImA T Z e - SR I D TCHDHIE

BEREZAEBRNICEMR/IDCE ARBIZI2I S —&
DRFRB ARG ZRE - BEI DT & MERZFCSIT
DITFRRIEZ MBS (CRABI DI EZENE LIZSEE
Z112.
AT FIIVAREZ . FEaEQHRCA T Rl
FHEOIRE & I DEMERIFRANOMATR ZHEE - XIET D
MRSEREKIMET OIS LAEE . HEAEAIAE
BB L, HREDAMEN. MRARZIEZT D,

AR —HINR—REBE . MET —HIX—ADIBEZ ik
L. BT DAERIFRIMZEARIE T D &I,
HERBEREVUTCFVYIVURAN - A2 TAIT A TAD
REZTRT D,

fBESZ (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
KB XEE (Bunsho OHTANI, ICAT, Hokkaido Univ.)
I EFIR (Tamaki NAKANO, ICAT, Hokkaido Univ.)

This cluster is aiming at promoting advanced catalysis
research. Our projects are to develop and maintain both
hard and soft infrastructures in the institute, to promote
and enhance the collaborations and cooperation in the
community of catalysis science and engineering, and to
develop the forefront of the interdisciplinary area related
to catalysis. (1) Sustainable catalysis research project is
to promote and support advanced catalysis researches
as well as to introduce transcendental approaches
in catalysis. (2) Training and education program is
to contribute in developing human resources and in
outreach activities to the society. (3) Database project
is to accumulate experimental and XAFS information of
catalytic systems and to develop catalysis informatics.
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Fig. 1. Top page of the web site of the catalyst database
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Research Cluster of Well-Defined Surface Nanostructures

RISHIHDIZSHDMBRE T J 1BIE
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Create and Observe Well-Defined Surface Nanostructures for Precise Reaction Control

Cluster Leader: EEARIE (satoru TAKAKUSAGI)

Member: 5E7KEH—  (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
JAAR—Z= (ichizo YAGI, Hokkaido Univ.)
/iﬂﬂ /|:| (Koji TSUDA, The Univ. of Tokyo)
JRE T (Kenji HARA, Tokyo Univ. of Technology)
M (Takuya MASUDA, NIMS)
JEEEBNER  (Toshihiro KONDO, Ochanomizu Univ.)

BEORESNICEE Y EERREZHEED FOE

B THAL BT D2 & T, well-defined REEF /&
B ZEEERT D, EAE bRV RS R T H
K XAFS sEZFWTREF LA TOBSETEMEEITO.
JiEE R OMEREICR T DB EBE T D, T,
ERUZBRZEBZEEICEKDETIVIEL. KDEEHE
7RI T/ BEOERFRIZERAD.

Bty EDEE ST /RF (HEFEEMEEECHEL
TERR AR IRRMBUIISRAEN TV, BEMNMRCDYT <,
WP OSRI— (BAZXHA 1L nm UTF) =#E—(C+H7R
EEFIICENH UL, UMV EMEREZ. H5H
UhEEEE<HEEFERATIBHREEET I DHMEED T
TEEFTDET. M1DKSICEE (Au. Ni. Cu) %=
BHREPRICOEL. 3RTEEZRELL. IFEFEZE
SHTVWDEFRETFAE (single atom catalyst) DTz
FEREUTHFEIND EEBIC. COHERFREERER
EILTa>07Ov o0& LT, RTFHEATHIEU M/
DS R —DARNEIRE(CARD., 1= — R D
FRINHFTE S,

A e ——

JTREE (Hiroshi KONDOH, Keio Univ.)
BEN—2F (
{RIZE SR (Tatsuya TSUKUDA, The Univ. of Tokyo)
,@\mﬁllnq:
EHH_II_I:'% (Wan-Jae CHUN, International Christian Univ.)

ARz

(Ichigaku TAKIGAWA, Hokkaido Univ.)

(Kohei UOSAKI, NIMS)

(Yasuyuki YAMADA, Nagoya Univ.)

The objective of our research group is to create well-
defined active nanostructures by modifying oxide single
crystal surfaces with various functional molecules and
metals. The origin of the catalytic activity is elucidated
by using advanced surface science techniques such as
STM and PTRF-XAFS. Machine-learning technique is also
applied to predict nanostructures with higher activity.

We are now focusing on metal clusters on oxide
surfaces because they are technologically important as
oxide-supported metal catalysts and electronic devices. It
is not easy to prepare homogeneous subnanometersized
clusters on oxides because they are easily aggregated
to form large clusters. We succeeded in preparing an
atomically dispersed metal species by premodifying an
oxide surface with functional molecules before metal
deposition (Fig. 1), which may enable precise size control
of subnanometer-sized clusters with unique catalytic
properties.

bridging
oxygens

Fig. 1. Atomically dispersed

Au on TiO,(110) premodified with
0o-MBA (mercaptobenzoic acid)
molecules.
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Research Cluster for Plasmonic Photocatalysis

RIBIFIEAT S X T > Fhite BL ¢ i 15 oD B 5

Development of Plasmonic Photocatalysts for Environmental Applications

Cluster Leader: 1)L X7 TJ\ (Ewa KOWALSKA)

Member: B EEARIZE (satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
PalEBEE (Ryu Abe, Kyoto Univ.)
Hynd REMITA (Paris-sud Univ., France)

Christophe COLBEAU- JUSTIN (Paris-sud Univ., France)

Shuaizhi ZHENG (xiangtan Univ., China)
Agata MARKOWSKA-SZCZUPAK

(West Pomeranian Univ. of Technology, Poland)

KIAFTRO S AF—Tld. ABEICHKLENDARKD
EEMBIECHSVWTEREA T S XEHIBIRINE B DIHLEE
HWF T, IRDE. & BHIWVFEREDEED
BDVWEEEELRWIY RFv v T Z2EDHEERNSRD
HEMEDORFEZESHT LU TWND. OEDIE RUEBE L <
[FRIEDBAESNIZHREBIEF > AR UZZEAER
RFFEH—-RABIEF I HDNEFEFF )TV —
EEBF I/ RTEARTISIXEDAME. 50 &D(E
n B ERTHDBLF S > EBLIREB{LIARED p
BLBERDATIZSEAME THD (R EEEE
nPINEDH). CNSDOEEPRMEZ TRMC, FTDDT
REDFEICIDIFRMIBDEEBIC, (1) BFEE. 2- 70O
N —=ILBBDWNET T ) —ILOBEDNERE. (2) A5 —
JUBKZRB KT (3) INOF U701 E (BB KURIRE)
DAREMECICDNT, I BIRAB LURNBHE T
DHFEFEZRET Ul =BIC. REEECDITDE
BAARD MV ZEST T U, BIEE D AECE Tz
TEIRARZED TUND,

EEHAPPLIED
BIO MATERIALS

Zhishun WEI (Hubei Univ. of Technology, China)
Marcin JAN CZAREK(Poznan Univ. of Technology, Poland)
Saulius JUODKAZIS (Swinburne Univ., Australia)
Izabela RZEZNICKA (shibaura Institute of Technology)
Sven RAU (Uim Univ., Germany)

Adriana ZALESKA-MEDYNSKA
(Gdansk Univ., Poland)

Our research focuses on development of plasmonic
photocatalysis, i.e., wide-bandgap semiconductors
modified with noble metals (NM), with ability of working
at visible range of solar spectrum. Two kinds of
photocatalysts have been investigated, i.e., plasmonic
(containing NM NPs and semiconductors: bare and defect-
rich commercial titania samples, faceted anatase particles
and titanate nanowires) and coupled (TiO,/Cu,O and TiO,/
Ag,0 since less noble metals (Ag/Cu) are easily oxidized).
The properties of obtained materials (including TRMC,
FTDDT) and their photocatalytic activities have been
investigated for (1) oxidative decomposition of organic
compounds (acetic acid, 2-propanol, phenol), (2) methanol
dehydrogenation, and (3) inactivation of microorganisms
(bacteria and fungi (yeast and filamentous)) under UV, vis
and IR irradiation and in the dark. Moreover, the action
spectra during bacteria inactivation have been performed,
and new study on possible cancer treatment has been
started.

Figure 1. (left) The schematic image (selected for journal cover) showing an inactivation of
filamentous fungi by plasmonic photocatalyst: titania modified with bimetallic NPs (Ag(core)/
CuO (shell)), ACS Applied Bio Materials, 2, 12 (2019) 5626-2633; (right) The graphical
abstract showing the enhanced destruction of human breast cancer cells on irradiated

titania, Catalysts, 10, 2 (2020), 238.
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Research Cluster for Acid-Base Catalysis

=IEREDEFERIEEAMIEZEAFRE L. EYHRRK{EDD S

HAILFmDERNZED

Development of Novel Solid Acid-Base Catalysts for the Conversion of Abundant Carbohydrates in
Nature to Platform Molecules for Bulk Chemical Production

Cluster Leader: FIEEPE  (Kiyotaka NAKAJIMA)

Member: E&JIZH  (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)
—B{#Z (Nobuyuki ICHIKUNI, Chiba Univ.)
AREHE (Ken MOTOKURA, Tokyo Institute of Technology)
HNAEDEAE!  (Hideki KATO, Tohoku Univ.)

HE, AERBRCKT UIRVWERBREASOBEN
RKOSNTHO. RIEHEDEVVEIHRKR K Z R
E U RIEFRIER OGN ERIRRE LR DTS,
KRR ITS XY —TE BEHRERIEMDKEETCHITD
B EMEFR. FICINETTRESNTLEBMNDOZE
FREEBYA MEETFBRBEIIETFHEOHIEEEEZ
AL, BiREaEZzEmUKERRTD/ULIT =
DIVIER SRR (CEDED . EMREFARS (. SERQED
HRORKEMZSR D ET DIEEMEE (R, SRAE
BEXVZEDOIXATILIEE) SR b2
VILTER, AL T4 VR EZBNRTEBIDRIT
ROBETH D, FICEEY A MMILBIE - BEERE
DHEFA TR LRBNEE C2~C4 2R EULIEDFE
RALKZ=NS C12 ZKIE(C_EEBIDED FERILKREMK
DEMHNEILITED.

BB — (Yuichi KAMIYA, Hokkaido Univ.)
FEHEZ (Toshiyuki YOKOI, Tokyo Institute of Technology)
Barbara ONIDA

Emiel J.M. HENSEN
(Eindhoven Univ. of Technology, The Netherlands)

(The Politecnico di Torino, Italy)

Chemical production from renewable and easily
accessible carbohydrates in nature is increasingly
important in recent years for the development of
sustainable society. Plant-derived carbohydrates,
which show higher reactivity than fossil fuel-derived
hydrocarbons, can be converted to attractive platform
molecules (furans, organic acids, ketones, aldehydes,
olefin, etc.) by acid-base catalysis in the presence of
water. In this project, acid and base functionality of
electron-deficient metal species and electron-rich lattice
oxygen sites, respectively, on metal oxides has been
studied for the carbohydrates conversion in the presence
of water. Precise control of basicity for oxide catalysts
would enable selective production of various small (C2-
C4) and large (> C12) hydrocarbons though fragmentation
and condensation reactions. The resulting molecules can
be used as sustainable resources for the production of a
variety of industrially important chemicals.

Concept for active sites

Lewis acid site

*® Base site 0

= Vg M

o M<g—-M =
sl P

Carbohydrates
~Sugars

«Fatty acids
-Fatty acid alkyl esters

Platform molecules
= Furans, Organic acids
Ketones, Aldehydes,

Olefins

Conceptual illustration of
acid-base pair on metal
oxide surface available for
carbohydrates conversion in
water
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Research Cluster for Functional Alloy Catalysts

A-—IRRGEMBMZzRAVCRIERBMRDRE ERFE

Design and Devising of Next-Generation Catalysts Using Unique Alloys

Cluster Leader: &5)I|ZR1 (Shinya FURUKAWA)

Member: BiEEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
FAB)ZE un-ya HASEGAWA, ICAT, Hokkaido Univ.)
INERPE 2. (Takayuki KOMATSU, Tokyo Institute of Technology)
Ning YAN (National Univ. of Singapore)

BROMEMRE U TCOBRAMIRL <M TL
22—, TOMEKRETICHBITDAEmD SOERERIC
DWTIEFWEZHII SN TULRUVDAIRIRTSH D, BN
EEEMERMAREITIEHICIE. SEEEDOHEZIEE
LD X TERDORABEPPETFREZREFL AL THE
BRIDENEETHD. AMARISTRI—TIF &
DOfEEAR & U TOARENRMIBERE ZNICED SRR
R ORFEZEDHDENT. (1) FRAMESEORFENE
miEEZzHRAUCEHED FERIOMAL. (2) [RE
EEEEREMEESMDAIK . (3) TKDBEERAERET
ZIEEUZEBECEM—ESHR/\1 T Uy R7ZO+14D
AR EAMERISADER] [CDVWT., fERE. €B%.
KERZ., STERZORINS. 2AEANCHARZITD.

Fig. 1. Hydrogen-mediated stereoselective alkene
isomerization using specific surface atomic
arrangement of RhSb ordered alloys.

EBEHS (Satoshi KAMEOKA, IMRAM, Tohoku Univ.)
= BH B (Hiroko ARIGA-MIWA, ICAT, Hokkaido Univ.)
/\SEEXE (Shuhei OGO, Kochi Univ.)

Alloys have been recognized as effective catalyst
materials. However, the general methodology and theory
for catalyst design remain under debate and construction.
To develop efficient alloy catalysts and establish the
corresponding chemistry, it is important to understand the
surface structures and electronic states of the alloys in
an atomic level. For this purpose, we study the following
themes from the viewpoints of catalytic chemistry,
metallurgy, surface science, and theoretical chemistry:

(1) Achieving stereo and regioselective molecular
transformations using specific atomic arrangements
of ordered alloys.

(2) Development of surface-modified intermetallics for
efficient molecular conversion.

(3) Synthesis and application of “intermetallic-sloid

solution hybrid alloys” for well-controllable catalyst
design.

Regioselective
&
Chemoselective

Fig. 2. Regio- and chemoselective hydrogenation of
diene to monoene governed by RhBi ordered alloy.
Combination of one-dimensional Rh arrays and steric
hindrance of Bi inhibits adsorption of inner C=C moiety.
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Research Cluster of Transition-Metals-Induced Synthesis and Transformation of Polymer [CIFg,

REETE S D—ROMBEOHMRARZELE LT, HHBEEZRT
BENF2ARELUVTHRI 3BREFNRMFEZRAET S

Developing New Synthetic Methodologies of Various Polymers for the Construction of Novel Carbon

Materials

Cluster Leader: Ri&FX  (zhiyi SONG)

Member: NSEJRIFIE  (Masamichi OGASAWARA, Tokushima Univ.)
FEZER (Tsutomu YOKOZAWA, Kanagawa Univ.)

AROSRY —FEHARBSZD FOESHMAFR ZEH &
LT 3T >F ) URSHRlE SOHRMESE S/
HD—IRMEORFEZITS. J5TT>. T5—L > H—
N> F ) Fa1—-TEORERHBEEEI 2T/ H—R
CRZBRICEDERDFICEFNLOEEZSXGSDIME
THhd, IN5DE <N CCVD FICREENDIDICH L.
KOSAF =T F/A—IRVMEOHMRRAEE &
LT, #ligEzR9 80 Farbiis U THIATD
BRACZNRHFEZRRTD. =50, FEZET
DMBZRFEIT D,

\
\

FEF (Zhiping LI, Renmin Univ. of China)

In this cluster, conjugated polymers were applied to
develop new type of graphene nanoribbons materials.
m-Conjugated polymers have been exclusively investigated
due to the promising application potentials as electronic
materials. In this work, conjugated polymers were applied
to construct graphene nanoribbons. The topology, width
and edge periphery of the graphene nanoribbon products
are defined by the structure of the precursor monomers.
On the other hand, the ribbon length can be controlled by
living polymerization methods.
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Research Cluster for Nano-Interface Reaction Field

Bt EFEORRELFAET OCADHNR

Development of Theoretical and Computational Method and Its Application to Chemical Processes at Interfaces

Cluster Leader: BREH$Z — (Kenji 11DA)

Member: 2| Rt (shinya FURUKAWA, ICAT, Hokkaido Univ.)
FFEFA (Toshiharu TERANISHI, Kyoto Univ.)
J\FFER (Takashi YATSUI, Tokyo Univ.)

AR OIS AE—TlF. BEFF /NFERAEON
BICEEF AT RO RICHEZ AR U CEmmIERET
"I DIEHICHARZEITD TULD. FHETHEPETFHFIC
YHIUESEREEFEDEZ LT, HPBECHT
DRHEDINEZFN T DeHDIEHABFEZHFET D,
TOFEERAVWT. BEFHEES & REBIEOmE DA
HIRFIE THMERE £ FITEH I B e DIRRIIEEH £ IER T 3.
BAMICE. UTORFRREZERL TLD,

(a) FHIFTSXEZVIEEST /RTFDONEFYIHES

fiHl & SR A DISF

(b) BHEREHEN - BT /HT - BILMHNS2DE

ERZERAVWERMERIEDA T =X

() IEZRISICH T DHAEEDEEN T DIBRDIE

1t

(d) BiBAERISOERETEFEDRFR

JAE—3E  (Kazuhiro YABANA, Tsukuba Univ.)
AR HE— (Yuichi NEGISHI, Tokyo Univ. of Sci.)

Andriy Kovalenko (university of Alberta, Canada)

Our research purpose is understanding and designing
catalytic reactions near solid/liquid and substrate/
nanoparticle interfaces under external fields. By combining
theoretical frameworks of quantum and statistical
mechanics, we develop a theoretical method which can be
applied to interface systems under light or electrode bias.
The method is used to formulate theoretical guidelines for
controlling catalytic activity by both microscopic chemical
bonds and macroscopic interface shapes. Our present
study focuses on the following topics:

(a) Controlling optoelectronic properties of plasmonic

nanoalloys for photocatalysts.

(b) Mechanism of photoreactions catalyzed by
organic metal complexes and metal nanoparticles
supported on a metal-oxide.

(c) Role of light and electrode bias in chemical reactions.

(d) Development of a theoretical method for electrode
catalytic reactions.

Fig. 1.Catalytic reactions near a solid/liquid interface

under an external field
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Catalysis Collaborative Research Center

ML FAT S F—FR(CAIER SN O —/RL — b1 2w b AEERIZ B IR\ D CiGE K (C B 8 fib 1 53
BEIRR TS A—EUTHHEAUTBRE S, ADDI1Y hEUTBRY— M EDFEUZ, AT ERILIDHENE
A (CHIET B2 (T, FZEN DEEZEY (CHAZFTFIMER & DEBEEEBN Z 1T OTULE T,

NAMRMMNMERFERIZY b

Unit for Exploitation of Intellectual Properties Relating to Photocatalysis

Unit Leader: 2MiE (vasushi KURODA, Showa Denko Ceramics Co., Ltd.)
Member: KBS E (Bunsho OHTANI, ICAT, Hokkaido Univ.) SE5EE (Mai TAKASHIMA, ICAT, Hokkaido Univ.)
TJJLAFI )\ (Ewa KOWALSKA , ICAT, Hokkaido Univ.)

EFEEEMERRI-Y b

Unit for Industry-Government-Academia Collaborative Research on Catalysis

Unit Leader: FEEHE DA (Mayumi NISHIDA, ICAT, Hokkaido Univ.)

Member:  f&[EZ (Atsushi FUKUOKA, ICAT, Hokkaido Univ.) BE)I—2F (chigaku TAKIGAWA, AIP, RIKEN)
SB7KIF—  (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.) HATEE (Tomohiro TAMURA, AIST)
EKBE— (Ken-ichi TOMINAGA, AIST) R (Yuzuru TANAKA, NIMS)
{FE—Z (Kazuhiko SATO, AIST) BEHRBEETT (Keisuke TAKAHASHI, Hokkaido Univ.)
PBERENE (Toshio SUMIDA, WEST CORNER Co., Ltd.) MHEPHEPE (Masataka HATANAKA, AIST)
3RIEE (Masumi ASAKAWA, AIST) EHAS (Masaru YOSHIDA, AIST)

Uy . \—=)\—HERFRI1=wV b

Unit of Fritz-Haber-Institute

Unit Leader: K&/ IFZH (Qunya HASEGAWA, ICAT, Hokkaido Univ.)
Member:  Hans-Joackim FREUND (Fritz-Haber-Institute, Germany) ~ 2H/E/m e (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
Matthias SCHEFFLER (Fritz-Haber-Institute, Germany) =HHEEF (Hiroko MIWA, ICAT, Hokkaido Univ.)

=A==

HE?Y5< (Takashi KUMAGAI, Fritz-Haber-Institute, Germany)

mEVMBEEIRIEFHRHEEI_—Y b

Unit on Integrated Research Consortium on Chemical Sciences

Unit Leader: FEFIR (Tamaki NAKANO, ICAT, Hokkaido Univ.)

Member: EBAEJEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.) KEBXE (Bunsho OHTANI, ICAT, Hokkaido Univ.)
FB/NZEM (Junya HASEGAWA, ICAT, Hokkaido Univ.) JB7KIA— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
1EEZE  (Atsushi FUKUOKA, ICAT, Hokkaido Univ.) FEEZEDFH (Mayumi NISHIDA, ICAT, Hokkaido Univ.)

BF L NSYTHRIOYV—ST7 A

Consortium for Research on Electron Traps in Materials

— I\ ([ of S5 i i S 2 T =2

Unit Leader: K& E (Bunsho OHTANI, ICAT, Hokkaido Univ.)
Member: 1)L /3 T\ (Ewa KOWALSKA , ICAT, Hokkaido Univ.) TeiEsse (Mai TAKASHIMA, ICAT, Hokkaido Univ.)

IEXMEFPSATPORIZY b

HU Alliance for Catalysis Research

Unit Leader: &) 5Z (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)

Member:  FREDE (Haruhide MORI, HU) EDFIE (Wataru SABURI, HU) TR (Tetsuya TAKETSUGU, HU)
JIHMRIEN (Masato KOBAYASHI, HU) 1A (Takeshi IWASA, HU) MRIZ S (Hiroki HABAZAKI, HU)
BARTSE (voshitaka AOKI, HU) EJFHH (Shin MUKAIA, HU) FREFEN (1sa0 OGINO HU)
EFHR—EB (Shinichiro WAMURA, HU) IS HAPESX (Takao MASUDA, HU) IR (Yuta NAKASAKA, HU)
) BKH (Takuya YOSHIKAWA, HU) L8| || 3848 (Tamaki SHIBAYAMA, HU) B I#RE (Yuki NAKAGAWA, HU)
FRKTRAE (Shigeki MATSUNAGA, HU) EEFHEE (Tatsuhiko YOSHINO, HU) INBIEE (Masahiro KOJIMA, HU)
JI\FE5ZBA (Katsuaki KONISHI, HU) BB (vukatsu SHICHIBU, HU) B (Yuichi KAMIYA, HU)

ARKZZE— (Ryoichi OTOMO, HU)
17
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Technical Division

FhICIR DR

Technical Support in Response to Various Special Needs of Scientists

£eR0E

allBA 1T)=p 8 o RANEE AHIEE THREFE NnsaN
Kt et EAE effiEAE FeffiEAE et S et S
Katsuhisa ISHIKAWA ~ Taihei YAMAGISHI Takahiko HASEGAWA  Shingo MUKAI Shuhei SHIMODA Yusuke KAWAMURA

AFSHRIAMER T, FAFREN S DRI DEFIRIRE
LICRRICHIEL. HSR - EBHDOEERGRE - xE
DFIFE - BF - AR, KHAFPEES - &fE - =Y hD—
DEBRIREDBIR Tz DA ZITV. AAFFRD
BERMAFRZEZ A TN,

MREOCBRLEZMAN<HEEMD. ®FL. HARED
ZLIIREOSVRRGRE - KBZMFED. #HID

C & THRRICHEBIRRMIIEZITDO TLD,

E—IAFTHLERFIRIT  SETEE L DORE - BREDRF -
BERBREENUIEREE - EREOBRVWAI S ANI &I
T3,

EIARIIRARIL . & - il - TS v oDl
IZ#{T>THD. ECEEDGH - HFBM - BRILFEL
IVEZEEL TS, NADOI e E RO I IS,
B 005 AZBAVNENCIITE TS E I HMmT
EZITD>TULB,

RS BRI« ARATOEDRE FIEMEE. EiB
BIETIEMIE. X BABTOLRE. WEITEE. &
SHBREBEOHSREER, Rv ND—UBEZITO TS,

3DT U SEAEY)

The Technical Division is composed of Research
Equipment Development Teams I and I and the
Research Equipment Management Team.

Research Equipment Development Team 1
manufactures glassware commonly used in chemical
experiments as well as special glassware that is not
commercially available, such as special spectrochemical
cells.

Research Equipment Development Team 1I is in charge
of metals, polymers/plastics, and ceramics processing. For
example, special home-made vacuum components and
electrochemical cells are manufactured and processed
using automated/manually controlled machine tools.

The Research Equipment Management Team is
responsible for maintaining common-use equipment, such
as SEM, TEM, XPS, and NMR.

Our mission is to contribute to research at ICAT
through technical support. We aim to make user-friendly,
highly efficient equipment as requested, through active
discussion and consultation with the researchers from
the early stages of development. Although we have many
years of experience in glassblowing and metal processing,
we make every effort to acquire new skills.

BtTEb—Ax/ 58
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Promotion of Cooperative Research

HEFA - HEAFHLSR E U TORMAFTFR(E. ROEEHAF

BEFZITOTNET,

1 #EAFA - HEHAF
AEAFCFR(E, Fh 22 FENSXERFEDREZZT. Al
PALFAFROHERBFA - HEAFRHMR EL T, KDRIELEZ
HEAFRZ I T, TDHRN

DN, Tk 28 FEICHEE
BDEEZRITEU.

AENDRRENAFTARE R0, RNARFIOBE ZH
ROEEE U THEFARICBVWTHBEERET DEDT, HRE
BENGSNMUHRESNTUD [HERE | (F 1 ENS), H

EEESHMATRERNRTEI D [IBRE] (F3EAE) OX
PDICRDRBEZITVET FRENERACH LU TE. AR
I SHRENZRSNET),

2 BEMRSOHE

(1) xRS
Tk 16 FEX CTHEL COLZARERZ CHARAHREIZHR

BTE. Tk 17 FENSEHRFRHEHRELEL T EEDAFE
BICKDBENUARATFAEZEFT - U5 —DHRFEHMRFE
= - HWETOTVET,

(2) EFEREERR
EEDHFREZBIE LT, M EFORET—NICDLT

SUNRSOLERETDEDT, EM2ENSEHELTULE
a_o

(3) BHRRERERS >RSI LA
[BANEE DIERMATE R [EHAROIFHREDOEET] B
HMCBVWTBHRRET D] VWSO ET hNORTHRE - &
HEINTWLET,

We support research on catalysis and related fields through
the Joint Usage/Research Center Program and symposiums.

1. Joint Usage/Research Center Program

The Institute for Catalysis has been authorized by MEXT
as a Joint Usage/Research Center for catalysis. Through
this program, we provide financial and technical support to
joint research projects with our staff. The program is open to
researchers at both universities and public research institutions.
There are two categories for applications: target-set projects
and target-proposed projects. Applications are accepted once
a year for target-set projects and three times a year for target-
proposed projects. Applicants are requested to contact our staff
member with whom they wish to collaborate.

2. Symposium
(1) Research Symposium

The Research Symposium which showcases research
activities at the Institute for Catalysis is held every year. Special
lectures are delivered by invited speakers.

(2) International Symposium

We have organized many international symposia on specific
themes in catalytic chemistry featuring the participation of
distinguished researchers from various countries.

(3) ICAT International Symposium

We organize two international symposia per year. These
symposia are operated under our philosophy that a Japan’s own
research institution should take the initiative in dissemination
of information in overseas countries on pioneering research
outcome which Japan takes pride in. ICAT international
symposia have been held in several countries, including
Germany, USA, France, and Sweden.
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We participate in Integrated Research Consortium on
Chemical Sciences composed of the prestigious research
institutes of Nagoya University, Kyoto University and Kyushu
University and ICAT which creates novel areas of chemical
synthesis at the interdisciplinary level. This project also aims to
realize new innovations in science and technology, to promote
new industries, and to cultivate the younger generation.
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i agreements with its counterparts in many other countries.

To promote international exchange, we have concluded

1) School of Chemical Engineering, China University of
Petroleum, China (December 7, 2001)

2) Department of Chemistry, East China Normal
University, China (March 18, 2005)

3) Fritz Haber Institute of the Max Planck Society,
Germany (December 26, 2005)

4) State Key Laboratory of Physical Chemistry of Solid
Surfaces, Xiamen University, China (October 9,
2007)

5) Institute of Catalysis and Surface Chemistry, Polish
Academy of Sciences, Poland (March 15, 2010)

6) Institute of Inorganic Chemical Technology and
Environmental Engineering, West Pomeranian
University of Technology Poland (March 17, 2010)

7) Gdansk University of Technology, Poland (March 18,
2010)

8) Unité de Catalyse et de Chimie du Solide Université
Lille 1 et Ecole Centrale de Lille, France (January 17,
2011)

9) University of Gdansk, Poland (January 9, 2013)

10) College of Science, Purdue University,USA (April
26,2014)

11) Faculty of Chemistry, Jagiellonian University, Poland

(May 11, 2016)

Department of Chemical Engineering, University of

South Carolina, USA (June 20, 2016)

13) Boreskov Institute of Catalysis, Russia (October 11,
2016)

14) SUNCAT Center for Interface Science and Catalysis
USA (November 2, 2016)

15) Department of Chemistry, Renmin University of
China, China (November 18, 2016)

16) Vldyasirimedhi Institute of Science and Technology,
Thailand (February 27,2017)

17) Department of Chemical Engineering and Chemistry,
Eindhoven University of Technology, Nederland
(August 7,2018)

18) Institution of Chemical Reaction Engineering
Friedrich-Alexander-University of Erlangen-
Nuremberg, Germany (September 17, 2018)

19) College of Chemistry, Central China Normal
University, China (November 28, 2018)

20) lovel Kutateladze Institute of Pharmacochemistry,
LEPL Thbilisi State Medical University, Gorgia
(February 5, 2019)
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Institute for Catalysis, Hokkaido University, Sapporo, JAPAN
TEL(f£)011-716-2111(R9302) FAX 011-706-9110
E-mail:k-shomu@jimu.hokudai.ac.jp

Homepage: https://www.cat.nokudai.ac.jp/
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