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Function as a Research Center for Catalysis Community
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In the beginning of the fiscal year 2021, | 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 2021



N\
/0 3

History

O BH18F2R18  BHHES/SICEUMIERRMNRE
O THiTTESA298 2EHEFBHERO M L2HRT>9—] OHRBP) NRE

O Fri10£489H

O Fm195FE4A81H
O Fri2254818
O Fri245F4818

IRCHEL  BERAZTEPI3EFION B EEMAMPINEFI20EF LD
SHEL. AR — 7y MR 727 MEERRE /RSB 55
YERZEDRE T 2HEFA - KA MR E 2D

LS S (AN ST e s P

O THi25%4H18  E=R(EEBRMERESERE
O FH27E10818  frush=micea

#H 5

Organization

R

Faculty Council

Fi&
Director
IS
Vice Director
BEELZER

Steering Committee

HEFIA - SEHZHLR
FEEEASMIRES
Screening Committee for
Cooperative Research Projects

tF v NG EEFHHE

Northern Campus Area Joint Administration

. FEFEE

General Secretary

. R ES
EHBR —

General Secretary -
.. mEHEE
Accounting Section

. HEES
Library

HIRHZR Department of Fundamental Research

ARIRRETHZR AR

Catalyst Surface Research Division

L SE T

Catalysis Theory Research Division

RED FRIFHZTERFT

Surface Molecular Science Research Division

B ZIRER AR

Catalytic Transformation Research Division

AR A SR ER P

Catalyst Material Research Division

FERMRRIFIRZRERPT

Photocatalysis Research Division

2 F ARG AR

Molecular Catalyst Research Division

B FHEER AR FTERRT

Macromolecular Science Research Division
EREHEESR Department of Practical Applications
s FEFEERrT

Research and Development Division

g—=5"y MRS

Department of Target Research

MiEAREERR Y 9 —

Catalysis Collaborative Research Center

tZRsZ iR MTER

Technical Division

Research Cooperation Section

HlrRBY Central Research Section

AR B AR T S X5 —

Research Cluster for Sustainable Catalyst
[EBHE! Extensive Research Section

REEET /BEMRIS AT —

Research Cluster of Well-defined Surface Nanostructures

TIREVHMERIGIAR I S5 —

Research Cluster for Plasmonic Photocatalysis

EIEEMIRIRR I S A5 —

Research Cluster for Acid-Base Catalysis

RO AR SRS —

Research Cluster for Functional Alloy Catalysts
BREEFEE) FER/ RIERRI ST —
Research Cluster of Transition-metals-induced Synthesis
and Transformation of Polymer

T/ RERICSHEY 5 X8 —

Research Cluster for Nano-Interface Reaction Field

SRR EER 1= v b
Unit for Exploitation of Intellectual Properties
Relating to Photocatalysis

EFEEEMEHTR I =Y b
Unit for Industry-Government-Academia Collaborative
Research on Catalysis

TJUwY e N=N—HRFIZw &

Unit of Fritz-Haber-Institute
REYEAISLZRFREEI =Y b

Unit on Integrated Research Consortium on Chemical Sciences
EFNSYTHRIVY—IT L
Consortium for Research on Electron Traps in Materials

LAKEMET S A 7o R1=Zw b

Hokkaido University Catalyst Research Alliance Unit
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Catalyst Surface Research Division
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Observe, Think, Create and Manipulate Surfaces
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incoming|X-rays
scattered X-rays
fluorescence X-rays

(I

25 element SSD

electrochemical cell

Fig. 1. in situ BCLA+BI-Fluorescence XAFS setup.
(Left panel) and the structure derived from the XAFS
analysis of PtAuCoN on HOPG(Right panel).
Blue :Co, Grey: Pt, Yellow: Au, and Green: N.
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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 Applied BCLA+BI-Fluorescence XAFS method
to very low concentrated ((atoms 10"°cm? PtAuCoN
nanoclusters deposited on HOPG (highly oriented
pyrolytic graphite). We found that PtCoN was located
in the core of nanocluster surrounded by Pt as shown
in Fig.1. Figure 2 shows the XAFS results of In /SiO, for
Non-oxidative Methane coupling reaction. We found that
In drastically changed its structures during the activation
processes such as melting, InCx formation, and liquid In
creation.

In-X/SiO, g
~873-1073 K v

4|cooling

& /\\/\/\—\M In(s)/SiO,
00 o ~300 K
In(1y/Si o 1 2 3 4 56
~43 R/A
!

Fig. 2. Fourier transforms of In K-edge EXAFS for In/
SiO2 catalysts during the activation processes which
showed drastic structure changes.
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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.

LT N
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. Computer-aided catalyst design for methane
activation.

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

3. Mechanism of mechanochemical activation in
catalytic reactions.

4. Reaction mechanism of activation of inert
molecules by metal cluster catalysts.

5. Reaction mechanism of catalytic reactions for
utilization of CO..

6. Role of additives in the NH;-SCR reactions.

Fig. 2 Mechanochemically Induced Selectivity in
Acid-Catalyzed Chitin Hydrolysis.
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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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Fiz. AVBIAKRREDBIFEEAMEDEEEC DT
BHRL TS, S UDIERFEESMEE. TFL >R
B CREEMEL CO, (CE]TED (Fig. 2). ZOfilE
FEIFLUICLDERMOARZIHTDZENS, B
EE B EATREA OfE & U TERLEN. RIE.
I 4 (IAAMEDHEEERREA S BT - XD ADICEZE
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ETB(C. AP ECO, DBEMFAZBIE L. EIRN
DOMRNIMEF L7 O] He & I DAMEDMRZIESD T
Ar-

OH OH OH
o O HO oﬁo
Hom,o d Ho. H
H OH OH OH

Cello-oligosaccharides

Flow reactor

Fig. 1 Conversion of cellulose to soluble (-1,4-glucans
and glucose by a carbon catalyst in a flow reactor.
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Our strategy is design of heterogeneous catalysts at
the molecular level for the efficient 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. For example, air oxidation of woody biomass
provides a carbon material having weak acid sites that
hydrolyzes the woody biomass to soluble 3-1,4-glucans
and monomeric sugars in flow systems (Fig. 1).

Our interest also includes application of metal
catalysts supported on mesoporous materials and others.
We reported high activity of Pt/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.

We recently started catalyst design for the selective
conversion of methane and CO, to useful chemicals.

2C0,+2H,0 \g CH0,
Hy
L=
~H
T si0,

Fig. 2 Proposed mechanism for low-temperature oxidation
of ethylene over Pt/mesoporous silica.
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Catalyst Material Research Division
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Design of Multifunctional Catalysis for Ideal Synthesis and Automotive Pollution Control
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We study heterogeneous catalysts for transformations
of hydrocarbons and CO, and environmental catalysis.
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

SRAURBIT T OIS / AR /

il & F B IRE Df#EA

Design, Fabrication and Characterization of Photocatalyst Particles and Clarification of Mechanisms
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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(IV) oxide
(titania) photocatalyst particles with decahedral (Fig. 2)
and octahedral shapes by coaxial flow-type gas-phase
reaction and modified hydrothermal method, respectively.

Fig. 2
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Molecular Catalyst Research Division
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Controlling Chemical Reactions by Means of Original Molecular Catalysts
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Our lives are supported by various organic
compounds such as pharmaceuticals, agricultural
chemicals, food additives, fibers, plastics, and organic
electronic materials. In order to efficiently supply organic
compounds having desired functions, it is necessary to
manipulate and understand the chemical reactions that
connect molecules. We are challenging the control of
active species (anions, radicals, and cations) involved
in chemical reactions by creating novel molecules and
eliciting the catalytic power inherent in the structure.
In addition, we aim to create new chemical reactions
through the experimental and theoretical understanding
the behavior of molecules.

10
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Macromolecular Science Research Division CIFSEy
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Structural Control of Polymers and Supramolecules Leading to Advanced Materials
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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, m-stacked
conformations, hyperbranches, and cross-linked gels
as well as structural regulation of supramolecules. With
such ordered structures in hand, we aim at creating
advanced functional materials showing catalytic
activities, photo emission, photo-electronic functions,
non-linear optical properties, separation functions, and
pharmaceutical activities.

As an example of our achievements, 1m-stacked
conformation was constructed and elcucidated for
poly(dibenzofulvene), vinyl polymer, for the first time
(Fig. 1). Based on the tr-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. 1 Structure of poly(dibenzofulvene), the
first T-stacked vinyl polymer.

Fig. 2 Creation of polymer helix by circularly
polarized light (CPL).
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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 Atrtificial 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. The symposium was cancelled in 2020
because of COVIT19, but, in 2021 ICAT will organize the
web symposium.
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Research Cluster for Sustainable Catalyst

AIREF (CH T AR AIELEED 5B BR I R

Developing Fundamental Resources for Catalysis Research

Cluster Leader: E&JIZEM (Jun-ya HASEGAWA)

Member: Bi235E (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
JB7KAH— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
SEOKEH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)
FEEHZFE DA (Mayumi NISHIDA, ICAT, Hokkaido Univ.)

AR R F R ST FE 2 HEE - SZIE 9 D DHE
HEREREBNCERIDCE MREIZ2 51 —&
DT IAREZIRE - BEIT D&, SRERZFCHST
DIFREE IR (CRRT D EZBINE LIcEE
%'??50
PAFFT)UANREEE . R AERRE R (CElF TRl
Sz alie & 9 DAERIF RO I Z HEE - TR T D,
AMESERRIMET OIS AEE . RENANEIATHA
HDEE. HREBDODAMERK. MEHARETIEE T D,
AR —SHN—RBE . FUET —HIRX—XDIEBEZ
U B I(OEL I DEMERIEREAR{E T D EHIC,
FEBRERE U TCFIIURAS - A2 TAIT A TARAD
HEZERT D,

A

fit i

BER PR T —IR—AUCEDTE

fE[EZ (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
KRB E (Bunsho OHTANI, ICAT, Hokkaido Univ.)
EFER (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.

EBHEA S AR AR AR EHAT OISEE DU & D& LT, BRSS9/ — 2 DIBERR
BUELR, BEOT—IAACLDEE - HSESND TR 9 AELELABIZEDTY,

BREOCHNEE UL SEWELET,

BB T —/R—R

XAFS database

Fig. 1. Top page of the web site of the catalyst database
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Research Cluster of Well-Defined Surface Nanostructures

RIEHHDIZESHDMBRE T J IBEZDL D, #3

Create and Observe Well-Defined Surface Nanostructures for Precise Reaction Control

Cluster Leader: B E K (Satoru TAKAKUSAGI)

Member: SEKIF—  (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
NAR—= (Ichizo YAGI, Hokkaido Univ.)
{MIZEDX  (Tatsuya TSUKUDA, The Univ. of Tokyo)
FAIFET  (Kohei UOSAKI, NIMS)

Bﬂﬂ_{l:% (Wan-Jae CHUN, International Christian Univ.)
LLIFHZE,Z  (vasuyuki YAMADA, Nagoya Univ.)

BIEORE SN b EEREREZ D T8
BTHEL BT D & T, well-defined IERmE T/
RICHBEEET D, EAE M R)LIEMIE RS RS
B XAFS SEZZFWTEF L)L TOBSE Tl Z T,
7S S AEEEOMER(CEA T BIEREER I D, £
o, BRUZBRE#EMFZ CLIDETIVEL. £DE
EHERY T/ BEOERTAERAD.

) LDEE T/ HF(HERFERMEE (X UHE
LTt 2 RIS RSN TV S M, SEM R DT
<. WHOSREI— (A1 nm BUF) &5—(C+
PDREB|IFIDIZENEUL. UHUEMEMIEREZ. &
SHUHERB EEB<IHEERI 2EREZHE I DHEE
HDFTEMIDET. M1DKD(CEE (Au. Ni
Cu) ZHETFIRICHEL. 3 RTEBSEZERE U, HF
TBEZEDHTVDEEFHME (single atom catalyst)
OFTZIRRAEEE UTHFEEIND EEBIC. COHEERET
ReEBEEZEILT>07OvoEULT. BTFEATH
UMD S R —DREAETRECRD, 1=Z—D712
AR IEDRIANEIF CE B,

JTBEEE (Hiroshi KONDOH, Keio Univ.)

BB — (1chigaku TAKIGAWA, Hokkaido Univ.)
REZ (Kenji HARA, Tokyo Univ. of Technology)
EBHEM  (Takuya MASUDA, NIMS)

WTHEBYER  (Toshihiro KONDO, Ochanomizu 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.

Fig. 1. Atomically dispersed

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

RIBFIEAT S XE > Rhi2 B b DB 7

Development of Plasmonic Photocatalysts for Environmental Applications

Cluster Leader: 1JJL XS TJ\ (Ewa KOWALSKA)

Member: BEARIZE (satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
PajERE (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)

AATROI SR —TIE, KBHICHLENDRIADHE
REIZCHNWTERE T S XEHBIRINE B DI
JHF, IRH5, £, BfHI3VEREREDERH DU
BEEEVWIY RE v v TREDFERN S/ DHAED
HREEHILTWVD. O EDIE, FRLEE U (IRFEHE
ASNIEmBRBEF 5>, ARUEZEEIRTF5—X
LTS >, HDNIFEA/N—)LigiEEEDRILFS > &
EEF /MTFESRTISIXE AR, 550&EDE, n
R BARTHIBILTF > EBLIROELIRLR ED p B
FEERONTOERSEAMETSHD (HIX (X TiO,/Cuo,
TiO,/CuxO (Fig. 1c), TiO,/Cu/Cu,0 72 &). BY°EF(FZE
[P TEIEENDILVED). 52, TOMDEIIRIIEE
BISeAME, BIZ (£ (1) FEFETREEMHULBEF 5>, (2)
ARG, FHUBE, F>5)EBIERIEMm U h—R>
RIS TJI>EF Ry N, () \OF1AMER-X
[CUTeA A RAZIER UTCBEF S > [CDVWTERR L
HMERZEITOIZ. ENSOEEFE%ZE TRMC, RDB-PAS,
FTIDDT REDFEICLDFHAT D & &BIC, B, 2- 7
O/ =)L BWET T ) —ILDBE LR, X5 J—)UER
KEJEHS LY, HEPLPHEDTREMRICDNT, %4, aIR
¥, TROMEIRE T B KUERT T COXAMEEEERET LT,
HAREOBHAICEEE L, RISEDILANEZ EH{E T4l
RFETHEET D128, WHEORERFDONAEDS KUY
ZXDORERWHTDERL, EEDRTZRSTEVEF
BREhEEI B CEEASHNCLE. =5(C, (1) 35X
EoaERIE (Fig. 1 a-b), (2) JfMEDSME, (3) 3
RS2 DEEET, BLT @) IS5 TT>HER-AEL
fEEK(CRE T DRIADI B Efaim X (CRER L.

LSPR+PBG
a)

Figure 1. Graphical abstracts showing: a) activity enhancement by efficient light harvesting in photonic crystal

(titania inverse opal modified with gold NPs in void spaces; Catalysts, 2020, 10(8), 827),

Zhishun WEI (Hubei Univ. of Technology, China)
Marcin JANCZAREK Poznan Univ. of Technology, Poland)
Saulius JUODKAZIS (swinburne Univ., Australia)
Izabela RZEZNICKA (Shibaura Institute of Technology)
Sven RAU (Ulm 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 mainly investigated, i.e., plasmonic (containing NM
NPs and semiconductors: bare and defect-rich commercial
titania samples, faceted anatase particles and inverse opal
titania structures) and coupled semiconductors (e.g., TiO,/
CuO, TiO,Cu,0 (Fig. 1c), TiO,/Cu/Cu,O, since less noble
metals (Ag/Cu) are easily oxidized at ambient conditions).
Moreover, other vis-responsive photocatalysts, e.g., (i) titania
modified with rare-earth elements, (ii) stannates, titanates
and tantalates modified with carbon and graphene quantum
dots; and (iii) titania modified with halide-based ionic liquids,
have also been prepared and tested. The properties of
obtained materials (including TRMC, RDBPAS and FTDDT)
and their photocatalytic activities (oxidative decomposition
of organic compounds, such as acetic acid, 2-propanol
and phenol, methanol dehydrogenation, and inactivation of
microorganisms, including bacteria and fungi under UV, vis
and IR irradiation and in the dark) have been investigated.
For photocatalyst reuse, i.e., easy and cheap separation
of photocatalyst after reaction, magnetic photocatalysts
(containing magnetic core) and large microspheres have
also been successfully synthesized, showing high recycling
ability without activity loss. Moreover, resent findings on: (i)
plasmonic photocatalysis (Fig. 1 a-b), (ii) the possible toxicity
of photocatalysts, (iii) the design of photocatalytic reactors,
and (iv) graphene-based semiconductors, have been
reviewed in detail.

. O/ gamaT* g
G0

CH,COOH
0, vis

AR
copper reduction copper oxidation
Z-scheme type-ll heterojunction

b) efficient

inactivation  of microorganisms on plasmonic photocatalysts (Catalysts, 2020, 10(8), 824), c) CuxO@TiO2 core/
shell particles with enhanced stability and activity under UV irradiation, possibly due to Z-scheme mechanism (J.

Mat. Chem. A, under revision, R1).
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Research Cluster for Acid-Base Catalysis

=TEROEFERIEEMREZRAFEL. EWHERRKEDDS

WALFmOENZELHT S

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

Cluster Leader: P EEPE  (Kiyotaka NAKAJIMA)

Member: E&/I3Z M (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)

—[B{R;Z (Nobuyuki ICHIKUNI, Chiba Univ.)
AREHE  (Ken MOTOKURA, Tokyo Institute of Technology)
DNAEDIAE  (Hideki KATO, Tohoku Univ.)

RE, {EAERICKE ULRVWERERETSOBEN
ROSNTHD . BEATBEMBEVIERRER KIS D
FEFROEHRNEELRREEIR D TUVD, AAFRIS
A —TlE. EEREEYIDKFET (CHITDEBIEEAE
fEA. FICINFETEEESN TN D IEEFRIEERE
YA N EBETFRLIMETFHROBEEEEDIERAKEZ
fREAL . RIBREEZEBUEKERRNTOEREER
[FERDOERKICE DT, ERMERFAB(E. SHRMBEYIH
EoRKIEEPLE T DICEEE (HEXE. SIRASHHES
BRUGBDIRFTIVIRE) WNSHILIREE . o>y 77
IWTER, AL T 1 SR EZBINERTEST IRIER
DIBETHD. FICEIEEMERIGIC KD - KD -
2L - @EREoBESIEN T S RNnE. C2 ~ C4
ol & UTEBRD FEREKENS C12 ZAIE(C _EE
DN FERILKRERDEHNHEILITED,

FHEIB— (Yuichi KAMIYA, Hokkaido Univ.)
FEFZ 2 (Toshiyuki YOKOI, Tokyo Institute of Technology)
Barbara ONIDA (The Politecnico di Torino, Italy)
Emiel J.M. HENSEN
(Eindhoven Univ. of Technology, The Netherlands)
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 to
produce a variety of industrially important chemicals.

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-—IRRGEMHZRAVC R RAMIREDET ERFE

Design and Devising of Next-Generation Catalysts Using Unique Alloys

Cluster Leader: &I FR 2 (Shinya FURUKAWA)

Member: AEEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
EB)IE un-ya HASEGAWA, ICAT, Hokkaido Univ.)

J\KRP&Z. (Takayuki KOMATSU, Tokyo Institute of Technology)

Ning YAN (National Univ. of Singapore)

BEOMEMR E U TOBRMEFEL <ZIMENTN
B—FH. TOMERETCHITDAERD KERARIC
DVWTIEWEEHEI SN TUVROVWONIRIRTH D, BN
EESMEERER T BEHC L. FESBOHEEIER
UIeS X CAEDRABEPETREZFEFL L TE
RIDCENEECTH D, AMAKRISRE—TlE &%
OFMRAAR & U TOARBERRIER & ZNICED < & HEHE
EORREEEDDENT. (1) [RAEESESOHEN
TEBEEFAUCE#HED TERROMAL (2) X
e EERMEEMDRIR]. (3) [LDEERMES
StefEmUEEBEEEM—EBE/ \1 T Uy RO+
DR & AR R BN DEA ] (CDWT AERIZ  REZF.
FERZE, SAERIZORINS. LANCHRZITD.

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

&M HS (Satoshi KAMEOKA, IMRAM, Tohoku Univ.)
FFUZES 3 (Tomohiro NOZAKI, Tokyo Institute of Technology.)
/J\AMEYE (Shuhei OGO, Waseda 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.

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

Materials

Cluster Leader: IREFX  (zhiyi SONG)

Member: /NE[RIFIE  (Masamichi OGASAWARA, Tokushima Univ.)
SHEJEL  (voshitane IMAI, Kindai Univ.)

KOSRY —(FEHARBSD FOER AT zE#H &
LT 3T 27/ UMM STHREEL T/
H—MRMEOHFEZITS. J>5TT> T5—L >
H=—R>F ) Fa1-TEOEEFNIBEZHEI DS/
H—IR> FZIR(CEDEEDT (CEFNIHEZSRE
DMETHD. INEDE <N CCVD FISHAEEND
DICH L. RISAE =Tl T/ D= RNEDHFHR
IRAEEE LT, HMEEERE I DD FaRfkMAE U
THRATIBHIEFENIIHRFEERFEID. =5(C. #
WEEZ B I DMBZRFET D,

Z=E I (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

B EFEORFE ELRET O DR

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

Eluster Leader: BRAEE = (Kenji 1IDA)

Member: B/l ZRtH (shinya FURUKAWA, ICAT, Hokkaido Univ.)
FFEF)IA (Toshiharu TERANISHI, Kyoto Univ.)
J\HEE (Takashi YATSUI, Tokyo Univ.)
Andriy Kovalenko (university of Alberta, Canada)

AAFROSREY—TE BEFJHFPLERFED
SHZILEZFIA T DAMEDRIEHEZ fFI U TR
SR IDEHICHATRZITOTVD, METHFEPEFHF
(CIZMIUTETEamaBHanE S 2 & T HPEBECH
IDFREDIGEZLIR T DIz DEmst BEFEZRFET
D, TOFEZAVT, RFEES EFREBEEDHED
AT IE CRlIREEE S I D e DIEFRIIEE Z IRK
9. BARRICIE. LUTFOMFTREZERMEL TLD.
(a) ST SXEZVIAERT JRFOREFIES
il & SERREANDIEF

(b) BHEREIEK - BT KT - BN 572518
BRERAVEARIERIEDA D =X

(c) IEZRIG(CHE T DHDOBEDKE (LT DIEMHED
e

(d) EBEANRRICDIERETEFEDMFE

STIRIETE (Masahiro EHARA, NIMS)
KIE—3%  (Kazuhiro YABANA, Tsukuba Univ.)

AR — (Yuichi NEGISHI, Tokyo Univ. of Sci.)

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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Unit for Exploitation of Intellectual Properties Relating to Photocatalysis

Unit Leader: %Eﬂﬁ% (Yasushi KURODA, Showa Denko Ceramics Co., Ltd.)
Member:  KZXE (Bunsho OHTANI, ICAT, Hokkaido Univ.) S5EE (Mai TAKASHIMA, ICAT, Hokkaido Univ.)
TJJ)LAF3 T)\ (Ewa KOWALSKA , ICAT, Hokkaido Univ.)

EFEEEMEHREI=-V b

Unit for Industry-Government-Academia Collaborative Research on Catalysis

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

Member:  f&RE (Atsushi FUKUOKA, ICAT, Hokkaido Univ.) ) II—F (Ichigaku TAKIGAWA, AIP, RIKEN)
JB7KER— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.) BEHBEETT (Keisuke TAKAHASHI, Hokkaido Univ.)
EKBE— (Ken-ichi TOMINAGA, AIST) IAEHEPE (Masataka HATANAKA, AIST)
{EfEE—Z (Kazuhiko SATO, AIST) EHRS (Masaru YOSHIDA, AIST)
FEABUE (Toshio SUMIDA, WEST CORNER Co., Ltd.) EINEE (Masumi ASAKAWA, AIST)

JUyY - \=)\—HRFRI=Y b

Unit of Fritz-Haber-Institute

Unit Leader: R/ IFZH (Gun-ya HASEGAWA, ICAT, Hokkaido Univ.)
Member:  Hans-Joackim FREUND (Fritz-Haber-Institute, Germany) ~ BAE A= (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)

A=

Matthias SCHEFFLER (Fritz-Haber-Institute, Germany) HEYSE (Takashi KUMAGAI, Fritz-Haber-Institute, Germany)

HRENERIR(EFMREEI Y b

Unit on Integrated Research Consortium on Chemical Sciences

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

Member:  EAEEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.) KREIE (Bunsho OHTANI, ICAT, Hokkaido Univ.)
FRABJIZE (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.) SB7KEA— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
f&EMJE (Atsushi FUKUOKA, ICAT, Hokkaido Univ.) SEREH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)

FAEZEDF  (Mayumi NISHIDA, ICAT, Hokkaido Univ.)

BF R NSYITHRRIY—STF A

Consortium for Research on Electron Traps in Materials

Unit Leader: K& E (Bunsho OHTANI, ICAT, Hokkaido Univ.)
Member:  37J)L XS5 TJ\ (Ewa KOWALSKA , ICAT, Hokkaido Univ.) =1is58 (Mai TAKASHIMA, ICAT, Hokkaido Univ.)

IEXEFSATPORIZY B

HU Alliance for Catalysis Research

Unit Leader: KRB/ IFZH (Gun-ya HASEGAWA, ICAT, Hokkaido Univ.)

Member:  FRZ D2 (Haruhide MORI, Hokkaido Univ.) BRI (Tetsuya TAKETSUGU, Hokkaido Univ.)
TR SE48]  (Hiroki HABAZAKI, Hokkaido Univ.) [EIFEH#  (Shin MUKAIA, Hokkaido Univ.)
L5 || B2481 (Tamaki SHIBAYAMA, Hokkaido Univ.) FIKTRA (Shigeki MATSUNAGA, Hokkaido Univ.)
J\FE5EBA (Katsuaki KONISHI, Hokkaido Univ.) BB — (Yuichi KAMIYA, Hokkaido Univ.)

F S CRAEETAINFEI Y b

Unit of Catalyst Characterization by the New Synchrotron Radiation

Unit Leader: BA2751E (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)

Member:  FAFFZE] (Muramatsu Atsushi, Tohoku Univ.) fEREE  (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
SE7KE— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.) FREJEPE  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
BEEKIZE  (satoru TAKAKUSAGI, ICAT, Hokkaido Univ.) EEEPE (Takashi TOYAO, ICAT, Hokkaido Univ.)
) IIFRtH (Shinya FURUKAWA, ICAT, Hokkaido Univ.) Abhijit SHROTRI (1CAT, Hokkaido Univ.)

JINAPRIZSFD (Hirokazu KOBAYASHI, ICAT, Hokkaido Univ.)
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Technical Division

BiEh S RFAZEE THRL < $:RitTszi

Technical Support in Response to Various Special Needs of Scientists
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Katsuhisa ISHIKAWA Taihei YAMAGISHI Takahiko HASEGAWA
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The Technical Division is composed of Research
I and 1 and the
Research Equipment Management Team.

Equipment Development Teams

Research Equipment Development Team I
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 1 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 skills.
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Promotion of Cooperative Research
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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 three categories for applications:
Strategic Research Project, Proposal-Based Project and On-
Demand Collaboration. Applications are accepted once a
year for Strategic Research Project, three times a year for
Proposal-Based Project and at any time for On-Demand
Collaboration. Applicants are requested to contact our staff
member with whom they wish to collaborate.

We are also accepting applications for the position of Visiting
Scholar from highly motivated researchers to collaborate with
the faculty members on a continuous and systematic basis.

2. Symposium and other Programs

(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 abroad

This symposium is 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 the Japanese research
community takes pride in. Since 2018, we invite young
researchers as invited speakers and provide a partial subsidy
for their travel expenses.

(4) ICAT Colloquium

For those who wish to present or discuss their research
results at ICAT, the institute provides an opportunity for a
lecture as an ICAT colloquium.

(5) Advanced Training Program for Catalytic Study (ATPCat)
ICAT provides an opportunity for practical education to the
researchers who have strong motivations to learn catalysis.
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| To promote international exchange, we have concluded

tagreements with its counterparts in many other countries.

1) School of Chemical Engineering, China University of

Petroleum, China (Dec. 7, 2001)

- 2) Department of Chemistry, East China Normal University,

| China (Mar. 18, 2005)

3) Fritz Haber Institute of the Max Planck Society, Germany

(Dec. 26, 2005)

i 4) State Key Laboratory of Physical Chemistry of Solid

Surfaces, Xiamen University, China (Oct. 9, 2007)

- 5) Institute of Catalysis and Surface Chemistry, Polish

| Academy of Sciences, Poland (Mar. 15, 2010)

- 6) Institute of Inorganic Chemical Technology and

| Environmental Engineering, West Pomeranian University

: of Technology Poland (Mar. 17, 2010)

- 7) Gdansk University of Technology, Poland (Mar. 18, 2010)

- 8) Unité de Catalyse et de Chimie du Solide Université Lille

1 et Ecole Centrale de Lille, France (Jan. 17, 2011)

: 9) University of Gdansk, Poland (Feb. 1, 2013)

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

11) Faculty of Chemistry, Jagiellonian University, Poland (May

| 11, 2016)

12) Department of Chemical Engineering, University of South

Carolina, USA (June 20, 2016)

i 13) Boreskov Institute of Catalysis, Russia (Oct. 11, 2016)

- 14) SUNCAT Center for Interface Science and Catalysis USA

(Nov.2, 2016)

i 15) Department of Chemistry, Renmin University of China,

: China (Nov. 18, 2016)

16) Vidyasirimedhi Institute of Science and Technology,

| Thailand (Feb. 27,2017)

17) Department of Chemical Engineering and Chemistry,

| Eindhoven University of Technology, Nederland (Aug.

| 7,2018)

i 18) Institution of Chemical Reaction Engineering Friedrich-

‘ Alexander-University of Erlangen-Nuremberg, Germany

| (Sept. 17, 2018)

19) College of Chemistry, Central China Normal University,

| China (Nov. 28, 2018)

20) lovel Kutateladze Institute of Pharmacochemistry, LEPL
Tbilisi State Medical University, Gorgia (Feb. 5, 2019)

=)

E%U;ﬂféﬂ_’, ?Eﬂ %}Ef@ﬁ%*ﬁ MEXT Project Integrated Research Consortium on Chemical Sciences
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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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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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