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Catalysis Development Toward Solution for Global Problems
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In the beginning of the fiscal year 2025, | would
like to say a few words.

The establishment of the institute dates 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 also 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.

In 2010, ICAT was authorized by the Ministry
of Education, Culture, Sports, Science and
Technology (MEXT) of Japan as a Joint Usage/
Research Center, and since 2022 re-authorized
as a networked " Joint Usage/Research Center for
Catalysis (JURCC)" together with the Research
Center for Artificial Photosynthesis (ReCAP) at
Osaka Metropolitan University and the Catalytic
Chemistry Research Institute at the National
Institute of Advanced Industrial Science and
Technology (AIST). We will continue to provide
financial and technical supports to collaboration
proposals from the catalysis community.

ICAT also participates a MEXT project, Integrated
Research Consortium on Chemical Sciences, that
is jointly organized by Nagoya, Kyoto, Kyusyu
Universities. This project aims to unify the concept
of materials and synthesis at the interdisciplinary
level and also to cultivate young researchers.

Catalyst development is a key technology for
solving important issues facing human society, such
as the realization of a carbon-neutral society, and
its societal importance is expected to increase. We
will pursuit both principle and innovation in catalytic
science to solve these problems. We hope to have
your guidance and warm support.

Ken-ichi Shimizu
Director of Institute for Catalysis
April 2025
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Catalyst Theory Research Division
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Theoretical and Computational Approach to Catalytic Principles

E&)I 5t 28 Oun-ya HASEGAWA)
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Fig. 1 Catalytic reactions at a Pt-TiO, interface
under a bias field.

R &= 28 (Kenji IIDA)
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To understand complex mechanisms in
homogeneous and heterogeneous catalysis, we
are developing accurate theories for describing
electronic structures and reaction dynamics in
complex molecular systems, analytical methods
based on quantum and statistical mechanics,
and Al approaches to identify the key material
properties and mechanisms that describe catalytic
performances. These methods are applied to various
catalytic reactions involving organic, transition-metal,
and heterogeneous catalysts. As a collaboration
in Integrated Research Consortium on Chemical
Sciences, we initiated a project on physiologically
active small molecules which control protein-protein
interactions.

Our current research focuses on the following
topics:

1. Principle and catalysis design for methane and
CO, catalytic conversion to chemical feedstocks.

2. Reaction mechanism of activation of inert
molecules by metal cluster catalysts and metal
complexes.

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

4. Mechanism of electrode catalysis at solid-liquid
interfaces.

5. Physiologically active small molecules which
control protein-protein interactions.
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Fig. 2 Ni-catalyzed intramolecular cyclization.
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Catalyst Structure Research Division

https://lwww.cat.hokudai.ac.jp/takakusagi/

RIEGHDIZHDEERE T/ 18EZDL< D, #5, BT D

Create, Observe and Understand Active Surface Nanostructures for Precise Reaction Control

BEK ZE 308 (Satoru TAKAKUSAGI)
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HECE T DBIREZEIS I D. <D UTTAIEEME =
DEEZIREE - EHHEBECRATEHRZzE E(C. A
EMROEMREIENADIEHZED.
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(a) Reactant
Gas
Product

analysis by SSD or SDD
QMs

K& YEKHEB #2348 (Kotaro TAKEYASU) &

FB 8% (Bang LU)

Well-defined surface nanostructures are created
by modifying single-crystal surfaces with various
metals and functional molecules, and their catalytic
properties are evaluated. The origins of them are
elucidated by atomic-level structure determination of
the nanostructures using advanced surface analysis
techniques such as PTRF-XAFS and STM. A guide to
design a high-performance catalyst can be obtained
based on information about such precise structure-
activity relationships.

Recently we have developed a novel operando
XAFS technique which is called the operando PTRF-
XAFS (Figure1). It can provide information on valence
state (XANES) and 3-dimensional structure (EXAFS)
of active metal species dispersed on a well-defined
single-crystal surface during catalytic reactions.
This technique will make a significant contribution
to atomic-level understanding of heterogeneous
catalysis and further development of active supported
metal catalysts since an accurate 3D structure-activity
relationship can be obtained.

(b) -
CO oxidation at 493 K

Cuboctahedral
Pt147 cluster

O—»0

Pt-Pt: 2.73 A

Be window for

= lioreecomt Xeray Turnover frequency

0, per surface Pt

Synchrotron

X-ray
E7

NEG Single<crystal
B
Y

Totally
— reflected

™ Be window for
incident X-ray

TMP+RP
X,y z ‘E" Cll’ Compact vacuum
chamber (216 cm?)

Figure 1 (a) Operando PTRF-XAFS technique. (b) 3D structure-activity relationship in CO
oxidation reaction on Pt/Al,O,(0001).
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Catalyst Reaction Research Division

https://www.cat.hokudai.ac.jp/nakajima/
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Heterogeneous catalysis for smart utilization of renewable carbon resources to develop sustainable society

hE i5B& %8 (Kiyotaka NAKAJIMA)

AEFITE. BERBRMRRERE U TEESN
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BRICHI#I ki E KERMEE L. RIBEGRESF)
EEM M UREFRAIRRISZMAT D, &t
DD PR E (C KD ERKRE TDORIGY A
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AAERF OFEBRECH DB, EFRHBHATT®
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IRV R BB R Z BRI D T2HDE D HH (CFH
593,

Fig.1 Catalytic routes from biomass-derived
hydrocarbons to building blocks for biomass-
based functional polymers

=8 S #2508 (Satoshi SUGANUMA)  KZAES K B3 (Ryota OSUGA)

Building a sustainable society requires to postulate
a different paradigm using renewable carbon
resources such as non-edible biomass and CO2 to
produce fuels and platform chemicals. Main tasks of
this division are to design catalytic reactions using
new heterogeneous catalysts and lignocellulose-
derived hydrocarbons, in which scalable production
of platform chemicals can be accomplished with
minimizing environmental loads as well as energy
consumption in work-up processes. Examples
include the conversion of biomass-derived glucose
to a variety of building blocks that can be used for
the synthesis of biomass-based highly functional
plastics. The concept for the design of catalytic
reactions is based on 1) the fabrication of catalytically
active sites on solid surfaces at the molecular level
and 2) protecting strategies controlling reactivity of
oxygenated functional groups in the substates, thus
suppressing by-product formation. We deeply interpret
structure-activity relationship of the target reactions at
the molecular level through advanced spectroscopic
techniques that reveal the structure of catalytically
active sites and theoretical calculations that predict
catalytic reaction dynamics on solid surfaces.

Fig. 2 Advanced spectroscopic techniques
combined with theoretical calculations to
reveal reaction dynamics on the surface of
heterogeneous catalyst
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Catalytic Transformation Research Division

https://www.cat.hokudai.ac.jp/bushitsuhenkan.html

EMAstEDRENET AT RV F—IEER

Material transformation by precisely designed solid catalysts

A B 2@ (Toru MURAYAMA)
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Catalytic Transformation Research Division

#EH 5 #2648 (Akira ODA) Bl i

1 Bh2 (Hiroya ISHIKAWA)

We are engaged in research that contributes
to nitrogen neutrality and carbon neutrality for
sustainable development. In research contributing to
nitrogen neutrality, for example, we are developing
NH;-SCR catalysts that convert nitrogen oxides (NO,)
contained in exhaust gas from stationary boilers at low
temperatures below 150°C, and NH;-SCO catalysts
that detoxify low-concentration ammonia, which
causes bad odor and air pollution, at low temperature.
In research contributing to carbon neutrality, we are
developing catalysts that can efficiently reduce CO, to
methanol.

In addition, we are studying gold catalysts. We are
developing gold nanoparticle catalysts that oxidize
CO to CO, at room temperature, as well as their
applications and reaction mechanisms. We are also
investigating gold single-atom catalysts with precisely
designed supports, to create advanced nanomaterials

for material transformation.

Nitrogen and Carbon Neutrality for Sustainable Development

Ag HDs/ALO,

Detoxifying at low temperature

"aeoﬂ nanoparticle

D b

CuAu alloy
Au/NiO

Methanol synthesis Carbon monomde oxidation
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Catalyst Material Research Division

http://www.cat.hokudai.ac.jp/shimizu/
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Design of Multifunctional Catalysis for Ideal Synthesis and Automotive Pollution Control

57K BA— 248 (Ken-ichi SHIMIZU)

3308V PESW N 812 (Abhijit SHROTRI)
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T4—RNR\y DT3B, CNETOHARNS., HEED
RIxdEHOEEER LTI IERELBEEMEZ
TS B ERE DR SRR DOH £ 712D
TEZASMNCULTED., RERFHEH (CEDETEH
HikEEZ R I DHMRERREZRILT D, RIRTH
SN2FMRICMR T, SABERFLT —IRFZER
UZREEML. REOCHFRNARETHIER
EIRED TRV F —EERN\DERZEEY .

EER P& #2u8 (Takashi TOYAO)

LT SSZ B3 (Akihiko ANZAI)

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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Molecular Catalyst Research Division

https://lwww.cat.hokudai.ac.jp/uraguchi/
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Controlling Chemical Reactions by Means of Original Molecular Catalysts

SO Kl 208 (Daisuke URAGUCHI)
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EREY E4R #3038 (Keisuke ASANO)

i} 38 813 (Qiang ZHAO)

Our daily lives are supported by organic molecules
having different properties, such as pharmaceuticals,
agrochemicals, food additives, fibers, plastics,
and organic electronic materials. In order to
efficiently provide organic molecules having such
desirable functional properties, it is necessary to
comprehensively understand and freely manipulate
chemical reactions. For achieving these challenges,
we are trying to control active species (anions,
radicals, and cations) by creating novel molecules
and eliciting their potential catalytic power which
is inherent in the structures. In addition, we aim to
develop new catalytic molecular transformations
based on the experimental and theoretical
understanding of the behaviors of molecules.
Moreover, we exploit the developed catalytic systems
for chemical identification of the dynamic behaviors
and functions of biologically-relevant organic
molecules including proteins and glycan through
selective modification of specific biomolecules at an

intended area in vivo.

molecular
catalyst

* &
&

-0

selective
bond formation
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Macromolecular Science Research Division
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http://polymer.cat.hokudai.ac.jp/
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Structural Control of Polymers and Supramolecules Leading to Advanced Materials

hEF IR 248 (Tamaki NAKANO) xR

HEBFIT IR B O REZBIE U CEDTH
FUOBDFZEERLTWVWD,. FSUFT 1 — (FFE.
IEXFR) ZF—D—RETDIHAREBELO T, SEA
IS, n- XYV ORES, )\1(/\—J 5> FEIEE.
EBEER EOEND FRRBEZHIEU . AR, FL.
HEFWE. BEEFEOSELRKEZRIRT 25
DFDRIRKICHEE T D,

>32THOD. BN - BFWHEERRIDZn-R
v OBEISEE EZ)L/RU N — (X U TR THIH
U (B1LE)MAT. &NFOEBRBETHD [5
BAl OREIZEROEREFHFELEE<ER
2. ARAZRAWZFECEIODRRLE (BI1TF).
=52 BEAFDED FHEARDE — 2 H#liEE
(R UT, 2 IOBDKXSREMRITD Lo 8
B EALTEDFICIDERRZEHEUCHRER
BLTHED, HEEDFO—ETHDIEHERNI D
WAL EZL DA IR Y — 2 8EZ A U
COBEICEDVWTHRAREZRT CEZREU
= (®2), BIRT.FZEINIT 7 AIRHFEEE)\A)(—
TS2FERUIILALCEZL R KIBRIOFEN
MRS FaREBCERDIAFH. SMRZARALFELZ
RIEAENFEKRIT DI EZASMT UL,

" Gotgdadodaty

EER 24T (Zhiyi SONG)

Our research activities encompass the synthesis
and characterization of polymers having controlled
structures. On the basis of the design concept of
“macromolecular chirality”, we conduct synthetic
research work targeting helix, n -stacked
conformation, hyperbranch architecture, and
cross-linked network 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.

A focus of our research is conformational regulation
of macromolecules, through which n -stacked
conformation leading to valuable photo electronic
properties was constructed and elucidated for
poly(dibenzofulvene) and its analogues (Fig. 1 top),
and, in addition, single-handed helix, one of the most
fundamental structural motifs of macromolecules,
was successfully controlled using circularly polarized
light (CPL) as the chirality source without using any
chiral chemicals (Fig. 2 bottom). Further, while the
work about 7 -stacked and helical conformations
aims at ‘uniform structure’ controlled over the
entire chain, we initiated studies on ‘non-uniform
chain folding’ of synthetic polymer chain with an
ultimate goal to control complex folding structure of
synthetic polymers that have been well known for
proteins. In this context, we found that an optically
active poly(fluorenevinylene) derivative undergoes
anisotropic, non-uniform chain folding creating a
structure composed of stretched segments connected
by ‘turn’ moieties and that the folded structure leads
to CPL emission with high efficiency (Fig. 2).

In addition, an optically active, hyperbranched
poly(fluorenevinylene) derivative was found to host a
large excess of fluorescent small molecules, leading
to a highly efficient CPL-emitting hybrid material.

Fig. 1. Poly(dibenzofulvene), the first m-stacked
vinyl polymer [top] and helix induction to polymer
chain by circularly polarized light (CPL) [bottom].

Fig.2. Non-uniform self-folding of
poly(fluorenevinylene) derivative.
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Reinforcing the Collaboration of Government, Industry, and Academia

EA) 5t s GHE, Jun-ya HASEGAWA)  {EE
{ki% —Z =8%38 (Kazuhiko SATO) =
& M3 =ax9% Qunchul CHOD) <H

MFERFEEPI FEFEEEREZBIT T 2014 F
4 BICERESN. EeahinLE L. BEFITE.
RFEVRATF(CH T DEBARS —XZ2BHECHSN
TERAET BD2HD. HDNIEECHITDHEAM——
XRERFETS LT DRHODT SV hIT—L&
LCORENIZIBVWET, To. [LEOEFELEE
EUT, EECHBITDMARARORARICEHT DN
FHREBEZITOTVET . 2015 FLDEEFIMHRS
WRZSFR (ERRR) SEiEEmMInL. 5 RDEER
BRZEMBANSIII TNET, AEANPZIEEZE
BODIHRFRERAFTRESE - AERF TR EH

FHR(CHWNT, ERAEESEHKEE L TMDDE
LTz, 2024 FEXDHRRASHT 1S > EOEZEAIL
BREZEEFCHRET D L(CRD, ARZIEHT
DREFEZERMNAEEFICMODOTVET, Fz. B
EPFIDiEBN Z LT DT, 2024 FE KX DEHEMA
BEAPMALF U,

)\Eﬁﬂ}
&@\

15 I8 (Atsushi FUKUOKA)

B =2248 (Masaru YOSHIDA)

{5H B msmiESIERE (Shin FUKUDA)
{kE B— =528 (Koichi SATO)

e Z224% (Akira YADA)

The Research and Development Division was
initiated in April 2015 for reinforcing industry-
academia-government collaborations. This division
serve as a platform for industry-university-government
collaboration such as transferring seeds of basic
research from universities and research institutes
to industries for practical applications. The division
also transfers technological needs at industries as
seeds of fundamental research at universities. As a
contribution to graduate school education, the division
provides lectures that bring forefront information from
industries and national institutes. Since 2015, ICAT
initiated cooperation with the National Institute of
Advanced Industrial Science and Technology (AIST),
and five guest professors participated in the division.
In 2022, AIST joined the project of Joint Usage/
Research Center for Catalysis as a partner institute.
The division established a Section for Industrial
Development with Aisin Corporation in 2024, and
Professor Fukuoka, who is in charge of researches,
has joined the division. Professor Fukuda also joined
in 2024 for reinforcing the cooperative activities.

i

O

EFEEE TR BB ZHEE T SHAFTHFL
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Research Cluster for Sustainable Catalyst

AUERIF (CH (T DR RERED BRIV EE(F

Developing Fundamental Resources for Catalysis Research

Cluster Leader: R#&)Il Ft Oun-ya HASEGAWA)

Member: BSEAK 3FE ( Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
A

s#O KXEH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)

{8 ( Toru MURAYAMA, ICAT, Hokkaido Univ.)

LUA E5B8 (Sadaaki YAMAMOTO, ICAT, Hokkaido Univ.)

AR F AT D SRR Z HEE - SZIE T DI2HD
HBEREERNCEF{EIDICE. HREIZ1Z
TA—EOMRBHARBIZIRE - BEID &, A
R (CH T DI F BN Z EIEH (CRh T D2 &
ZENEUESEEZITD.

BRFFTILAMEESE . FRagidRcEire
Btz I e & I DALERIF T D 7T & HEHE -
XIBI D,

AT —IN—RBE : MET—IR—ADIEE
ERkEE L. 8 (CHEL I DAERIF R 2 AR T
DEHC, FHFFBHEELUTFYIIUR S - A2 TA
NT A DADFERZENT D,

MRFALREEEE . AEATTATD S AR F AR
25 —= R THRERIZARER CE DB CARE
BOEBCDOVWTERNZIRET D,

hE BPE (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
57K T— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)

thEf

$8@ {H (Shin FUKUDA, ICAT, Hokkaido Univ.)

IS (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) Database project is to accumulate
experimental and XAFS information of catalytic
systems and to develop catalysis informatics. (3)
Institute History Compilation Project is to compile
and describe historical documents that record the
transition of the organization and research activities
from the Research Institute for Catalysis via Catalysis

Research Center to Institute for Catalysis.

M EPHART —IR—-RICLDITT

XAFS database

Fig. 1. Top page of the web site of the catalyst database
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Research Cluster of Transition-metals-induced Synthesis and Transformation of Polymer

WRETE ) D —IR B DOMMLAREE LT, HEBEZREI S
BN FZrfikEE UTHAYT IRHIEFNRMFEZRFRTD

Developing new synthetic methodologies of various polymers for the construction of novel carbon

materials

Cluster Leader: 5R & 3% (zhiyi SONG)
Member: Z 75 I (zhiping LI, Renmin Univ. of China)
;3 #& (Hui CHEN, Henan Academy of Science)

KOSRY —SEHARESDFOEHRAFTZE
MELT, 3T F ) URSMN 2SO
e O—IRMEOHEEZITS. 5T 1>,
I5—L> B—MR2FJ)F1-TEDREHEE
BEZ2BIDFT )/ N—IRDEBRCEDIEEDEF(CE
R EZSRBDIMETHD. INSDELH
CCVD FH(CRARENDDICH L. KTSAHF—TIZ,
T A—IRVMBEOHMRRRARIE L UT, HIEEE
ZHIDEDFEABAE U THAT EHIEFN
IRFEZRFET D, =50, HEETEIDIME
=MFET D

+ m i':'l'i (Congyang WANG, Univ. of Chinese Academy of Science)
ik 3 i (Wenxiong ZHANG, Peking Univ.)

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 (=]

BinstEFEZORRE LRI O XDERT

Development of theoretical and computational method and its application to chemical processes at interfaces

Cluster Leader: BRE = (Kenji IIDA)

Member: i Fl58 (Toshiharu TERANISHI, Kyoto Univ.) BiF #— (Yuichi NEGISHI, Tokyo Univ. of Sci.)
J\H ZB (Takashi YATSUI, Toyohashi Univ. Tech.) )l FEH (Shinya FURUKAWA, Osaka Univ.)
Andriy KOVALENKO (University of Alberta, Canada)

RRAKR O S RXAS—"TIE, BFF /R FPERFE Our research purpose is understanding and
DIMESE % F| AT AR S OMAIE%S #RIE L CIE designing catalytic reactions near solid/liquid and
1 (CIBEH S B s (IR A T > TS, fhstiyes substrate/nanoparticle interfaces under external

) fields. By combining theoretical frameworks of
PRFNFICUM UL ERCHEHENE D LT, quantum and statistical mechanics, we develop a
HPBECH I DREDNEZL T DEmtEF theoretical method which can be applied to interface
EEHREIT D, TOFEEZRHNT., = o0ORMbERE systems under light and electrode bias. The method is
& ETIORREEEDHE TR & 5T 3= used to formulate theoretical guidelines for controlling
ORI F ERT B, EAH(C . T O catalytic ac'tlv.lty by microscopic chemical bonds and
macroscopic interface structures. Our present study

FRBEREL TS, focuses on the following topics:
Q@) FF TS XEZVIEET JHTFONREFIMHE (a) Controlling optoelectronic properties of plasmonic

|14 & SRR DGR nanoalloys for designing photocatalysts.

(b) &BF /KT % BELY (CIIS LI R — % (b) Elucidating photocatalytic reactions with metal

nanoparticles supported on a metal-oxide.
% FAUN T S AR R S DR RA _ _
(c) To understand the role of light and electrode bias

Z31d (d) Development of a theoretical method to elucidate
(d) BAAE RG2S Bimst HFEDOMFE S TD electrode catalytic reactions.
A

AN
| ——
R

Fig. 1 Catalytic reactions near a solid/liquid interface under an external field
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Research Cluster for Catalytic Labeling of Biomolecules

DFANEDHEE CERDFOIMESZHRIT D

Molecular catalysts to observe dynamic behaviors of biomolecules

Cluster Leader: B E{f (Keisuke ASANO)

Member: £ FEZBh (Kounosuke OISAKI, AIST)
1iE EfE—EP (vuichiro HORI, Kyushu Univ.)
e IE3% (Masahiro YAMANAKA, Rikkyo Univ.)

ERDFOBNERZHRRT D E(FEREARD
BECDRND. DS )NOBEDHEHE, T
ZNSHEEFRT 2D FZRE I DEFNFEDN
WETHD. LML, FENRERIGY —)LIEER
B EZRSNTE D, BREBE., EREEERE
DHERTEREN DD, AARISAY—TIE &
KD FERZF/REN DBRERREN(CRHI D
ODFIZIRRIEY =)L (L1322 FRER ZHFEY 5.
Flo. AT O—-T (LK DARICEBRT M AT
FDILFER - MR ZME LT, ERDFOH
MW ZLAEIBI L. EantEaE DR (CDIRAT
D, BHAIE. JAR. RISEIREDILZERIEY —
ILORFEZEEC, MRz RELZEMESL
FICHATE SMEREEIMZAIL T D,

Y-FG

R
c=c molecular

catalysis

B BSE (Yoshiyuki MANABE, Osaka Univ.)
_EH 5L (Yoshihiro UEDA, AIST)

It is of significance for clarifying vital phenomena
to observe dynamic behaviors of biomolecules, and
chemical methodologies are necessary to detect
proteins, sugar chains, and molecules interacting with
them. However, reaction tools for specific labeling
are limited and remain problems from viewpoints of
accuracy and invasiveness. This research cluster
aims for the development of molecular catalyst
systems as alternative reaction tools to solve the
above-mentioned problems. In addition, collaboration
with techniques of fluorescent probes and chemical
synthesis/modification of biomolecules enables
multidirectional analysis of dynamic behaviors of
biomolecules, thereby leading to the understanding
of vital functions. We are trying to develop
chemical reaction tools including organocatalysts,
photocatalysts, reagents, etc. to create catalytic
reaction techniques useful for biocompatible chemistry
in cell systems.

biomolecule

biomolecule gic
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Research Cluster of Data-Driven Catalyst Developments

AT MeERmZERAL. EFMNREFMIEZEILHT S

Create novel heterogeneous catalysts using artificial intelligence technique

ERERE B& (Takashi TOYAO)

Cluster Leader:

SNl EBE (Atsushi URAKAWA, TU Delft)
Evgeny PIDKO (TUDefft)
)| BB (Satoshi ISHIKAWA, Science Tokyo)

Member:

AR Z (F U & T DMBBFEMTRIERE [HHBUR
BNRIXOU—Z2T] BSREATETULR.
REF>INFT, REDERT —4 - XA - X5
HMzEHEE LT, TR -RERDIERMZIT > TEEH 4

BIHBTDERRT—5 - MR=ZEBL. BH(CH
UCEURMRRZIRETEDAMEEETHD. A
HMEED<ARGRAZLZTED, T—IRFD
FERAMIZBA U TR ZRATRDED 5 ZRIFT T
BT ENKRHBSNTND,

AKOISAT—HFRTE. RER - BiR - T —IRF
ZRE UIZH ULVWERRIR R D75 AR E L I D C &
ZBiET. AARICKIDERENLERRT -4, &
BRFICLDAMBZME LU THRET DARERIG -
DHOERZAERILT D, TIZ. FFEUHRME
ZHIED 1RIAIICKRDSES LR, ZTDEH
EERZHHLU—MIEIDILET, =5RDEEN
ARFAFEDEE ST D,

(T2H)

STE{LF

Davide FERRI (Paul Scherrer Institute)
Christophe COPERET (ETH zurich)

The discovery and development of catalysts
and catalytic processes are essential components
to sustainable future. Recent revolutions made in
data science could have a great impact on traditional
catalysis research in both industry and academia
and could accelerate the development of catalysts.
Machine learning (ML), a subfield of data science,
can play a central role in this paradigm shift away
from the use of traditional approaches. We will
seamlessly integrate experiment, theory and data
science to realize catalysts development and to
guide future studies aimed at applications that impact
society’s need for sustainable methods to produce

energy, materials and chemicals.
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Research Cluster for Utilization of Natural Carbon Resources

KRR kFRE Rz EFAR DR EREEIC K DERMEFmNEIRT D

Converting natural carbon resources into chemicals through the collaborative function of solid catalysts

Cluster Leader: &8 S5 (Satoshi SUGANUMA)

Member: BOEE 43 (Hideki KATO, Tohoku Univ.)
BY I 644 (Toshiki NOKAMI, Tottori Univ.)
ZF  &E5S (Kohsuke MORI, Osaka Univ.)

KOSRAY—DEBE. BROEEYA hEED
BlAEREDOBEKEZFAL T, RAKRZERZE
FEFERNGRT IMERSZT A2 IDIET
5D

ZERPBEEREZE T DRARRERZERL
FRNAEBRIDEHIC(F. MEEEERED C-0 HEE.
C-N#EE. C-CHE. CHEEZBERECHAT oM
BRIETOCINBEERD, CNETICEERES
JHF SRR F B CMEOHEIERICL D, DL
IRZEE - 7= RDKERIE, KEENT—5)LD C-0
EERAMEESNDICEZRHUTER, B—0
EMEY A NTERETRIREREEEIRRIC(ICH L TE
BOFEREY A bz DOREKEMEZST > U,
IARRERDSHRIOERBEZEECHR - #5
DMERETOCRZBET D, -0y hETD
BB/ A AVRBRONESRBED FICREE T
TILO-—XAPFFUREDRABDFPEISX
FYVIREDHEES - DRCEFVL2OTTD,

A6EF BBA (Masaaki KITANO, Science Tokyo)
BF4F ;Z=F (Junko NOMURA, Science Tokyo)

The purpose of this cluster is to design catalytic
conversion of natural carbon resources into chemicals
by utilizing the cooperative function of multiple active
sites on solid catalysts. In order to convert natural
carbon resources with various polar functional
groups, catalytic reactions that can freely cleave C-O,
C-N, C-C, and C-H bonds of polar functional groups
are required. We have found that the hydrogenation
of carbonyl groups and the C-O bond cleavage are
promoted by the cooperative function of noble metal
nanoparticles and low-valent oxide species. We will
design catalysts with multiple active sites for reactions
that are impossible with a single active site, and
construct catalytic technologies for cleavage and

bonding of various functional groups at will.
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Mixed-potential-driven catalyst research cluster

EBNBREN B ANIRIATE I S A HF —

EREMRNMERIGOFBEBEL. H—RORMIZICELS

o & BRI RDIBAREN

Establishing the science of mixed potential-driven catalysis toward the applications by using carbon-
based catalysts and understanding of enzymatic reaction systems

Cluster Leader: HZZ Y¢AHB (Kotarou TAKEYASU)

Member: JfEf# MI5A (Takahiro KONDO, Univ. Tsukuba)

H L P38 (Shigeyoshi INOUE, Technical University of Munich)

BA EBAHEB (Kentaro SHIRAKI, Univ. Tsukuba)

BiHE {£2% (Nobutaka MAEDA, Kyusyu Univ.)

EREBAFEN BRI (L, E—0MERF LT, 77
J = RRISENY — RRIGHRT 12> THEITI D
RIGHRT, SO —REREDEF CTEEZEDHIRD
TWD, TORERVZANZXLADELRFHSH
(CRROTHEST. BAFRA, RIGERRMECEHTD
BimOREAZHRUTZ. D—RORETILALEC
MUT, BRADNE. TO—TEMIRZERET D
T ET RABARBERICOEZNIRILEZITS.
Fz. COBEE KU CO, RIT DTz DA RHRIE>
BRERISRZRAVWRILEED D, EE5NZBHH
PR YD EENRD A D =X N7 REET (CRIRT D,

Tz, EBREMRBERICZIERIDIORATEE
ERBDBFINRBEBFBREDOAN—I L=, H—R>
RAMR(CHITD 0, BLU CO, ExREEETILE
UTCTHSMCT D, FIC. BRNREFEBENDF
WESRUOBFEHZI> PO-ILTDIANZXA
ZBSMIU. RFLANILOMEESENTEE 215
Do

K ¥ (Hiroshi ONISHI, Kobe Univ.)

Santosh K. SINGH (Shiv Nadar University)
At SEYR (Junji NAKAMURA, Kyusyu Univ.)

Mixed-potential-driven catalysis, in which
anodic and cathodic reactions proceed in pairs on
a single catalyst particle, have recently begun to
attract attention in the heterogeneous catalysis field.
The full picture of the kinetic mechanism is not yet
clear, and we have recently published a theoretical
framework on reaction selectivity. We aim to directly
verify mixed-potential-driven reactions on carbon-
based model catalysts by employing solution-phase
spectroscopy and probe microscopy techniques..
Verification using powder catalysts for CO oxidation
and CO, hydrogenation and enzymatic systems will
also be pursued. The obtained mechanisms of electric
field formation and mass transport will be reflected in
catalyst design.

The mechanism of local electron transfer, which is
important for understanding hybridization potential-
driven reactions, will be elucidated using the O,
and CO, hydrogenation reactions on carbon-based
catalysts as a model. In particular, we will elucidate
the mechanism by which the local electronic structure
controls molecular adsorption and electron transfer,
and obtain guidelines for catalyst structure design at
the atomic level.

reduction

CO; EtOH
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AL FE AR T - (CAIR SN O —MRL — h1 Ty M3 ARERIZ AR A\ OSHE R (CHE
ARSI R TS A— U THLALU CEFRE S ADDIY hEUTBRAY—MeEDE Uiz, X &L
DU EMEFICHIGT DT, FERN DB (CIAFTATIMED & OIS TEEN Z1T DO CULVE TS

JUwY . \—=/)N\—HEXPARI1=Y b

Unit of Fritz-Haber-Institute

Unit Leader: &1 7Z1 (Jun-yaHASEGAWA, ICAT, Hokkaido Univ.)
Member: Hans-Joackim FREUND (Fritz-Haber-Institute, Germany) Matthias SCHEFFLER (Fritz-Haber-Institute, Germany)

Karsten REUTER (Fritz-Haber-Institute, Germany) Beatriz Roldan CUENYA (Fritz-Haber-Institute, Germany)
BEEY 52 (Takashi KUMAGAI, IMS) BEEK #ZF (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)

FIEMESMERFERRI=-—Y b

Unit on Integrated Research Consortium on Chemical Sciences

Unit Leader: B1%¥F IR (Tamaki NAKANO, ICAT, Hokkaido Univ.)

Member: A 3Zt (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.) 587K B— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
hE SEPE  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.) S K& (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)
BEEK ZE  (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.) AL B (Toru MURAYAMA, ICAT, Hokkaido Univ.)

XM SATPORIZY b

HU Alliance for Catalysis Research

Unit Leader: =&/ 7Zt (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)

Member: #% &% (Haruhide MORI, Hokkaido Univ.) TR B (Tetsuya TAKETSUGU, Hokkaido Univ.)
MEWE S48 (Hiroki HABAZAKI, Hokkaido Univ.) [ 8 (Shin MUKAIA, Hokkaido Univ.)
/NP5 TEBH (Katsuaki KONISHI, Hokkaido Univ.) L #8—  (Yuichi KAMIYA, Hokkaido Univ.)
AT IEH (Masaya SAWAMURA, Hokkaido Univ.) BIK A (Kiyoharu TADANAGA, Hokkaido Univ.)
PO 25 (Norihito SAKAGUCHI, Hokkaido Univ.) A% 3E3E  (Yoshihiro SATO, Hokkaido Univ.)

Fim S CRAREHANEFE I Y b

Unit of Catalyst Characterization by Advanced Synchrotron Radiation

Unit Leader: & IZ  (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)

Member: 587K BF—  (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.) 78 = (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
hE JBP&E  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.) SR BE (Takashi TOYAO, ICAT, Hokkaido Univ.)
Abhijit SHROTRI (ICAT, Hokkaido Univ.) E4E ZZ4E (Yukio TAKAHASHI, Tohoku Univ.)
il iRZKTF (Maiko NISHIBORI, Tohoku Univ.) IR B (Masaru TAKIZAWA, Ritsumeikan Univ.)
B2 7B (Kiyotaka ASAKURA, Ritsumeikan Univ.) FHME BRZS (vasuhiro INADA, Ritsumeikan Univ.)

A4S 2-IkKR&DS/RIZY b

AISIN-HOKUDAI R&D Lab. Unit

Unit Leader: T8 2 (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)

Member:  JB7K B (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.) hE 5B  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
RB/ 7Z  (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.) ERE & (Takashi TOYAO, ICAT, Hokkaido Univ.)
BB S (Satoshi SUGANUMA, ICAT, Hokkaido Univ.) Abhijit SHROTRI  (ICAT, Hokkaido Univ.)
KZBE FEK (Ryouta OSUGA, ICAT, Hokkaido Univ.) =% 5 (Ray MIYAZAKI, ICAT, Hokkaido Univ.) FH
Daniele PADOVAN (ICAT, Hokkaido Univ.) B X (Kenji TAJIMA, Hokkaido Univ.)
BE 8  (vuji KISHIMA, Hokkaido Univ.) 18R EE T (Shinji EBARA, IMRA Japan)

=8 —5  (Kazufumi KOHNO, AISIN)
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Technical Division
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https://www.cat.hokudai.ac.jp/sustainable.html

BiED SEMAR T TIRL < FiiTsziE

Technical Support in Response to Various Special Needs of Scientists

RFTSRSRAMEB T (L. FAFTE N S DRI DIFIR
RELZOGERCSHIGL, HSR - EBROERBE -
KEDMHF - B - R, KRR - RREE
IR EDLZIR(CHIZ DM ZITV. KAKRFDS
EIFAFREZZ TLND,

MREOELZMN<HEETED. RF L. ARED
ELIDIBEDOSVERBE - KEZMED. Bt
D ETHRRICHELREIMEZT D TL\D,

E—IAFRALERRFIL | HMEBEU L OKE - BED
M - BEERZENUIBE - RAEDOEVHS
AMIZITOTND,

SETIARAERRFEIL . 28 - 85 - TSV ORD
MIZ&T>THO. EICEZESM - KFEm - BEX
IEZ I EZRIELTVD, FLAOTF#iRZEAL
EIINS,. BB O0SAZAVCNCIIIETSE
FIFHWTAFZIT D TLD,

)

TR EIENT | AAFFR DR RIISERE DR
B, Ry ND—-UBEZTOTNS.

3IDTULSREY (K : BIFY A : BifFm)

The Technical Division is composed of Research
I and I 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 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 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.
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University and ICAT which creates novel areas of chemical

synthesis at the interdisciplinary level. This project also

U EMiEEOBRES LPIRHRP AR EOER 2R D FE aims to realize new innovations in science and technology,
¥ to promote new industries, and to cultivate the younger
generation.
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10)
11)

To promote international exchange, we have concluded

agreements with its counterparts in many other countries.

1)
2)

School of Chemical Engineering, China University of
Petroleum, China (Dec. 7, 2001)

Fritz Haber Institute of the Max Planck Society, Germany
(Dec. 26, 2005)

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

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

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

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

College of Science, Purdue University,USA (Apr. 26,2014)
Faculty of Chemistry, Jagiellonian University, Poland (May
11, 2016)

Department of Chemical Engineering, University of South
Carolina, USA (June 20, 2016)

Boreskov Institute of Catalysis, Russia (Oct. 11, 2016)
SUNCAT Center for Interface Science and Catalysis USA
(Nov.2, 2016)

3)

4)

9)

12) Department of Chemistry, Renmin University of China,

China (Nov. 18, 2016)

13) Vldyasirimedhi Institute of Science and Technology,

Thailand (Feb. 27,2017)

14) Department of Chemical Engineering and Chemistry,

Eindhoven University of Technology, Nederland (Aug.
7,2018)

15) Institution of Chemical Reaction Engineering Friedrich-

Alexander-University of Erlangen-Nuremberg, Germany
(Sep. 17, 2018)

16) College of Chemistry, Central China Normal University,

China (Nov. 28, 2018)

17) lovel Kutateladze Institute of Pharmacochemistry, LEPL

Thilisi State Medical University, Gorgia (Feb. 5, 2019)

18) Indian Institute of Technology Indore, Indo (Dec. 19, 2023)
- 19) Agricultural University of Georgia, Georgia (Jan. 05,

2024)

20) The School of Environmental Science and Engineering of

Huazhong University of Science and Technology, China
(Dec. 05, 2024)

| 21) Dalian Institute of Chemical Physics, Chinese Academy of

B

Sciences, China(Dec. 31, 2024)
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Joint Usage/Research Center Project for Collaboration with ICAT

D4 FELD KRAIZAFE - ADEERATE 5 —.
FERSH - AMBUCFIATTERFI S H(C, EERyY ND—ORIHE
FIA - HEAFTHLS, AERIFEDAIH R RE R Z X
LET. RILRF - EEMEEA /R—>3> - ANV— MHA
RN FMBHEEE U TSEUER T, Fillld. AL
FR—LNR—ZZZE TS0,

1 AEHEFA - REHAEIICDONT

FELSHDRFTENATAREKE S0 AL DR
BEDEEBELUTHARARZERUE T, ARLEADR
BPOAREDO—8ZzH/R— hUET,

(a) IBRE : BHRARBICEDVCHIFN., BREN. &
R, ERMNOMANRREZFE 2 ENEULET,

(b) BREE KSR EDOHBERFRAR. HDWV(EHE(C
EDICHRERZRESEDICHOMTREZFE 1
EAEULFET.

(c) Fostering-Young-ResearcherS(FYRES) 2 (40 &%
kKid)  HEMARZE LU CE CREERMRARZ B
RESEDZHOMFAREZF L ANELFET,

(d) A>F7 <> RE: AR DMATE S DV E
DG ILMDRBEF R E(CED < HEBHRFTON
SZERHTOET.

(e) MAEBEWRE : AADIATE SHkGEN - AR
[CHHD LT, HEMARZEDDBMRNRHATEZE
FEEEVCLET,

(f) BEEBRMET OIS A BEEHZ SO ICARE
[CX U CEENBBEOSZRMHEIDIZEZENEL
TERULTHEDET., AMMAOAREEIBEE L
TAH SRR, #HESEEFRAUIHMEZRZ TR L
NTEFET,

2 BEMRSSFORESSUVEETIAEICONT

(a) B> RSO L BHNEDOMRREEBIEL T,
BALZORFET—NXCDWTS RSO AZBEEL
F9,

(b) BRBEHEKRS DRI A BANE D LEREH
TR Z BAROHFTHEDEE THEIMNCB VL TIER
RIETDEVWDITITT OB ETERH - BEESN
TWEYT, EFMRBEZIRICEBEHFEERZAZ U,
Azuma lectureship award ZEEE L. EMED—IB
ZEBUTWET,

(c) MAHARESTIE  AMERICBVWTHRRRRER
RRIDAREFEMRIC, BAVLDIZHDERD—
Bz UE T,

ICAT holds Network-type Joint Usage/Research Center
for Catalysis (JURCC), under the cooperation with Research
Center for Artificial Photosynthesis, Osaka Metropolitan
University and the Catalytic Chemistry Research Institute
at the National Institute of Advanced Industrial Science and
Technology. Please visit the web site of JURCC for more
details.

1. Collaboration programs

Collaborations with researchers in JURCC are welcome
from researchers in universities and institutes. A part of
research expenses will be supported by the programs.

(a) Proposal-based project: Biannual applications for
research projects of freewheeling thinking.

(b) Extending project: Annual application to extend the
collaboration with JURCC.

(c) Fostering-Young-ResearcherS (FYRES) project (Under
40 years old): Annual application for research projects
to extend excellent collaborations.

(d) On-demand project: On-demand applications for
collaboration based on knowledges and technical
support

(e) Guest researcher program: Continuation of strategic
collaboration

(f) Advanced Training Program: JURCC provides an
opportunity for practical education to the researchers
who have strong motivations to learn catalysis.

2. Symposia and related programs

(a) International Symposium: Specific themes in catalytic
chemistry inviting distinguished researchers from
overseas countries. Once/twice in a year.

(b) International Symposium Abroad for disseminating
Japanese achievements: Annual symposium will be
held at well-known institutes in overseas countries to
take the co-initiative in catalysis community by directly
disseminating the significant Japanese research
progresses. Application for invited lectures (Azuma
lectureship award) is open to young researchers.

(c) Support for Catalysis Meetings: Partial subsidies to
invite lecturers who present their research results.
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https://sites.google.com/fview/jurcc
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Institute for Catalysis, Hokkaido University, Sapporo, JAPAN
TEL(fX)011-716-2111(A9302) FAX 011-706-9110
E-mail:k-shomu@jimu.hokudai.ac.jp

Homepage: httos://www.cat.hokudai.ac.in/
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