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Function as a Research Center for Catalysis Community
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In the beginning of the fiscal year
2024, | 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 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 Research
Center for Catalysis Chemistry (IRC3) 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 2024
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Catalyst Theory Research Division
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Theoretical and Computational Approach to Catalytic Principles

E&)IIEM 28 Oun-ya HASEGAWA) BREAR— #2048 (Kenji 1IDA) IS 812t (Ray MIYAZAKD) LB #54E85% (Hayato YAMADA)
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BHIDTHD QM/MM L, {EZERISDENREZ RS HMC
IIE—RIBEDTFHNFLE BNRDFEEESST R
BRI DN NDENBENFEREDHAEF EEHHE -
ISR L. AtYEEREIBOAZER & FTARAMEDET (CEVD A
TWD, Fo. ZEEMEMERNZMREEZBLLHE
BEARE L THY I\ OBERMEEERZ IS /N0 F
(CRA9T MR ZERIB LTz,

BARRY(C (.

(1) AP BIERRZRRER(CEIRT DA

JFI8 & AR eSS

(2) Z>EZT7%=RLD NO, D3EIRIIARIEE TTE(C

BT DR D&

(3) EEBUVSRAY—AMEICHITDIEHERILDAD

—X A

(4) MBT (CBITDERBIEMIBRIERE IS X5 —

DOEERIEA N =X L (K1)

(5) BERAmEICH T DBIIAMER FED A I =X

(6) EERBHROEFIREBMBEIEACRE I DR

(E2)

(7) IEREC K DRIEH LD AT =X

(8) N\ UERHBEBEFERAZHHT /NI FICEAT

DR
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under a bias field.

To understand complex mechanisms in
homogeneous and heterogeneous catalysis, 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. 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. Role of additives in the NH;-SCR reactions.

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

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

5. Mechanism of electrode catalysis at solid-liquid
interfaces

6. Catalytic mechanism and electronic structure of
metal complexes.

7. Mechanism of mechanochemical activation in
catalytic reactions

8. Physiologically active small molecules which
control protein-protein interactions.

Fig. 2 Ni-catalyzed intramolecular cyclization.
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Catalyst Structure Research Division
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RIGHEDIZHDEERE T/ 18EZDL< D, #D, BEI D

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

BEAE 548 (Satoru TAKAKUSAGD) TEEZYEAEP #3038 (Kotaro TAKEYASU) EEFP B1% (Bang LU)

BEOMESNEIERREAZELDEBEH
BEMED F T T D &(CKD. well-defined 7
REF /BEZEBET D, MEEETMHE BT,
PTRF-XAFS A STM /2 EDSimREEHA (C K BIEF
LANUBERTEZITV., RET /181E S AEE %D
HHECEAT DERZES T D. =D UTAEE MR
DRSS - BHEAEREICE T 2 IBHRZEE & (S, fil
MBS RN DIEH 2185,

BaIRiA, BRSBTS VMERE (CHLT.
AR IS DR B IE M ROME & =R TiBE % IRE
TE3#UULXAFS & (ARS > R PTRF-XAFS i)
ZHFE LT, AFEFEBEERDZRTIBE - /&
MAHE (CRA I DIBI|MN B ONDE—DFETHD.
AR I IS DIRF L) LB RZBA > S DR R 5 (C
RE<EMZ I D EHFEIND,

(a) Reactant
Product
analysis by SSD or SDD
amMs
— Be window for
Synchrotron fluorescent X-ray

Totally
— reflected

™ Be window for
incident X-ray

X-ray
B

NEG
[‘:‘

x! y’z

Single“crystal
sample

P “Compact vacuum
chamber (216 cm?3)

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
(b) CO oxidation at 493 K
Cuboctahedral
Pt147 cluster
O A AR Pt-Pt: 2.73 A

Turnover frequency
\ per surface Pt

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
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Heterogeneous catalysis for smart utilization of renewable carbon resources to develop sustainable society

R EE& 248 (Kiyotaka NAKAJIMA)

AEFITIE. BEORRRZEERELUTIEFESN
TWBIABR/IN\AAIYINSERLZRZEFET D
O DEMRIE M Z R T . FIRE. BERREN
A AR RZNERT DIEEANSEHRRNAATRTS
AFYVIODRENDFaFET DIZHDREMRLE K
Ui R SxET 51> LT3 (Fig. 1), EAM(C
(&, EARMIEDOEZRGT CEBORIGHESIHEIC LD
BIRGINS iz ASMEE L. BIBEEBEESV
SEMZEE U ERMIER S ZERT D, Rt
DRI CEB A EICKDEREKE TCORIGS
FZORZZFFLNILTERBRL (Fig. 2). $ILVLE
RAMERIF DF BB (CEND AL, EFRHEEHATTD
EFEEMRELANCEBL. LEERICKTFL
RV R RE R R Z BRI D IHDE D A
593,

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

SBEEER #2548 (Satoshi SUGANUMA)

KABEBK B (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 spectroscoplc techmques
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
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Material transformation by precisely designed solid catalysts

FLEL 268 (Toru MURAYAMA)

Pl RE Rt s DERRICMITT, ERBRPKER
BIRICEMI DARICWMDBATND. EXREIRIC
B T DMRICHSNTI(E, MEEZROISNSET
FIF—THRI REZEITSE B EFRAREDR
FEENEL, EERRAS—REDHIAXRICE
FNDEZREEY) (NO,) Z 150 CU T DRETESE
b9 DfRiE (NH;-SCR) DRFE, BREDPAKUGRD
RRERBDEREY > EZT7ZERETEE (NH;-
SCO) I AR DRAFEZITDO CL\D. RAEIRCEB
FTDIMRICENTIE, CO,MEAT ) —)LICRRK
{EHTEMBEORMFAEZITOTLND.

=5(C, TMEOMFRZITOTVND. &F /HF
ALY DRFETIE, ZRT CO ZEELT DAEDH
FAC T DISAMATE, RIGA DX AEBEBOWFR 2T
TW3. &Ffe, BRZBEERT LIRS >IILT b
LR ORIRZITVY, KRt/ T U T ILEILZY)
BRIMADICRAZ BN (AR ZED TS,

Structural
Analygjs

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.




ARIRAA R R ZTEBFT

Catalyst Material Research Division

http://www.cat.hokudai.ac.jp/shimizu/

BRNMEFZER - BEEHHRMEZBE UG ERIREDESE

Design of Multifunctional Catalysis for Ideal Synthesis and Automotive Pollution Control

SHIKER— 2u8 (Ken-ichi SHIMIZU) RERBIE #2u8 (Takashi TOYAO) 10O MU ZESW BN 8% (Abhijit SHROTRI)

RALKER - ZBMEIREROZEIR, RIFFEAEAAR
BORFECWMOMBATND, BLDIn situ 23E
ZZBRfE U TEARRIBIE - RICHABIAFT 28 U CTAIRAE
1E — HEE — HRE DB BEMRZ AR U, ARIRERET(C
T4—RNR\y DT3B, CNETOHRNS., HED
ERIEHOERER LT ZIEERE LBMEZ
iU EREORT N ESHEAMER DR /2D
CEEASMNCLTHED. RExeHEH (CEDE R
k=R I DHMRERREZRILT D, RIRTH
SN3MRICMA T, sTERFLT —IRFZER
UEREEML. IREDOHFRNIRETHDRIE
EIREP TR F —BERN\DOEMRZBEY .

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/

DFHEOMIEZE EHH UILFRIEZED

Controlling Chemical Reactions by Means of Original Molecular Catalysts

SECKHEH 208 (Daisuke URAGUCHI)

INeBEDEEE ERER - By - M -
TSRAFv U - BEEBEFMRIEVN DTz, HEEZRED
BRARBBEDIFICKAGNTND, EHDUEEZZ
RATCBEDFaNERN(CHIETDHIC(E. BF
EDNFaEDIREFRIGZEBEURDLENS D,
Fald. INFTHORTE, D EDFEEHH L.
ZTOWBEICREI DMEE L TONZSISHT &
T, {EZRIGICEADZEERE (7=A> - SZHIL -
AFAY) OBEHEICHET D, T2, TDiElE
TSR D FDIRDFEVZRER - HiROMWE
NOEET DT LT, FCIAEN D FERZRIH
9D, =BIC. MRULEAMES AT LZREEEUT,
B2 )IMED K SIRERZIBKR T DBEHD FDE)
SOBETOMAZEEL. BOLERIETTHEDE
R F DI EIRE) (TR - EEH T E DRIMDFHFE
(CHED

SRBFE(L 428 (Keisuke ASANO)

i gﬁ B (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.
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Structural Control of Polymers and Supramolecules Leading to Advanced Materials

hBFER 28 (Tamaki NAKANO)  SRERER #2308 (Zhiyi SONG)

SEFI T EMEMBIORFEZBIELTED FH
FUOBRFEZERLTVD. FSUTa— (RE.
IEXMHR) ZF—D—RETDIHARZBELE T, 5EA
W&, n- A9y ORIEE, )\A/)\-TS5>FRIEE,
ZEBSEIR EDED FRRBEZHIH L. fRE, Ft.
KBTI REEUHEFEOSELKEZRIRTDE
DFDORIK(CHE T D

>3>2THD. BN - BFMEZRIRT DN - X
v OBEISEE EZ)L/RU N — (S U TR THIH
U (B1LE)MAT. &NFOEBERBETHD [5
BAl OREIZEROEREFHFELEE<ER
2. ARAZRAWZFECEIDRIRLE (B1TF).
=52 BEAFDED FHEARDE — 2 H#liEE
[ UT. Z2INOBEDKXSREMRITD Lo 8
EEMREALTRDFICIDERRZEHEUCHRER
BLTHED, HEEDFO—ETHDIEHERNI D
WAL EZL DA IR Y — 2 8EZ A U
COBEICEDVWTHRAREZRT CEZREU
= (®2), MIRT.FZEINIT 7 AIRHFEEE)\A)(—
TS2FERUIILALEZL R KIBRIOFEN
MRS FaREBCERDIAF. SMRZARALFELZ
RNIBEEENTFEMIT DI EZRASMNCUTZ.
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IRERTF{E 89% (Masayoshi BANDO)

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

Ralli;

= 248 (Jun-ya HASEGAWA)

{RE{E A SHERR (SHIN Fukuda) {EE—E B8%08 (Kazuhiko SATO)

Bk E— =558 (Ken-ichi TOMINAGA) )| B
HMAh g =208 (Masataka HATANAKA)
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18R 13E2u8 (Atsushi FUKUOKA)

B =28 (Masumi ASAKAWA)

FEHEFE D H ARHETIERE (Mayumi NISHIDA)
B =858 (Masaru YOSHIDA)

PBEBH =528 (Toshio SUMIDA)

The Research and Development Division was
initiated in April 2015 for reinforcing industry-
academia-government collaborations. In April 2015,
a cross-appointment system was introduced between
Hokkaido University and the National Institute of
Advanced Industrial Science and Technology (AIST),
and a member of the division is affiliated as a research
fellow in the Interdisciplinary Research Center for
Catalytic Chemistry (IRC?) at AIST. 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. Other
roles of the division is to disseminate information
of emerging areas such as catalysis informatics by
organizing symposia. As a contribution to graduate
school education, the division provides lectures
that bring forefront information from industries and
national institutes. 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.
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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&JIIEH (un-ya HASEGAWA)

Member: EEAKZE ( Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
AU ( Toru MURAYAMA, ICAT, Hokkaido Univ.)
SO XKEH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)
WUASE B (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,

P ESBE (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
5 7KBH— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
APFIS (Tamaki NAKANO, ICAT, Hokkaido Univ.)
{SH{# (Shin FUKUDA, 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.

MEPHART —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 T ) B —RYE DML AREE LT, HEBEZRI S
RN FapfEs UTHRYT SBRIEENRMFEEZHETS

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

materials

Cluster Leader: SR&EZ® (Zhiyi SONG)

Member: INSEEJRIEE (Masamichi OGASAWARA, Tokushima Univ.)

E?ﬂf* (Wang Congyang, University of Chinese Academy of Science)

sR3ZH#E (zhang Wenxiong,Peking University)

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

ZEXEI (zhiping LI, Renmin Univ. of China)
ﬁﬁ (Chen Hui, Henan Academy of Science)

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: BRHEf& = (Kenji IIDA)

Member: JfE—3i% (Kazuhiro YABANA, Tsukuba Univ.)
ABE I — (Yuichi NEGISHI, Tokyo Univ. of Sci.)
Andriy Kovalenko ((University of Alberta, Canada)

AAFRT SRS —"TIE BFFF J HFERFE
DIMNBIEEZFA T DR IC OB AR L T
W (CERET I DEH(CHARZIT O TV D, st hF
PEFNF (IR U EREHFENEDTET,
HPBECH I DREDNEZILR T DEmtEF
EaFFET D, TOFEZRANT, = TOMEFHE
BENTORFREBESOME CHMERZHIEHT D
HDERHIIEE ZIRK T . BAN(C(E. UTFOH
FEREZERMLTL\D,

() BT SXEZY UEET /RFONBFIIES
1l & SRR A DIE A

(b) B> /R FzERBILMCEFLLEART—%
& RV T2/ AR R I O fZ B

(c) IEZRISICH T DI DOBEDE (T3 T DIEMHED

e

(d) SEARRISZRSERITBEFEORFELZTD
I AR

FEFUSE (Toshiharu TERANISHI, Kyoto Univ.)
J\HER (Takashi YATSUI, Toyohashi Univ. Tech.)

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 and electrode bias. The method is
used to formulate theoretical guidelines for controlling
catalytic activity by microscopic chemical bonds and
macroscopic interface structures. Our present study
focuses on the following topics:

(a) Controlling optoelectronic properties of plasmonic
nanoalloys for designing photocatalysts.

(b) Elucidating photocatalytic reactions with metal
nanoparticles supported on a metal-oxide.

(c) To understand the role of light and electrode bias
in chemical reactions.

(d) Development of a theoretical method to elucidate
electrode catalytic reactions.
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Fig. 1 Catalytic reactions near a solid/liquid interface under an external field
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Research Cluster for Catalytic Labeling of Biomolecules

DFANEDHKEE TERDFOIMETZHTRIT D

Molecular catalysts to observe dynamic behaviors of biomolecules

Cluster Leader: B EFEH (Keisuke ASANO)

Member: £ ERZEZB (Kounosuke OISAKI, AIST.)
YEEE—EBPB (Yuichiro HORI, Kyushu Univ.)
LR TEE (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

EHIAERIE (Yoshiyuki MANABE, Osaka Univ.)
L HEE5L (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

Cluster Leader:

E R (Takashi TOYAO)

Member: S#JI|BE (Atsushi URAKAWA, TU Delft)
Evgeny Pidko (TU Deift)

AR (F U b &I DMPARIZMRIEIKRT R
BENRROU—Z0] SEETETULVRL, i
RE>INFT. AEDOERERT —F - X@kA - #2858
HMzEHEL T, TR RGO ZEITD TSN 4

BIXBITRERRT—45 - RZEHEEL. BH(CH
U CHEMRRZRMTETDIAMEIBERETHD. A
FCED<KHAREBRARZLZTHED., T—FRZED
FERMIZEA U THMRRIZEMRDIED S ZRE T
DT ENKRHBSNTULD,

KOSAT—MERTIE KB& - Hif - T —IRF
ZRE UIZH UL VWERRIRR D5 AR Z I T D &
ZBEY. AARCKIDEBBNLZRERT -5, 5t
BRFICLDAMBZME LU THRET DABERIG -
DEOEREZAERRIET D, Fo. MFEUTHRAE
ZHRD 1RIBIICRODEES <. ZDEMH
EEERZMEU—MEITDLET, =513 EME
ARFAFEDORE T D,

(I25m)

HEie2

Davide FERRI (Paul Scherrer Institute)
Christophe Copéret (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

KR RFRERZEFAMIRDREEEC K DB EFmAGIRT D

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

Cluster Leader: BB 58 (Satoshi SUGANUMA)

Member: DIEESEHS (Hideki KATO, Tohoku Univ.)
BF %44 (Toshiki NOKAMI, Tottori Univ.)

$&58 (Kohsuke MORI, Osaka Univ.)

AKOSRYI—DENE, BROBEETA hetD
BRI OBEKEZFAL T, RAKRZERZE
FEFRANGIRY SMERESZET T2 IDIET
»3d.

ZERPBEEREZE T D RARRERZEHRL
FRNARBIDILHIC(E, MEEEED C-0HES,
C-N#a&, C-CHA, C-HEEZBE(CHAT /A
BRIETOCINBEERD. CNETICEERT
JHF SRR CEOH@IERICLD, DL
IRZEE - 7= RDKERIE, KEENT—5)LDC-0
EERARMEESNDICEZRHUTER. B—0
A A N TR BREERRRICICH U TE
BOFEETA b DORBKEMEET T2 U,
RARKRZERDODZHRLBREZBECHRE - 5
DMERETOCRZBETD. -0y hETD
BB QA AVRBRONESRBED FICREET,
TILO-—XPFFUREDRABDFPEI SR
FYIREDHEES - DERCEF VL >DTD.

JLEFIBBE (Masaaki KITANO, Tokyo Institute of Technology)
BFHIZ=F (Junko NOMURA, Tokyo Institute of Technology)

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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Unit of Fritz-Haber-Institute

Unit Leader: R/ IFZH (Junya HASEGAWA, ICAT, Hokkaido Univ.)

Hans-Joackim FREUND (Fritz-Haber-Institute, Germany)
HEZYER (Takashi KUMAGAI, IMS)

BEEARIE (satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
Matthias SCHEFFLER (Fritz-Haber-Institute, Germany)

FEASVERNEMRREI=-Y b

Unit on Integrated Research Consortium on Chemical Sciences

Member:

Unit Leader: FEFIR (Tamaki NAKANO, ICAT, Hokkaido Univ.)
FAIZEH (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)
FESEPE  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
BEEARIE (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)

IEXMBEFPSATPORIZY b

HU Alliance for Catalysis Research

SBZKIA— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
SECAEH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)
ALY (Toru MURAYAMA, ICAT, Hokkaido Univ.)

Member:

Unit Leader: K&/ IFZH (Junya HASEGAWA, ICAT, Hokkaido Univ.)
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Member:  FREZR (Haruhide MORI, Hokkaido Univ.)
TR SRS (Hiroki HABAZAKI, Hokkaido Univ.)
/\FE5EBA (Katsuaki KONISHI, Hokkaido Univ.)
JEATIEH] (Masaya SAWAMURA, Hokkaido Univ.)
IROFESE (Norihito SAKAGUCHI, Hokkaido Univ.)

Unit Leader: B EAIE (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)

Member:  S&ZKBH— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)

FESBPR  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)

Abhijit SHROTRI (ICAT, Hokkaido Univ.)
FaERRLK T (Maiko Nishibori, Tohoku Univ.)
EEE (Kiyotaka ASAKURA, Ritsumeikan Univ.)

Unit of Catalyst Informatics

Unit Leader: R&JIFZH (Junya HASEGAWA, ICAT, Hokkaido Univ.)

SB7KIA— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
BEJREME (Takashi TOYAO, ICAT, Hokkaido Univ.)
BEBEEIT (Keisuke TAKAHASHI, Hokkaido Univ.)

Member:

AISIN-HOKUDAI R&D Lab. Unit

Unit Leader: &% (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)

Member:  JA7KEH— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)

EA)IEZEM (Gun-ya HASEGAWA, ICAT, Hokkaido Univ.)

E=Nysl=—1

ENBE S (Satoshi SUBANUMA, ICAT, Hokkaido Univ.)
KRZBBEEK (Ryouta OSUGA, ICAT, Hokkaido Univ.)

Daniele PADOVAN (ICAT, Hokkaido Univ)
B BB (Yuji KISHIMA, Hokkaido Univ.)
SEF—5 (Kazufumi KOHNO, AISIN)

i a S RAMETANEIZY b

Unit of Catalyst Characterization by Advanced Synchrotron Radiation

A4S >-EXR&DSRI=Y b

HOREIHL  (Tetsuya TAKETSUGU, Hokkaido Univ.)
B8 (Shin MUKAIA, Hokkaido Univ.)
BB — (vuichi KAMIYA, Hokkaido Univ.)
BRSBTS (Kiyoharu TADANAGA, Hokkaido Univ.)
{/ERBESES%E (Yoshihiro SATO, Hokkaido Univ.)

TB[EZ  (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
EREPE (Takashi TOYAO, ICAT, Hokkaido Univ.)
BEFEZELE (Yukio TAKAHASHI, Tohoku Univ.)

SEIRME (Masaru TAKIZAWA, Ritsumeikan Univ.)
FEHEERZ (Yasuhiro INADA, Ritsumeikan Univ.)

FYHAUVAMIIANITA ORIV b

BEEAIE  (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
<HPZ (Akira YADA, AIST)
SENI—Z (chigaku TAKIGAWA, RIKEN)

HESEPE  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
EREPME (Takashi TOYAO, ICAT, Hokkaido Univ.)
Abhijit SHROTRI  (ICAT, Hokkaido Univ.)

=iz

=I5 (Ray MIYAZAKI, ICAT, Hokkaido Univ.)
E%{E;K (Kenji TAJIMA, Hokkaido Univ.)

FE[E T (Shinji EBARA, IMRA Japan)
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Technical Support in Response to Various Special Needs of Scientists

MFRZIBRBAMERT (& FATRE N S DFASIDHFIR
RELCRRCHIGL. A5 - EREOKERRE -
KREBEDMF - BF - AR, AAFKFIHES - HIEEE
IR EDZIR(CHTZDEAMBENZITV. AAKFIDS

SR EX A TN,

A2

MREBOELZMN<EHETEID., KRiFL. HARE
DELIDIREDOEV\EEREEE - KEZMED. #Ht
9D ETHRICHEIREIMIIEZITD TLD,

SRR HAEEAULORE - &8
DT - RIERRZENUHBE - EAEDOEWVS
SAMIZITDOTLD,

BT ERER: 28 - 8- By IR
DOMNITZIT>THD., E(CEZEEMHR - FEm - &
SUEFILEZRELTWVD. NADIFith= A
WZiIhs, B87005 A%ZBUVWz NCINTE
TTHESFRIRTIEZIT O TULD,

MFa BRI | RIAFPTOXE R HISRE DK
#EE, Ry ND—UBEZTO TS,

3IDTULSRIEY (K : B 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 1l 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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KIAFEFR(E. REEKRF - REPAF - WNKFOEBRHIE
TR C17E U CREFMRISZ 22 3 DT/ E S
TBZEAILTD [FIEESERFMFTHEE] 2L, 8
AFREHEE L T BIF ERFERAMOFEH EFERDORIHZ /e
MFMBROBES LCRERPRAREOCER KD F
EE

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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International Collaborations

ARFRFR T
e U CULE T,

1) E - &hKE (JtR) CITFKRE (Ek 13E 128 7H)

2) HE - ERAAHAZCFER (FK 1743 H 18H)

3) RAYW - VORI OHa TUvVWYI\—)AKR (F

17 €12 B 26 A)

HE - BEAY BARKEMECFEREAERE (K

194 10H9H)

MR=F2 R R=F> RRIZET7HFT=— filfE - RE(LFH

ZFf (FERk 22 43 A 15 8)

MR=S2 R - FRASZT7 O IRIARE J\EE - RIETS

AZERr (B 22€E3 817 H)

MR=S2R-TJHROTRARF (Ek2243 8 18H)

TS5 - UJLE 1 RFE - U)LRRFRT A - BR(LFH

F‘I—wh (EK23FE1H817H)

9) M=K -JHFROKE (FEM25F281H)

10) PAUB - =T 1 —KFEHBA T XFEP (Fk 26 F 4
A 26H)

1D R=F> R - VFEvRREEER (EK28FE 58 11 H)

12) PAURD - BOZXHOSAFKE {EETER (FRk 28 &
68 20RH)

13) A7 - RLR I JAMEATTAT (SERk 28 £ 10 B 11 H)

14) 7PAUR - YoFvy b — (ER28F 11 A2 H)

15) FE - FEARKRZECFER (Ek 284 11 A 18 H)

16) FAEE - T4 T v UXT o RIZERMKE (Frk 29 &
2H8278)

1) ASHE - A2 MR=DJ T > IRARFAEFITF - LFR
(Epk 308 A 7 H)

18) RAY - JU—RUE - PLOY>AH—KZE ITT75>25>

Za >NV EERICTEARFTEAT (ERE 30FE9H 17 H)

19) HE - FEPRIEAF (LFFk (k304 11 A 28 H)

20)23—>7 - REUSERIERIRE A ANLIEFST—E
FALZMRAT (R 31428 5H)

21) A2 RA > RIBRKRFEA > R—IILR(BH5E128 19H)

#HHNE EDERRZFRD—IR & U TERRBHE

4)

5)

6)

7)
8)

s HOIDOSAFTKRFE EFTFR

N\ —F 1 -KFPAI>XFE
S SN

| 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)

Department of Chemistry, East China Normal University,

China (Mar. 18, 2005)

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 Catalysis and Surface Chemistry, Polish

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

Institute of Inorganic Chemical Technology and

Environmental Engineering, West Pomeranian University

of Technology Poland (Mar. 17, 2010)

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

Unité de Catalyse et de Chimie du Solide Université Lille

3 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) Vldyasirimedhi Institute of Science and Technology,

| Thailand (Feb. 27,2017)

17) Department of Chemical Engineering and Chemistry,

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

2)

)
9

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

B

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

21) Indian Institute of Technology Indore, Indo (Dec. 19, 2023)
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Joint Usage/Research Center Project for Collaboration with ICAT
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1 AEEFA - FEAFKICDONT

AHLNDRRENAFTRERE S0 ARDARK
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BOHRREO—SEYR—MUET,

(a) IRRE . BRRBICEDVVCIHTFN, REN. iR

8, EfRHRARREEFE 2 EANBEUFET,

(b) FREE | AHLER EDHBERAFIAER. HDVFHB (S

DIZHRRREREREEDICHODATREZE 1 BINE

LEI,

(c)Fostering-Young-ResearcherS(FYRES) & (40 % &

) HERRZEB LU CE T RRAMRARE —BRES

ERHDOMFREZE 1 BRELET.

(d) A>7<> REL : AR DOIAFEE D U SRR E D

M DIREEEIRE (CE D HARTDAE =R

RHTLET,

(e) MnE=EARE : AR DOIAITE SHRER - #RRERY(C

HBAHLT, HEAMKZEDDIERNMIAREZETEE

EWEUFET,

(f) BEEBRMET OIS LA FERHZEOCHARE(C

WU TCTEBNBEEDSZZRMID I 72BN E U TEM

ULTHEDFEY, AMRIOMREZIBEE L U TALIA

MeE%. EEZFRAUIMEZR TSN TEET,

2 REMRSEFORESIUVBEETIAEICDONT
(a) EBRS RSO SENEOMFRERIBIEL T, AR
{EZEDRFET—TICDVNTS IR ILERELET,
(b) BRBERERS RS LA BANEE D SRR
REREHADOMTHEEDOEETHEINCHBVWTERE
E923LLWSO>ET hDELETERE - EESNTULE
9, EFAREZWRICBEFBEREZQE L. Azuma
lectureship award ZBE2 L. EMED—E3Z MBI LT
WET,
() MURARERTIE | AMRCBVWTIHARKRRR EEF
KIDAREEZH/RIC. BAVLWDIZSHDERD—ERZHH
BhLUFET,
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ICAT holds Network-type Joint Usage/Research Center
for Catalysis (JURCC), under the cooperation with Research
Center for Artificial Photosynthesis, Osaka Metropolitan
University and Interdisciplinary Re-search Center for
Catalytic Chemistry, 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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Institute for Catalysis, Hokkaido University, Sapporo, JAPAN

TEL(f£)011-716-2111(R9302)
E-mail:k-shomu@jimu.hokudai.ac.jp
Homepage:https://www.cat.hokudai.ac.jp/

FAX 011-706-9110



