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Function as a Research Center for Catalysis Community

RAIIZHRIFIROEEE UT, 2022 FEZ=
WX BCHED., CHRERULETFET,

ARFEFRDEALIE. BEFN 18 & (1943 &) fit
EIRFRFIDRILICHA D, ERkmE (1989 ) (C
AEIEEAR T F—E LT, =5(CFER 27 E
(2015 ) [CSHOMERIZMAFTATE LTS
NFE LR, HE. AFTFACTE. ZFNMEDORF
EFHBR IS ERAR SR 8 2BFT. HATTKRED
KRB LUVEER - — XIS —X{bE&IEBS
FFR 1 SPINEEMNATAREHE L TULET,
CN5 EH(THRHBNRAMERIF (CRAT MR EE
93459 —4y NMAFEERE 5 USRS —THEmRE
N, U—4—THIEBEZNMBORTEER (CE
DOWTERNOMFTEEZRZ CGEE L. 1FEDH
REREEORAEBIBUEMTREITO CTLWET, M
B DI FTHEES T & 2 M B Al E#E R TR 2 > 5 — (T
(F. I1=wv bEMENS 5 DDEmNSBD D, X4
EZL T DHENBR(CHINT Diesd(C. 8O
DEREZHY (CMEP & DEIE R BRBEL TLWET . &
SEIRDMRZEZ X DR FZ BB (&, 55X
T. £BII. DTSRRI E THRZ M
[CHR—KNUET., £z, ESOMERTTHLS &
(FHAE - BB EFHDOEE/)\— hF—& LT, BB
B (R MR R EZE ML TLET,

AWATTA (. Fk 22 & (2010 ) ([CXXEPHR
FEANSHEFIAHEREMATHSRE U TREZSZ T,
E RS OAERTE OFI R (CHI AN MEE =
ToTEDFEULRE. 2022 FE LD, KA. K
PRSI KRFE AL EHRATE T —. EERIM
AR CFERMEMT T Y — & B (CEE
Y ND—OBEFFIA - HEAFTHLS AR
FEUAEEMFHSE] & U TERIZEANSRE
=2 VT, AAFTFAEAMEDNRE E U THLEED
=ES|LTENET, FFEEOHBOFREICED
<HAEBRBNDONBICEDNTHEA S N— EH
A DEIRIAZE EDHRMAFKERME L. ARER
ERFCHITIERME. EDTFMEEHELET,
Fie. BRDEBNIERTRRERBINCEANT S
SHDERFEES DRSO A, BRSNS OIRFTEN
DI E T RADOEIZE BN &3 2MESE
ERMET OIS LZRBELUET .

R 22 € (2010 ) KDEZHEAFMERIFE
ERARTE> Y —. RBAFZRFREAME TR
RZEBHRT TS —. AN KEEEYBLZEH
RPN & H(CE RS ER F R HEE AR C S|
ULTWEY, CNSIAFKAEOREBEHRTFRZEL T,
{62 - Yp3R - LEWIC K IE\ DY EREE & ARl
ZRET DHFMELEZRIK L. BIFICEFHRE
BDERZR D CTLET,

HD—R>Z1— bSILERDEBERRE, A
SOEBFHEMRADBE LD MERROHSNE
BEREFWABEDDDHD. FEDEBFREA I N—
>3 aEWEmE UTHEIANL, AOXESEIFIR.
B IREE T > — B (L UHHAFTFERE — 1L
ERBROTC2NZRLKIFIFCY. CNETICHIF
LT. BEENSDTHARSUICTIRE & ZHFhE
ZBDEITLSBEVERL LEITFET,

202248
bEE R A AERIF AR
BRI —

| am pleased to begin the 2022 fiscal year as the
successor to former Director Jun-ya Hasegawa.

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 (IRC®) 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 2022
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Catalyst Surface Research Division
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Catalysis Theory Research Division
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Catalytic Reaction Research Division
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Catalyst Material Research Division
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Photocatalysis Research Division
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Molecular Catalyst Research Division
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Macromolecular Science Research Division
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Research and Development Division
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Technical Division

Hlr3BY Central Research Section
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Research Cluster for Sustainable Catalyst

[BBHE! Extensive Research Section
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Research Cluster of Well-defined Surface Nanostructures
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Research Cluster for Plasmonic Photocatalysis
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Research Cluster for Functional Alloy Catalysts

BRI EN Fam/ TR SR8 —
Research Cluster of Transition-metals-induced Synthesis
and Transformation of Polymer
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Research Cluster for Nano-Interface Reaction Field
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Unit of Fritz-Haber-Institute
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Unit on Integrated Research Consortium on Chemical Sciences
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Hokkaido University Catalyst Research Alliance Unit
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Unit of Catalyst Characterization by the New
Synchrotron Radiation
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Unit of Catalyst Informatics

General Secretary
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Research Cooperation Section

AEHEY

Accounting Section

BIESEE
Library
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General Secretary
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Catalyst Surface Research Division

https://www.cat.hokudai.ac.jp/asakura/

REZHT. EAT, D<DOT, HPDOT

Observe, Think, Create and Manipulate Surfaces

EIEIEE 2 (Kiyotaka ASAKURA) T BB ANIE #2308 (Satoru TAKAKUSAGI)

MEERZB DERKREZRFLNILTRT, X
HOBEVEFREBZHEIT L. RICHIBORRIAZIT
SEEBIC, MEE U THEKREVKREZEODT. R
ISZIRDOMAREDZIVEI>TY, E<IC. B
T)LF—DIEREFFATTHENER® SPring-8 &EEL. HY
g, BEF. 24> BRHEFL-Y LD
IR —XDEF E— AZ R (SIS UREOH
MREZB/DIMREITO>TVET, lz&X(E. HOPG
R _E(Z APD(Arc Plasma Deposition) ;5 TERI U
7Z#BE (10" atoms cm™?) PtAu > JHIFEEL
{EZEMT T, BCLA+BI—XAFS TEAILIZz&E 2 3.
1 (C°R9 PtAu &5 Core—Pt Shell #&% LU T
BD. Au-Au DIESEBN/ULOLDE0.1 A6
IR EZRUVZL. 2OREBZEREERLUELU.
F/z. OFALZIE SEAEEDIESH. CNETICIE
TEIR XAFS BTN T E/2H > 1z MoO; DETEEZ
¥ Uz Thorough SearchBZ(C LD, 1 D1 DD
fEEIEREZ RO, 3TEEOBS R ZIRETED
ZEmRUFELR,

(b)

Fig. 1. PtAu alloy core-Pt shell model nanoparticles
(a) where large surface tension of Pt shell has
compressed Au-Au to 2.76 A while Pt-Au and Pt-Pt
are 2.77 A so that lattice is rather relaxed. (b) PtAu
alloy core

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 1 ML PtAu nanoclusters deposited on a
flat HOPG by Arc Plasma Deposition(APD) and found
PtAu alloy core covered with Pt shell nanoparticles
where Au-Au distance was 0.1 A shorter than that
of bulk due to the balance of the surface tension
and lattice distortion as shown in Fig.1. Figure 2
shows 3 D mapping of the thorough search analysis
of MoO, whose exact structure had been difficult to
be determined by EXAFS, We could propose three
possible structures with different Mo-O bonds only by
EXAFS through the thorough search analysis.

N\
2 A
|
Q e‘
Structure 2 “
|
Structure 1 ‘\‘

N
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r5lA

J‘ Frequency

| 105
18 ‘ | LI
Structure 3 “ L 75
el f 7—72‘\ -60
a | 45
* GO 30
== N Y 15

N 1

.......

Fig. 2. Color mapping of 3 different bonds. Three
structure possible groups can be derived with
different r,, r, and r;. Other bonds are common
r,=1.66x 0.04 A, r;=1.95+ 0.06 A re=2.4+ 0.15 A
Structure 1 is the same as that derived from X-ray
crystallography.
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Catalysis Theory Research Division
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https://www.cat.hokudai.ac.jp/hasegawa

HiRsTEFEC K DEM D FROMIRRIEDAEZA

Theoretical and Computational Approach to Catalytic Principles

E&IEW 238 Gunya HasEGAwA) BRBAME #2068 (kenjiDA) I B 312 (Min GA0) FHEE KD H st ZIERIE (Mayumi NISHIDA)

AREPPITIE. BFIRRE. DFIEE. BIHFE. MR
BIHRELTNREMME(CHR T IAERIEEAS
MMCTBCEEBNE U THERZITOCTULD, 18
RBEZR DD TRESTE T B26HD QM/MM A,
{EERIGDENREZIBSNC T DE—RIBDFEIF
E. BIRDFBSIES TR EE I DT HFENE
WMFEEREDEFEZRAR - AL, SERIED
fRR & FTARAME DS (CED A TS,

BARIC(E.

(1) AP SEHABICRIT TR ERE

(2) BENFBICKBDREFEHEALDA D ZX I

(1)

(3) INB T ICHB T DERBCMIBRFEE IS X T —

ORI EAD =X (K2)

(4) EBUSAY —MIR(ICHITDRHMERICDAN
=y YN

(5) ZBMEIRFZFA I DAERIEDA D ZX A

(6) 7>EZ7ZRLD NO, DEIRIARIE IR oA
(L__B‘/T%Id\\bu%@'f IJ

FOMRREETERMEL TLD,

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. Mechanism of mechanochemical activation in
catalytic reactions.

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

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. 1 Mechanochemically Induced Selectivity in
Acid-Catalyzed Chitin Hydrolysis.

Fig. 2 Catalytlc reactions at a Pt— T|O2 interface
under a bias field.
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Catalytic Reaction Research Division

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

BATEERFEIROFIER (CE T 3 EHAAIRE iz R

Heterogeneous Catalysis for Smart Utilization of Renewable Carbon Resources to Develop Sustainable Society

R EBBE 248 (Kiyotaka NAKAJIMA)

AEFITIE. (EBAEIRCHKT LIRVWKFT R EE/R
HEZBEI DD, BEARKRRERE U TEE
SN TVBEABR/IN\A A AN SE#HEFERZHE
I DIZHDERMER M ZRFET D. fIXE. BER
FRINA AR A ZNERR T DVEREN D EHRIR) A AT R
TSRAFYVODERRDFZFET D IcHDEKRALE
BIUOMEREETFA> LTS (Fig. 1). E
AR DR RET E BB DORIS SN C KD EIRIG
MHEfMizXERMEE LT, RBEBFESVERE
Mz UERMIERIGZIBERT D, ZERIAD N
PICKDDFLANILTOEED A SOIEIERET.
R B ICLDERKRARICDY A F =0 X
(Fig. 2) Z@ U CAERISDOIEE — &MHEAEREZ D7
LRI TESIERFELU. BETRRREEROFER(C
EBI23HUVWARRICT O R 2B 5.

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

Building a sustainable society requires to postulate
a different paradigm using renewable carbon
resources such as non-edible biomass and CO, 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. We aim
at continuously developing novel catalytic reactions
that contribute to smart utilization of renewable carbon
resources for our future life.

100 1

-100 4

AE kJ/mol

-200 -

-300 1 -

‘ -400 -

Fig. 2 Theoretical calculations for presumable
reaction dynamics on the dehydration of glucose
over Lewis acid-base pairs of TiO,
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Catalytic Transformation Research Division

https://www.cat.hokudai.ac.jp/fukuoka/

faEastat UTCEFALE(C K D SDGsDER

Achievement of SDGs by Designed Heterogeneous Catalyst

BEZE =z (atsushi Fukuoka) a0 BRY PESW B m#% (Abhijit SHROTRI)

AREPPIT(E. FBEET UIEEAAR(C KD SDGs
DEMICEMI D CEZBHNELTVD, 9. B
AOJREIAAE - BFE/ A AV A ZERLZEmICEHR
ITBIMFRZITOTND, HIRE, EREEICKDES
FRZEDRFRAMEZAVNTARE/ A AT 20K
PDEITDE JIILO-X - F20O-X - AUTHED
INELLBEBND (Fig. 1), FF2ZKDEELT
N- ZEFILIILOYZ AV THEICER Y DR
BERVLWZLTWVS,

RIS, BROXITRRICRII DR DORFEZ1T D
TWd, 2UHBFEEMKREL. ERETIFL>Z
CO, (LML UBRETED (Fig. 2). CORREF
TSFFMEEMFEN. TFLUICLDBERMORH
Rl gD ENS. ImEETEFRATEER O
WEUTRAEENTL S, RE. MEROBEE
DKL E BT - EED EFADIEAZED TUVD,

=5I(C. CO, M5 CO EXT J —)LADEIRE T
ZAJAE &I DAMREDRFEZITO TL\D,

Mix-milling Hydrolysis
Part 2
Cycle
pProcess
Air oxidation
Part 1
First catalyst c,¢,,, _o Residue Product

preparation st Airoxidation

Fig. 1 Conversion of woody biomass to glucose
and xylose by air-oxidized carbon catalyst.

Our research goal is to achieve SDGs by designed
heterogeneous catalysts. We study conversion
of renewable biomass to valuable chemicals. For
example, air oxidation of woody biomass provides a
carbon catalyst having weak acid sites that hydrolyzes
the woody biomass to soluble sugars (Fig. 1). Chitin
is also hydrolyzed to N-acetylglucosamine and
oligomers.

Our interest also includes catalysts for reduction
of food waste. We reported high activity of Pt/silica
(platinum catalyst) in low temperature oxidation
of ethylene (Fig. 2). This catalyst has been used
in refrigerators and storage facilities to preserve
vegetables and fruits. We are studying reduction of Pt
content in the catalyst and application in storage and
transportation sectors.

Moreover, we are studying catalysts for selective

reduction of CO, to CO and methanol.

(C2H4 + 0, )

(50 ppm) (20 %)
CO, + H,0O

\_ J

Fig. 2 Low-temperature oxidation of ethylene over
Pt/silica (Platinum catalyst).
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Catalyst Material Research Division

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

BAANREFZR - BEEHIH itz BiE U SHEEIEAE DR

Design of Multifunctional Catalysis for Ideal Synthesis and Automotive Pollution Control

SBIKER— 208 (Ken-ichi sHiMizu) BEIIFRM #3658 (shinya FURUKAWA) BRI 813 (Takashi TOYAO)

RALKSR - ZERLIRZRDEM, IRITHEE A E (AR
WORFECEDBEATND, BLZDin situ D&
Z BRME U T2 ARIRABIE - RICHIBIAFT 28 U CRRIRAS
1E — PEEE — EREDIRBIR R Z BAtRE U, ARIRERET(C
T4 —RN\yIF3%, CNETOHRRENS. HEEE
ERsEBoeEBERELFIEBE LB EZ
TS B ERE DR SRR DR L7125
CEZRASMNCULTHED., AEEEHEH(CEDEESN
HtRE = B I D RERMEZAIL T D, RERTHE
SN3FMRICMR T, SABERFELT—IRFEZER
UEHREEML. REOCHRNRETHDIRIE
BIRE\> TR F —ERR\OEmMEBET .

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://www.cat.hokudai.ac.jp/bunshishokubai.html

AFIHEOMEE EHH UILFRIEZIZED

Controlling Chemical Reactions by Means of Original Molecular Catalysts

OKE %42 (Daisuke URAGUCHI) 8 38 B1% (Qiang ZHAO)

IEEDERFE ERER - BRRINYD - M -
TSRFvo - BHEBFMR VO Tz, HEgZzED
FERRA RBHAAEMICZZI5NTNS. EHDMHEE
ZEZIRATEBRCEMZIN RN CHIGT DTH(CE.
DFERFEDIBRAEFERIEZZRDIEBRHRT DHEN
HDd. TRE INFTHORCEN D TZDFEE
HHU, TOBECATEI DMELLTDONESIE
B9 Z&T EFERIGICEADSESERE (7ZA> -
SZHIL - AFAY) OBEHEICHET . T,
ZDBIETRAHSNNTIRD D FDIRD LR\ RERK] -
HERN(CHEPET D LT MMEZERISDRILZ
SIS

Our daily lives are supported by organic
compounds having different properties, such as
pharmaceuticals, agrochemicals, food additives,
fibers, plastics, and organic electronic materials.
In order to be able to efficiently provide organic
compounds having desirable functional properties,
it is necessary to comprehensively understand and
freely manipulate chemical reactions. By creating
novel molecules and eliciting its potential catalytic
power which is inherent in the structure, we have
been challenging of controlling active species
(anions, radicals, and cations). In addition, we aim
to develop new chemical reactions based on the
experimental and theoretical understanding of the

behavior of molecules.

10
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Macromolecular Science Research Division

http://polymer.cat.hokudai.ac.jp/

AT - B FOREMSEHIEC XK SHEEIEHMBORFE

Structural Control of Polymers and Supramolecules Leading to Advanced Materials

HEFIR %48 (Tamaki NAKANO) RIRZE #2048 (Zhiyi SONG)

HEPITIHEEMEMBI E U TDICARZBELTE
ERHESNEERFH LB FZEKRLTND,
FSUTa— (FF) ZF—D—-RETBIEARIL
MERICED, SEA - ATV TE J\A)(=T
SOFE BEEREDDFRES XUBRIBED
B, =5 DFEIOEBERIHEGATILTND,
FEMBEEE I RN F - BOFZRAL. fE. FL.
HEBTFIME. D, REFEFOSELKEDOHER
([CHEE T Do

HEBED—fl LT BAFHOIOIRXA -2
IR LTS D, BN - BEFMEZER
RIBINRY Y UEBEZEZ)LIRU—(C L TH)
HTHEL (K1), MAT. 8DFOEEMES
THD [5EA] ORI ZIEROGHRIEFNFES
FELERD. AREZRAVCFECIDERRLE
(B1TF)e S5CUBADIILNEBTEEDOSEVE
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Fig. 1. Poly(dibenzofulvene), the first m-stacked
vinyl polymer [top] and helix induction to polymer
chain by circularly polarized light (CPL) [bottom].

IRERIE{E 892 (Masayoshi BANDOU )

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.

A focus of our research is conformational
regulation of macromolecules, through which
1t -stacked conformation leading to valuable photo
electronic properties was constructed and elucidated
for poly(dibenzofulvene), vinyl polymer, for the first
time (Fig. 1 top), and, in addition, single-handed
helix, one of the most fundamental structural motifs
of macromolecules, was successful controlled using
circularly polarized light (CPL) as the chirality source
(Fig. 1 bottom). Further, we aim to create polymer-
based catalysts with high activity and selectivity as
well as recyclability and have reported a catalyst on
polyurethane backbone whose catalysis performance
is enhanced through chain ordering by inter-chain
hydrogen bonding (Fig. 2).

O Il [} 1

N,
“I o u o

Fig. 2. Polyurethane-based catalyst with high
activity and recyclability.
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Reinforcing the Collaboration of Government, Industry and Academia

E&IFEM #iz (32, Jun-ya HASEGAWA)
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The Research and Development Division was
initiated in April 2015 for reinforcing industry-university
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 the Hokkaido
University Cross-Appointment Team was established
in the Interdisciplinary Research Center for Catalytic
Chemistry (IRC®) at AIST. This division has been
engaged in industry-university collaboration activities
for the purpose of bridging the gap between the
seeds of basic research at universities and research
institutes and their practical application in companies.
The division also bridges the technological needs of
companies to the seeds of research at universities.
In addition, in collaboration with IRC?, Center for
Sustainable Resource Science at RIKEN, and the
National Institute for Materials Science, we have held
the Symposium on Catalysis Informatics to introduce
advances in information and data sciences into
catalysis research.

From this fiscal year, we will continue our activities
under a new structure and invite six visiting faculty
members from IRC® and other organizations to
expand our activities to graduate school education.

Mission of the R&D Division

Reinforcing government-industry-academia collaboration

Research

% y\“l”\\“f{‘}]\_-

*\% Academia 4 -

Business

=

"rmw’”

Industry

"

Government
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Research Cluster for Sustainable Catalyst

AR F (CH T DRI [UEED BRI R

Developing Fundamental Resources for Catalysis Research

Cluster Leader: |&JIZEH (un-ya HASEGAWA)

Member: $323E 5 (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
f&EZE  (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
SEAEH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)

ARERI A RAT DS imtA I Z HEtE - STIR T D2 D
HBERZERN(CREIDICL, AREIZI2Z
THA—EOMRBHRBIZRE - BEIDZ &, A
BERZ(CH T DA RBEZ ISR (CRBI D&
ZENEUEEEZITDS.

BAFFIILARESR . FRogELaRCATE
Rt #7z Al 6E & 9 D AMERI F RN DO IT & #HEtE -
XEYT D

AIRSERKIMET O S LAFE . HRANALEHR
RAEFDE L, ARBDAMER,. MERFEZEZ
EESN

RS —SHINN—2BEK: MMET—IRX-IADBE
ZHREE L. B3 (CEL I DMERZ M ZARRIE T
DEH(C, FFBRBEHRECTFYIIUR - A>T
XT A VADEREZTRT B,

HESEPE (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
SB7KAA— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
HEFIR (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.

AERIEHRT —IR—RICLDTT

IEEEAF MR PR MR FARORSEROULE DL LT, BRSS9~ A0EEEH
BULELR. BEROF—FAACLDIEE - HESNS TR —9X-AZL<LHI2E0TY,

EROCBHEEL <BBOVELET.

BHEME T —F~—2

‘ XAFS database

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

RIGHEHDIEHDHRBRE T JBIEZDL D, #3

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

Cluster Leader: BiEEARIE (Satoru TAKAKUSAGI)

Member: &KAF—
J\ZK—= (ichizo YAGI, Hokkaido Univ.)

(Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)

fHIESL  (Tatsuya TSUKUDA, The Univ. of Tokyo)
FABFET  (Kohei UOSAKI, NIMS)

HHBETS  (Wan-Jae CHUN, International Christian Univ.)
LLIFAZR,Z  (vasuyuki YAMADA, Nagoya Univ.)

WEDMHTE SNICE LY B RRE ZEEED T
PEBTHEA (CIEETT D2 & T, well-defined 723
mF /) RIGHEEET D, STMX° PTRF-XAFS 72 &
DFREBFENFEZ AVWTREF L AL TOEST
ZITUV\ U/ 1EIE C AR OARRBE (CBI I D B A TR
BRZEEIT D, Flo. BERUCIBERZHEIBRFZ(C
KDEFILEL. KDBEEEZERT T /EEDFHE
Zitd Do

FcFRE, BEFEETT)VAMERE(CHS L TH
BRISPOERBEERDOME & = IRTEEZRET
T UWLWXAFSIE (AXRS Y REHERFTENL
XAFS &) ZHFE Uz, AFEEEBEERD=
oIS - SEMAERACR T DIBHmRMN IS SNDIHE—DF
ETHD. fMERICDRF L AR)EBRZIAD SO
AMERFE(CKE <EZ 9D LHFIND.
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JTHEEE (Hiroshi KONDOH, Keio Univ.)
BEJI|—2F (ichigaku TAKIGAWA, RIKEN)

JRE T (Kenji HARA, Tokyo Univ. of Technology)
EHEH  (Takuya MASUDA, NIMS)

IEREBIER  (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 polarization-
dependent total reflection fluorescence (PTRF)-XAFS.
Machine learning technique is also applied to predict
nanostructures with higher activity.

Recently we have developed a novel operando
XAFS technique which is called the operando PTRF-
XAFS and can provide information on the valence
state (XANES) and 3-dimensional (3D) 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 the accurate
3D structure-activity relationship can be obtained.

CO oxidation at 493 K

Cuboctahedral
Pt147 cluster

(b)

‘ -AI203(0001 )

Fig. 1. (a) Operando PTRF-XAFS technique. (b) 3D structure-activity relationship in CO oxidation

reaction on Pt/Al,O5(0001).
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Research Cluster for Plasmonic Photocatalysis

RIBFEAT 5 XE > Rhie B b i DB 5

Development of Plasmonic Photocatalysts for Environmental Applications

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

Member: faEEE (Ryu Abe, Kyoto Univ.)
Hynd REMITA (Paris-sud Univ., France)

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

Shuaizhi ZHENG (Xiangtan Univ., China)
Damian KOWALSKI (university of Warsaw, Poland)
Agata MARKOWSKA-SZCZUPAK

(West Pomeranian Univ. of Technology, Poland)

AARI S AEF—Tld. KBEICHALSENDERKD
RS (CHBVWTRE T S X HIBRINZ £ DI
FIRF. IROE, &, BHBNIRREDERH DL
(FEEELEVWS RE vy TEEDHERN SR D AR
DRFEZDHIT L TND, OEDE FUBE U < (ERFED
BASNEMIREB(ETF 5>, ARUEZEERART 55—
ABALF >, BBRNEIFEA/N—)UiEEZE B DT>
EEBFT RTFEERTISIE AR, 50 EDIE.
n BRBRTHIBETF 5> S LEREMEERIR E D p B
FEERDONATOESENMETH D (FIZ(E TiO,/Cuo,
TiO,,CuxO (Fig. 1b), Ti0,/Cu/Cu,0 72 &, $R°EHFZEE,
FITE{EESNYOTLVES), =5IC. TDOMDBIRKIEE
ByemmE BIZ(E (1) BEIETREEHUEBIEFI> .
(2) RABBAGE, FHUBEE. I 5\ EEHEM LIz h—
ROROIS T EFRY N (3) /\O5 > AmaE~R—
RCUTEA A BAERIER UTEEEF S > (CDVWTEHR
BURBEITO . TNSDOEEDYFE% TRMC, RDB-
PAS. FTDDT IREDFECKDIHIET B & EBIC, BFEE.
2- 70/ —ILHBBDNET T ) — VDB DR, A ) —
JUBKZS LV HIEPHEDOTREELIC DT, 59
AN, TR TS LU T CONAEE R IRST
Ulz. MAEDBFBCEEB L. RSB ANEZ= HE
THRMRFETHEET Bizsd. BEDREII DIANES K
VA XDRERMRFOER L. EEDKTFZRETIT =
WBHBEEDZBIBZCERASHCLIZ. 512, (1)
TSXEMERS. (2) HAEDSME. (3) SR
RIGBRDEET. BLY 4) IS5 Tx>m2R-REUREE
BRICRI I DRADA R AR CRER U,

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

Emma RICHARDS (cardiff University, UK)

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: (1)
plasmonic, i.e., containing NM NPs and semiconductors:
bare and defect-rich commercial titania samples, two
kinds of titania (for enhanced stability and activity, Fig.
1a) , faceted anatase particles and inverse opal titania
structures, and (2) coupled semiconductors (e.g., TiO,/
CuO, TiO,/CuxO (Fig. 1b), TiO,/Cu/Cu,0, 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 microballs have
also been successfully synthesized, showing high
recycling ability without activity loss. Moreover, resent
findings on: (i)the plasmonic photocatalysis (Fig. 1 a-b),
(i) the possible toxicity of photocatalysts, (iii) the design
of photocatalytic reactors, (iv) the ferrites application for
the magnetic separation/reuse of photocatalyst, (v) the
morphology-dependent photocatalytic activity (vi) the
defective titania for vis response, and (vii) the graphene-
based semiconductors, have been reviewed in detail.

—.kQ g CHy moug
w

2 vis
(aerobic) (aerobic)

(anaerobic)
LM A ‘ // -

copper reduction copper oxidation
Z-scheme type-Il heterojunction

Figure 1. Graphical abstracts showing: a) plasmonic field enhancement on TiO,/Au/TiO, photocatalyst

(Catal. Today, in press; DOI:10.1016/j.cattod.2021.09.023),

b) Cu,O@TiO, core/shell particles with enhanced

stability and activity under UV irradiation, possibly due to Z-scheme mechanism (J. Mat. Chem. A, 2021, 9,

10135-10145 (back cover).



KRS EMRARI S A5 —

Research Cluster for Functional Alloy Catalysts

A-—PVREEMBZRANWCXIEREAMIFEDEET &R

Design and Devising of Next-Generation Catalysts Using Unique Alloys

Cluster Leader: &5)I|FR12 (Shinya FURUKAWA)

Member: BAEEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
EB)IZE (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)
Ning YAN (National Univ. of Singapore)

BEOMEMBE U TOBRMEL <ZEHEn
TWB—7. TOMERETICHITDHERD LUE
MARICDVNTIEWEZHEIZISN TULRWVDOHIRIK
THhd. BNETMBEZRREITDILHIC(E. &E
EROUEBEZEELZOX TEEDRABETEF
REZRFLANILTERIDIENEETHD, K
AROS XS —TlF. GEOMEMEELUTORE
HNRBREEZNCE DS SURMECHREZED D
BT, (1) IRAIMESEORENEKREABSZAREL
ER#EDFERROME]. (2) REEHIEERE
RUEEMDAIRK]. (3) TKDEELRAERT ZiEm
UizBRMtEM—EEH/\1 T Uy R77O4 DA
R AR RISADERA] (CDUVWT, fiilERZE. EBZF.
RERZ, STERZORAN S ZAN(CHARZITD.

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

E[EES (Satoshi KAMEOKA, IMRAM, Tohoku Univ.)
J\AHEIE (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.

N SN O
Gr "
: Regioselective
&

 Chemoselective

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

,E% EE
Elsd

WEEE T H—ROMEDOHMAAREL LT, HEBEZRT
BENFZABHEUVTHRI SIBMIEFNRMFEZHRREIT D

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

Materials
Cluster Leader: Ri&FX  (Zhiyi SONG)

Member: /NE[RIFIE  (Masamichi OGASAWARA, Tokushima Univ.)
Z=EE (Zhiping LI, Renmin Univ. of China)

KO SRAY —(FEHAKRBEZ D FOESHRATZE
BEUT, I3 T7T>F ) URSHMRI 2SO
BEMET/ H—ROMEBEDORREZITDS. 5T T2,
I5—L> B—mMR2FJ)Fa1—-TEDEEHEE
BZAEIDT /MU EZRICEDEEDTFCE
N EZ5RBDIMETHD. INSDELN
CCVD FHCHAKENDDICH U, KOS AHF—TIZ,
T AR MBOFHMRRRBIEL LT, HIHEE
ZHIdEDTEAERMAEE U THAY 2BHIEFR
IR FEZMFET D, =5IC. FikEEZeH I 2ME
ZHFEIT D

)
A

ﬂ(IEY (Naofumi NAGA, Sibaura Institute of Technology)
SHEEL  (voshitane IMAI Kindai 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

BimstEF EZORFE LFET OCADMFR

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

Cluster Leader: R/ — (Kenji 1IDA)

Member: 25| ZRtH (shinya FURUKAWA, ICAT, Hokkaido Univ.)
FEFIE (Toshiharu TERANISHI, Kyoto Univ.)
/_\;:F,Ej:? (Takashi YATSUI, Toyohashi Univ. Tech.)

KIRAFROISAY -7 BFEFF JHFOERAE
DIMNZIEEZFIA T DERDRICHABZ A U T
MIVERETE I BDICHICHFRZIT DO TWLD. METHFE
PEFHFCIMUETEmeBHFEDED LT,
FHBE(C I DREDREZILIR T DIZH DR
STEFEZRRET D, TOFEZHAVT. RFRHE
& CFREBEDMmE DA BRI TRRIREEZ HI#l Y
DlzHDEmBVIEH ZERKRT D, BARBIICE. T
DIfFRREZ R TLD.

(@) HETSXEZYUAEST /HFONRBEFYHE
BT & SERRIEADIGH

(b) BHEREIER - ER ST KT - BIEMN 572D
BERZAWZHMIERIEDA I ZX

() AEZRISICH T DIPOBEDIKE (T T DIE/ED
e

(d) BAFfARERIGDIRRT B FEDRFE

ZAE—3E  (Kazuhiro YABANA, Tsukuba Univ.)
AREHE— (Yuichi NEGISHI, Tokyo Univ. of Sci.)
Andriy Kovalenko (university of Alberta, Canada)

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

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

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

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

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

Fig. 1 Catalytic reactions near a solid/liquid interface under an external field
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Catalysis Collaborative Research Center

c N\N=)\—HXMI=-V b

Unit of Fritz-Haber-Institute

TJUyWY

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

Member:  EAESEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.) Hans-Joackim FREUND (Fritz-Haber-Institute, Germany)
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Matthias SCHEFFLER (Fritz-Haber-Institute, Germany)

FER\ESWEBNFHARIZY b

Unit Leader: FEFER (Tamaki NAKANO, ICAT, Hokkaido Univ.)
Member: BAEEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)

FEB/ZEM (Jun-ya HASEGAWA, ICAT, Hokkaido Univ.)

HESEPE  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)

LEXMRERFPSAPAIZY B

HU Alliance for Catalysis Research

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

FREFDE (Haruhide MORI, Hokkaido Univ.)
MRS (Hiroki HABAZAKI, Hokkaido Univ.)
L8| BR48 (Tamaki SHIBAYAMA, Hokkaido Univ.)
/\FE5EBA (Katsuaki KONISHI, Hokkaido Univ.)

Member:

A S

Unit on Integrated Research Consortium on Chemical Sciences

AESTAIRNIFE1 "y b

=3

HETYER (Takashi KUMAGAI, NIMS)

1&[Z  (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
JB7KIA— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
S KEH (Daisuke URAGUCHI, ICAT, Hokkaido Univ.)

HORB  (Tetsuya TAKETSUGU, Hokkaido Univ.)
MB)H#8  (Shin MUKAIA, Hokkaido Univ.)
FRKTRAE! (Shigeki MATSUNAGA, Hokkaido Univ.)
LB — (Yuichi KAMIYA, Hokkaido Univ.)

Unit of Catalyst Characterization by the New Synchrotron Radiation

Unit Leader: BA27EE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)

Member:  SBKEF— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
HESEFE  (Kiyotaka NAKAJIMA, ICAT, Hokkaido Univ.)
HJFRM (Shinya FURUKAWA, ICAT, Hokkaido Univ.)
Abhijit SHROTRI (ICAT, Hokkaido Univ.)
Eﬁ’ﬁ&? (Muramatsu Atsushi, Tohoku Univ.)

1SR (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
BEEARE  (satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
EREPE (Takashi TOYAO, ICAT, Hokkaido Univ.)
AAAFZEE] (Atsushi MURAMATSU, Tohoku Univ.)
BB (Yukio TAKAHASHI, Tohoku Univ.

FrHIUVUAMIARITAORAIZY b

Unit of Catalyst Informatics

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

SB7KEI— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
EJREME (Takashi TOYAO, ICAT, Hokkaido Univ.)
EHBEETT (Keisuke TAKAHASHI, Hokkaido Univ.)

Member:

BEEAE  (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
KM  (Akira YADA, AIST)
SBENII—2 (ichigaku TAKIGAWA, RIKEN)
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Technical Division

https://www.cat.hokudai.ac.jp/technical/

BREDSEMAFRETMRL < iz

Technical Support in Response to Various Special Needs of Scientists
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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 1T 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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Joint Usage/Research Center Project for Collaboration with ICAT
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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 RCCS for more
details.

1. Collaboration programs

Collaborations with researchers in RCCS 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 RCCS.
(c)Challenging / Fostering-Young-ResearcherS (FYRES)
project: Annual application for research projects to extend
excellent collaborations. Young applicants will be involved in
FYRES program.
(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: RCCS 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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International Collaborations
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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)

FERRESMBERFAR I

v |\ 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(£)011-716-2111(R9302) FAX 011-706-9110
E-mail:k-shomu@jimu.hokudai.ac.jp
Homepage:https://www.cat.hokudai.ac.jp/

23



@@ Institute for Catalysis
@
o
[ ]
L 4
L 2 1/



