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Greetings
“Institute and Center”

The new Institute for Catalysis (ICAT) is opened
on October 1st 2015. Catalysis is the traditionally
important and strongest field in Hokkaido University.
Juro Horiuti started Research Institute for Catalysis in
1943. It was remodeled to the Catalysis Research Center
(CRC) in 1989 as a Joint Usage/Research Center. We
are succeeding the mission of the CRC and play a role
of the joint Usage/Research Center in the catalyst field.

What is the difference between Institute and Center?
A difference is the freedom and the responsibility.
Institute has greater freedom. It means we have
to decide by ourselves what is necessary for the
development of our society related to catalysis science
and technology. In this sense all members in ICAT have
to recognize our mission to carry out good science and
to stop misconduct in research and harassment. We
have to behave ourselves honest and fair and take the
accountability of our actions. At the same time we
have to listen to any comments, criticisms and voices
addressed to us in open and fair manners. We will
decide based on these comments, criticisms and voices.
The important point is to promote the communications
with inside and outside. We welcome open and fair
discussion and comments.

Next question may be what is the research target of
ICAT. Our research target is to develop new catalysts
necessary for the establishment of sustainable society.
Our missions are not only to perform frontier research
on catalysis but to encourage catalysis communities
in their research and to expand catalysis research
collaboration with other fields such as physics, biology,
and environmental sciences.

We now initiate a new project to build up catalyst
informatics for the future. We have made and
open the catalysis database(http://133.50.165.193/
catdb/). Next challenge is to gather all data from the
experiments directly, store them as big data and analyze
them using Al(Artificial Intelligence) to derive the
useful information to obtain new catalysts. We are
collaborating with AIST, NIMS, RIEKN and KEK for
the catalyst informatics and are trying to make a catalyst
informatics consortium with people in academics and
industry. The catalyst informatics will be another
runner of ICAT in the global collaborations to attain
catalyst-driven innovation. We need all your help and
suggestions.

Kiyotaka Asakura

Director of Institute for Catalysis,
Hokkaido University

April 1st, 2016.
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Catalyst Surface Research Division
http://www.hucc.hokudai.ac.jp/"q16691/index.html
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Observe, Create and Manipulate Surfaces
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Research
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Polyethylene bag

detector

Fig. 1 EXAFS can be obtained from the sample with less
than 10" cni” Pt on Highly oriented pyrolytic graphite in the
presence of electrolyte.

Our missions are observing the catalytically active
solid surfaces on an atomic level to reveal the reaction
mechanisms, making the catalytically interesting surfaces
and manipulating the surface reactions (Fig. 1).  For
example, we have revealed the change of electronic state of
central atoms and its evolution after the photoabsorption
using pump-probe in situ XAFS in collaboration with IMS
and KEK-PF (Fig. 2). We are challenging to develop new
surface analysis methods. We applied the accelerator

based beam techniques to the characterization of the

surfaces such as positron, muon and free electron laser.
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Laser

Detector

X

0.0b=A L L L 4-05
10200 10210 10220 10230

X-ray 02p
ﬁl t |;I Elev

Fig. 2 WO, is a Z-scheme photocatalyst for water splitting.
We collaborated with Prof. Bunsho Ohtani (ICAT), IMS
and KEK-PF to reveal the evolution of electronic state after
the photoabsorption process with a ps order time resolution
using Pump-Probe XAFS method.
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Catalysis Theory Research Division
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Theoretical and Computational Approach to Catalytic Principles
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Fig. 1 Complete oxidation of ethylene on the Pty/silica
surface model.

To overcome multiple complexities in catalysis, we
are developing an accurate theory for complex electronic
structures, QM/MM method for large molecular systems,
AIMD method for molecular simulations, and analytical
methods based on quantum and statistical mechanics.
These methods are applied to the catalytic reactions of
organic catalysts, transition-metal reagents, heterogeneous
catalysts.

Our research activities in 2015 is as follows: 1. Mechanism
of hydrolysis by model carbon catalysts, 2. Mechanism
of ethylene oxidation with Pt/mesoporous SiO: catalyst,
3. Redox process at the metal/metal-oxide interface by
the first-principles molecular dynamics simulations. 4.
Mechanism of the Pt catalyzed reduction of amide with
bifunctional hydrosilane, 5. Development of density matrix
renormalization group for calculating strongly-correlated

systems.

MX + 8¢~ — MX,_; + X"

Fig. 2 Redox process at the metal/metal-oxide interface.
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Surface Molecular Science Research Division
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Real-time Vibrational Spectroscopic Monitoring and Control of Reaction

Dynamics at the Solid/Liquid Interface
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Electrochemistry, Surface science, Catalysis
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Our main interest lies in reactions that take place at
solid/liquid, solid/gas, and solid/solid interfaces. Many
surface science approaches, such as sum frequency
generation (SFG) vibrational spectroscopy, atomic force
microscope (AFM) and electrochemical techniques
have been combined to investigate the mechanisms and
kinetics of the reactions on the surface and interfaces.
The main research activities are (1) Elucidation of the
reaction mechanisms on the electrode / electrolyte solution
interface in the Li-O2 secondary battery and development
of the novel electrocatalyst for the battery based on the
design of the surface structure; (2) Development of the

functional materials based on the control of the surface

structures.
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Li-O, Secondary Battery
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Catalytic Transformation Research Division
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Development of Heterogeneous Catalysts and Reactions for Renewable Energies and Environmental Protection
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Fig. 1 Self-contained system for hydrolysis of woody
biomass.

Our strategy is molecular design of heterogeneous
catalysts and their application for utilization of renewable
energies and environmental protection. One of our topics
is conversion of non-food biomass to valuable chemicals
by heterogeneous catalysts. We have recently found that
air oxidation of woody biomass provides a weakly acidic
carbon that can hydrolyze the woody biomass to glucose
and xylose (Fig. 1). The solid residue containing the
carbon catalyst and lignin after reaction is converted back
to a fresh catalyst by the same air oxidation. We also study
depolymerization of chitin.

Our interest also includes catalytic application of
mesoporous materials. We reported high activity of
Pt/mesoporous silica in low temperature oxidation of
ethylene to CO: (Fig. 2). This catalyst is practically used
in the latest models of refrigerators to inhibit aging of
vegetables and fruits. We are studying the structure-

activity relationship in this reaction.

2C0,+2H,0

Fig. 2 Proposed mechanism for low-temperature oxidation
of ethylene over Pt/mesoporous silica.
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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
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Our aim is to design new heterogeneous catalysts for
green organic reactions and automotive pollution control
with minimum use of precious metal resources. Mechanistic
and structural studies by various in situ spectroscopic
methods establish the structure-activity relationship,
which provides fundamental aspects for catalyst design.
We have found that creation of multifunctional active sites
at metal-support interfaces is a key factor for design of
novel catalysts. We try to contribute to improvement in

global energy and environmental situation by developing

heterogeneous catalysts with innovative functions.

Analysis of
Reaction Dyn

Development of New Catalysis Processes and Concepts for Sustainable Society



FEARET A RS

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

We are aiming to design, fabricate and characterize
photocatalyst particles and to clarify the mechanism of their
photocatalysis. double-beam photoacoustic spectroscopy
(RDB-PAS) for evaluation of energy-resolved density of
electron traps in photocatalyst particles to be compared
with their photocatalytic activity; (2) examination of light-
intensity dependence of photocatalytic reactions using an
ultrahigh-intensity continuous monochromatic light source
to find electron-transfer mechanism depending on the
density of electrons or holes in a particle; (3) preparation
of highly active titanium(I'V) oxide (titania) photocatalyst
particles (Fig. 1) using a newly developed gas-phase reactor;
(4) development of metal oxide particles with micro-
macro hierarchical structure (Fig. 2) through hydrothermal

reaction, and clarification of the mechanism of those particle

formation and photocatalysis on them.




11

7 T HRIRE

FEBF]

Molecular Catalyst Research Division

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

BEEHRR

Fundamental
Research

ARERIEZZHREL T, MBRFERBBERLORFEZBIET !

Toward Novel Carbon-Carbon Bond Formation by Organometallic Chemistry

BB IR 5= (Tamotsu TAKAHASHI)  FREZE 893 (Zhiyi SONG)

LAREBTEREE, REBBOEABRZEALE
BWERBEEORRZBIEL. sIANEREE L TK
FRABEVMERFE—RRERRMZEHAHD
BB EICEOT SHNGERIERZCHVWTIIRH#E
SNTERLBRRBBERRIGZREL TV,

ORI IZIEGEBERBHAHICHNVT,
BEFR<ERICHBEUERERRUTFEINTVLD
N, SEEBRLDTIN—T T}, F9>2LTCpRAIFA
BNERMMERICEZBELTVWS, >7ORY
STIZNEBEBITBFIV_VABEKICHNT &
AFEDCPBRAIFETIVIVEBUDHY T TRIG
MNETLEDSE. LB ERQT > T FI 8K
PERTZEZRBELTND. TNSDORGIFE. Cp
B FZHBREBBBEDIHDREI-Y RE
LTIRMITBZEICNA KR RRBEVIMTE £
[CKV) RERBIEZHABIBZZENTES,

N EVRIBRKICHBIRUICEBEZE TS (7
V] EEEYPELTC 7O OXRIFETIELLZET O
%, IBRRR-RRBEEEEM T D ECKN, RER
IHFERETRLADZRTT7 2 BETZENDE
MFEZRRELTND,
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R
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Scheme 1. Carbon-carbon bond formation and cleavage of
Cp ligand on titanium

T IR BB womite sTiE 508 (Jiro KASAHARA)

Cleavage/formation of carbon-carbon bonds in organic
molecules have been a major challenge in synthetic organic
chemistry. By utilizing transition—metal reagents or
catalysts, our research group has developed such reactions
with unique modes of C-C bonds cleavage/formation.

Cyclopentadienyl (Cp) ligand has longtime been
believed ‘inert’ on transition metals. However, in recent
several years, our group has found that the Cp ligand on
titanocene complexes was abnormally activated. Cp ligand
of bis(cyclopentadienyl)titanacyclopentadiene complexes 1
was coupled with the dienyl moiety to give dihydroindenyl
titanium complexes 2. This dihydroindene moiety was
then rearranged to give complexes 3. Upon treating with
additives, these titanium complexes were then converted to
via a variety of organic compounds through a combination
of C-C bond formation and cleavage.

Meanwhile, our group has developed a series of methods
for the synthesis of substituted acenes. We are now trying
to create novel method to get 2D acenes from acenes. In
our method, dimerization of acenes at the first ring was
realized successfully by Mn catalysts after introduction of
OH group. Then, the remaining C-C bonds were combined

one by one.

) iseell
e D ¢e

1st ring dimer

.

1D acenes

Scheme 2. Controllable synthesis of 2D acenes from acenes
via carbon-carbon bond formations from one side to the
other.
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Macromolecular Science Research Division

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

BEEHRR

Fundamental
Research

ROF - B FOREBREEREIC XL SEEEMEORR

Control of Polymer and Supramolecular Structures Leading to Advanced Materials

DB IR 29 (Tamaki NAKANO)

HEPITEITImME & L TR AZE B L THEE
HEINLE/BDFHIUBRFEZERL TN D EER
[BDERETICK) BEBA T-RIY IR NAIN=TS
FRBEDD FEES LU BREED % RIR
L. AT RRBFEOD FEBSEHEEDREFELTL
%, HlEEEZEITda0F - BOFEHEL. A,
RS QBN IR F—BE. KFIERERFLE. 2
Bt RIEEMFOSELHEEDRIR(CHELTLS,

URRECTEARI Y I7BEEZEZIILAR)<—IC
WUTHIET DI EICHTHIILE (B1) o TRIY
ZER) T —(IRFREILFEE(CEDVT EERRW
Y- BFYHRETRT KBEFYRREHRERRESNF
CRHENBREDEZEZSNTULEN EZILRYT—
DOEEHIEC K BNIMEDRRETIZIEZH5
MMIUTz. £z ARKEZRAVWVCSBABRD FOEM
[CAHIHU. S5(1C. K TEOBADBEZERTYF T T
B5BARDFROMAFEDHITOTCNS (K2),

Fig. 1. Structure of poly(dibenzofulvene), the first
1 -stacked vinyl polymer.

Our research focuses on the synthesis of polymers and
supramolecules having controlled structures including
helix, n-stacked conformation, and hyperbranched morph
and ordered liquid crystalline phases aiming at creating
advanced materials showing catalytic activities, photo
emission, conduction, energy transfer, non-linear optical
properties, separation functions, and pharmaceutical
activities.

We have succeeded in synthesis and structural elucidat
ion of m-stacked vinyl polymer, poly(dibenzofulvene), for
the first time (Fig. 1). Based on the n-stacked structure,
this polymer shows valuable photo electronic properties
that have been thought to be unique to main-chain conjuga
ted polymers. Another goal is to create a polymer helix us
ing light: we have for the first time prepared a preferred-
handed helix on the basis of chirality of light (circularly po
larized light) and further extended this work to a helical-

sense switching driven/triggered by light (Fig. 2).

R-CPL L-CPL
o 000000 ~

P-Helix Random

Random

o G011 Aem

Fig. 2. Chirality switching of helical polymer driven/
triggered by circularly polarized light (CPL).
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Research and Development Division

http://www.cat.hokudai.ac.jp/technological.html

EFEESEL

KAEHEER

Practical
Applications

Reinforcing the collaboration of government, industry and academia

FAEF D H %35 (Mayumi NISHIDA)

IEBERZ IR 2R - RAEHOERT R
FEBPI (L EFEIER(EZ R EHDEZBNET
BNEHZEDEBICINZAT2014F4AH5ZDE
BZRIBLE LI, 2015F48(C(3. JEBEARFLE
URFRENEER AL ESHERREDB T ORTRA
MY NHENBASNIEC EZR(T T HRAFS
PIDAUN—(CKBILARTORTRA >V RAV NF—L
DERT - MEEEREMAR L I—RICHKRBL. E
FEOBRELDERBZEBSICEICHBWE L, TD—
REUT 2015FE(C JLBERFARIRE AP
BERMARMN - RRERRZFAR L 9 -—RUSER
FPMRERE. ERT - RBEERETRE I-RU
ATHEERR > I—DEEBHZME [FrIUR
N2 TART 1T RICKBEREREFE] DFOTTTh
BT E UL,

ZHIRFE #2355 (Tomohiro YASUDA)

The Research and Development Division was started at
the Institute for Catalysis (ICAT), Hokkaido University in
2014 at the request of the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) to establish a
close relationship between academia and industry. In April
2015, Hokkaido University, and the National Institute of
Advanced Industrial Science and Technology (AIST),
executed the contract to realize the cross-appointment
system for the sake of reinforcing the collaboration of
government, industry and academia. Then the cross-
appointment team being constituted of the Research and
Development Division was newly set up in AIST. Utilizing
the government-industry-academia network, the new
program, "Catalyst Informatics", was launched by the
cooperation among the Center for Sustainable Resources
Science and the Advanced Institute for Computational
Science, Riken, the Interdisciplinary Research Center
for Catalytic Chemistry and the Artificial Intelligence

Research Center, AIST.

Mission of the R&D Division

Reinforcing government-industry-academia collaboration
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Research Cluster for Sustainable Catalyst

http://www.cat.hokudai.ac.jp/sustainable.html

Central
Research
Section

AR CH 1T SR AN REREDSTERNEH

Developing Fundamental Resources for Catalysis Research

Cluster Leader: R&)IEH Jun-ya HASEGAWA)

Member: BAE &E (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
7B IKER— (Kenichi SHIMIZU, ICAT. Hokkaido Univ.)
S1&R (Tamotsu TAKAHASHI, ICAT, Hokkaido Univ.)
FAEFRFH (Mayumi NISHIDA, ICAT, Hokkaido Univ.)

AERI 2R M D SCIRAREHE - ZIETDEHD
HEBEEREZEBNCERBIZCE. HAREIIQZ
TA—EDMRBHAEHZIRE - BRI D& MR
BZCHT2HMZREEZHENCRBTIEE
BOEUIEBEZTD,

MHYRTF IR S %

e AN e e [ Wt 53 (- ice] |- Lt
RS 2R MOMREHEE - 1B D,
QQEIFESERBMETOT SLB%
RENRERRAEFHDEE AREDAME
R MIRFARIEZT Do
Q) ERIET —IN—RFBE
AR T —IN—ADBERZRET L BT
LI 2MBREZRMEARILTDEHC FZE
BBIEELTF Y IVAN AT TATR
NDHREBEENT S,

18 7Z (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)
KEBNE (Bunsho OHTANI, ICAT, Hokkaido Univ.)
h8F  BR (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 devel-
oping human resources and in outreach activities to the so-
ciety. (3) Database project is to accumulate experimental
and XAFS information of catalytic systems and to develop

catalysis informatics.

MREFART —IR—-RAICEDTT

ISR AT MRCFIR U 5~ M FRORSERDUE DE LT, M7 -9~
DORBEMELELE, BROF—-SANICEDRE - BEREANBITRFT—IR-ABL<LN
TIEOTY. BROTBNERL<BM WL ELET,

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

ERTY
Extensive
Research

Section

RIGHEOI-HDRERE> /IBEZDL D, #3

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

Cluster Leader: BEKIZE (Satoru TAKAKUSAGI)

Member: i&KEF— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
{HZE &L (Tatsuya TSUKUDA, The Univ. of Tokyo)
JREEZ (Kenji HARA, Tokyo Univ. of Technology)
BHEM (Takuya MASUDA, NIMS)
JEERBIEE (Toshihiro KONDO. Ochanomizu Univ.)

BISEORESNCBRIEVERBRRBDZHKELD T
PEBTHRALICEMT B ET. well-definedirzk
BRINVBEHBET S, EBR N RILEEMEE (STM)
PRAERFABRAXAFSEZRAVWTRF - 9 FLA
ILTO# - BFHEIETMETOEEHIC, REICHD
BEMZRAETECETEURIRDERZHSNIC
U\ iEHES 1 NOBIBRERET D) DIEE 2185,

BIZ SRV EOEEF/NTFFIBREEMIEE
FU&H o — BF T/N\A RARERLEBM BT
BEINTUVEH BENRCPIL MDA TISIRI—

(HA XA NnmUTF) ZH—(C+HRHEBRFIBH
ENELL, LA LEIEMREZ. HOHNUHERE
B<IBEIERIZBREEZE T HHKEMNSD FTIELM
TBIETRIDESICERBEZRERFRICHB TS
. EEMD FORBRLEENDBEASEZZLSE
BCETHARZFEULTNT SRI—DABD
AJREICBD EHFTE S,

J\ZR—Z= (ichizo YAGI, Hokkaido Univ.)

ALWEHR (Hironori TSUNOYAMA, Keio Univ.)
BEET (Kohei UOSAKI, NIMS)

Eﬂfﬁ (Wan-Jae CHUN, International Christian Univ.)

The objective of our research group is to create well-
defined active surface structures by modifying oxide
single crystal surfaces with various functional molecules
and metals. They are characterized at an atomic level by
using advanced surface science techniques such as STM
and PTRF-XAFS to elucidate the origin of the catalytic
activity.

We are now focusing on metal nanoclusters on oxide
surfaces because they are technologically important
as oxide-supported metal catalysts, sensors, and
electronic devices. It is not easy to prepare homogeneous
subnanometer-sized clusters on oxides because they are
ecasily aggregated to form large clusters although they are
expected as the next generation catalysts or devices. We
succeeded in preparing an atomically dispersed metal
species by premodifying an oxide surface with functional
molecules before metal deposition (Fig. 1), which may
enable precise size control of subnanometer-sized clusters
by controlling densities of the functional molecule and the

deposited metal.

bridging
oxygens

Figure 1. Atomically dispersed
Au on TiO2(110) premodified with
0-MBA (mercaptobenzoic acid)
molecules.
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Research Cluster of Bio-Interface

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

ERTY
Extensive
Research

Section

ESFRAEDD FIREZRRETENTS

Exploring the Bio-Interface in a Molecular Sensitivity

Cluster Leader: 1% (shen YE)

Member: FHEEH (Kei MURAKOSHI. Hokkaido Univ.)
EETE (Jinhua YE, National Institute for Materials Science)

NEORBTECHELEZONENORB PR
BORTF - D FORIBECKEINTLD. L
(&, FBRFEE(SFO)IREN D HIACRFENIRMIE

(AFM)ZEDRERZNFEZAL, £EFRZEC
HETIEAREEMMEORED FHEEDHEAZE
UT, ZORBEMRROEBRIBZD FLNILTR
RI2. BRVAVIBEDKRLBDFEDRMIC
HFORBBENBREREICKY, NTA125—
T7I-RALCHTRIRIDDEEERE LA H
DREFEICHLE ST 5. T5IC, ERESBMUBENZ
REBHOEBRBRABDBENETDHMRICHEN
A, KREBEZNIBRD SBBRITEE PR R E
MOMEAZ R U THELSERFEMHORAEPSEIE
REXBEHMORALICEIRT S,

SYEIE (Hiroshi IMAHORI, Kyoto Univ.)
HSE (Mmasaru TANAKA, Kyushu Univ.)

Molecular structure at surface of a functional material
plays important roles in its functionality and catalytic
activity. Our research interest is focused on elucidation of
relationship between the functionality and the molecular
structures on the surface or interfaces of bio-membranes
and functional materials at molecular level using sum fre-
quency generation (SFG) spectroscopy and atomic force
microscope (AFM). For example, the enzyme reaction on
the lipid bilayer and the surface structure on the biopoly-
mers on the bio-interfaces have been studied under in situ
conditions. We are also investigating the electrode and
solution interface in the Li-O. secondary battery in order
to improve its stability and cycling ability by the surface

structure control.

Figure 1. Scheme for SFG and AFM Measurements on the Bio-interface.
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Research Cluster for Plasmonic Photocatalysis

ERTY
Extensive
Research

Section

IRIBMMEA T S XE VR AR DR

Development of Plasmonic Photocatalysts for Environmental Applications

Cluster Leader: AJJLAH IJ\ (Ewa KOWALSKA)

Member: EEARE
Agata MARKOWSKA-SZCZUPAK

(West Pomeranian Univ. of Technology, Poland)

Christophe COLBEAU- JUSTIN

(Paris-sud Univ., France)

Saulius JUODKAZIS

(Swinburne Univ., Australia)

Sven RAU w

Ulm Univ., Germany)

ARART SRI—TIF, KBBAICAFENZARN
DREBRFICEVWTERB /AT HIBERINZEHD
KT/ RNTF, TS5, £, RHBVEHEEE
NEBHDIVWEESEELWNIRF vy T EEHDHE
BRHHSBIHMBEORREEZDILTND, TN5D
HARIEEFAWDENHDVIITRARBE T TDER
MEDBRORITHEEH LOLSPRIFINICKELZE
BICELIAMBETEOD EONREZZRSTIL, TEBEAR
RREH LOHAIE T YR Z O EDIBRE%E
BEOSNCT Do TBICTHTSRAESHAMEICH—F
KB THIERBAZEMIBEICKN, T5H
BHMBFTHEO@ EEKRIR, F+ U T7BEBS IV
BIEETRIGOEEZHEET 5,

# bacteria

irradiation
4

Plasmonic
photocatalyst

-

Fig. 1. Images of bacteria and fungi: healthy (top) and
affected (bottom) by irradiated plasmonic photocatalysts.

(Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)

o EREE ( (Ryu Abe, Kyoto Univ.)
Hynd REMITA

(Paris-sud Univ., France)

WOJCIeCh MACYK

(Jagiellonian Univ., Poland)

Adriana ZALESKA MEDYNSKA

dansk Univ., Poland

Marcin JANCZA
Gdansk Univ. of Technology, Poland)

Our research focuses on development of plasmonic
photocatalysis with ability of workingat visible range of
solar spectrum, i.e. mono and bimetallic photocatalysts
composed of gold, silver, copper, platinum and wide-band
semiconductor. The influence of structural properties on
the photocatalytic activity and the mechanism of chemical
and microbiological (bacteria and fungi) pollutants
degradation is investigated.

The mechanism of photocatalytic action under visible
light irradiation will be studied by a few methods, e.g.,
photoacoustic spectroscopy (PAS), reversed double beam
photoacoustic spectroscopy (RDB-PAS), time-resolved
microwave conductivity (TRMC), electron paramagnetic
resonance (EPR) spectroscopy, fluorescence spectroscopy,
quasi-Fermi level determination, action spectrum analysis.
The influence of titania facets (101 and 001) on properties
of metal deposits, and thus on resultant photo- and
antimicrobial properties will be also examined.

Fig. 2. Scheme of photodegradation of chemical and
microbiological pollutants on titania (exposed with (101)
facets) modified with NPs of gold and silver.
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Research Cluster for Computer Simulation of Interfaces

R

Extensive
Resez}rch
Section

EBFVZSabL—YayFEORFELEFEIOEADERIEER

Development of the Methodology of Quantum Simulations and its Application to Chemical Processes

at Interfaces

Cluster Leader: AU (Akira NAKAYAMA)

Member: i&7KEF— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
ECREE (Tetsuya TAKETSUGU, Hokkaido Univ.)

SEARIE (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
BFER (Hisao NAKAMURA, AIST)

Nisanth N. NAIR(ndian Institute of Technology Kanpur, India)

AART SRI—TR BRREBSIUVE K-
BREICHTEIMERILTOTRADANZ X LRRELE
BmOEEHADEL ZBEL. F—RED FEHF
EPQWMMEREDEFIIaL—Y a2 FEzD
ECHERDAREICAMRZHIET D EFHNICE
LTFDIRBICEREEL,

@) MY —RMERMICHTDRIZSTEBIEDR

DR

RY—RERCHT2RNZNEHRICEB L

ARIRHERERRIT 21T Do BRI R F—EHEICED<

BT ZEROVTL. I ROE—PBEDMRE

EHIERSH

(b) BILMFEFDOEBRBEICH THBE{LFTER

(CBIT BIEFHOVAR

B EERBOBBRADBELEBRRTA DB

BN UEBIEETEREOEBR/RNET VT 21T

L\ REBEEEFLENIHERZE —RIBHEICK

VWBESHICT Bo

(0 BHIBERQM/MMEtEFEDRFE

ARERADBERICAIT T H—REBHEDSHE

JZARZERIBICTHFBZ2HC. BBRERQM/MM

EDREZITDS. HICBRBIEMEMMBER L

T AERDFTAL DEGICERZB VT AR

FHZ1TD0

Fig. 1 Redox process at the metal/metal-oxide interface

Our research focuses on the understanding and theoretical
modeling of interfaces (solid/liquid, solid/solid interfaces) with
the help of computer simulations such as the first-principles
molecular dynamics simulations and QM/MM methods.

In particular, we focus on the following topics.

(a) Ab initio thermodynamics and solvent effects on the
catalytic process.

(b) Theoretical modeling of the electron transport and redox
process at the metal-oxide/metal interfaces.

(c) Development of the QM/MM method for periodic

systems and its application to heterogeneous catalysis.

Fig. 2. First-principles simulations of solid/
liquid interface
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BRI EARIRE

Research Cluster for Acid-Base Catalysis

RISAI—

ERTY
Extensive
Research

Section

REEDOEFEIEEMRZFAAEL, EYMHERKEY»S

WHEIEFZRDERZES

Development of novel solid acid-base catalysts for the conversion of abundant carbohydrates in
nature to platform molecules for bulk chemical production

Cluster Leader: BB (Kiyotaka NAKAJIMA)

Member: RB)IEH (un-ya HASEGAWA, ICAT, Hokkaido University)

—B{HZ (Nobuyuki ICHIKUNI, Chiba University)

B — (Yuichi KAMIYA, Hokkaido University)
HEHIEZ (Toshiyuki YOKOI, Tokyo Institute of Technology)

KERE (Ken MOTOKURA, Tokyo Institute of Technology) Emiel J.M. HENSEN
Barbara ONIDA (The politecnico di Torino, Italy)

BEEBERICKFULLVWERBREAZORE
FEHAKRDESNTH . REDE UV EYEBRRKIE
VeRBEVIEDREZRRBOEMN EELRE
EBOTWBo RRRT ATl BIFERIEMD
KEETEHSTIRIBEERBREA. HICINITR
HINTVBHEEFREERYTAEEFBS
BRFERORIEEMEZHAL. RREGFEZE
@ UREKBBRATONILI T AIERRERICERY
B, TRRFTAB(E SERGEMBRORKIED
ZPDETREEYE (R SREMERS LT ZD
IRTNEBE) DSAINKRVEST " TILTERF
L7112 RBEZBINETESIZIRILRDBET
HB. BICIRBET M MNIKBE - ERERGOHEH
agEEANF C2~CA4Z P E LIRS FBKRIL
KFEHNSCI12ZKIBICLODED FERILKREM
DEEHNEILTE B0

(Eindhoven University of Technology, The Netherlands)

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

chemicals.

Concept for active sites

Lewis acid site

AN 7 X Base site 0
A <> NN
7~ M<g— M’
o\ Pl o P M <
Polyhedraiin metal oxide surface / /

Carbohydrates
*Sugars

*Fatty acids
-Fatty acid alkyl esters

Platform molecules

- Furans, Organic acids
Ketones, Aldehydes,
Olefins

Conceptual illustration of acid-
base pair on metal oxide surface
available for carbohydrates
conversion in water
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Technical Support in Response to Various Special Needs of Scientists

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

MAZERMEBT(E AREHSDRBHA DR
BEZICRRCHMU. AR - EEBRHORERBE -
KEBORF - RUE - AR AIRAHEES - 2B - v b
D—IBRBBEDZBRICOIZZRMBIZTV. X
MAMDBELBHREXATND, e, FEBEZH
HELU.AREBERMBEDEEZEHDIEEHICE
BZBLREBMAZXELTVS. E2I9—H5
RN MEEEDSMBERFEANEDN | KV 2
LT BRRERMIBEH S5ZIELTLVS,

F—MAKSHEN: HEBBULOKE - BFE
D% - RIERBREFHUCRE - RABEOSVAS
AMNIZETO>TVET,

F_MREBERN B - BB -E5IVIRAD
NIZT-O>THY., EICEER&R - KFER - BSRIE
FELEFEERELTOE T AADOITEEMZRAL
NINS. BEB7O07SLAZAVENCIIEFTEE
TELGEMITEZTO>TVET,

MREB SR ANARPADEB R EFIEMIER,
BBBEBFRMYE, XRALBFHOARKE, REATEK
B, RBSHERELEDERBER, XY NT—TE&
BE{TO>TVED,

The Technical Division is composed of Research Equipment
Development Teams No. 1 and No. 2 and the Research Equipment
Management Team.

Research Equipment Development Team No. 1 manufactures
glassware commonly used in chemical experiments as well as
special glassware that is not commercially available, such as
vacuum pumps and special spectrochemical cells.

Research Equipment Development Team No. 2 is in charge of
metal processing, welding, and the construction of equipment such
as ultra-high vacuum systems.

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

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

metal processing, we make every effort to acquire new skills.

FiRFEEREIRIEY

FRRESRAEIERASR

20




:H\: IE.I ﬁﬁ%%% (: 2L —C Promotion of Cooperative Research

HEMA  HBR AR RE UTOARMEPR (&L
EEFEITOCVET,

ROILETE

1 HEFA - HEHE

RAFPR [ FER22EEN O BRI FEDREERIF
IR LA DOHBAIAR - HRMARAREUL T RKDRIEU
EHBMAEED D EEULTHBDET,

RENDOMABDMRAKREERD ARRAMDOAEZ
MREDBECUTHRPAICSVNTHRBERIDEDT AR
RENDONDUHBESNTVD[EBEE I (F1DRE) KD
PFEESEOHMRBEZRTE T D [ERE (F3QDRH)D

BREODXDICRDRNEZTVERT RSN 2R @ICHUT
R AEPAD S REN TG SNEKT o),

2 BEWRIOR#E

(N HARFIRE

FRI6FEX CRIELCLEMARREEMRFHS
EREGSEERITEED SEIMRFNRBEELT 2BD
MREBICKDFEROAMAAMSIPI- O SRAY—DHR
RFER SR ETOCVNET,

2)BRtARER
FBHBEOMARBZBREUCMBE(LZEDRET —IC
DWCYYRYDLZERETDEDT R 2FEDShE
UCBDETAFIBEDSIEF1@BHNCBNCER
ELCTHDET,

Q) RBAEBEBERIVRI DL
[BARDFED RN RARE [BEDIHREEDETE
TIBHMMCBWVTIBRAEBIDIEVWSIVETADET
TH EESNTHBD. F2ORELTCVET,

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

1. Joint Usage/Research Center Program

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

2. Symposium

(1) Research Symposium

The Research Symposium which showcases research activities at the

Institute for Catalysis is held every year. Special lectures are delivered

by invited speakers.

(2) International Symposium

We have organized many international symposia on specific themes
in catalytic chemistry featuring the participation of distinguished
researchers from various countries. Our international symposia have
been held in several countries, including Germany, USA, France, and
Sweden.

(3) ICAT International Symposium

We organize two international symposia per year. These symposia
are operated under our philosophy that a Japan’s own research
institution should take the initiative in dissemination of information
in overseas countries on pioneering research outcome which Japan
takes pride in.
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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 interdisciplin-
ary 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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B;%ﬁc;lltl. International Collaborations
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To promote international exchange, we have concluded agreements with

its counterparts in many other countries.

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

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

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

4) Center for Catalytic Science and Technology, Delaware University,
USA (July 9, 2007)

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

6) State Key Laboratory of Catalysis, Dalian Institute of Chemical
Physics, Chinese Academy of Sciences, China (October 10, 2007)

7) Institute for Physical Research and Technology, lowa State University,
USA (March 10, 2009)

8) Cardiff Catalysis Institute, Cardiff University, UK (January 26, 2010)

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

10) Institute of Chemical and Environment Engineering, West
Pomeranian University of Technology in Szczecin, Poland (March 17,
2010)

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

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

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

14) Faculty of Chemistry, Jagiellonian University, Poland (April, 2016)

15) Department of Chemical Engineering, University of South Carolina,
USA (April, 2016)
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Institute for Catalysis, Hokkaido University, Sapporo, JAPAN
TEL(f£)011-716-2111(A9104) FAX 011-706-9110
E-mail:k-shomu@jimu.hokudai.ac.jp

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