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Greetings
A Dawn of Catalysis Science

The new Institute for Catalysis is opened today.
The Institute for Catalysis was originally founded in
1943 by Juro Horiuchi and it was remodeled to the
Catalysis Research Center in 1989. The new Institute
for Catalysis will function as a unique Joint Usage/
Research Center for the catalysis field, succeeding the
mission of the Catalysis Research Center. We have 23
faculty members under eight Fundamental Research
Divisions and one Research and Development Division
supported by many post-docs and eight technicians.

Catalysts are materials that accelerate chemical
reactions. The development of catalyst materials is
expected to contribute to solving some of the global
problems we are facing now, such as climate change,
the exhaustion of energy and natural resources,
the population explosion, and deterioration of the
environment.

Our missions are not only to perform frontier research
on catalysis, but to help and activate communities and
to promote their catalytic research. We have started
the new Institute for Catalysis now and are going to
attempt further missions to expand catalysis research
collaboration with other fields such as physics, biology,
and environmental sciences, and create new academic
fields based on catalysis science.

Practical applications and industrialization based on
the established fundamental science is the second task.
Catalysis research is directly connected to practical
applications. However, there is still a deep rift between
industry and fundamental university research. The
Research and Development Division is now trying to
bridge these two entities through collaboration with the
other fundamental research divisions, institutes, and
universities outside the Institute for Catalysis.

Finally, the most important task is the creation of
a global catalysis network through the interaction
of several institutes and universities. International
interaction will be important not only in research, but
also in education. This mission will be conducted
mainly in the newly built Catalysis Collaborative
Research Center.

We will continue to do our best to reinforce
collaborative work to overcome world-wide problems
through catalysis science and technology. We hope
that our activities will facilitate the establishment of a
world-wide sustainable society. Thank you for your
cooperation in further collaborations with us.

Kiyotaka Asakura

Director of Institute for Catalysis,
Hokkaido University

October 1st, 2015.
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Observe, Create and Manipulate Surfaces
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Fig. 1 EXAFS can be obtained from the sample with less
than 10" cm-" 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.

WO, in H,0
—

150 ps )
Laser

Detector

X

i L L d.05
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X-ray ﬂ 02
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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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l Quantum mechanics

0

Molecular mechanics

Fig. 1 Image of the QM/MM method for calculating
complex molecular systems.

To overcome multiple complexities in catalytic
mechanisms, 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.

Several examples of our research activities in 2014 is
as follows: 1. Potential energy profiles for the adsorption
and the mechanism for hydrolysis by carbon catalysts
developed by Fukuoka group. 2. The redox process at
the metal/metal-oxide interface by the first-principles
molecular dynamics simulations. 3. Reaction mechanism
of the platinum-catalyzed reduction of amide with
bifunctional hydrosilane (with Nagashima group at
Kyusyu University). 4. Development of density matrix
renormalization group for calculating strongly-correlated

excited states.
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Fig. 2 Free energy landscape of a chemical reaction in
aqueous solution.
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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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Fuel cells Batteries Molecular Functional
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Our main interest lies in reactions that take place
at solid/liquid, solid/gas, and solid/solid interfaces. IR
spectroscopy, sum frequency generation (SFG), scanning
probe microscopy (STM, AFM), laser spectroscopy, and
electrochemical techniques have been combined in order
to understand the reactions on a molecular scale. Surface-
enhanced IR (SEIRAS) developed in our laboratory
enables fast time-resolved reaction monitoring. The
main subjects are (1) dynamics of molecular adsorption
at the electro-chemical interface, (2) electrode kinetics
and dynamics, (3) mechanism of electro-catalysis for
fuel cells, (4) self-assembly of ultra-thin organic and
inorganic films and its applications, (5) structural analysis
of ultrathin organic films and interfaces by SGF, and
(6) hydrogen bonding at bio-polymer surfaces and bio-

compatibility.
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Molecular Design of Heterogeneous Catalysts for Utilization of Variable Energies and Resources
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Fig. 1 Air-oxidized carbon catalysts for the hydrolysis of

cellulose.

Our objective is molecular design of heterogeneous
catalysts and their application for utilization of variable
energies and resources. We have found that an alkali-
activated carbon hydrolyzes cellulose to glucose, and that
the active sites are weakly-acidic groups. Recently, instead
of the alkali-activation, we developed a facile air oxidation
method for the synthesis of inexpensive and highly active
carbon catalysts (Fig. 1). Efficient hydrolysis of real woody
biomass is now under investigation.

Another recent finding in our group includes high
catalytic performance of Pt nanoparticles on mesoporous
silica (Pt/MCM-41) in oxidation of ethylene at low
temperatures (0 C, Fig. 2), which prevents ripening of
vegetables and fruits. Infrared analysis suggested that
CO is an intermediate in this catalytic reaction. We are
studying the structure-activity relationship to elucidate the

reaction mechanism.

\ 50ppm
0, L >99.8% conversion
\_/' at 0°C

H

o

Fig. 2 Proposed mechanism for low-temperature oxidation
of ethylene over Pt/MCM-41.
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Catalyst Material Research Division
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Design of Multifunctional Catalysis for Ideal Synthesis and Automotive Pollution Control
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Our aim is to design new heterogeneous catalysts for
green organic reactions and automotive pollution control
with minimum use of metal resources. Mechanistic
and structural studies by various in-situ spectroscopic
methods establish the structure-activity relationship, which
provides fundamental basis for catalyst design. Control of
multifunctional active sites at metal-support interface will

be the key to the catalyst development.

Dynamic Surface Analysis

Design of Multifunctional Catalysis
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Photocatalysis Research Division
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Design, Development and Application of Functionalized Particles
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Fig. 1
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EBEE 53 (Mai TAKASHIMA)

We are aiming to design and fabricate functionalized
micro-/nano-particles and apply them to chemical reaction
systems for efficient use of energy and resources. Recent
achievements include (1) development of analytical
methods, action spectrum analyses and double-beam
photoacoustic spectroscopy for evaluating photocatalyst
particles for the purpose of designing a highly active
photocatalyst; (2) preparation of highly active
titanium(I'V) oxide (titania) photocatalyst particles
using a newly developed gas-phase reactor (Fig. 1); (3)
development of a visible-light responsive gold-loaded
titania photocatalyst particles driven by surface plasmon
resonance absorption of gold; (4) development of metal
oxide particles with micro-macro hierarchical structure

through processes such as hydrothermal treatment of

substrates (Fig. 2), which show relatively high level of

photocatalytic activity under visible-light irradiation.
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Toward Novel Carbon-Carbon Bond Formation by Organometallic Chemistry

BEB{R 2% (Tamotsu TAKAHASHI)
T BB woeit e 22408 (Jiro KASAHARA)

B RETRUEREI LG EREEAR/ME
ZRAVWVEHREBREHRROBFEZTOTCH .. O
NEBRIER2CHVTIIRH E SN TEIARLEKRER
BRERR N/ IFERNR L ZERE LTS,

FI L BCpES T BMEDH YT
TRIBICEIZERDI T ZILFI 852 HER
L. ESICRFR-KRBEVKIN I MR
[CRVEEERINEELTD. SO ERLEFI/
BEOZHELBERBEZBASHICINRL, RINE D%
BT oTce ZDR_R. 7INEUICHZANEIELT
RIXFILRR 71> ZNZBDE DT BEBIRE
DEDKRZR-KRFBENOEDMIEIN. =BIRT1>T
CREANEONDEEBE Uz, £/l #5837
IR EDDHEANDE BBRT > T FBHEDN
ABNTz. Scheme NIRIKDIC BLZ &IZEEHA3
DAEDERKRFRNRIKRICR o7z —EUM Lo kR —
REBENBRESITZEVSIELLVEIZERWE U,

HEIIDDREFE-KREERBS(CHT30EmZMAE
IHET7NOTEEEDNECZH. 7ROTEED T
DARFRELVTOFAREFEEAERSEINTLVEGD D
e TRV B ZRRIBIEITIDIVFESEKIN
7hROT7EMEICEDKBIEAFZRIZEZBULEL
2o 1IINARABETHY . AEERD FMEELTT
ILFEROT7ZVILERIBANRBLEECS FENIC
SUVENEEM. BNl FHBEREE R U,

Scheme 1. Carbon-Carbon bond cleavage reactions of
Titanacyclopentadienes

INE R IESE #3453 (Masamichi OGASAWARA)

REFK 5% (Zhiyi SONG)

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 bond cleavage/formation or
interesting stereoselectivity.

Titanacyclopentadiene complexes 1 underwent intramol
ecular coupling of Cp with diene moiety to give dihydroi
ndene complexes 2. Complexes 2 were converted to 3 via
C-C bond cleavage. When tetraalkyldihydroindene com
plexes 3 were treated with azobenzene in the presence of
PMe3, one alkyl group was cut off to give an indene with
THREE substituents.

On the other hand, when tetraalkyldihydroindene
complexes 3 were treated with azobenzene in the absence
of PMe3, an indene product with FOUR substituents was
obtained. Surprisingly, linearly-aligned 5 carbons in the
dihydroindene moiety of 3, which were once the cyclic five
carbons of Cp ring, were converted to the five-membered
ring of the indene product. Once cleaved C-C bond was
recombined.

Restricted rotation about the carbon-carbon single bond
in a 1,3-diene induces atropisomeric chirality, however, the
dienic atropisomeric chirality has been rarely utilized for
asymmetric reactions as chiral templates. We have recently
found out that cycloalkane-fused butadiene derivative
1 is atropisomeric and isolable in the enantiomerically
pure forms showing excellent performances in the
organocatalytic asymmetric allylation of aldehydes.

[l Cp,ZrCly 1) CuCl, Ph,PCl 0
BuLi (2 eq.) = 2) H,0, Z~PPh,
—— ZiCpy ———————

= 3) Resolution *\«m‘ﬁth

= W/ D-(+)-DBT 4
= W1 |
(M)=(+)-1 (0.1 mol%)
"BuyN+l (1.2 equiv)
Ph iPr,NEt (3.0 equiv) OH Bu

H Bu
\fg * _A_sicy

~78°C, CHzCH,CN  py,
92% ee
(89%)

Scheme 2. Synthesis of Atropisomeric Dienic Phosphine
Oxide 1 and Its Application in Organocatalytic Allylation of
Aldehydes
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Macromolecular Science Research Division

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

BHEHRR

Fundamental
Research

RAF - B FOREBREERHIC X SEEEMEORRE

Control of Polymer and Supramolecular Structures Leading to Advanced Materials

h¥F BB 55 (Tamaki NAKANO)

LIPITIEIRM R ELTORAZBIBLTHEE]
HEINE/RDFHIUBRFZERLTN D, EER
IRDEFEHC LW SBA T-RIYTEL NAIN—TS
CFRBREDD FRES LU BREEDFIHZRIR
U\ AT RBFDD FEBSHIEEORFELTL
%, HHEEEE I dENF - BOFZRAL. MR,
FN. BEM. IR F—BE. HFFREFME. 5
Bt RIREMFOSELCHEDRIBCHELTULS,

HMRZETREARY Y VEEEZE ZILRI)Y—I(C
HUTHIEI DI EICMHTHINLE (B1) o TRTY
JRR)Y— (I RFRGIEES(CEDVT, BEERRL
¥ BFIMETR T AEFYHSEEHARRESHF
CHENBEODEEISNTULEN EZILRYT—
DOEEHIEC K BNIMEDNRRETIZIEZH5
MUz, £z ARKEZRVWZSBABRD FDEMR
(CREIHL. E5IC K TEHRADBAEZRTYFTT
B5FARDFROMFELITOTCLS (B2),

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

INLEE A #5099 (Yasuhito KOYAMA)

SmEA 5% (Hayato YOSHIMITSU)

Our research focuses on the synthesis of polymers and
supramolecules having controlled structures including
helix, m-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).

L-CPL

R-CPL QQO
> Q000

P-Helix Random

Random

R:;['g99990<“1:#u

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

KALHER

Practical
Applications

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

RZDHBREDRAL - BRIERUVERORAL=—ZXD
i — X1k

Technical Transfer of Intellectual Property owned by University to Industry &
Introduction of Industrial Need to University as Research Seed

13

FAEF D H %35 (Mayumi NISHIDA)

ERERRMARIG. EREERIEERED
B ZBHNETIXNBRZEDEBICRZ. 2B(C
EERIFT2014F4AN SIBERZ ML AHRE>
F—(CRITENEERRETT, TDIVI 32 (E KF
DHNFEDRAIL - BRIERUEEORALL=—X
DA —1EICHN) FT. RALEBRMBIFRIBO
BRI AREIZI AT —ORRZBEANDEHE
(CHBNA U RARLICEEKERIEEEZRDFEL. K
ROFER\ETHBEEDIBZICII>T KZ2DHHR
EDERZ#HLUES. RRCHBMHEZNS5TEE
T, Flo. MBI SBREINZEMEXZTOWR
S—RICEFTEELAA ZNEMREII2I T 1—
(CREFNFTBIET BEDOBLITB >/ H LUVl
FHEZTVET, 2015F4AHN S FEFERIMREHR
AR E2REMR L I—LDTORTRA > RX
YMZEWICKY), ERZBEORYRNI—TJZBILLT
TITEET

LZHIRFE #2355 (Tomohiro YASUDA)

The technical application division was set up in April
2014 in Hokkaido University in run up to other universities
in Japan at the request of the Ministry of Education,
Culture, Sports, Science and Technology. The mission
statements of the technical application division are as
follows.

1. Technical transfer of intellectual properties owned by
Japanese universities to industry

2. Introduction of industrial needs to Japanese
universities as research seeds

In April 2015, the technical application division started
the collaboration with National Institute of Advanced
Industrial Science and Technology, which was under
Ministry of Economy and Trade and Industry, on a cross-
appointment system to promote cooperation among

government, academia and industry.

Mission Statement of Technical Application Division

Technical Transfer of Intellectual Property ’
owned by University to Industry %’”
- Ly

Ny i Y
@ \h /* —\ v(t v

Researcher Community

ROy
4

w

m wmmz

Business People

Introduction of Industrial Need
to University as Research Seed
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Research Cluster for Sustainable Catalyst

http://www.cat.hokudai.ac.jp/, http://www.catalystdb.jp/index.php

AR EFHA AR RBERDIEE

Promoting Catalysis Research on the Basis of a Collaboration Framework

Central
Reseqrch
Section

Cluster Leader: R&/IZEH (Uun-ya HASEGAWA)

Member: BABEE (Kiyotaka ASAKURA, ICAT, Hokkaido Univ.)
KB (Masatoshi OSAWA, ICAT, Hokkaido Univ.)
KB E (Bunsho OHTANI, ICAT, Hokkaido Univ.)
SR (Tamotsu TAKAHASHI, ICAT, Hokkaido Univ.)

RHRUEESOBEICHT. ZTOREGIMER
ERMOLHARZHET D, EEDHREII2
ZT—EOBRNDMRFHRDRREABE., BRERZF
DHERIE. EBORAREDBERHEABDIZHDRY b~
V—7BELGE BMERMZHARARLLTIRELS
RT3

OBRTF7ILAIRSEE

RO R RICRF RN E N ZAREE T D
LOWIRLF— ER-DEZROMERZ - K
MRRZHEET Do

QOMEEERKMETOT SLABE

RENRRAREHDE & HREDAM B

ARFRRIEZ T Do OMIRT —IN—RBE
OB (TEL T AR ICRIFRT DR ARG R 2R

DIEFRIE. MIRET —IN—RZEET Do

18 F (Atsushi FUKUOKA., ICAT, Hokkaido Univ.)
¥ BR (Tamaki NAKANO, ICAT, Hokkaido Univ.)
FAEFDFH (Mayumi NISHIDA, ICAT, Hokkaido Univ.)
FBIKER— (Kenichi SHIMIZU. ICAT, Hokkaido Univ.)

For realizing a sustainable society, high level developme
nt of catalysis science is indispensable. This cluster is aim
ing at collaboration and/or fusion of current catalytic studi
es as well as the development of new catalytic science and
technologies like catalytic biomass conversion and also
new catalyst characterization methodology through netwo
rking of researchers in catalytic science and related fields.
This collaboration framework provides chances for the re
searchers to make global collaboration for discussing prob
lems in catalytic studies, and for making international pro
posals relating to chemistry and catalytic science. We also
plan to systematize known catalytic chemistry and techno
logies by making database and to use the information for

education and training of researchers in the field of catalys

is.

MIERIATEST —IR—-RUCESTT

ABEBEX T MY AT U 5 — (A FFROMSEBDUE D& LT, Ml —HR—2
DWEEMIELELE. BiROT—SANICEDEE - HERENB TR T—IN—A%L <A
IIEOTY. EEOTIBHEELLBEWELET.

Figure 1. Top page view of the web site of catalyst database

BRF7:3—N
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Extensive
Research Cluster for Development of Non-centrochirality As Novel Asymmetric Reactants Media  Research

Section

[FEPDAE] ESYOFEFSH. FERREEUVTORAZBET

Development of Novel Application of “Non-Centrochirality” in Stereoselective Reactions

Cluster Leader: INEJRIEE (Masamichi OGASAWARA)

Member: S8 (Norio SHIBATA, Nagoya Institute of Technology) HHFIEA (Kazuhiro YOSHIDA, Chiba Univ.)
ﬁ*ﬂgrj_\_ (Kotohiro NOMURA, Tokyo Metropolitan Univ.) )= (Ken KAMIKAWA, Osaka Prefecture Univ.)
FEEREREM (vasushi NISHIHARA, Okayama Univ.) PIEREE (Ryu ABE. Kyoto Univ.)
thE (Makoto NAKAJIMA, Kumamoto Univ.) thEF IR (Tamaki NAKANO, ICAT, Hokkaido Univ.)
AKFETCIE. AT AT BIEATEWVWOE Purposes of this research project are development of
[FEDIDAE] 2B TRIEEYWDNERNEARZER novel methods of inducing “non-centrochirality”, which
SEDOREHE. BLUEFNSDFSIEESYMDORZTHE, includes axial-, planar-, or helical-chirality, by the use
REME. AEREEELTORAEEENET S, of transition-metal-catalyzed asymmetric reactions and

THETRIRNSHERL. &b T+ FARIRY application of such non-centrally chiral molecules in
SREROERLEEDSHLS S 2R EEE asymmetric transformations as chiral reagents, catalysts,
BRED—DTH FREBARNTHNTLS. U
HUBHS. CODBOERODBSHDEFEA LR
RERLICPOARFZFEITDEDTHN . [FFPDA
B #8921 ORENAIZ SR OLINE S
BICRESNTVS. = BAE - BAFZHI 31t reports feature construction of tertiary or quaternary
SYEAFEERMICHTEIIROGEFIIL - T stereogenic carbons and asymmetric synthesis of
TL—RTHBENHSNTWVD, TaH5. [FEP compounds with non-centrochirality is extremely rare.
DAZIEEY] DAZERIE. BENLG [FAEMERE We are going to challenge this relatively unexplored area,

(HDVWIEZFDEIERE) | DAFZTEREESZDZE which will potentially be “catalytic asymmetric synthesis

or media.

Development of novel enantio-selective reactions has
been an area of extensively studied in recent synthetic
organic chemistry. In spite of importance of axially and/

or planarly chiral compounds in this field, most of the

A TCEB, of asymmetric catalysts”.
Br Br /f Br Br PhP.

Q / (3)-Mo"-1 s . < :C recrystn. < :d BuLi, PhPCI { :CI

_— = Cr [ —_— - o L d -
or fe=198 OC7/ > p p” \ CO p ( cO p” \' co

0C " p ocC ph;% Ph, CO Ph, GO Ph, CC
oc ph'k (R)-1 ()2 (5)-2 (R)-3
rac-1 89% ee (50%) 97% ee (47%) {>99% ee} (>99% ee)

P“Q 0 o)
‘ Bu s [RRCHT:H 4] (2.5 mal®)
0 ;,N Pr PhE(OH (R)-(—)-3 (5.2 mal%) _
0-’Mc\: Me + 30{ b2 ot o5 eq) _
. d THa0 = 1011 g
4 - \—( (3.0 equiv) dioxane/H, Ph

Fh §0°C,9h 09.5% e

Me
{8)-Ma’1 (98%)

Scheme 1. Development of Planar-Chiral (Arene)chromium-Based Phosphine-Olefin Ligands and Their Application in
Rhodium-Catalyzed Asymmetric Conjugate Addition Reaction.
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Research Cluster of Well-defined Surface Structures for Precise Reaction Control

FERIEY

Extensive
Research
Section

BEOHEENERARINIEZDLS. #3

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

Cluster Leader: BEERIZE (satoru TAKAKUSAGI)

Member: ;&K — (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
J\ZR—Z= (ichizo YAGI, Hokkaido Univ.)
{H5EEE (Tatsuya TSUKUDA, The Univ. of Tokyo)
HEETF (wan-Jae CHUN, International Christian Univ.)
ST ERENES (Toshihiro KONDO, Ochanomizu Univ.)

BEDRESNCBIEVERBRRBDZKELDF
PEBTHRALICEMT B LT well-definedfrzk
BRINBEEET D, EER N RILIEEHME (STM)
PRAERFEHAXAFSEZAVWTRTF - HFLA
ILTO®O - BFEETHZTOEEHIC, REICHD
BEMZRAETECETEURRDEFEZHSHIC
U iEHES 1 NOBIBIERETDZHDIEE 2185,

BIZEHEY EOEEF/ NFFEFEEMFEE
FUHEI— BF TN RGERRLEM BTG
BAEINTVRD BENRIIPIL P ISRI—

(HAZXMINmMIUT) 25— (Ct+HBEBRKITSZC
ENELL, ULHLVBIEMREZ. HOHNUHERE
B<IBEERITZEREEZE T HHEMND F TIEL
TBIETRIDESICERZERFRICHB TS
. EEMD FORBRLEENDEAEZELSE
B2 ET AR ZFEULKNT SRI—DFA
OJREICBD EHFTE S,

on S ———

RUEFET (Kohei UOSAKI, NIMS)

BHEEH (Takuya MASUDA, NIMS)

ALUBEFR (Hironori TSUNOYAMA, Keio Univ.)
JREEZ (Kenji HARA, Tokyo Univ. of Technology)

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 sur
faces because they are technologically important as oxide-
supported metal catalysts, sensors, and electronic devic
es. It is not easy to prepare homogeneous subnanometer-
sized clusters on oxides because they are easily aggregat
ed to form large clusters although they are expected as the
next generation catalysts or devices. We succeeded in prep
aring an atomically dispersed metal species by premodify
ing an oxide surface with functional molecules before met
al deposition (Fig. 1), which may enable precise size contr
ol of subnanometer-sized clusters by controlling densities

of the functional molecule and the deposited metal.

bridging
oxygens

Figure 1. Atomically dispersed Au on
Ti0,(110) premodified with o-MBA
(mercaptobenzoic acid) molecules.
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Research Cluster of Bio-Interface

http://www.hokudai.ac.jp/osawa/member/ye

FERIEY

Extensive
Reseqrch
Section

EFREDR FIREZRRETENTS

Exploring the Bio-Interface in a Molecular Sensitivity

Cluster Leader: ITi% (shen YE)

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

NEOMBTECHELEIZONEORBEPR
BORT - D FORIBECKEINTVD. L
(& FORNRFE (SFG) IRED AP RTFENBEMEE

(AFM) BEDRBHENFEZRL EFRZ (3
UHETIEFRBEMMBORED FREDHA%
BUTZOHEERROEBREAZD FLANILT
RIVT D IVNTBPBRGBEDRLBERD FE
DRWICHESREBENBREREBHICK . NT
A4 T 1-ACHTBIRINDEEREBPEZEET
ERIFIC EFBEUEMRIORREICETMT D, T5
(SNUF LA EBRCEREIEHBRENEEH
DFEMRBHECPRELENDURZREBFNERINS
RVEA BREAHRBEREBREOFREBEET
DIFICRAT D &(CRY. HEEEEEARES R D
FRFEICEI T .

SYEIE (Hiroshi IMAHORI, Kyoto Univ.)
HPE (vasaru 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
frequency generation (SFG) spectroscopy and atomic
force microscope (AFM). The enzyme reaction and phase
transition have been investigated by these approaches
under in situ conditions. The structures on the electrode/
solution interfaces in several secondary batteries, such
as Li-ion battery and metal-air battery, have also been
studied to establish our basic understanding between the

battery performance and the interfacial structures.

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

FERIEY

Extensive
Research
Section

IRIB#MEAY S XE VR XAIE DR

Development of Plasmonic Photocatalysts for Environmental Applications

Cluster Leader: T/N=07JUA 7 (Ewa KOWALSKA)

Member: BBEARIZE (Satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)

SREEE (Mai TAKASE, Muroran Institute of Technology)
Hynd REMITA (Univ. de Paris-Sud, France)
Saulius JUODKAZIS

(Swinburne Univ. of Technology, Australia)

Sven RAU (Hironori TSUNOYAMA, Keio Univ.)

KMRISAY—TlE KEBH(CAENBTARA
DREFEFICHVTRB S SAEVHIBRINE L DK
KEEML O F. TB0O5, &\ RHDVEHEGEDE
BHBVWEEEELWVWNY RF vy T Z2HDFGHFH
SBAMBOREFEZHILTND, CNSDFAIE
ZAVWSENG DV IETRARF T CTOIBRNED
BORITHEBH KULSPRIFINICKWEL ZEHICK
DHMEBLE R EDRRERT U TBLBRIGFHSH
KU EE S B F OB EDIBREZAHSHI(IC
T%0 ESICTDTSRE HAIFICH—RHMET
HIERBAZEEMIDEICELN SSLRDHMF
SEHED[_ EEKRIR, F+ U T7BEBSLOBILETR
OB ZEREIRT D,

s
24 h vis destroyed

; irradiation/;"v bacteria

Plasmonic
photocatalyst

n=13 pol.

Figure 1. Scheme for SFG and AFM Measurements on the Bio-

interface.

Adriana ZALESKA (Gdansk Univ., Poland)
Agata MARKOWSKA-SZCZUPAK

(The West Pomeranian Univ. of Technology, Poland)

Antoni W. MORAWSKI

(The West Pomeranian Univ. of Technology. Poland)

Wojciech MACYK (Jagiellonian Univ., Poland)

Our research will focus on development of photofunctional
nanoparticles with plasmonic properties (LSPR) at
visible range of solar spectrum, i.e. mono and bimetallic
photocatalysts composed of gold, silver, copper and wide-
band semiconductor. We will examine the influence of
structural properties on the photocatalytic activity and
on the mechanism of chemical and biological (bacteria
and fungi) pollutants degradation. The mechanism of
photocatalytic action under visible light irradiation will be
studied by a few methods, e.g., 1) action spectra analysis, ii)
determination of quasi Fermi level, and iii) determination
of lifetime of charge carriers by time resolved microwave
conductivity (TRMC) and photoacoustic spectroscopy
(PAS). The influence of titania facets (101 and 001) on
properties of metal deposits, and thus on resultant photo-
and antiseptic properties will be also examined.

= H20

v
e CO2
o
L)

)
® CHsCOOH

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

RISARI—

R

Extensive
Research
Section

SRR TOREBEESHNEZRHREL. BRI FHHZRIRTS

Development of Exact Polymerization Method of Biopolymers and Creation of Supramolecular

Materials Exploiting Biopolymers

Cluster Leader: /INUEEA (vasuhito KOYAMA)

Member: FrZES (Takeshi SERIZAWA, Tokyo Institute of Technology)

PHHEFER (Kenji MONDE, Hokkaido Univ.)
fBE F (Atsushi FUKUOKA, ICAT, Hokkaido Univ.)

SHETEH (Toshikazu TAKATA, Tokyo Institute of Technology)

HFEEECARIEEYOREZCIENICERETTD
CECRN . BRBHEEMRNRIEEINS. BRE
BAE. 8t - DEM B ARARE AU GEN
ZORERNGHTH D FNEBEHEREVEDES
EIF SBROZFNEHEEMHORIRICHENVTE
BETHDEEZXSND.

S5TABRDFIE KEFHEDFICRIFELE
WHEGAES THHRWIBULBERD [Z1] ¥

Bl 2895, TDIEHSBATH FEKEMEME
DEEELTERIBMAMEFRAICTHONATL
%o COUEERDT B4 FOBRRBEN TR(C—
HBEET. ORLBEEMYELEHCE/EILT
E . TEICOSBABEZNSRIBICKIOTETECH]
HTEDRIBEFSNFICBELTN D, RE 1B
HPRIRTFROBBEEHEE BRBEDEH
RFHEORE. RULEFBSD FRUBETZEFDF
DEERMZEFHUEBD FHRORIRICDOVTH
REREL TS,

Conceptual Structure of Biopolymer

Rational design of optically active organic compounds
produce useful materials such as organometallic catalysts,
chiral separation resins, and circularly polarized light
(CPL)-emitting materials. Hybridization between
asymmetric field and functional materials is an important
concept on a creation of innovative materials. Helical
polymers have been regarded as a unique scaffold for high
performance materials, because they have two unique
asymmetric fields, cavity and groove. On the basis of
such backgrounds, we are intrigued by the potential
usefulness of biopolymers as a rigid, multi-functional,
and stimuli-switchable helical foldamer. Development of
exact polymerization method of biopolymers, elucidation
of dynamic behavior of biopolymers, and creation of
supramolecular materials exploiting biopolymers are

currently underway.

Research Motifs

as a Helical Foldamer
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Research Cluster for Quantum Simulation

R

Extensive
Research
Section

EFVIab—2Y3aYFEOREREEMERRLOERIEFH

Development of the Methodology of Quantum Simulations and its Application to Catalytic Reactions

Cluster Leader: AU (Akira NAKAYAMA)

Member: BSEAIZE (satoru TAKAKUSAGI, ICAT, Hokkaido Univ.)
B IKEF— (Ken-ichi SHIMIZU, ICAT, Hokkaido Univ.)
E Rt (Tetsuya TAKETSUGU, Hokkaido Univ.)

AMRT SR —T(E MIERIDDADZ X LR
CERPREHEDEILZBEL. F—REDFENH
FECPQM/MMEREDEFIaL—Y 3V FE
EHEIC BERDRAFEEIGAREZTOTL S

FICAD—RTOMERNICERZEE. RIS
MEREDOEFREDRIL. RKBRIEDZE. /7
SR —BREBRICH TR EEBORE KB LOR
NENGTOLRICEB U MR EERRTZ1T D, £
e BRERET 2 IE@ LI T/ BERBICH(THIEHRN
EFV 7BV REEFRBRITICOERAT 3.

4 { .".
o B { l'*'./-‘.'
> ?.’ - - 'n < N TR

Pt
i
)

FEZ (Kenji HARA, Tokyo University of Technology)
BFIER (Hisao NAKAMURA, AIST)
Nisanth N. NAIR

(Indian Institute of Technology Kanpur, India)

Our research focuses on the understanding and
theoretical modeling of the catalytic reactions with
the help of computer simulations such as the first-
principles molecular dynamics simulations and QM/MM
methods. In particular, we are interested in chemical
processes occurring in the heterogeneous catalysis and
aim to elucidate the underlying mechanisms of catalytic
reactions by examining the electronic structure around
the active site, a role of surface defects and interface,
and environmental effects, and so on. The theoretical
modeling of the electron transport process at the interfaces

is also a topic of our research.
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Fig. 1. Heterogeneous catalytic reactions

Fig. 2 Redox process at the metal/metal-oxide interface



21

KPP REERIR B AIRE:

RISARI—

Research Cluster for Water-Compatible Acid-Base Catalysts
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Extensive
Research
Section
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Development of water-compatible solid acid-base catalysts for the conversion of
abundant carbohydrates in nature to platform molecules for bulk chemical production

Cluster Leader: B (Kiyotaka NAKAJIMA)

Member: R&E)IEH (Jun-ya HASEGAWA. ICAT, Hokkaido Univ.)
BB — (vYuichi KAMIYA, Hokkaido Univ.)
—BI{BZ (Nobuyuki ICHIKUNI, Chiba Univ.)
HEFAB 2 (Toshiyuki YOKOI, Tokyo Institute of Technology)
HIEERZEE (Hideki KATOH, Tohoku Univ.)

EEEBERICKEFELAVWERBRIMSDBE
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TREISNTULWEHA X IEBFRIBERT I NEEFB
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o EBRRFIAB(E. SHBEDBRDKILKER (18
. SMEBRBSLIOZOIRTILEE) hEAILR
VBT RATILTER AL 7 R EEBINEKT
EEIIRHFADBETH D, FICEEHTNMILD
E-¥mEasRnOIEI TS ANE. C2~C4%zEP
IDEUBRD FERIEKRNSCI2ZEABIC_LOZS
DFERIEKRERDEHHDTEILTED,
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ARERE (Ken MOTOKURA, Tokyo Institute of Technology)
Emiel J.M. HENSEN
(Eindhoven University of Technology, The Nederlands)

Barbara ONIDA (The Politecnico di Torino, Italy)

Chemical production from renewable and easily acces
sible 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, keton
es, aldehydes, olefin, etc.) by acid-base catalysis in water.
In this project, water-compatible acid and base functionali
ty of electron-deficient metal species and electron-rich latt
ice oxygen sites, respectively, on metal oxides has been st
udied for aqueous-phase reactions of the carbohydrates. Pr
ecise control of basicity for oxide catalysts would enable
selective production of various small (C2-C4) and large (>
C12) hydrocarbons though fragmentation and condensati
on reactions. The resulting molecules can be used as susta
inable resources for the production of a variety of industri

ally important chemicals.

Concept for active sites

Lewis acid site

Base site @)

y Vo ol
=~ /M\
// (o) P

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

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 Inst.Catal 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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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 provides
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.

ﬁé% Egu % 1 l:p ??ﬁ E %% MEXT Project of Integrated Research on Chemical Synthesis

RAFEPRE BEBKRF REAF - NNKZDEROES
MAAREHBRUCERAMBAZ LS I OMIZENESH
BRZERIE T2 HMEYMERIRIEF DS R ZHIEL.
MPERZERMOEFEHEXDRILZRT HZMELE DB
FEREAPRIAAREOENERDE T,

‘We are working in collaboration with the prestigious research institutes
of Nagoya University, Kyoto University and Kyushu University to
create a novel area 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 encourage the
younger generation to become involved in research.
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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 (January 17, 2011)

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









