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Greetings

Catalysis Research Center(CRC) is a unique Joint
Usage /Research Center for catalysis field. We
have 23 permanent staffs(9 professors), 8 technicians
and 100 temporal members and students under
the 8 fundamental research divisions and one
technical application division. The CRC is now 25
years old. It was reorganized as a collaborative
center in the catalysis field in 1989. Its predecessor
was Research Institute for Catalysis founded
in1943 in Hokkaido University by Juro Horiuchi.

Catalyst is a material which accelerates chemical
reactions. It can be a clue to solve the problems
we are facing now such as the global climate change,
the exhaustion of energy and natural resources,
the explosion of population and the deterioration of
environment and is a key technology to realize
the sustainable society.

Our mission is not only to perform frontier
researches about catalysis. As a collaborative
center we have to promote catalytic researches
and encourage the communities. We have several
systems to achieve the mission. One is the
target-oriented assembly where each group, having
one research topic, was led by an associate professor
and was collaborated with other professors and
scientists in the other CRC sections and in
universities. The second is the corporate unit
where we have virtual laboratories strongly
mteracting with foreign researchers and industrial
people. The third is the Joint Research Projects
where we accept nearly 20 proposals of young
scientists every year and support them financially.
The fourth is that we provide several international
symposia inside and outside Japan. We will have
two international symposia this year in Chicago
and Stockholm, respectively concerning asymmetric
C-C bond formation and theory for complex catalytic
system.

We have established a new division, "technical
application division” since 2013 where academic
knowledge and technological problems are directly
linked. We have invited Prof. Mayumi Nishida,
from Koei Chemical Industry, April 2014. We are
trying to remove the gap between university
and industry to accelerate new innovations.

We, the CRC, are doing our best to reinforce
collaborative work to overcome world-wide problems
through catalysis science and technology. We hope
our activities will be helpful to the establishment
of sustainable society.

Kiyotaka Asakura

Director of Catalysis Research Center,
Hokkaido University

April 2014.
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Observe, Create and Manipulate Surfaces
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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. 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.1). 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. Fig. 2 showed RHEPD
(Reflection high energy position diffraction) results to determine

the topmost surface structure for TiO2(110)-(1 x 2).
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Fig. 1 WO:s is a Z-scheme photocatalyst for water splitting. We collaborated with
Prof. Bunsho Ohtani (CRC), 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.

Fig. 2 RHEPD rocking curve of (00) spot for the TiO2(110)-(1 x 2)
(blue filled circle) and theoretical curve based on the Model
structure corresponding to Ti2Os model. Red and blue balls
correspond to oxygen and titanium.
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Section of Interfacial Spectrochemistry
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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 (SFQG), 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.

SFG
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Design, Development and Application of Functionalized Particles
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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(IV) 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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Section of Catalytic Materials Chemistry
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Designing Mixed Metal Oxides for Oxidation Catalysis
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Our research activity focuses on catalytic oxidation over mixed
metal oxides, mainly in order to develop (1) processes for alkane
selective oxidation, (2) solid acid catalysts composed of 4, 5, and 6
group transition metals, and (3) synthesis and structure analysis of
new crystalline complex metal oxides. For these purposes, it is
highly necessary to control structures of metal oxide materials
from atomic level to macro size level, and we are therefore trying to
establish a new catalyst design concept and methodology.

First, we have demonstrated unit synthesis methodology where
heteropoly-type compounds condense with linkers to form
high-dimensional structure arrangements under hydrothermal
condition. Mo-V-O based catalysts prepared by this way showed
micro-porosity and multi-catalytic functions for alkane selective
oxidation. Second, the complex metal oxides based on transition
metals such as W, Ta, Nb showed high catalytic activity for the
glycerol and ethanol conversion. Third, we recently succeeded in
synthesizing anew octahedral molecular sieves. This materials

is the first fully inorganic Keggin-type polyoxometalate-based

microporous material.

Fig. 1 Formation of unit-network to create high dimensional solid
catalysts.

Fig. 2 New type of all-inorganic octahedral molecular sieve with an
intrinsic 3D pore system.
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Section of Molecular Catalysis Chemistry
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Toward Novel Carbon-Carbon Bond Formation by Organometallic Chemistry

S (R 2% (Tamotsu TAKAHASH) IVEERIEE #50% (Masamichi OGASAWARA) R

FE BB st maus (Jiro KASAHARA)

SR RECTRHIERRD FRCPER TR/ AR
ERVZHRBEREHIDDORFEZTOCH0 . HH
NEBERIEZICHBNTIERE E SN TEARLIRTR
BB/ MMHERORINZERELUTND,.

FEYVEENCRDCpEI TV EUEDNY Ty
IRIGICRDIE RO YT ZILF IV EH2DER
U\ SSICRFE—RFB GO M ERIC

BHINEEIET D SODERBTEMT DY
VT8 ViR EKBFHIEDRITIC KD SEBAFDIHLE
[COWCIRSIZEIT OI2o T DIEREBA D7 UL T HF >
BREAY I PR—BEDRBU LT DTV ERDOT
VT YVFBEMERNICERTDIEERE U,
HRITYDRR-RRBEBEICHITDOEHZEE
IHEFPNOTERUNECDDN P ROTEMYTY
DAFREVCOMABREEAERSSNTLRD D
2o T hOUYBREMRIRSBIZI Y I TYFEHID
PHOTEMICEDRRAFZRIEZRVEL
2o 1R RERTHD AFEED FARIRELTY
LT E ROPUIMERBANBABLIZED BENICS
VARSI BNZ T F &R ERUIZ.

. _ "
ﬁ R; R wy R n—° R
i &5_ panco PR ) R
% = R | —>
R R R
1 2 45
1 "
: m N
. R | R o R
PhNCO Tis PhNCO
o & R —_—
R
R R
PhH R
6 _ | 5

Scheme 1. Coupling of Cp Ligand with Diene Moiety of
Titanacyclopentadienes

EE B (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 intramolecular
coupling of Cp with diene moiety to give dihydroindene complexes
2. Complexes 2 were converted to 3 via C-C bond cleavage. Both
complexes 2 and 3 could be trapped by electrophiles (Scheme 1).
Their allyl-Ti moiety was attacked by PANCO to give the
corresponding dihydroindenyl amide products in high selectivity.

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.

Il cpzcn 1) CuCl, PhoPCI Q
Buti 2 6a)_ P\ opy DH0: Z~PPh,
= ? '3) Resolution 2. PPy

2 w/ 0-(+)-DBT 6
(M)-(+)11 ]
(,qn,g {+)-1 (0.1 mol%)
ugN-+l (1.2 equiv)
et PGl gn
)\,5"3':* ~78°C, CHiCH,CN Ph)\/l\
92% ee
(89%)

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



Fundamental Research Division
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Section of Catalytic Transformation

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

EFMROR FEREESHFLEIRLF - - BEREOFIA

Molecular Design of Heterogeneous Catalysts and Utilization of Variable Energies and Resources

&8 F % (Atsushi FUKUOKA) R BT #u% (Kenji HARA)  \BA  ILFD Bh# (Hirokazu KOBAYASHI)

KEPITE. B MIEE D T LNV TERET U D% Our strategy is molecular design of heterogeneous catalysts
BRIRIF—R-EROFBICIHABUTCNDM;FICIE and their application to utilization of variable energies and

BRORB)\ A AYAEDRUCE/LSYHREDSE resources. We have found that an alkali-activated carbon
A2 RICEIRTZEFAMEDHEAEEDTND A hydrolyzes cellulose to glucose, and that the active sites are
WEDD T 7I)LHUBSERA T ILO—2E KD R weakly-acidic groups. Recently, we have developed aerial
TEBCE EMENERESTHAEEESHICL oxidation of inexpensive carbons as a convenient method for
TND B PILAURSE (D DA B R s the production of highly active catalysts instead of the
NEELTZRBEZRELUIZ (B1)  KDSEMHRR
RERMIBDERST RS OICERABBORIPBZEDHI LT
Do

R AVIR=SRAYUNIBHEBEAEPt/MCM-41
MER NCBVTHRICEVERTIF LY ZlRET
DEEEFRBUIZIRND HEZRNZIRFIDS
F—BIERADRBPEAR CH D IEDNREENT in this catalytic reaction. We are studying the structure-activity
(B2) - AR DB G S 1EABBIZ IR ST U s (D %8 relationship to elucidate the reaction mechanism.
([CHRDHA TS,

alkali-activation (Fig. 1). Further improvement in catalytic activity
and the reaction mechanism are 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. A low
concentration (50 ppm) of ethylene is completely removed even

at 0°C. Infrared analysis suggested that CO is an intermediate

OH OH

& OH 3 OH
o 807 %o Bz .
OH| OH
OH " oH L >99.8% conversion
at 0°C

Air 693 K

H
I' =y S Highly active H_- e -,Elo H 5 5‘
Inexpensive & catalyst ﬂ Eio
inactive carbon H H

I H

OH
5 |
"‘ES:(:%H,-OH \ : . o A—H
Up to 69% yield L

Fig. 1 Air-oxidized carbon catalysts for hydrolysis of cellulose. Fig. 2 Proposed mechanism for low-temperature oxidation of ethylene
over Pt/MCM-41.

10



B MRBRWAS

S eELF TR EBPT

Section of Catalytic Assemblies

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

B3 F - B FOREESHIEIC & 58HEE

M E DR FE

Control of Polymer and Supramolecular Structures Leading to Advanced Materials

DB IR %% (Tamaki NAKANO) I\ BB ##4% (Yasuhito KOYAMA)

BEPITIFEHM B E L CDIABZEBBLTES
FHESNZEDFEIOBRFZERUCVD.EE
IR CE S/ R—IBIEDRECRD BB T-RAY Y
DB )\AN—TSYFRBREDD FEES RO B
BEDHIEEERRU IR TORBED D FREIHEEH]
HEBRAELTCVD.HEHBSEZEEIDEN T BD
FaABV AR FNX BB TRILF—BEHFIE
R OB RIBEMEDOSE LD RIB(CH
LT,

BMRECEIRY Yy ORESZELE ZJLRUN—IC
WU THIEHT D EICHDTRIILEZ (B1) e AT WY
IR —[FRRBIUAEBEICEDVT EERRN

- BFYPUERI SHEBTYREEEHRRRSH T
[CRENBEDEEZSNCVZN EZILRUNY—

OESHHICLODBNZMRDREETCESDIEZH
SHICLE.KEZ ARALZRBVEZSBAED FDE
ICAHINUEDIC HTEBADRSERTY TFVI
IHE5BABD FROBFEEITOCNSD (H2),

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

Our research focuses on synthesis of polymers and supramolecules
having controlled structures including helix, -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 elucidation of
-stacked vinyl polymer, poly(dibenzofulvene), for the first
time (Fig. 1). Based on the -stacked structure, this polymer shows
valuable photo electronic properties that have been thought to
be unique to main-chain conjugated polymers. Another target is
helical polymers: we have for the first time made a preferred-handed
helix based only on chirality of light (circularly polarized light)
and are further extending this work to a helical-sense switching

driven/triggered by light (Fig. 2).

R-CPL QQQQQQ \ch

P—Hehx . -

R

N\ 00000~

M-Helix

Random

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



Fundamental Research Division
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Section of Theoretical Catalytic Chemistry

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

BHED FROEBRILFESIEFEIC L 2 MIREE DA

Theoretical and Computational Approach to Catalytic Principles

RB&BIE 298 Qun-ya HASEGAWA) HALL

B 93 (Akira NAKAYAMA)

hy BB 15Ee (Naoki NAKATAND ZILETI ST +v AT T A 5EEp% (Sundaram Arulmozhiraja)

BFRE D FIEE. BNFBRESTTHRERMIE(C
BRI DMFERIBZEROSDICTDIZHIC, EMRIEIS
ERDONFREFHTEIDZHOQM/MME (B1) |
EZRINDENREZASD(CTDAIMDIE. VD F
BEREOTZEERIDMNENEITFE (H2) D
FFECRRIRRIONADIGBICERDEA TS Fa25
FE PUBHERREPTERBRFHERNAD DO,
KOZEEDH MR ABEEE D2,

FEE BURZEOHBMAERRL. RER
W21 UV MRICRD —BILIRREE(E DR AN
ALEREFUZ. EFERFEEAIMDEZRA UL
SECHFREISNIZSURMRICOIDKECSE
EDREMZERSHICUEZ. Fiow M RREAIMDIA
DFERFEERLCBD FRADILASTEZT DI,
QM/MMWEDEE BT DNA/RNAREDBEIR
EBHREBIEPIRIBIRCRDIKRALE IR DR
IEANZX LFEREIT D12

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

To overcome multiple complexities in catalytic mechanisms,
we are developing QM/MM method, AIMD method, 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.
In 2013, Associate Professor Akira Nakayama and Assistant
Professor Naoki Nakatani were joined to our group, which
enriches our research discipline.

One of the recent research activities is on the CO, fixation
mechanism of a bifunctional porphyrin catalysis by means
of quantum chemical AIMD calculations. The catalytic efficiency
of the highly tuned catalyst was clarified in terms of the
characteristic structure. Also, we performed the excited-state
calculations for ultrafast nonradiative deactivation process of
DNA/RNA nucleobases and the photochemical hydrogen

evolution reaction of iron complex.

keal/mol
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Fig. 2 Free energy landscape of a chemical reaction in aqueous solution.
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Technical Application Division

KZOHNMEDORAIL - BRIERU

EROXRE=—X DT> — Xk

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

Bl  F WA %8 (Mayumi NISHIDA)

SEREERRIMARLIS EF@EE R ZERDE
HBEZEBNEIDNERFEDEFICN A EE
(CHEBRIT2014F 4RO SIBE R FMBLFH R T
VEY—ICRIIONTEHRECIT.ZDIYIIVIE K
FOHNNFEDRAL - BEEROEEDRAL=—
ADFE M= [CH DT T . RALEBEIMBIFEEL
DRI MREI=Z 2 =T r—DRREBANDE
EICBNUERBEICERZRIEFERDITEU.
EERKRATLOZISISTEDE T ARDFHEBECTH
DIEDIIH(CIIOCKZED NI EDEREHL
ED HRICHBMEENSITDIETT K2 ™HB
DEBEBRSNDRIMERZTOWMRY —XICKTE
CUIAH ZNERREIZ 2 Z—ICRIDITFD
CETEEDEE(CDOEMUWVERMBAREZTVE
FIRECDRDIRIERERZFDEDNRI ML —2
SERIMOBEEZEEESD "UHED"ZTDOTN
=

The technical application division was newly set up in
Hokkaido University at the request of the Ministry of Education,
Culture, Sports, Science and Technology to achieve a close
relationship between academia and industry. The mission
statements of the technical application division are as follows.
1. Technical transfer of intellectual properties owned by
Japanese universities to industry by introducing universities'
intellectual properties to domestic and overseas companies
and finding the companies which are interested in the fruits of
their effort
2. Introduction of industrial needs to Japanese universities as
research seeds

The role of the technical application division is to assist
professors working for Japanese universities by putting oneself
on the side of the professors.

The technical application division work as a bridge between
universities (Technology Licensing Organization and Japan

Science &Technology Agency) and companies.

Mission Statement of Technical Application Division

Technical Transfer of Intellectual Property
owned by University to Industry

AdA4
Y
-

At

& >
>

9 \._. y .\ "'(‘l
Researcher Community

"“’”mmmmz

Business People

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

RIFTARYI—

BBy
Central

Research
Section

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

AR EFHRAARNRBROHE

Promoting Catalysis Research on the Basis of a Collaboration Framework

Cluster Leader: BRSJI;EH (Jun-ya HASEGAWA)

Member: B
KiE
&
=tE

&E (Kiyotaka ASAKURA, CRC, Hokkaido Univ.)
ML (Masatoshi OSAWA,CRC, Hokkaido Univ.)
E (Bunsho OHTANI,CRC,Hokkaido Univ. )

R JRE ZDOBRICAIF Z DR EF DAL
RifiDEmMREHET D EEDOMAEI=Z2Z
TA—EDB NP RAERDREEBEANRCZDF
RMEEZBOHREBOBHRALBDLODRY D=2
BERE M EZMRIUREVTIRBBEEET Do
OYRFTF IR SE %

ROt R=ICOIERMTEHEIRETD
MUWIRILF— BER-PEXROMBES &
it EfE T Do

QOMRSERBMETOISLBE

RENEIRHREFIDEEIHABDAM B

ARRRRSEE T Do
@RI —IN—RB%

B OEL T DMRICRIR T DB RGEHIZ M

DHERIEET —IN—RERLET Do
OMES1TSU—F%
IR EIC LD ARZE RS E D,

{® (Tamotsu TAKAHASHI, CRC, Hokkaido Univ.)

b | 2 (Atsushi FUKUOKA,CRC,Hokkaido Univ.)
h®F I (Tamaki NAKANO, CRC, Hokkaido Univ.)
FEFEWDHA (Mayumi NISHIDA, CRC, Hokkaido Univ.)
&K BF— (Ken-ichi SHIMIZU, CRC, Hokkaido Univ.)

For realizing a sustainable society, high level development of
catalysis chemistry is indispensable. This cluster is aiming at
collaboration and/or fusion of current catalytic studies as well
as the development of new catalytic science and technologies
like catalytic biomass conversion and also new catalyst
characterization methodology through networking of researchers
in catalytic science and related fields. This collaboration
framework provides chances for the researchers to make global
collaboration for discussing problems in catalytic studies, and
for making international proposals relating to chemistry and
catalytic science. We also plan to systematize known catalytic
chemistry and technologies by making database and to use the
information for education and training of researchers in the

field of catalysis.

BIMEPHART —I—ACESTE

IEEEAFER PR S — R EFROASSEIDUE DELT, BFT—5~-2
OIREEMBLE LS. BROT—SANCEDRE - GTN3 TR —SR—I =5 <4M
FTEEOTT, BOTBNEELLSWLET,

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

Research Cluster for Development of Non-centrochirality As Novel Asymmetric Reactants Media Research

[FEPDAF] (ESYMOFFEH

Section

 AERIMEELVLTOINAZBEY

Development of Novel Application of "Non-Centrochirality" in Stereoselective Reactions

Cluster Leader: INEEJRIEIE (Masamichi OGASAWARA)

Member: LEH

#158 (Norio SHIBATA, Nagoya Institute of Technology)

HHE FO5L (Kazuhiro YOSHIDA, Chiba Univ.)

B4 ZE[L (Kotohiro NOMURA, Tokyo Metropolitan Univ.) 1| 2 (Ken KAMIKAWA, Osaka Prefecture Univ.)
faE  EREM (Yasushi NISHIHARA ,Okayama Univ.) PO ER & (Ryu ABE, Kyoto Univ.)
hE El (Makoto NAKAJIMA, Kumamoto Univ.) fanl: I8 (Tamaki NAKANO, CRC, Hokkaido Univ.)

AR CTIE BAF BAF BileAFEWNDE

[BEPDAE] EBIDLEMDNENEAETEMN
EDFRFE DLOZNSDFIIELEMDARFTE,
AERBREAFRINBELUCORAZENET D,

YA TRROEMTA EODITITIYTFFERD
BRRNOREDEFOSHRIEZICOTOREER
BRIRED—DTHOBRBMAMTNONCTND. U
DUBHS CORFOMEROBSEHIDEE A E(F
RERLEICPOAREZFILIDEDTHD. [FEPOA
| ZB8IEEYOMENRETEMDMINAIEIF
BICRSNTWVD. — 1 8T -BAFZEE I
EGYEAFERRIGICBITINROBEFIIL - T
TU—hCHBDIEDHSNTWND, TRDE. [FEP
IDAFEEY] ODRFERIE BEOR [FEHRIRTE

(BBDVIEZDRIRNE) | DAFEMEESZDIE
nCcEdo

Purposes of this research project are development of novel
methods of inducing "non-centrochirality", which includes axial-,
planar-, or helical-chirality, by the use of transition-metal-catalyzed
asymmetric reactions and application of such non-centrally
chiral molecules in asymmetric transformations as chiral reagents,
catalysts, 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 reports feature construction of tertiary or
quaternary stereogenic carbons and asymmetric synthesis of
compounds with non-centrochirality is extremely rare. We are
going to challenge this relatively unexplored area, which will
potentially be "catalytic asymmetric synthesis of asymmetric

catalysts".

Br Br J Br Br PhP
@—// (S)-Mo'-1 :<<':r . {gcz? recrystn. /(2? BuLi, Ph,PCI /C?
or ko =198 088 ~p p” \ CO p” \.CO p” \ CO
oC /" p Ph;Y Ph, CO Ph, CO Ph, CO
0C  Ph, (R)-1 (5)-2 (S)-2 (R)-3
rac-1 89% ee (50%) 97% ee (47%) (>99% ee) (>99% ee)

B

‘ 2 N Pr
0,_ I/
O-Mc\_?‘le

A\

4 Bu MBPh

(S)-Mo*-1

(0] O
[RhCI(CoH 4)2lp (2.5 mol%)
(R)-(-)-3 (5.2 mol%) N
ij + PhB(OH), (0.5 eq) - é
(3.0 equiv) dioxane/H,0 =10/ 1 “'Ph
RGh 99.5% ee
(98%)

Scheme. 1 Kinetic Resolution of Racemic Planar-Chiral (Arene)chromium Complexes by Molybdenum-Catalyzed Asymmetric Interannular

Ring-Closing Metathesis.
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Research Cluster of Well-defined Surface Structures for Precise Reaction Control

RRAZ

Extensive
Research
Section

BEOHIHENERARNEZD<5. #5

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

Cluster Leader: EA ZE (Satoru TAKAKUSAGI)

Member: (

{H JESEE (Tatsuya TSUKUDA, The Univ. of Tokyo)
= B (Kenji HARA CRC, Hokkaido Univ.)

iB7K  BF— (Kenichi SHIMIZU CRC, Hokkaido Univ.)

# (Wataru UEDA, Kanagawa Univ.)

BEDRESNIZRILY R RBREE =KD T
PEE CTHRALCIERN T D ZE T\ well-defined R R E
RINGZEBERT D, EAINYRJVEBHEE (STM)
RHERPNEAXAFSEZABNTRF - D FLANILT
D] - BFEETHMZTDOEEBIT RERICHRRES
MEAEITDIETEMRIROEREHSDICU. S
HEH ~OGIEBNESTDIZHDIEHZRF Do

BIZ SBEED EDERBF/NFFIBREEMEE
KU BV — BF T/ A ABREFRL BB G
RENTODH\ BENRIDPI P ISTAE—

(T ZXHINmBT) 2 —ICHNREIBRHIDIE
DLW UDUEIEMEREZ. HSHUHEBEER
<HBEERAIZBREZE IDHEMED FCIEENT
DIETHIDKDICERBEERFIRICOBTE
Do EEREMD FDWBEXREERBDEAEZZLSE
BDET A REFIEUIZRINDG SRE—DRAEH
OJREICRD CHATF CE D,

#7K L (Shushi SUZUKI, Nagoya Univ.)
Al ST (Kohei UOSAKI, MANA, NIMS)
H BETE (Wan-Jae CHUN, International Christian Univ.)

-

W BIEX (Toshihiro KONDO, Ochanomizu 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 easily 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

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

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

NTAALI9—Tx1—2R

EHE

Extensive
Research
Section

EFEREODTFREEZRRETENT S

Exploring the Bio-Interface in a Molecular Sensitivity

Cluster Leader: It 3 (Shen YE)

Member: #4888 (Kei MURAKOSHI, Hokkaido Univ.) S

& (Hiroshi IMAHORI, Kyoto Univ.)

= %1t Uinhua YE, National Institute for Materials Science)

MEORPEME PN FZOYEDOXREPRE
DRF - D FDEIEEICZE SN TS TR
HNERFEESFG)RED HEAPRTBENBEMIE

(AFM)BREDXRBMZNFEERV EERZEU
HETDERKEMM B DORBE D FEISDREIRZE
UC. ZDREEMHEROEBRAZ D T L NIVTRER
TBo VI OBOBERREDRLBRERD FEDR
INCHOREBEDSRERBIICKD /\AF1
Y= I—RICBFDRILDOHEERERZ BT CRF
(S ERHEREMMHOREICEREMID. =5IC U
FOLMFYEBPEREIEMREDEBDIT
MEBHREPREM D REXRBFZHRKRD SO
B BEREAKBREBTREOFRBEEZTDH
(CARBAT D EICHRD. HEAEIE BMARRAT R DFEFEIC
ElINEES

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.

Fig. 1 Scheme for SFG and AFM Measurements on the Bio-interface.
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Research Cluster for Reaction Field Based on Molecular Assembly
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Section

BB FHREAEH/BLBEHH U CRALOS FESHZFIALE

IR IIEDIBEZITS

Innovative Research Based on Precise Design and Preparation of Molecular Assemblies on Surfaces

Cluster Leader: & EE T (Kenji HARA)

Member: X FH 3 (Hiroshi OHNISHI, Kobe Univ.)

Marek PRUSKI (U.S. DOE Ames Lab. and lowa State Univ.)

AlF &Y Kohei UOSAKI, MANA, NIMS)
{H 1ZEZE (Tatsuya TSUKUDA, The Univ. of Tokyo)

HiE &E (Kiyotaka ASAKURA, CRC, Hokkaido Univ.)
BEK j=E (Satoru TAKAKUSAGI, CRC, Hokkaido Univ.)

SHE - BRESFOVYERRTIOCANEKIN
DREMBIEEDRZINERE FARS KD
FRDFOEH Z B X 123 UWVERRET OBRD
MBCTHDDAMAISAY—TIFREEDRES
NEERBLICHE RS ZERUZEBD TEREIC
ERIDCLICLOTHEBMRR NG ZREITD
FARZREFELUC D,

BlEUT KRB LIS U1V P REHTF
BeNnUCsSBEICOYDOLEZEEEUIZERBI. a,
B-AEFHNILRZIUEE KR IR EICHNARE
COEEHEROBRUFBMZERUZ 0T 8 —FRAR
BRI RIDBBNERE T 4-EThESZZ(81),

RIDBIELT CEUY VS FHBERICEHAS
NERAEXY RSB UN EICRRCDEEE
HOBELERE LTS @2) o UIDLEBEL
UTZBRE B ERC-HIG S DERRDRIEICIFRIC
BHZEB U BWVREIECEDRUFAMZRUZ,.
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Fig. 1 Selective 1,4-hydrogebation of o,3-unsaturated carbonyl compounds
with Rh-diisocyanide monolayer on Au surface.

ZEO-#;

______________

(Rh &N . 6 EFIA)

RESEEISEEIREE MK 892,000

H BETE (Wan-Jae CHUN, International Christian Univ.)
NEE &2 (Hiroyuki KATO, Osaka Univ.)

5 1E K (Masahiro HARA, Kumamoto Univ.)

5] #447 (Lin-Chi CHEN, National Taiwan Univ.)

Santiago SANCHEZ-CORTES
(Institute of Structure of the Matter. CSIC)

The aim of our research cluster is to establish a novel methodology
for catalyst preparation based on molecular assemblies of designed
molecules on structurally defined surfaces. For example,
self-assembled high-density monolayer of diisocyanide molecule
on gold surface was utilized for catalyst preparation after metal
immobilization (Fig. 1). The Rh-immobilized catalyst exhibited
high turnover numbers in a range of 50 000 to 150 000 per Rh atom
and showed steady catalyst performance over six recycle usages.
Another example is immobilization of various metal species on
bipyridine-incorporated periodic mesoporous organosilica (PMO)
(Fig. 2). The Ir-immobilized PMO showed high catalytic activity

for aromatic C-H borylation reactions as well as high stability and

recyclability.
-
S
P\
IM""'N ~ S!%O 0\
N N | N
I o
2\
—0 O\

Fig. 2 Immobilization of metal complex on bipyridine-incorporated
periodic mesoporous organosilica..
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Research Cluster for Multifunctional Green Catalysis Research

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

Section

(ELFmE - RIFHEICBINCEFMEZRETTS

Catalyst Design for Organic Synthesis and Pollution Control

Cluster Leader: j§7K Tff— (Ken-ichi SHIMIZU)

Member: B8 &5 (Kiyotaka ASAKURA, CRC, Hokkaido Univ.)
KB IZE (Bunsho OHTANI, CRC, Hokkaido Univ.)
EE* JE (Satoru TAKAKUSAGI, CRC, Hokkaido Univ.)

HE  #8— (Yuuichi KAMIYA, Hokkaido Univ.)
TERE EE (Atsushi SATSUMA, Nagoya Univ.)
JR2  #5— (Kyoichi SAWABE, Nagoya Univ.)

INERIEE (Masamichi OGASAWARA, CRC, Hokkaido Univ.) %3 & (Advanced Industrial Science and Technology)

=] EX— (Kenji HARA, CRC, Hokkaido Univ.)

FPILI—=IL - ALKV ESER - CO2—ERECIEF 6
(CEMITDEUMIRDERFTZENEC T D, 1B -85
toi 7z U CRIRIEE —#BE — M RED1BRIRI R 283
LU MIRERETHCDr— R/ \w o= 8. HEEDE
BOEHDERE  BIEYEZE I ESEERBDRS
NEEGHROESHIEDORESD.

Our aim is to design new heterogeneous catalysts for direct
synthesis of chemicals from alcohols, carboxylic acids and
CO:2. Mechanistic and structural studies establish the
structure-function-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.
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Research Cluster for Photofunctional Plasmonic Particles

RRZ

Iy %7519_

Extensive
Research
Section

IRIBBMEA TS X > FhECBY AL IR D B 5

Development of Plasmonic Photocatalysts for Environmental Applications

Cluster Leader: T/N=T1JJ)L A7} (Ewa KOWALSKA)

Member: BEKR
=% £F (Mai TAKASE, CRC, Hokkaido Univ.)
Hynd REMITA (Univ. de Paris-Sud, France)
Saulius JUODKAZIS

(Swinburne Univ. of Technology, Australia)

Sven RAU (Ulm Univ., Germany)
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no photocatalyst

fungi growth
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JE (Satoru TAKAKUSAGI, CRC, Hokkaido Univ.)

Adriana ZALESKA (Gdansk Univ., Poland)
Horst KISCH (FAU Univ. of Erlangen-Nuremberg, Germany)

Agata Markowska-Szczupak

(The West Pomeranian Univ. of Technology. Poland)

Antoni W. MORAWSKI

(The West Pomeranian Univ. of Technology, 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.

plasmonic

photocatalyst

degradation of chemical and biological (bacteria, fungi) pollutants

Figure 1. Scheme of photodegradation of chemical and biological pollutants on the surface of plasmonic photocatalysts.
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Development of Exact Polymerization Method of Biopolymers and Creation of Supramolecular
Materials Exploiting Biopolymers

Cluster Leader: J\l] i#F

Member: s L (Takeshi SERIZAWA, Tokyo Institute of Technology)
P9 &% (Kenji MONDE, Hokkaido Univ.)
fBE = (Atsushi FUKUOKA, CRC, Hokkaido Univ.)
SHTEF (Toshikazu TAKATA, Tokyo Institute of Technology)

(Yasuhito KOYAMA)
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Conceptual Structure of Biopolymer
as a Helical Foldamer
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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
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Technical Support in Response to Various Special Needs of Scientists

http://www.cat.hokudai.ac.jp/gijyutu/index.htm
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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 CRC 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.

BCLA
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The CRC supports research on catalysis and related fields through the
Joint Usage/Research Center Program and symposiums.

1. Joint Usage/Research Center Program

The CRC has been authorized by MEXT as a Joint Usage/Research
Center for catalysis. Through this program, the CRC provides financial
and technical support to joint research projects with CRC 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 the CRC staff member
with whom they wish to collaborate.

2. Symposiums

(1) CRC Symposium (domestic)

The CRC Symposium ‘which showcases research activities at the CRC’
is held every year. Special lectures are delivered by invited speakers.

(2) International Symposiums

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

(3) CRC International Symposiums

The CRC organizes two international symposiums per year; one is
dedicated to "organic synthesis catalyst" and the other to "theoretical
catalytic chemistry." These symposiums 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.

ﬁ‘}tb %% E %IJ §1t$ *Eﬁ $ % MEXT Project of Integrated Research on Chemical Synthesis
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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, the CRC has 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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Catalysis Research Center, Hokkaido University, Sapporo, JAPAN
TEL(X)011-716-2111(R9104) FAX 011-706-9110
E-mail:k-shomu@jimu.hokudai.ac.jp
Homepage:http://www.cat.nokudai.ac.jp/
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