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At the beginning of the fiscal year 2013, I
would like to say a few words. The Catalysis
Research Center (CRC) was founded as the
Research Institute for Catalysis in 1943 and
has been reorganized as CRC in 1989. Our
objective at the CRC is to promote
fundamental research on catalysis and
contribute to researchers in this field. To this
end, our faculty members are powerfully
advancing their original and collaborative
research with novelty and originality.

After the Great East Japan Earthquake, the
Science and Technology Basic Plan has been
revised at a Cabinet meeting, which includes
the promotion of innovative catalytic
technology for efficient utilization of energy.
Reflecting the social and academic demand for
catalysts, it is our great pleasure that we have
established “Section of Theoretical Catalytic
Chemistry” (two professor positions) and
“Technological Application Division (one
professor position)”.

In addition, we have been performing a
program called the “Joint Usage and Research
Center,” which allows us to contribute to
researchers from outside, not only through
collaboration but also through dispersal of
information from our side. We have met their
requests by doing many collaborative works
and CRC International Symposiums outside.
We also reinforce the transfer of industrial
needs to technological seeds to respond the
demand of our research community.

Moreover, since 2010 we have been doing a
joint program for the “MEXT Project of
Integrated Research on Chemical Synthesis”
with the Research Center for Materials
Science at Nagoya University, the International
Research Center for Elements Science Institute
for Chemical Research at Kyoto University, and
the Institute for Materials Chemistry and
Engineering at Kyushu University. The
purpose of this program is to create a new
field of synthetic chemistry and to encourage
young scientists to develop independent
research projects. Catalysis is the key to
synthesizing new organic and inorganic
materials with high performance. It is indeed a
pleasure that several young researchers have
moved to get higher positions outside.

To reinforce the background of catalytic
chemistry and to encourage its extension to
innovation, we will all do our best and we hope
to have your support.

April 2013
Director of Catalysis Research Center
Atsushi FUKUOKA
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Observe, Create and Manipulate Surfaces
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Fig. 1 A super high sensitive XAFS measurement system and Pt L3 edge-
XAFS spectra of Pt nanoparticles on HOPG in the presence of water.
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Our missions are (1) observing the catalytically active
solid surfaces in an atomic level to reveal the reaction
mechanisms, (2) making the catalytically interesting
surface and (3) manipulating the surface reactions.

Ni,P, a new class of hydrodesulfurization catalyst has
been investigated to reveal the reaction mechanism by the
simultaneous measurements of FT-IR and Quick XAFS
under working conditions, by the atomic resolution STM
observation on the single crystal Ni,P and by the DFT
calculations.

Fuel cell is another target. We have developed super high
sensitivity fluorescence XAFS methods, which attain
double-digit improvement in sensitivity under the presence
of the solution (Fig. 1).

We are challenging to develop new surface analysis
methods. We are now developing 3D PEEM, ambient/solution
PEEM, Chemical mapping PEEM, and BioPEEM under
the collaboration with companies (Fig. 2). We are also
focusing on the introduction of new quantum beam
techniques to catalysis fields such as positron, muon and
free electron laser, which will be powerful tools to reveal
the topmost surface structures, the structures and
properties of defects, and fs time resolution structure
change of the surface.

Fig. 2 A new EXPEEM instrument and Au islands photoelectron
image using an ambient pressure cell.

http://www.cat.hokudai.ac.jp/osawa/
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Real-time Vibrational Spectroscopic Monitoring and Control of Reaction Dynamics at the Solid/Liquid Interface
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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.

SEIRAS

SFG
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Design, Fabrication 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.

http://www.cat.hokudai.ac.jp/ueda/
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Designing Mixed Metal Oxides for Oxidation Catalysis
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Fig. 1 Formation of unit-network to create high dimensional solid
catalysts

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) fuel
cell systems with new types of electrolyte. 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
constructing a new system that converts catalytic oxidation
chemical energy to electric energy using a layer-structured

metal oxide electrolyte in fuel cell units.

Fig. 2 New type of alkaline fuel cells based on complex metal
oxides
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Section of Molecular Catalysis Chemistry
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Toward Novel Carbon-Carbon Bond Formation by Organometallic Chemistry
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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.

Cyclopentadienyls in metallocene species are usually
functioning as ancillary ligands and rarely involved in the final
organic products at the metallocene-mediated transformations.
It was found recently that treatment of various
zirconacyclopentadiene species with titanium (IV) chloride
facilitated coupling reactions between a n’-cyclopentadienyl
(or n*-indenyl) ligand and the dienic moiety to afford the
corresponding indene (or fluorene) derivatives in high yields
(Scheme 1).

Kinetic resolution of a racemic planar-chiral (z-arene)chromium
complex by Mo-catalyzed ring-closing metathesis was
realized (Scheme 2). This is a rare example of catalytic
asymmetric induction of planar chirality in transition-metal

complexes.

Fundamental Research Division
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Section of Catalytic Transformation

http://www.cat.hokudai.ac.jp/fukuoka/
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Molecular Design of Heterogeneous Catalysts and Application to Conversion of Renewable Resources

@l F # (Atsushi FUKUOKA) R B %08 Kenji HARA)  IVBE LA 8% (Hirokazu KOBAYASHI)

AREBPICTIE D F LIV CERETUZ B ARIR ZE B4
AREEROERIDDRFEICIDAL TS —HlEL
CHRBHOEBY ) AA YA (BILO—A NI
O—RAUITZY) 20U BIEEMOEBIRIES
VR EDERIEFRICERT DEFRIRDIFFRZ E
HTWND. Bt BILO—RZE MRS R EBE
BIBDIEICKROTC FBICEREDREPTIIL
IRAZJNKRTEHIFEERELEZ (B1) - kKFRAD
RDO=53555MERSUICEREEORIEZ D
2LTWL B,

Kz XVIR=SRAYUNBHBEAREPt/MCM-41
NIEBICEVNERTIFULYZEREIDICZRELEL
2o CORIERTIE OCDIER FCHBULCTHS0ppm
CODEBREDIF LY D REICRESNDIE N
AICROTMRDBRORUAIBDIRE Ch D I E &t
BUTZ (B2) o RIDEBORIFPMOBERMERHIE
EM(VOC)ZREITHMIRDBEFHZITOCT D,

Our strategy is preparation of heterogeneous catalysts
based on precise design at molecular level and their
applications to the conversion of renewable resources. One
example is the catalytic degradation of plant biomass
(cellulose, hemicellulose and lignin) to value-added
chemicals (sugars and aromatics). Recently, we found that
mix-milling of cellulose and activated carbon affords high
yield of glucose from cellulose in a very low concentration
of HCI solution (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. The catalyst
completely oxidizes a low concentration (S0 ppm) of ethylene
even at 0°C and exhibits its durability and reusability (Fig.
2). The current research is focusing on mechanistic studies

and oxidation of other volatile organic compounds (VOC).

Complete removal (<0.1 ppm)

R1 R1
R
R Ticl, R?
%Zr/ , R CO Br OH
R RZ
R Rl R / By Br o 50ppm
. Cellulose HO OH o
& (S)-Mo* cat. & . Cr OH 0, (20%)
og ™ k=198 OC7p Aco Glucose at 0°C

P = P A o vi

R R' 1Ph;\/¢ oc Phj% Ph, CO Mix-milling Q&8 ? % vield
& R ) 2 rac- (R)1 (S)-2 e 1 - ! .
NS _Teh 0.0 R 89% ee 97% ee see T ydrolysis

% = R " (50% yield) (47% yield) Activatsd 7

R! (o) IS

i j R ligomer

carbon Pt / mesoporous silica catalyst

Scheme 1. Coupling of R-Cp or Indenyl Ligand with Diene Moiety of
Zirconacyclopentadienes.

Scheme 2. Molybdenum-Catalyzed Kinetic Resolution of Planar-Chiral
(m-Arene)chromium Complex.

Fig. 1 Hydrolysis of cellulose catalyzed by activated carbon. Fig. 2 Low-temperature oxidation of ethylene over Pt/MCM-41.
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Section of Catalytic Assemblies

http://polymer.cat.hokudai.ac.jp/
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Regulation of Polymer and Supramolecular System Structures Leading to Advanced Materials

hEF  ER %3 (Tamaki NAKANO) MU 35 #2542 (Yasuhito KOYAMA)

SEPICIBEHHSNIZED FOIUBY F&
BRULEmEICUTRRT 2 EZBIEL TS,
EEMED RO E/N—HEEDEEICKD. . SBAE
DFM-ARYVIGHFIAN-TSVFREHF
BEDNFEEB RO ERIBEZHIHLTCND 0%
CRBREDD FREBSHIHZEDRAELTCND.C
NBICKD SRR BFHEE. F )L AE AL iE R AE
EDREBHKEZRIRIDIYE MHORINZBE
LT

Hillxn A9 voiESEEE I HRUINYYV D
NYDBEZERI cBMAECHOCNRAY v I EIE
BEZEZJURUR—ICHUCHIET DI EICMmIIL
2o CORRBIUKEEICEDINT.CORIT—(E
BRI - BF Y ERT NEBEF YIS EHELE
REDFICOHFFRNBBDEEZEZ SN TN E
ZIRUR—DEEHIEIC KO TRDBEN 2T E DS
RCTEdHIEBESMIC Uz,

We aim at applying polymers and supramolecules with
highly regulated structures for advanced materials.
Controlled structures include helix, n-stacked conformation,
and hyperbranched morph. Regulation also encompasses
higher-ordered ones consisting of multiple chains. In addition,
novel liquid crystals with ordered intramolecular
structures have been developed.

Fig. 1 indicates the structure of poly (dibenzofulvene) having
a m-stacked conformation. This polymer is the first
n-stacked vinyl polymer: we have succeeded in synthesis
and structural elucidation of this structure for the first
time. Based on this regulated structure, this polymer
shows valuable photo electronic properties that have been
thought to be unique to main-chain conjugated polymers.
This work is a major breakthrough for utilization of vinyl

polymers for photo electronic materials.

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

Fundamental Research Division
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Section of Theoretical Catalytic Chemistry

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

EHD FROEREFSTEFEORFE & MR OITA

Development of Theoretical and Computational Methods for Complex
Molecular Systems and Application to Catalytic Reactions

R&AINEE 238 Uun-ya HASEGAWA) DALl

AR R IDDANZ X LZE RIS DIz (&, MR
IR FROBFRES. D FHEE. BRECOIEE
ERZRSHICITDREND D BIFDHEZ A2
B5m - SIEFEDRAEDNKOSNTND. HAlFIN
FCEMEBEZR DD FRICIHNATEDFETF
EEUT SRERMRRERRBED FHED/\1T
Uy NEZRAELU. EbeR (R1)PRIEEBE RS
DHHEREMESB O ZTTL. FERIN - HIORRD
FEANZXLZERSHICUTZ. D FRECDRER
RERLDEENICEM T DIZH BIIRIEED D F[
HEERZRRIDTHDREEHETIL (B2) D
BEDHITOCDo

T2, SHREPITIE REMREBEOHFPI 7%
EieLTHDRT Y VEBDEFEFSEICED
S AERIGANZXLICRE T D@ETOCLD,
B D TS Z R DMRZRDINDZDIC, 185
SEEERUCEFILESFEFEOREZETOCV
Do

Fig. | Key amino acids important for human color vision.

5 #93 (Akira NAKAYAMA)

Catalytic systems are often complex in electronic structure,
chemical structure, and interactions with environment. To
understand catalytic mechanism, theoretical and computational
methods have to overcome these complexities. We have
developed a hybrid method that combines a high-level electronic
structure theory and molecular mechanics and applied to
color-tuning mechanisms in human visual pigments (Fig. 1) and
fluorescent proteins. To more accurately describe cooperative
effect with environment, we have also proposed a wave function
model (Fig. 2).

Our section also conducts computational analysis of catalytic
reactions in collaborative studies with experimental groups. For
investigating catalysts with complex and flexible structures, we
are developing a quantum chemical model that incorporates

structural fluctuations.

)
-

L

ok o S o) )
'x'_'}" L x0T

Fig. 2 A wave function model for molecular environment.
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Research Cluster for Sustainable Catalyst

http://www.cat.hokudai.ac.jp/, http://133.50.165.193/catdb/

AR AR RER O HE

Promoting Catalysis Research on the Basis of a Collaboration Framework

Central
Research
Section

Cluster Leader: -H #5  (wataru UEDA)

Member: BB j&& (Kiyotaka ASAKURA, CRC, Hokkaido Univ.)

KB HHE (Masatoshi OSAWA,CRC Hokkaido Univ.)
KB E (Bunsho OHTANI,CRC Hokkaido Univ. )

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

FinIRet = OBREICEIF ZDOREFDAIREZF
RO EmMREHET D . EEDMREIZ1
TA—EDBNRRFFDRREBEMBIEZ DS
RMEEZBOHREOBERERHBEDIZODRY ND—2
BERE B EPEMAIREUTIRBERBEZETT Do
OURTF IR S

R ot =ICOIZRiTEHEdkETd

HUWIRILF— BER-MERBROMRLCT

it RaHE T Do
QOMESEREIMETOISLEE

REOAEMRAERI DD E HREDAM B

ARIRFRFA SR E T Do

OET —IN—RB%E
BHI(OEL T DRRICBITRT DRI F Al

DB ET —IN—REBET D,
ORIESTTISU—$%

AR IC KD RZEINERSE D,

12 ;2 (Atsushi FUKUOKA,CRC,Hokkaido Univ.)
thE7 IR (Tamaki NAKANO, CRC, Hokkaido Univ.)
EB)IEt (Jun-ya HASEGAWA, CRC, Hokkaido Univ.)
BIK  TH— (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.

BEFHAT —9~<—RCEITT

JEEE AT MR SR U S — MR ORSEROUE DE LT, Ml 91—
OIRBEMELFLE. BROT—SANCL0RE - ElENI TET— 5~ A0 <4

TIEOTY. BROIENEEHL <SS

VELET.

Figure. 1 Top page view of the web site of catalyst database
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Research Cluster for Development of Non-centrochirality As Novel Asymmetric Reactants Media Research

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

Section

[FEPDAE] (EESPVOFRESH. FERIBEUVLTORAZEEY

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

Cluster Leader: J\FEEIFIE (Masamichi OGASAWARA)

Member: £0 5B (Norio SHIBATA, Nagoya Institute of Technology)

BFHt  ZE[L (Kotohiro NOMURA, Tokyo Metropolitan
faE  ERBM (Yasushi NISHIHARA ,Okayama Univ.)
=a] =] Sl (Makoto NAKAJIMA, Kumamoto Univ.)

KMRTE BAF. AT BEAFEWVOE

[FEPOAE] EB I DILEMDDENBEAREZEM
EDRFE. BROZNSDFIIEEMDREFHE.
ANEMIFE AERINSEUTCOAZEENC TS,

TIRERNEMTFE CODFIFYFARIRNS
RIS DORAFEFEFOEREZICSITDIRHEBER
RBED—DTHD. BREBMANTHNTND. LH
UBDS. CONBFORERDBSFHDEFEESAEF. R
RECPOARFEZFRLRIDEDTHD. [FFPDA
Fl Z#B8 I EMDMENARZERDMINGIIEIE
BICROSNTWVD. — /. 8AEF -BAFEHEIDIL
BYEAFERRIGICBITDHROBFIIL - T
TU—bCHDIENHENTWND, IBDOE [FEP
IDANE(EEY] DAREEHIE. BEND [RNEEE

(HD2DVEZDHIEHME) | DABFEMEEDHZDIE
NG
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OMo Me
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FH F5L (Kazuhiro YOSHIDA, Chiba Univ.)

)1 2 (Ken KAMIKAWA, Osaka Prefecture Univ.)
PaIER T (Ryu ABE, Kyoto Univ.)

th 83 B (Tamaki NAKANO, CRC, Hokkaido Univ.)

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. \WWe are going to challenge
this relatively unexplored area, which will potentially be

“catalytic asymmetric synthesis of asymmetric catalysts”.

th CO
(R)-3

(>99% ee) (>99% ee)

0
Eg’)‘?‘()%'?dzlz (2|.5)mol%)
-(-)-3 (5.2 mol%
+ PRBOH), (or oo é
“Ph

(3.0 equiv) dioxane/ H,0 =10/ 1

50°C,9h 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 Research

Section

BENHIHENERARINIEZD<5. #%

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

Cluster Leader: BB/ Z (Satoru TAKAKUSAGI)

Member: M #5 (Wataru UEDA, CRC, Hokkaido Univ.)
B BT (Kenji HARA, CRC, Hokkaido Univ.)
{H 1ERE (Tatsuya TSUKUDA, The Univ. of Tokyo)
S j: (Akihito IMANISHI, Osaka Univ.)
A& Z (Kohei UOSAKI, MANA, NIMS)

BIEDRESNIZE YR BRKREZERKEED
PEBTHRLICIERT DI ET. well-definedBxE
RIS EEERT D, EEE Y RJVIERMERE (STM) 10
RAEERFEAXAFSEZRNTRTF - D FLAILT
D0 - BFHEETHHET O BIC, RRICHIES
MZAEITDECTHEREFRIBOERRZHOSNICUL S
M ~OBIEBNEEST DO DIEEHZER

BIZ LB LDOEES/ NFIIBREEMESE
FUOHBYY— BF 7/ ABREFRLBMHEHI M
ASNTVDH BENMRRIDPI MO STRY—

(T ZXDMNmMBT) ZH—(ICTHBEBRI D&
NEELW. UhUBBIEMEREZ. H5HUHERBER
<IBEFAI2BREZE I OMEEM N FCEET
BDIET.HT1DLDICERBZERFIRICHBCTE
Do RN TFOWEBREEBODBAEZZLSE
BDET A RZEFEUERING SRS —DRAEH
OREICBRDEHF CE S,

H BETF (Wan-Jae CHUN, International Christian Univ.)
g BIEZ (Toshihiro KONDO, Ochanomizu Univ.)

#87K  FFL (Shushi SUZUKI, Nagoya Univ.)

WA T (Yuji MATSUMOTO, Tohoku Univ.)

Gates Bruce C. (Univ. of California)

The objective of our research group is to createwell-defined
active surface structures by modifying oxide single crystal
surfaceswith 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
Ti0,(110) premodified with o-MBA
(mercaptobenzoic acid) molecules.
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Research Cluster of Study for Energy Conversion Research

Section

RO ENBIRNF—FIRI AT LAORILICEITT

Realization of Efficient Energy Conversion for Next Generation

Cluster Leader: fJ0 &5 (Tatsuya TAKEGUCHI)

Member: $g[H 2 (Atsushi FUKUOKA, CRC, Hokkaido Univ.)
Iyy & (Shen YE, CRC, Hokkaido Univ.)
TEIE &4 (Hiroki HABAZAKI, Hokkaido Univ.)
== 8 (Shin MUKAI, Hokkaido Univ.)
A #ER (Teruki MOTOHASHI, Hokkaido Univ.)
IREF )| (Isao OGINO, Hokkaido Univ.)
3t HE] Etsuji TSUJIL Hokkaido Univ.)
FaER & (Ryu ABE, Kyoto Univ.)

KO SAY—CTIE.PILAVUERESE (AFC) DX
OBFED FRERESH (PEFC) DBBALE . /&
ERZRBBDESBORFEZETOCVNDRBMNA
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I'ooe ©¢ Bco(Pt- Ru) Bon(Ru) exp(@k) oc Peo I exp(ak)

Log (rcoz / Peo IP)=a E + const

(@ = F/ RT, F. Faraday constant)

COLEMREZPCE DIz BDN & 7/ — &
[CHULTTOVRUZ.LOg (rfoo2/Pool?) &7/ —RE&
IEICHTFULBRD DIz, UTZN DT COMAEICIF EBST
EZBRIE TR MERMTHDY I MRLOEEM
JAANGY g

LA ZEFE (Miho YAMAUCHI, Kyushu Univ.)

EE 1EF (Masahiro SADAKANE, Hiroshima Univ.)
g {#BH (Toshiro YAMANAKA, Kyoto Univ.)

@)1l =EB (Saburo HOSOKAWA, Kyoto Univ.)

i ) BB (Masaaki UEMURA, UECO)

EH L (Tadatoshi MUROTA, Santoku Corporation)
A =05 (Yoshiharu UCHIMOTO, Kyoto Univ.)

H

In this cluster, electrocatalysts for alkaline fuel cell (AFC),
polymer electrolyte fuel cell (PEFC), and air electrode for
metal-air buttery are developed. For the residential PEFC
system, the mechanism of CO tolerance was investigated.
The rate of CO oxidation reaction (rCO,) is proportional to
0CO(Pt—Ru) Oou(Ru)exp(aE) , where a and E are a constant
and anode potential, respectively. Logarithms of conversion
rate (©C rcoa/Peo) divided by I? were plotted against anode
potential (E) to investigate the effect of anode potential on
CO electrooxidation in an MEA under operation conditions.
The In(rcos/Peol®) values seem to be independent of anode
potential of E Catalytic shift reaction contributes to CO

tolerance.
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Research Cluster of Bio-Interface Research
Section

EFFEHOTFEEZSRETENT S

Exploring the Bio-Interface in a Molecular Sensitivity

DFEERRBHRART S XI — R

Extensive
Research Cluster for Reaction Field Based on Molecular Assembly Rseseqrch
ection

BB TR EHBEBICBEHHULRALODFREFEFIALL
IR INIEDEEZTS

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

Cluster Leader: [t

Member: FiitE ] (Kei MURAKOSHI, Hokkaido Univ.)
SiE f& (Hiroshi IMAHORI, Kyoto Univ.)

iF (Shen YE)

{42 Ba— (Youichi SASAKI, Hokkaido Univ.)
Zhan CHEN (Department of Chemistry, Univ. of Michigan)

= £1E Uinhua YE, National Institute for Materials Science)

MEOERBPFRBEICHIFDN FEENYPEDHKAE
M-YMZEEEIDREERBRERCHD. ALl F0F
RFEE (SFG) IREDIOAPRTENEMEE (AFM)
BREDFEZRVN EFEREPHEEE YT UPILORE
DFBSDHEAEEU T ZORBEMEFRIROKEZ
DFUNIVTHEBU. UV R DOBERE
(CIERIRMPEEBIE T, YV OBPERREDERLR
TN FEDORIGICHWV EFRRFREBDOD FREER
OIREICICDNTCTZDH CRREAEISEIU. /1
1YY= I—ATDIEZRIDDR S HEE DB EB
9o X2 UTFOLAFYEMBREZREMDER
CERBREBRCEOFRBESERRLU. HTLLE
e B BARRM BRI DREFEDBITOCND,

Molecular structure at interface and surface plays
important roles in functionality and property of materials.
Our research interest is focused on the elucidation of
relation between the functionality and the molecular
structures on the surface or interfaces of different
bio-membranes and functional materials at molecular level
using sum frequency generation (SFG) spectroscopy and
atomic force microscope (AFM). We are studying the
hydrolysis reaction of phospholipid bilayer catalyzed by
phospholipase A, enzyme and the phase transition process
of the cell membranes. We are also interested in the
structures on the electrode/ solution interface in the Li-ion
battery to establish the base to develop new electrode

materials.

Fig. 1 Scheme for Sum Frequency Generation (SFG) Probe on Bio-interface.

Cluster Leader: [& EET (Kenji HARA)

Member: @ $¥ (Hiroshi OHNISHI, Kobe Univ.)

H BETF (Wan-Jae CHUN, International Christian Univ.)

Marek PRUSKI (U.S. DOE Ames Lab. and lowa State Univ.) & &2 (Hiroyuki KATO, Osaka Univ.)

AlEF &F (Kohei UOSAKI, MANA, NIMS)
{H JESE (Tatsuya TSUKUDA, The Univ. of Tokyo)

BiE &5 (Kiyotaka ASAKURA, CRC, Hokkaido Univ.)

=] 1EK (Masahiro HARA, Kumamoto Univ.)
5] #44T (Lin-Chi CHEN, National Taiwan Univ.)

Santiago SANCHEZ-CORTES (Institute of Structure of the Matter. CSIC)
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FEERFE IS (H1) o INICKDRE- TRILF—-
R RREECGBOBRICEMUS DY XKD
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2 REMFZERE UEHTUWVWEREREORBICD
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The aim of our research cluster is to establish a novel
methodology for catalyst preparation which was based on
molecular assemblies of designed molecules on defined
surfaces (Fig. 1). We herein expect unique catalytic functions
which can contribute to problems in environmental, energy
and resource, or health and medical issues. Especially, we
focus on catalyst system of enzyme-like multi-metal centers
and on development of catalyst system for efficient medical
chemicals synthesis.

Based on the achievements through this study, we will prepare
the molecular assemblies on various nanomaterials. Application
for molecular-based devices will be also investigated.

Our approach will combine catalysis study, organic chemistry

and surface science into a new interdisciplinary research field.

CRONRCE

Fig. 1 Enabling Transition Metal Catalysis via Synergistic Effect by Self-Assembled Monolayer.
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Research Cluster for Multifunctional Green Catalysis Research

Section
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Catalyst Design for Organic Synthesis and Pollution Control

Cluster Leader: j&7K fff— (Ken-ichi SHIMIZU)

Member: # (Wataru UEDA, CRC, Hokkaido Univ.)

BiE &5 (Kiyotaka ASAKURA, CRC, Hokkaido Univ.)

K& E (Bunsho OHTANI, CRC, Hokkaido Univ.)

IO &&BR (Tatsuya TAKEGUCHI, CRC, Hokkaido Univ.)
INEEETEIE (Masamichi OGASAWARA, CRC, Hokkaido Univ.) %3

wmAEBEROEAEER/IRICHRTZIU—
BRGH. RFEFEABFRRORAEZENEIT D,
B2 DIn-situmy y7a BXfE LIz ARIRAEIS - b iig b
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Metal nanocluster/oxide interface

NO, NH,

|5 EE— (Kenji HARA, CRC, Hokkaido Univ.)
WS #8— (Yuuichi KAMIYA, Hokkaido Univ.)
TEEE EE (Atsushi SATSUMA, Nagoya Univ.)
JRE  #¥— (Kyoichi SAWABE, Nagoya Univ.)

22 (Yutaka TAI, Advanced Industrial Science and Technology)

Our aim is to design new heterogeneous catalysts for
green organic reactions and environmental 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.
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Research Cluster for Photofunctional Plasmonic Particles Research

Section
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Development of Plasmonic Photocatalysts for Environmental Applications

Cluster Leader: T/N=1JJ)L X FH (Ewa KOWALSKA)

Member: BEAR E (Satoru TAKAKUSAGI, CRC, Hokkaido Univ.)

=5 £F (Mai TAKASE, CRC, Hokkaido Univ.)
Hynd REMITA (Univ. de Paris-Sud, France)
Saulius JUODKAZIS

(Swinburne Univ. of Technology, Australia)
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Sven RAU Ulm Univ., Germany)
Adriana ZALESKA (Gdansk Univ., Poland)
Horst KISCH

(Friedrich-Alexander Univ. of Erlangen-Nuremberg, Germany)

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 investigate the mechanism of pollutants degradation
under both UV and visible light irradiation and effect of
electric field induced by LSPR absorption which may
accelerates photocatalytic activities to find key factors and
an exact correlation between activities and physicochemical
properties. The plasmonic photocatalysts will be also modified
with photoactive complexes (homogeneous photocatalyst) to
enhance photocatalytic activity and to study the mechanism of

photon absorption, charge carriers transfer and redox reactions.
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Clean air & water

\ /

Antiseptic & self-cleaning nano-materials

Fig. 1 Scheme for plasmonic photocatalysts as self-cleaning & antiseptic material.
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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.
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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: set projects and
proposed projects. Applications are accepted once a year for set projects
and three times a year for proposed projects. Applicants are requested
to contact the CRC staff member with whom they wish to collaborate.

2. Symposiums
(1) CRC Symposium (domestic)

A CRC Symposium showcasing 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

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.

fﬁﬁ'ﬁ% E%‘J %ﬂ:#?ﬁﬁ%% 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) College of Chemistry and Molecular Engineering, Peking University,
China (May 27, 2002)

3) Department of Chemistry, Tsinghua University, China (May 20, 2003)

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

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

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

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

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

9) Institute for Physical Research and Technology, lowa State University,
USA (March 10, 2009)
Cardiff Catalysis Institute, Cardiff University, UK(January 26, 2010)

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

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

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

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

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

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

15) University of Gdansk, Poland (February 1, 2013)
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Catalysis Research Center, Hokkaido University, Sapporo, JAPAN
TEL(£)011-716-2111(R9104) FAX 011-706-9110
E-mail:k-shomu@jimu.hokudai.ac.jp
Homepage:http://www.cat.hokudai.ac.jp/
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