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The circumstance of catalysis chemistry and its technology has been changed continuously year by year. The ca-
talysis chemistry and its technology developed remarkably during the age of petroleum and contributed to the hu-
mane society greatly. Even now, their development is eagerly demanded as a key technology in chemical industries
and its target spreads widely into other areas like pharmaceutical area. At the same time, eco-friendly chemical proc-
esses have become more desirable, and it is turned out that the role of catalysis becomes more important than before
and that out-standing new type catalysts with super functions are required strongly. In addition, the catalysis chemis-
try and its technology have recently been considered as a key contributor to solve resources, energy, and environ-
mental problems. In fact there are many examples like catalysts for new resources utilization, environmental
catalysts as auto-mobile catalysts, catalysts for bio-resources utilization, catalysts relating to fuel cell, photocatalyst,
and so on, all of which have been developed either along with age-demand or in advance.

There is not so many examples like the catalysis field where the scope of the technology changed dramatically
and spread with strong social demand in many areas. Development of a new catalyst saves the society obviously.
It is the time to promote the development greatly in order to sustain and to secure the nature, the life, and the society.

Catalysis is a complex chemistry because the main concern of catalysis is to control reaction intermediate step,
so that it is generally very hard to develop new catalysts. Catalysis Research Center devotes our main efforts into
constructing a total system cable to analyze the reaction steps dynamically and to create catalysts and catalytic reac-
tions with chemistry of nano- or micro-level assembly of catalytic elements and molecules. We keenly hope col-
laboration with scientists from whole of the world for establishing new scientific areas based on catalysis.

May, 2006 Director of Catalysis Research Center Wataru UEDA
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Figure 1. EXPEEM machine designed for real
time nanoscale chemical mapping of
surface(a); the EXPEEM images using a pre-
sent system(b) and an old system(c).

Figure 2. 3 dimensional structure of Ni at the
step site of a TiO,(110) surface

Oxide surfaces are widely used as
catalyst supports and multi-component
oxide catalysts. The mission of our
group is to reveal the structure and cata-
lytic properties of oxide surfaces and to
design well-defined oxide surfaces for a
new class of catalysis. We have devel-
oped new techniques suitable for sur-
face analyses of oxides and prepared
well-defined oxide surfaces. Fig. 1
shows EXPEEM (Energy-filtered X-ray
Photo-emission Electron microscopy)
instrument which enables us to obtain a
real time nanoscale image of the
surface. We are developing other sys-
tems such as XANAM (X-ray aided
non-contact atomic force microscopy),
and PTRF-XAFS (Polarization-Depend-
ent Total-Reflection Fluorescence
XAFS ). Fig. 2 shows the 3 dimen-
sional structure of Ni at the step site of
a TiOy(110) surface.

P hetps//www.hucc.hokudai.ac.jp/~q16691/index.html
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Fig. 2 Desorbing CO; in 193 nm-induced reac-
tions in O,+CO layers on Pt(112)

Spatial and energy distributions of
desorbing products with hyper-thermal
energy provide most direct information
of nano-structured reaction sites as well
as the orientation of the intermediate
emitting the products. This dynamics is
informative even if its desorption is not
rate-determining.

Desorbing products from different
processes show different spatial
distributions. These are useful to ana-
lyze the surface-nitrogen removal path-
ways in the course of the catalyzed NO
reduction (Fig. 1). The highly inclined
N, desorption is related to the nano-
structures of the intermediate N,O im-
mediately before dissociation. Kinetic
work at the steady-state conditions is
not informative for these removal
pathways.

The product collimation is designed
by aligning admolecules emitting hot at-
oms (Fig. 2). Oxygen molecules lie
along the surface trough and emit high-
energy atoms along their axes when the
surface is exposed to ultra-violet light.
This hot-atom oxygen attacks adsorbed
CO, yielding inclined desorption of
CO; in the plane along the trough. A
surface one-dimensional collision reac-
tion is successfully designed.

tp://www.cat.hokudai.ac.jp/matsushima/
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Fig. 1 Characterization of solid-liquid (-gas,
or -solid) interfaces by IR and Raman spectros-
copy, SFG, scanning probe microscopy, and
electrochemical techniques.

Fig. 2. Surface analysis with a broad band
SFG system.

Our main interest is to investigate the
reactions at solid/liquid, solid/ gas, and
solid/solid interfaces at a molecular
scale. IR and Raman spectroscopy, IR-
vis. sum fre-quency generation (SFG),
scanning probe microscopy (STM, AF-
M), and electrochemical techniques are
combined for this purpose (Fig. 1).

Main subjects are; (1) molecular
adsorption/desorption at electro-chemi-
cal interfaces, (2) time-resolved IR
study of electrode dynamics, (3) mecha-
nistic study of electrocatalysis for fuel
cells, (4) self-assembly of ultra-thin or-
ganic films and its applications, (5)
structural analysis of solid/solid inter-
faces, (6) interactions of endocrine dis-
rupters with bio-polymers, etc. Surface-
enhanced IR absorption spectroscopy
(SEIRAS) developed in our laboratory
is useful especially for the study of elec-
trode dynamics. Microsecond time-re-
solved probing of electrode reactions
have been achieved.

http://www.cat.hokudai.ac.jp/osawa/
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Fig. 1 Preparation of "Jingle Bell" nano-parti-
cles through size-selective photoetching of
CdS core-SiO, shell.
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We are aiming at development of
novel catalysts, reactions and concepts
enabling us to use energy and resources
efficiently. Recent achievements are:
(1) Action spectrum analysis for photo-
catalysis has been established. (2) Core-
shell-type photocatalyst par-ticles have
been developed to drive photocatalytic
reaction by making them stably floating
on water surfaces. (3) Two-dimensional
chirality : A new concept of chirality,
chirality of arrangement of molecules
on surfaces (Fig.2), has been
developed. Quantum chemical calcula-
tions have revealed the mechanism of
chiral discrimination of an optical iso-
mer of compounds, e.g.,, L-phenyl-al-
anine or thalidomide, in "all-or-none"
mode. (4) Nano-sized "Jingle Bell": By
applying "size-selective photo-etching
to silica-coated CdS or CdSe nanoparti-
cles, core-shell particles with
adjustable-size vacancy between core
and shell could be synthesized (Fig. 1).

GHE

H3 3H H3 EH

Fig. 2 Molecular structure of (R) and (S)-
BNSH (left and right images, respectively) as
an atropisomeric compound for two-dimen-
sional chirality.

http://www.hucc.hokudai.ac.jp/"k15391/

MAEAY LIRS
Rk & AR AE R

AKNFHTIX, AVYR—-FRTUH
DR ZIEDIENT, €BF/
US5RZ— HF, 7A4Y—) O
BERKEMEEROMFTEITo T
b, TOEAXRIA TN, BEoik
F/OSRI—ICLBENE - EIRE
DELEE, ZIBEDENICANSZ
EICKVIBARHE - K EIREZEF
RALZZ#HLWRICHEZBRT S &
THh 5.

i, EAlE, AYR—FRDY
H 1845 B L g Pt/FSM-164%, A%}
BithAKFZEFOME CO EIRELR
& (PROX ®IG) ITHEWT, ZNET
DRIV EEN - EEREZETR
FEERWVELE (B1). —A,
BEDY AHBNEITIVI FIEEF
Pt i (%, & TIEL CORALEL
MRSV, BMEZRWNERAS
NHECKDBEBRAEANDS, AVRKR—
SADY ATIIMILAEE £ OH &
DREENEN ENHAL = (K
2)e AVYR—=S AU HEHEICK
REBOY HELTIRABDTH
<, BEDO U AT AW ZE
HDODIEENNKEMICEIL 2410
TDEITH 5.

oD % %0, —————— o,
L
IR Shhaprcnm s
£ il < - - s
Falm VLM 1 . 5“'
. P by /"
i = PRI i_ ..' |
d - pare o
k. -T'-l'."---"-':I o A
x Fali s,
" R T e
e b -
’ Boa iy
o "
-
il . q, I

0 e | Vs B A e, e - P

Fig. 1 PROX of CO by supported metal
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Fig. 2 Proposed mechanism of PROX by
Pt/FSM-16.

Our research topic is the template
synthesis of metal nanoclusters such as
particles and wires and their catalytic
applications. The basic concept is the
enhancement of activity and selectivity
by monodispersed nanoclusters and
new reactivity based on support and/or
pore effect. Recently, we found that
mesoporous silica supported Pt catalyst
(Pt/FSM-16) shows high activity and se-
lectivity in PROX of CO in excess H,
(Fig. 1). The activity is greatly higher
than those of conventional Pt/silica or
Pt/alumina. From mechanistic study by
IR, we propose that OH groups on the
internal wall is highly reactive with CO
on Pt, thus forming CO; at low tempera-
ture (Fig. 2). This is the first example
of direct spectroscopic evidence that
the mesoporous silica has a promo-
tional effect in the heterogeneous
catalysis.

http://www.cat.hokudai.ac.jp/ichikawa/
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Our research activity focuses on cata-
lytic oxidation over metal oxides. We
are developing 1) process for alkane se-
lective oxidation, 2) catalytic filters
which adsorb and decompose organic
waste oxidatively, and 3) fuel cell sys-
tems and new devices which transfer
catalytic oxidation energy to another en-
ergy such as electromotive force. For
these purposes, it is highly necessary to
control structure of complex mixed
metal oxide materials by new catalyst
design concept.

We demonstrated unit-syntheses us-
ing heteropoly compounds and pre-
pared Mo-V-O based catalysts
hydrothermally which have multi-func-
tions for alkane selective oxidation.
Cataytic fibers were realized by coating
SiC fiber surface fully with nano-sized
peroveskite-type complex oxide having
ordered macropores and mesopores.
We are trying to construct systems
which can convert catalytic oxidation
chemical energy to electric energy by
catalyst-semiconductor units and fuel
cell units.
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Scheme 1. Formation of an indene derivative
from a titanocene compound with alkyl group
migration via C-C bond cleavage.
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Laboratory of Catalysis in Organic Synthesis
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Scheme 2. Asymmetric kinetic resolution of a

planar chiral ferrocene by Mo-catalyzed
metathesis.

Cleavage/formation of carbon-car-
bon bonds in organic molecules has
been a major challenge in synthetic or-
ganic 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.

Recently, we have developed a novel
reaction of forming an indene deriva-
tives from a titanocene species. In this
reaction, C-C bond cleavage of a Cp
ligand in the titanocene and migration
of an alkyl group afford the indene
product (Scheme 1).

A asymmetric kinetic resolution of a
planar chiral ferrocene by Mo-cata-
lyzed metathesis is also investigated
(Scheme 2). This is a rare example of
catalytic asymmetric induction of pla-
nar chirality in metallocenes.

http://www.cat.hokudai.ac.jp/takahashi/
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Fig. 1. Pt(0)-dendrimer complex
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Laboratory of Molecular Assemblies

Fig. 2. Bowl-shaped phosphine ligand

We introduce well-defined nano-
sized moiety into a homogeneous mo-
lecular catalyst system to achieve
highly reactive and selective reactions.
Recently, we are developing nano-sized
phosphine and pyridine ligands which
contain dendrimer, calixarene, or bowl-
shaped moieties. Palladium, platinum,
and rhodium complexes contain these
nano-sized ligands have been prepared
and characterized (Figures). The nano-
sized bowl-shaped phosphines (Figure
2) is compared with other common
phosphine ligands in the rhodium-cata-
lyzed hydrosilylation of ketones with a
trisubstituted silane. A kinetic study in-
dicated that a rhodium catalyst system
with the bowl-shaped phosphine realize
150 times faster hydrosilylation
reaction.

Catalytic asymmetric reactions of
practical use and new organic transfor-
mations mediated by early transition
metals are of our other interest.

Section of Molecular Catalysis
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Fig. 1 Conceptual representation of
biorefinery.
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Fig. 2 Conversion of cellulose to sugar alco-
hols by catalysts.

Our research interest is in the biore-
finery by heterogeneous catalysts. Cel-
lulose is the most abundant organic
compound in nature and a renewable
biomass resource. However, the utiliza-
tion of cellulose as a chemical feed-
stock is limited, because cellulose is
resistant to degradation. Recently, we
have found that supported metal cata-
lysts can convert cellulose to sugar alco-
hols (mainly sorbitol) in water under
hydrogen pressure. In this reaction, cel-
lulose is hydrolyzed to glucose which is
successively hydrogenated to sorbitol
with good activity and selectivity. Our
finding suggests a new process for utili-
zation of cellulose as a chemical feed-
stock by heterogeneous catalysis.

http://www.cat.hokudai.ac.jp/fukuoka/
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We aim to develop new transforma-
tion of organic compounds using vari-
ous transition metal complexes as the
catalyst. The mechanistic novelty of
the whole reaction as well as the ele-
mentary step envolved is pursued
therein. For example, an asymmetric
all-carbon quarternary center was con-
structed through the enantioselective
carbon-carbon bond cleaving process
catalyzed a chiral rhodium complex.
The new method was successfully ap-
plied to the synthesis of (-)- -
herbertenol.
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Fig. 1 Time-resolved structure change during
reduction of Cu in zeolite.

We have developed the time-re-
solved XAFS instrument with the time-
resolution of 1 ms and applied to the
dynamic structural studies for many ca-
talysis systems. Recent improvement
for the instrument enables us to ob-
serve the XAFS spectrum with only a
single pulse X-ray with the pulse width
of about 100 ps at the PF-AR. We are
now promoting the time-resolved
XAFS technique to apply the photoac-
tive catalysis systems by combing with
the pulse laser excitation, leading to
the microscopic understanding for the
photocatalysis mechanisms.
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Complex Kkinetics of
catalytic reactions
Vladimir P. Zhdanov

(Boreskov Inst. of Catalysis,
Novosibirsk, Russia, Prof.)
Under certain conditions, heteroge-
neous catalytic reactions running far
from equilibrium exhibit complex ki-
netic behavior including bistability, os-
cillations, chaos, and pattern
formation. These features are often re-
lated to the interplay between rapid re-
action steps and relatively slow side
processes (the likely examples are
adsorbate-induced surface restructuring
or oxide formation). Physically, the
side processes should often be treated
in terms of the theory of phase transi-
tions, and accordingly, strictly speak-
ing, the conventional reaction-
diffusion kinetic equations are hardly
applicable here. In my works, I widely
used the Monte technique in order to
simulate complex kinetics of such reac-
tions, occurring on the Pt-group met-
als, as CO oxidation, NO-CO reaction,
and NO reduction by H..

N T

A 150x90 fragment of the lattice
showing the patterns obtained in simu-
lations of oscillations in the NO-CO re-
action on Pt(100). The black and white
regions correspond to the (I1x1) and
"hex" phase, respectively.



Development of
Organometallic Reagents

Bimetallic compounds with two
metal centers kept in close proximity
have been very attractive as catalysts
and reagents. However, the biggest
problem is dissociation resulting in
two monometallic compounds in the
reaction system. As one of our major
research projects in the last few years,
we have been investigating the synthe-
sis and reaction chemistry of 1,4-
dimetal-1,3-dienes (Metals used so far:
Li, Mg, Al, Cu, Fe, etc.), which over-
come the disassociation problem and
behave cooperatively on the substrates.
New reaction patterns and syntheti-
cally useful methods have thus devel-
oped wusing 1,4-dimetal-1,3-diene
derivatives as building blocks.

In CRC, catalytic process based on
the novel reactivity of 1,4-dimetal-1,3-
dienes will be studied.

M\
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Fig. 1 A Conceptual Sketch for the Coopera-
tive Action of Bimetallic Reagents on Ketones

Zhenfeng Xi
(Peking Univ., China, Prof.)
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