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The Research Institule lor Catalysis al Hokkaido Universily, lounded in 1943, was re-established as the Catalvsis
Research Center (CRC) in 1989, Tn 1998, CRC was expanded to a center currently consisting of three divisions with
nine areas, (eight professors, seven associale professors, eight research associates) and a Visiting Scientist Division
with two areas { two professors ( one of the two 1s a foreign scientist), one associate professor). Researchers in CRC
are very active. It 1s noleworthy that , for example, the ratio of the members in CRC who obtained competitive and
substantial grants of Japan Science and Technology 15T} 15 top in Japan as of December, 2003,

International collaboration is also encouvraged in CRC. Ar the beginning of 199Y, an overseas branch was opened
as Peking University- Hokkaido Umiversity Jowint Laboratory al Peking University in Benjing, China. Our official
CRC office was opened in Department of Chemistry, Peking University as "CRC Peking Univ, Office” in 2003, We
hope many researchers ol vniversities and companies 10 catalysis will use our Peking Oftice for their activines. We
also arrange a world wide exchange program not only for students and professors but for researchers in companies,
In autumn of 2003, CRC moved in a new building in the north area of Hokkaido University. In 2004, Japanese
national universities underwent fundamental reorganization. This change may provide good opportunity for CRC 1o
contribute 1o society through further development ol catalysis.

June, 2004 Dhirector, Professor Tamotsu Takahashi
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Fig.1 A rypical atomic resolution
NC-AFM image of the Mo0O3 (010)-
{1x1) surface.

Fig.2 Energy-liliered XPEEM
images of Au islands on Ta substrate
with kinctic energies, 01 ¢V, 90 ¢V,
115 eV, and 125 ¢V from the left.

Oxide surfaces are widely used as
catalyst supports and multi-component
oxide catalysts. The mission of our group
15 to revealthe structure and catalytic
properties of made surfaces and to design
well-defined oxide surfaces for a new
class of catalysis. We have developed
new techmgues sutable for surface
analvses of oxides and prepared well-
defined oxide surfaces, Fig.] shows our
recent results using NOC-AFM (non-
contactatomic force microscopy) where
we observed atomic image of Mo(Os
{010} surface. Fig 2 shows the EXPEEM
{Energy filtered photoemission
electiron microscopy) image of Au on
Ta which can give real time chemical
mapping of the surface. Fig.3 shows
the Cu trimer structure on TiQz(110)
surface determined by total reflection
fluorescence XAFS,

Fig.3 Cutnmer on TvO2(1 10) surface
determined by ioal reflection
Auorescence X AFS,

ac.jp/~q16691/index.html
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Fig.1 Surface phase diagram of

P 1 10 by reactive CO2 desorplion.
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Fig.2 The angular distribmion of
desorbing N2 in N20 decomposition
on Rhil [0} :desorption angle

The correlation of spatial and energy
distributions of desorbing products to
the surface structure in atomic levelshas
heen studied because desorpiion
dynamics of fast product molecules
provides most direct information of
reaction sites. This product desorption
dynamics 1s sensitive to the sitestructure
and desorption process. The [ormer
property vields the rclation among
surtface phase diagram understeady-state
conditions,  switching  forproduct
formation sites, and kinetic transitions
(Fig. 1},

The dynamics 1s characteristic of
desorption processes, Desorbing N2,
which 15 induced 1in N2} decomposition
on Rhi110) collimatesin four inclined
ways in the planc along the [001]
direction. {Fig.2) N20 onented along
the [(#01 Jdirection has been proposed Lo
be dissociated on different sites. This
pecurier desorption 15 used to esumate
the reacuon paths in the course of
catalvsed reactions,

In ultra-violet-light-induced surface
reactions, desorbing products have
higher translational energy.  Their
collimation can  provide the site
ornentation more clearly than thermal
reactions. The product collimaton is
designed by aligning admolecules
emutting aclive species.

~ httpz/fwww.cat.hokudai.ac.jp/matsushima/
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STM {or AFM) tip Raman
scattering

Solution
\\ '{gaa or 5+:|In:| SFG

|.|""
l-l"“n.'" I" /
B #*-1' . a bsorption

f—lr-w tron transfer

Solid surface

Fig.1 Characterization of solid-liguid
{-gas, or -solid) interfaces by IR and
Raman spectroscopy, SFG, and
scanming probe microscopy,

REYFEERF

Laboratory of Interfacial Spectrochenusiry

Fig.2 A student 15 examining
elecirode dynamics using a slepscan
FTIRE.

Our interest is 10 analvze the structures
of solid/ligquid, sohid/gas,and solid/solid
interfaces al molecularlevel, and to
examine reactiondvnamics al the
interfaces, IR and Raman spectroscopy,
sum frequency generation, scanning
tunnehing microscopy, and electrochernical
techniques arc mainly emploved for this
purpose ( Fig.1). Main subjects are; (1)
Molecular adsorpuion at the electro-
chemical interface, (2) Timeresolved
IR study of electrode dynamics, (3)
Mechamstic study ol elecirocatalysis
for fuel cells, (4) Scli-assembling,
charactenzation, and application of ultra-
thin organic films, (5) Structuralanal vsis
of solid/solid interfaces, (6} Interactions
ot endocrine disrupters with bio-
polvmers.

Surface reactions are examined with
ome-resolutions down o submicroseconds.
Surface-enhanced IR spectroscopy
developed m our laboratory enables the
high speedspectral measurements (Fig.2).

I i rowcat hokadatac jlosawal
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Fig.1 Preparation of "Jingle Bell"
nano-particles through size-selective
photoeiching of CdS core-5102 shell.
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Laboratory of Catalytic Reaction Chemistry

We are aiming at development of
novel catalysts, reactions and concepts
enabling us to use energy and resources
efficiently. Recent achievements are: (1)
Nano-sized "lingle Bell” : By applying
"sizeselective photoetching to silica-
coated CdS nanoparticles, coreshell
particles with admstable-size vacancy
between core and shell could be
svnthesized (Fig.1). (2) Active photo-
catalysts prepared through nowvel
procedures, epg, ammonia treatment-
reoxidation and gas-phase oxidation. (3)
Twodimensional chirality; A new concept
of chirality, chirality of” arranpement of
molecules on surfaces has been developed.
This chiral surface enables us to
discriminate each isomer of optically
active organic compounds, e.g..
thahidomide, in "all-or-none” mode. (4)
Movel redox-combined organic process:
As efficient "green chemistry processes,”
photocatalytic reactions of watersoluble
bio-active orgame compounds have been
developed.

Fig. 2 Molecular structure of (R)
and {S}-BNSH (left and right
images, respectively) as an
atropisomenc compound for
twodimensional chirality.
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Fig.1 STM images of nanonecklace
and nanorod of Pt wires separated
from HMM-1 and FSM-16.
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Laboratory of Advanced Catalyst Design

Fig.2 PEM fuel cell using
cvclohexane as a direct fuel

Our goal is molecular-level design of
nano-structured heterogeneous catalysts
tor highly efficient uthzation of chemical
feedsiocks and energy resources. Current
research topics are as follows. (1) Ship-
in-bottle synthests of metal nanowires
(Fig.1) and -particles in mesoporous
materials. We are studying electronic
and magnetic properties of the nanowires,
and catalytic performances in fuel cell
related reactions. (2) We have found
nigh performances of Mo (or Rey
HZSM-5 in dehvdrocondensation of
methane to benzene and naphthalene
with hydrogen. (3} Highly efficient
evolution of hydrogen is achieved in the
dehydrogenation ot cvclic hydrocarbons
such as cyclohexane and decalin over
supported Pt catalvst, Performances of
PEM fuel cells are also studied using
cyclohexane as a fuel (Fig.2).

{iwww.cat.hokudai.ac.jpfichikawa/index.htm
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Fig.1 Swructure level reaction scheme of
propane oxidation over Mo-V-5h-0 catalyst
 Topic 1).

MREFE R AT 0 BF

Laboratory of Advanced Material Design

Fig.? Peroveskite-coated SiC
fiber catalysts

Our research nterest focuses on
catalytic oxidation over metal oxides.
We are developing 1) process for alkane
selective oxidation, 2) catalytic filters
which adsorb and decompose orgamc
waste oxidauvely, and 3) fuel cell
systems and new devices which transfer
catalytic oxidation energy to another
energy such as electromotive force. For
these purposes, 1t 15 highly necessary to
control structure of complex mixed
metal oxide materials by new catalyst
design concept,

We demonstrated unit-syntheses of
Mo-based complex oxides and prepared
Mo-V-Sb-0) catalysts hydrothermally
which have multfuncuons for propane
oxidation to acrylic acid as shown in
Fig.|. Cataytic fibers of topic 2) were
reahized by coating SiC fiber surface
fully with peroveskite-tvpe complex
oxide having ordered macropores and
mesopores. [n the third wopic we are
trying to construct systems which are
able to convert catalytic oxidation
chemical energy to electric energy by
catalyst-semiconductor units and fuel
cell units.

hitp://ueda-lab.homelinux.org/
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substituted pynidines with all different
substituents,

RS NS5

Laboratory of Catalysis in Organic Synthesis

-
S P |

B
_.
o
m

Scheme 2. Unprecedented double CC
bond cleavapge of a cyclopentadieny|
ligand.

Cleavage / formation of carboncarbon
bonds 1n organic molecules has been a
major challenge in synthetic  organmic
chemistry. By utilizing early transition-
metal species of group 4 metals, our
research group has developed a vanely
of unique novel C-C bond cleavage and
C-C" bond formation reactions.

Recently, we have established novel
synthetic methods of all substituted
aromatic compounds, which include
heterocveles such as pyndines, starting
from alkynes and/or nitriles. Our methods
have reahzed selective imtroduction of a
vanety of substiuents at certain posinons
in the aromatic compounds ( Scheme 1),

Another interesting reaction 15
unprecedented double C-C bond cleavape
of a cyclopentadienyl ligand in a
titanacyclopentadiene complex { Scheme 2,
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Fig.2 Bowl-shaped phosphine ligand

We introduce well-defined nano-sized
motety into 8 homogeneous molecular
catalyst system w achieve highly reactive
and selective reactions. Recently, we are
developing nano-sized phosphine and
pynidine hgands which contain dendnimer,
calixarene, or bowl-shaped moieties.
Palladium. plaonum, and rhodium
complexes contain these nano-sized
ligands have been prepared and
characterized (Figures). The nanosized
bowl-shaped phosphines (Figure 2) 15
compared with other common phosphine
ligands 1n the rhodium-catalyvzed
hydrosilylation ol ketones with a
wrisubstituted silane. A kinetic study
indicated that a rhodium catalyst svstem
with the bowl-shaped phosphine realize
150 times faster hvdrosilvlaton reaction.

Catalytic asymmeiric reactions of
practical use and new organic
transformations mediated by early
transition metals arc of our other interest,

http:/'www.cat.hokudai.ac.jp/tsuji/
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Fig.| Sulfonated mesoporous
organosilica,
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Fig. 2 Hwvdrolysis of sucrose by
solid acid and further
conversion to chemical
feedstocks by metal catalysts,

Our research interest 15 1n the synthesis
of new nanostructured catalysis n
ordered nanoporous materials and their
application to green  chemistry
Mesoporous silica i1s used as a supporl
to deposit catalviic active sites such as
organometallic  complexes, metal
nanociusters and solid acids, and their
performances in heterogeneous catalysis
are studied.

We have found that sulfonated
mesoporous organosilica (Fig. 1} shows
high activity in hydrolysis ot bulky
sugar molecules (Fig.2). The solid acid
combined with metal catalysts would
torm hifunctional catalysts that enable
further comversion to chenmcal feedstocks.

Metal complexes and nanoclusters
will be deposited 1n mesoporous
matenals, and therr catalysis will be
investigated in terms of green chemistry,
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Fig. | Lamellar precursor (intercalated by
eychic amine) of the post-synthesized Ti-
MWW catalyst,

Ti-MWW has been prepared by post-
synthesis incorporation of tetrahedral
I1 species into MWW silicalite through
controlled structural conversions between
3-dimensional crystalline silicalite and
lamellar precursor assisted by cvclic
aming, Thus postsynthesized Ti-MWW
catalyzes the alkene epoxidaton, which
turns out to be the most actuive higuidphase
epoxidation catalyst so far, TI-MWW 15
further converted into thin sheet and
expanded materials applicable to the
reactions of bulky molecules,
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Fig | Phosphorescence emission
spectra of silica-alurming evacuated at
1073 K. The spectrum was recorded
at 77 K. Excitation wavelength was
300 nm. The fine structure shows a
vibration energy of the emission sites.

Defect sites on activated silica and
highly dispersed metal oxide species on
silica often show unigue photocatalyvtic
activity. The photoexciiation state would
be localized on the active site. Some of
quantum photocatalytic acuve sites could
show phosphorescence spectra with [ine
structure showing the vibrational energy
(Fig.1}). We will study the structure of
the active sites and their photocatalvtic
activity, and develop new photocatalytic

reactions.
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Kinetics of catalytic
reactions

Viadimir P. Zhdanov

{Boreskov Inst. of Catalysis, Novosibirsk,
Russia, Prot.)

The kinetics of heterogeneous
catalytic reactions are often complex
due to adsorbate-adsorbate lateral
interactions, surface helerogeneity,
spontaneous or adsorbate-induced
surface restructuring, and/or limited
mobility of reactants. On nm-sized
catalyst particles, the reaction complexity
may in addition berelated to the interplay
of kinetics occurring on different facets
and edges, shape changes of small
particles, and /or spillover of reactants
between the particle and support.
Although the importance of many of
these factors has long been recognized bry
the heterogeneous catalysis community,
their manifestation in specific reactions
15 often stll open for debate.

The goal of my studies was w0
desvelop general theory of elementary
rale processes occumng n non-ideal
adsorbed overlavers and to use it for
interpretation of the whole range of
surface kinetics (from surface diffusion
and thermal desorption of the simplest
molecules to oscillatory and chaotic
reaction kinetics observed on open single-
crysial surfaces and nm-sized catalvst
particles), My works in this ficld are
based on the prescriphions of stausbcal
physics and wide applicaton of the
Monte Carlo technique.
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Photocatalytic synthesis of

N-containing organic compounds

from C(z, H:0) and NOa™
Machiraju Subrahmanyam

{ Indian Institute of Chemical Technology,
Deputy Director]

Synthesis of organic compounds
especially heterocvelies by cyvclization
and oxidation reactions on semiconductor
powder and thin film photocatalysts with
and without supports 15 of current nterest.
In this context. catalyst preparation,
evaluation for photocatalytic CO:
reduction n agueous and their mixtures
with different solvents are proposed to
establish best condions tor highly active
and selective catalysts 1n synthesiang
industrially important Ncontaining
organic compounds, In this program of
work  synthesis of  Ncontaining
compounds using COz2, H20 and NOs~
15 proposed to test with various Ti0:
doped, zeolite supported and therr thin
films, working in different organic
solvent-water mixtures for better CO2
solubility. The physical charactenizahon
of the prepared photocatalysts and their
efficiency evaluauon for COz reduction
n synthesizing N-contaiming compounds
will be correlated.

The applicability of the concept
developed during the expenimentation
will be extended for a device to produce
nigh vield of specific organic compound
synLhesis,

€02+H:0+NO1" +(photocatalyst )=

N-containing organic compounds

Technical Division

RPN SBEMEFHRLOEWORS

A —OFWEBE [ HZXIME
X [#RIEE|[7F—2BHEE | &
fi 2200 [ MRS | IEBEENLT
WARE TR ISh TLET,

SR TIIEIRETA - B LU
{L¥ER. F—9RBAEE{T-TW
-

HZAIHEZECHREAHNF L RE
EEOHR - N, —mBEI A
cLB{E¥H S ABR. ELURE
HZAZ LA25HOEHEILOR
fElCY s TVET, 242 RIME
ETHESRATHF v -1 —-OH
f£. NI, BEXILHEZEENR
EBEONT - WFET-TWET,
HZZAP¢BORIEIEARHICITA
BT EN, EhhTuET,

2O02FCRIEMKAFETI—T=
o SETWHS AEMOBTEEH
FLELE,

= _-L.:. L

B IERFIEN

2002 F 4k m AP
A ABEOEHR

B nepdwwwcathokudatac.jpigijyutufindes htm

=R. #1770, 770 -8&

12



HEMATWRICOWNT

SEEFERAESE LToxRE ¥ —it, KokEHF
RHESIT-TVET,

1 H[EFE & ]

B OWREEEEL ¥ — I kF LT, ¥
—# A LAt b T AP ERREEIC o T [ERf R
fToHETT,

HIEELARLTEY, SO L2 -3
EHrAfFLTwEd. (GEREUFEEIZE, KE - Wk
HTIEmLId)

2 HRHR= DR
(M REREE=

By —BBHOWMERRTE L RREXRTILLL
bz, FHOBMEHE ORER B REH R 255 &

HLKE LTI, (RAREETENT) .

SERIIFEELIGCFELI2H2HICAK YA TFET T,

()RR

SEOMEFHEBL T, F1 M FicET 5

BEOTF—FI2uTOY rHYYATHREL T

T (EE#AT) . 2EEIIFERLIGE1I1HLII B~

1 2HICRETATFETT,

RIEEHRES

EAEOMRE T REL T, fltEosSegr—<
oW TOHY BRI TLTRETLILDOTE, ER2

EhHMMEL, REFEZISHBEIIZED $3,

12002.8.9~8.11 (4Ligr)

CRC International Symposium on Photochemistry at
Interfaces (SMEIN{EFIZM T 5 R LFEsE &
y—ERE R TA)

@2003.11.24~11.26 (#Lig)

The 14th CRC International Symposium on "Molecular
Catalysis of the Next Generation " [ 4% 05+t
BLFZ AT OME L AR ¥ —ER Y
o Rl

@2004.10.27~10.29 (#L#R)
The 15th CRC International Symposium on "Catalytic
Reaction Dynamics and surface Nano-Structures”

%1 5ECRCEREY » RV oA [MEBEEEY A+
7R EFRMET /]

13

Bt b —TiEEIE - OEEREO—BRE LTHE

e rfiE L TwET,
1) #i&% HE - AWk (EE) ELEERE

fisnENH  PREL3FEL12AT7H

2) #snst : BE - EERFEES ST IRERE

fidiE Al Bkl 4%5H27H
FHE 1 5FE2H1 9H KEFEMBERRICEN,
A E= i
Ei 1 5%45H 2H HBE#HFIESEPE-JERERKE
L2557 ITHEPEKE. LA
WAL vy —ct7 4 A
% [

*7 1 ZICBIF 5 ABiR

3) NG D PE - ERELFER

WdsEAH (EK1HFESH20H

A) L FAY - 3272 ¥F—F5F

AL ERTERT. LR
WHEAR F154€E9H17H

el

£ty —m R GHERRESEEL 5 UHEGERE

Rz B OfREFES oW T, ko T
LTah T3,

[ el AR LR+ > & — 40 (£ 1 ER4T)

:




CERERFIEERC)

PFSER IR e LT, EAN oSS Bl
SNTWIET, i, IRAUAOHA I ) 2T
(EROBIE LTHEEERTVWET,

—BwL FEH OB M

HEHHHEH
SEERRSE
Gt v
T N
=

6 1

-1 =] 00 00 =]
t0 ~] 00 00 B

et ok
=] LT =] e =] fad

Lo I e o B

0O DS b

FFERERIT 3 /o5 2, TRk, HRSSTOERBE

ShTwId,

EpLETORTELE L,

eI LTwnET,

I =
i I R

EHHEEE
ERERERE
HEEane

Fk164F2H18H
ik {Ehh#dz (5T K
aiEfbiEaE) o (K%
Fie#Hl e LTl 5E
R-&lEEoiiEl T
et FEnRE *<H
L= L.'-";n:n

EBs s+ > ¥ — ORFFETEE

|

o
1
1
1
1
1
1

1A £l

hmmmr.nm‘ﬁ

NERBEO/ES SURRLAREARTOI T I

B ORER MR AT 2 D
7 FENBEEOMRERICED LHE

Teag o,

BEEEIOI 2
TELIE L o

¥ £ ZELErE HHErR R O F Tofl
TR P
ER 1l OfFEE 17 6 0 13 0
E 1l 14EEE 15 7 0 12 0
PH12FEE 15 7 0 il 0
ERE 1 34EE 15 13 0 29 1
FRE 1 44 15 i | 3 30 1
FRE 1 SERE 1 4 1.2 12 2 6 2
w0kl
- BHEEIRRGRER (PRl 4~ 1 THE)
FrEDGE S RN REE O &

- B AT R TR TE B R R 5
(ERE 1 3 ~ 1 6 4EEE)
FALFER IR ERIE L AT /SRR o R
- B AT i R R RS Y B AR S M S (CREST)
(PR 1 4 ~ 1 848
+ /HEZEM T AT 28— Ra TRk os 3
- Bh ST e PR B R R O Bl S T FE e S AR TR A
& (SORST) (P14~ 1T7HE)
1 BA 5 0 B i O R DA R R 0 57 4 B4
- B iR PR AR R Y B AT E P R BRI A
o (SORST) (FE15—20F8E)
EEBE - BT RO TORZEEILH

KPR e

HERFFaR 2 0¥, FERER 1 7. TR 2
SEF, HIREREAEM TR 3 OB EEIC s Tw
24, T/ [M{t¥o7o-54 7] TRLEHELT
SENE, FHEFICLHENICEbs TwE T,
=4 £
33

*dHHAHAH
REEERERE
i e e
i
W R R R
€A B3 0D B3 B

on =] =3 Gy Oh

3 B3 B e

N Lo o~ W o

HARDEA
ERGAHAERE L FML T, L LR Tisiosmy
LB AT wET,

COE BEH W #AEA FA@h & =%
nEA R MR R X 8

e =] HES
TRl 05E 8 2 5 3 1
1 1 SEHE 7 4 16 4 2
Rk 1 2 4ERE 12 10 14 4 2
ER]1IFE 14 19 2] 4 2
1 4 R 4 26 15 4 2
SEW, 1 ERE BT 34 19 4 1

14



il LR v 7 — RN

W{; gtz B4 LERTEHE

Bl o v

. Bl E P TR RRR
MB{tEHRE Y-

FJ/Fo)0IJ-RRELY -

-
| EREE

WA

N .
MELFSF - HEPED

Al

FoEA
T ERTIER [3E1 8% | REDEEE2045

ILEEAPMREERR e 5 —

T001-0021 #LWRTIEEIL21FT10TE

Catalysis Research Center, Hokkaido University, Sapporo JAPAN
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