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In the beginning of the fiscal year 2020, I would 
like to say a few words.
 The establishment of the institute can be dated 

back to 1943 when the Research Institute for 
Catalysis was established in Hokkaido Imperial 
University. The Institute was restructured as 
Catalytic Research Center in 1989 and further into 
the present form, Institute for Catalysis (ICAT) in 
2015. The department of fundamental research is 
responsible for the research and development of 
innovative catalysts. The department of practical 
applications aims at transferring the achievement 
to the industrial application and at creating 
technological seeds inspired by the industrial 
needs. The department of target research is 
driven by associate professors. Researchers 
outside ICAT even from foreign countries are 
collaborating on specific important problems. 
Catalysis Collaborative Research Center provides 
cooperation units to adapt to the social imperatives 
that is rapidly changing due to not only scientific 
and technological trends but also politics and 
economics inside and outside Japan.
 In 2010, ICAT was authorized as a Joint Usage/

Research Center by the Ministry of Education, 
Culture, Sports, Science and Technology (MEXT) of 

technical supports to the collaboration proposals 
from the catalysis community. This project is open 
to international collaborations. About 10 % of the 
adopted proposals are from worldwide catalysis 
community.
 ICAT also participates a MEXT project, Integrated 

Research Consortium on Chemical Sciences, 
that is jointly organized by Nagoya, Kyoto, 
Kyushu Universities. This project aims at unifying 
the concept of materials and synthesis at the 
interdisciplinary level and also at cultivating young 
talents.
 Since problems on natural resources and 

environment become more and more prominent, 
developments in material transformation, energy 
conversion, and environmental protection will be 
essential not only for our affluence but for the 
foundation of life on earth. However, the financial 

in a severe condition. Active researches, which are 
now being conducted throughout Japan at various 

financial and technical supports. Institute for 
Catalysis Science will serve as a center for catalyst 
research community through the Joint Usage/
Joint Research Project. We look forward to your 
cooperation, guidance, and encouragement.

Jun-ya Hasegawa
Director of Institute for Catalysis 

April 2020 





Our missions are to develop unique surface analysis 
techniques, to observe the catalytically active solid 
surfaces on an atomic level, to reveal the reaction 
mechanisms, to make the catalytically interesting surfaces 
and to manipulate the surface reactions. We applied the 
accelerator-based beam techniques such as synchrotron 
radiation, positron, muon and X-ray free electron laser to 
the characterization of the surfaces.  We have developed 
a new method such as bond-specific method, MARX-
Raman (Multi Atom Resonance X-ray Raman) XAFS.  
We have carried out theoretical analysis collaborating 
with Chiba University Team. In addition, we found a new 
signal enhancement of the Nitrogen Raman at the onset 
of Ga K-edge of GaN single crystal as shown in Figure 
2.  Figure 1 shows the Ultrafast XAFS using X-ray free 
electron laser (XFEL) which has revealed the structural 
distortion of WO3 after the photo irradiation.  The other 
activities are electrochemical and surface science studies 
of Ni2P single crystal, theoretical analysis of TiO2(110) 1 × 
2 structure and operando polarization dependent XAFS of 

surfaces.
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Fig. 1 
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Fig. 2 Rearrangement pathway of gold clusters with 
a O2 molecule.
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To understand complex mechanisms in catalytic 
processes, we are developing accurate theories for 
describing electronic structures in complex molecular 
systems, the QM/MM methods for large molecular 
systems, the f i rst-pr inciples molecular dynamics 
simulations for reaction dynamics, and analytical methods 
based on quantum and statistical mechanics. These 
methods are applied to various catalytic reactions involving 
organic, transition-metal, and heterogeneous catalysts.

Our current research focuses on the following topics:
1. Mechanism of hydrolysis by carbon catalysts.
2. Mechanism of ethylene oxidat ion with Pt/

mesoporous SiO2 catalyst.
3. Catalytic reactions with supported metal clusters 

4. Computer-aided catalyst design for methane 
activation.

5. Mechanism of  t rans i t ion meta l -cata lyzed 
hydrosilylation reactions.

6. Reaction mechanism of act ivat ion of inert 
molecules by metal cluster catalyst.
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Our strategy is molecular design of heterogeneous 
catalysts and their application for utilization of natural 
resources. We study conversion of non-food biomass 
including lignocellulose biomass and chitin, a marine 
biomass, to valuable chemicals by heterogeneous 
catalysts. Air oxidation of woody biomass provides a 
weakly acidic carbon that hydrolyzes the woody biomass 

systems (Fig. 1). Another topic is to develop zeolite-
supported metal catalysts that selectively produces syngas 
(CO + H2) from methane at reaction temperatures below 
650 ºC.

Our interest also includes catalytic application of 
mesoporous materials. We reported high activity of Pt/
mesoporous silica in low temperature oxidation of ethylene 
to CO2 (Fig. 2). This catalyst is practically used in the latest 
models of refrigerators to mitigate aging of vegetables 
and fruits. We are aiming for application of the catalyst in 
industrial food storage.



Our aim is to design new heterogeneous catalysts 
for green organic reactions and automotive pollution 
control with minimum use of precious metal resources. 
Mechanistic and structural studies by various in situ 
spectroscopic methods establish the structure-activity 
relationship, which provides fundamental aspects 
for catalyst design. We have found that creation of 
multifunctional active sites at Metal-Metal or metal-support 
interfaces is a key factor for design of novel catalysts. 
We utilize computational and data science in addition to 

improvement in global energy and environmental situation 
by developing heterogeneous catalysts with innovative 
functions.
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We are aiming to design, fabricate and characterize 
photocatalyst particles and to clarify the mechanism of their 
photocatalysis. (1) Reversed double-beam photoacoustic 
spectroscopy (RDB-PAS) (Fig. 1) for evaluation of energy-
resolved density of electron traps in sample particles has 
been developed and shown to be a unique comprehensive 
identification and evaluation method for almost all metal 
oxides not limited to photocatalysts. (2) Light-intensity 
dependences were examined using ultrahigh-intensity 
continuous monochromatic light sources to find electron 
transfer mechanism depending on the density of electrons 
or holes in a particle and co-catalytic action of loaded 
noble metals. (3) Preparation of highly "pure" titanium(IV) 
oxide (titania) photocatalyst particles with decahedral (Fig. 
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Our research activities encompass synthesis and 
characterization of polymers having controlled structures 
and supramolecules. With design concepts focusing on 
“macromoleuclar chirality” in mind, we conduct synthetic 

hyperbranches, and cross-linked gels as well as structural 
regulation of supramolecules.  With such ordered 
structures in hand, we aim at creating advanced functional 
materials showing catalytic activities, photo emission, 
photo-electronic functions, non-linear optical properties, 
separation functions, and pharmaceutical activities.

conformation was constructed and elcucidated for 

shows valuable photo electronic properties that have been 
thought to be unique to main-chain conjugated polymers. 
Another goal is to create a polymer helix, a most important 
structural motif of polymer chain, we have, for the first 
time, prepared a single-handed helix of polymers on the 
basis of chirality of light (circularly polarized light) in a 
reversible manner. This achievement is expected to trigger 
various CPL-based preparation methods to create a wide 
variety of chiral polymers (Fig. 2).



The Research and Development Division was started 
at the Institute for Catalysis (ICAT) Hokkaido University 
in 2014 guided by the Ministry of Education, Culture, 
Sports, Science and Technology (MEXT). At the end of 
2014, Hokkaido University and the National Institute of 
Advanced Industrial Science and Technology (AIST) drew 
up a contract to realize the cross-appointment system 
to reinforce the government-industry-academia network. 
In 2015, I was appointed the leader of the Hokkaido 
University Cross-appointment Team, which was set up 
in the Interdisciplinary Research Center for Catalytic 
Chemistry AIST. Then, with the cooperation of ICAT, 
AIST and Riken (the Institute of Physical and Chemical 
Research), we launched the project named “Catalyst 
Informatics.” The Artificial Intelligence Research Center 
AIST helped facilitate and drove the project. In 2017, the 
National Institute for Materials Science (NIMS) joined 
the project. In 2019, “Catalyst Informatics Symposium, 
-Catalyst Research Accelerated by Interdisciplinary 
Fusion-” was held in the collaboration with ICAT-Riken-
AIST- NIMS. In 2020 ICAT will organize the symposium. 
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This cluster is aiming at promoting advanced catalysis 
research. Our projects are to develop and maintain both 
hard and soft infrastructures in the institute, to promote 
and enhance the collaborations and cooperation in the 
community of catalysis science and engineering, and to 
develop the forefront of the interdisciplinary area related 
to catalysis. (1) Sustainable catalysis research project is 
to promote and support advanced catalysis researches 
as well as to introduce transcendental approaches 
in catalysis. (2) Training and education program is 
to contribute in developing human resources and in 
outreach activities to the society. (3) Database project 
is to accumulate experimental and XAFS information of 
catalytic systems and to develop catalysis informatics.
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The objective of our research group is to create well-
defined active nanostructures by modifying oxide single 
crystal surfaces with various functional molecules and 
metals. The origin of the catalytic activity is elucidated 
by using advanced surface science techniques such as 
STM and PTRF-XAFS. Machine-learning technique is also 
applied to predict nanostructures with higher activity.

We are now focusing on metal clusters on oxide 
surfaces because they are technologically important as 
oxide-supported metal catalysts and electronic devices. It 
is not easy to prepare homogeneous subnanometersized 
clusters on oxides because they are easily aggregated 
to form large clusters. 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 with unique catalytic 
properties.
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Our research focuses on development of plasmonic 
photocatalysis, i.e., wide-bandgap semiconductors 
modified with noble metals (NM), with ability of working 
at vis ible range of solar spectrum. Two kinds of 
photocatalysts have been investigated, i.e., plasmonic 
(containing NM NPs and semiconductors: bare and defect-
rich commercial titania samples, faceted anatase particles 
and titanate nanowires) and coupled (TiO2/Cu2O and TiO2/
Ag2O since less noble metals (Ag/Cu) are easily oxidized). 
The properties of obtained materials (including TRMC, 
FTDDT) and their photocatalytic activities have been 
investigated for (1) oxidative decomposition of organic 
compounds (acetic acid, 2-propanol, phenol), (2) methanol 
dehydrogenation, and (3) inactivation of microorganisms 

and IR irradiation and in the dark. Moreover, the action 
spectra during bacteria inactivation have been performed, 
and new study on possible cancer treatment has been 
started.
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Chemical production from renewable and easily 
accessible carbohydrates in nature is increasingly 
important in recent years for the development of 
sustainable society. Plant-derived carbohydrates, 
which show higher reactivity than fossil fuel-derived 
hydrocarbons, can be converted to attractive platform 
molecules (furans, organic acids, ketones, aldehydes, 
olefin, etc.) by acid-base catalysis in the presence of 
water. In this project, acid and base functionality of 
electron-deficient metal species and electron-rich lattice 
oxygen sites, respectively, on metal oxides has been 
studied for the carbohydrates conversion in the presence 
of water. Precise control of basicity for oxide catalysts 
would enable selective production of various small (C2-
C4) and large (> C12) hydrocarbons though fragmentation 
and condensation reactions. The resulting molecules can 
be used as sustainable resources for the production of a 
variety of industrially important chemicals.
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Alloys have been recognized as effective catalyst 
materials. However, the general methodology and theory 
for catalyst design remain under debate and construction. 
To develop efficient alloy catalysts and establish the 
corresponding chemistry, it is important to understand the 
surface structures and electronic states of the alloys in 
an atomic level. For this purpose, we study the following 
themes from the viewpoints of catalytic chemistry, 
metallurgy, surface science, and theoretical chemistry: 

(1) Achieving stereo and regioselective molecular 

of ordered alloys.
(2) Development of surface-modified intermetallics for 

(3) Synthesis and application of “intermetallic-sloid 
solution hybrid alloys” for well-controllable catalyst 
design.
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In this cluster, conjugated polymers were applied to 
develop new type of graphene nanoribbons materials. 

due to the promising application potentials as electronic 
materials. In this work, conjugated polymers were applied 
to construct graphene nanoribbons. The topology, width 
and edge periphery of the graphene nanoribbon products 
are defined by the structure of the precursor monomers. 
On the other hand, the ribbon length can be controlled by 
living polymerization methods.



Our research purpose is understanding and designing 
catalytic reactions near solid/liquid and substrate/

theoretical frameworks of quantum and statistical 
mechanics, we develop a theoretical method which can be 
applied to interface systems under light or electrode bias. 
The method is used to formulate theoretical guidelines for 
controlling catalytic activity by both microscopic chemical 
bonds and macroscopic interface shapes. Our present 
study focuses on the following topics: 

(a) Controlling optoelectronic properties of plasmonic 
nanoalloys for photocatalysts.

(b) Mechanism of photoreact ions catalyzed by 
organic metal complexes and metal nanoparticles 
supported on a metal-oxide.

(c) Role of light and electrode bias in chemical reactions.
(d) Development of a theoretical method for electrode 

catalytic reactions.
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The Technical Division is composed of Research 
Equipment Development Teams and and the 
Research Equipment Management Team.

R e s e a r c h  E q u i p m e n t  D e v e l o p m e n t  Te a m
manufactures glassware commonly used in chemical 
experiments as well as special glassware that is not 
commercially available, such as special spectrochemical 
cells.

Research Equipment Development Team is in charge 
of metals, polymers/plastics, and ceramics processing. For 
example, special home-made vacuum components and 
electrochemical cells are manufactured and processed 
using automated/manually controlled machine tools.

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 ICAT 
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, 



  

the Joint Usage/Research Center Program and symposiums.

1. Joint Usage/Research Center Program 
The Institute for Catalysis has been authorized by MEXT 

as a Joint Usage/Research Center for catalysis. Through 
this program, we provide financial and technical support to 
joint research projects with our staff. The program is open to 
researchers at both universities and public research institutions. 
There are two categories for applications: target-set projects 
and target-proposed projects. Applications are accepted once 
a year for target-set projects and three times a year for target-

member with whom they wish to collaborate.

2. Symposium
(1) Research Symposium

The Research Symposium which showcases research 
activities at the Institute for Catalysis is held every year. Special 
lectures are delivered by invited speakers.

(2) International Symposium

themes in catalytic chemistry featuring the participation of 
distinguished researchers from various countries. 

(3) ICAT International Symposium
We organize two international symposia per year. These 

symposia are operated under our philosophy that a Japan’s own 
research institution should take the initiative in dissemination 
of information in overseas countries on pioneering research 
outcome which Japan takes pride in. ICAT international 
symposia have been held in several countries, including 
Germany, USA, France, and Sweden. 

We participate in Integrated Research Consortium on 
Chemical Sciences composed of the prestigious research 
institutes of Nagoya University, Kyoto University and Kyushu 
University and ICAT which creates novel areas 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 cultivate the younger generation.



To promote international exchange, we have concluded 
agreements with its counterparts in many other countries.
1) School of Chemical Engineering, China University of 

Petroleum, China (December 7, 2001)
2) Department of Chemistry, East China Normal 

University, China (March 18, 2005)
3) Fritz Haber Institute of the Max Planck Society, 

Germany (December 26, 2005)
4) State Key Laboratory of Physical Chemistry of Solid 

Surfaces, Xiamen University, China (October 9, 
2007)

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

6) Institute of Inorganic Chemical Technology and 
Environmental Engineering, West Pomeranian 
University of Technology Poland (March 17, 2010)

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

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

9) University of Gdansk, Poland (January 9, 2013)
10) College of Science, Purdue University,USA (April 

26,2014)
11) Faculty of Chemistry, Jagiellonian University, Poland 

(May 11, 2016)
12) Department of Chemical Engineering, University of 

South Carolina, USA (June 20, 2016)
13) Boreskov Institute of Catalysis, Russia (October 11, 

2016)
14) SUNCAT Center for Interface Science and Catalysis 

USA (November 2, 2016)
15) Department of Chemistry, Renmin University of 

China, China (November 18, 2016)
16) VIdyasirimedhi Institute of Science and Technology, 

Thailand (February 27,2017)
17) Department of Chemical Engineering and Chemistry, 

Eindhoven University of Technology, Nederland 
(August 7,2018)

18) Institution of Chemical Reaction Engineering 
Fr iedr ich-Alexander-Universi ty of  Er langen-
Nuremberg, Germany (September 17, 2018)

19) College of Chemistry, Central China Normal 
University, China (November 28, 2018)

20) Iovel Kutateladze Institute of Pharmacochemistry, 
LEPL Tbilisi State Medical University, Gorgia 
(February 5, 2019)
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