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Inaugural Message from the Dean

SADA Kazuki

Dean

Graduate School of Chemical Sciences and Engineering

Saving the Earth through the Study of Chemical
Sciences and Engineering in Hokkaido

As has been discussed in the context of the SDGs in recent
years, today’s society faces global challenges, including the need
for energy development toward sustainable societies, climate
change, grave declines in biodiversity that are often called
“Earth’s sixth mass extinction,” environmental pollution from
microplastics, a scarcity of sustainable water and food supplies,
and the spread of infectious diseases (e.g., COVID-19). Because
of the close relations between these challenges and the prosperity
of human beings (Homo sapiens), it’s been proposed that the
current geological period be referred to as the Anthropocene:
a period in which human activity has been the most significant
influence on climate and the environment in Earth’s history.
Many of the underlying causes of these problems derive from
chemical processes performed by human beings. This means
that achieving a mastery of chemical processes through the
study of chemical sciences and engineering will lead to the
resolution of many of these problems and to the protection of
Earth and human beings alike. The Graduate School of Chemical
Sciences and Engineering covers a wide range of research fields
of chemistry, from theoretical chemistry to biochemistry or
molecular biology. The school aims to foster the next generation
of world-leading frontrunners by providing an opportunity for
them to gain comprehensive cutting-edge education and research

experiences in these fields.

The Graduate School of Chemical Sciences and
Engineering is the first chemistry-oriented graduate school
ever to open in Japan and was established through a fusion of
the Department of Chemistry of the Faculty of Science, which
focuses on the fundamentals of chemistry from the standpoint
of elucidating phenomena, and the Department of Applied
Chemistry of the Faculty of Engineering, which provides
practical sciences from the standpoint of artificially designing
chemical substances and their reactions. In our graduate school,
we collaborate on education and research with the Institute for

Catalysis (ICAT), the Research Institute for Electronic Science

(RIES), the Institute for Genetic Medicine (IGM), and Institute
for Chemical Reaction Design and Discovery (ICReDD) in our
university, and with the National Institute for Materials Science
(NIMS), the National Institute of Advanced Industrial Science
and Technology (AIST), and RIKEN outside the university.
With the support of 50 laboratories covering a wide range of
chemistry areas categorized into the following three courses, the
school offers a curriculum that provides systematic education
based on a panoramic perspective of all fields of chemistry in
science and engineering.

Molecular Chemistry and Engineering Course:

— Molecular-level control and analysis of reactions, catalyst
development for efficient reactions, development of reaction
chains toward related chemical process development and process
design

Materials Chemistry and Engineering Course:

— Development of organic polymers, inorganic materials,
metallic materials, nanomaterials and other types of matter
with novel functions stemming from a hierarchical assembly of
molecules and atoms, and related composite materials

Biological Chemistry and Engineering Course:

— Artificial control of biological systems based on chemical
analysis of the structures and functions of cells and organisms,
and the design of medical and medical-related materials with
various biological functions

We at the Graduate School of Chemical Sciences and
Engineering are proactive in internationalizing education through
participation in HU initiatives such as the Hokkaido Summer
Institute Program and the Learning Satellite Program, which
enable students to learn together with overseas students at HU or
its partner institutions abroad. Further, we collaborate with the
Frontier Chemistry Center and other organizations in preparing
students for global roles by enhancing their cross-cultural
understanding and international communication skills through
various initiatives. These include the Short Visit Program, where
students do their research in the lab of their overseas collaborator




for about two months, the Short Stay Program, intended to host
graduate students from abroad, and various exchange programs
involving international students, including the CSE’s Summer
School, which are organized by doctoral students themselves.

We help students obtain financial support by encouraging
them to apply for various grant and scholarship programs
offered by the government, HU and other private foundations.
Our most important goal is the creation of an environment in
which doctoral students can devote themselves to research,
and a large number of graduate students are receiving financial
support through various programs. These include the Hokkaido
University Ambitious Doctoral Fellowship (IT), which was
selected as a MEXT University Fellowship Creation Project for
Innovation in Science and Technology; the Hokkaido University
DX Doctoral Fellowship, which was selected for the Support
for Pioneering Research Initiated by the Next Generation
(SPRING) program of the Japan Science and Technology
Agency (JST); and the Japan Chemical Industry Association’s
Human Resources Fostering Program in Chemistry, for which
the Graduate School of Chemical Sciences and Engineering was
selected as a graduate school offering a unique and significant
doctoral curriculum considered desirable by the chemical
industry. In our graduate school, many students have been
awarded Research Fellowships for Young Scientists (DC1,
DC2) by the Japan Society for the Promotion of Science (JPSP).
Master’s course students planning to go on to a doctoral course
are also encouraged to use these programs, as those students are

eligible to apply as long as they meet certain requirements.

We also encourage students to participate in various
graduate education programs in order to foster not only research
skills, but also the global leadership skills that will be required
of the next generation of global leaders when they rise to the
challenge of solving global problems. The Ambitious Leader’s
Program Fostering Future Leaders to Open New Frontiers in
Materials Science (ALP) and the Ambitious Program — Smart
Materials Science (SMatS), in particular, integrate experimental
science with mathematical science, computational science, and
data science in the field of materials science to enable students to

acquire transferable skills.

We also work to create an environment in which students
become more motivated to proceed to a doctoral course by

envisioning their career paths and setting objectives for after

they’ve received their Ph.D. In this regard, our graduate school
joins the graduate education reform project Ph.Discover for
further partnerships with industry, especially with many global
companies, including chemical and materials companies and IT
companies.

It’s my sincere hope that students at the Graduate School
of Chemical Sciences and Engineering will pursue their studies
to help address the aforementioned global challenges by
acquiring basic and advanced knowledge in chemical sciences
and engineering. In line with the four basic philosophies (frontier
spirit, global perspectives, all-round education, and practical
learning) that have been pursued by Hokkaido University since
the founding of its forerunner, Sapporo Agricultural College, all
the students will nurture their humanity and make many great
friends on a vast campus that’s blessed with natural beauty. |
can’t wait to see them develop into the next generation of leaders
and blossom in society.
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Philosophy and Objectives of the Graduate School

of Chemical Sciences and Engineering

In the science field, the role of chemistry in society
has become broader and more complicated. For efficient
chemical reactions and new reaction development, which
previously was the main focus of chemistry, as well as
efficient energy usage and the securement of new energy
sources (e.g., solar power) that are indispensable for the
sustainable development of society, it is necessary to
develop new energy conversion processes and catalysts
using chemical reactions such as fuel cells, wet solar
cells and large batteries. In addition, chemists have a
number of important roles to play in solving global
environmental issues, including the development of
analytical techniques under extremely harsh conditions,
the clarification of chemical reactions in complex
surroundings such as outer space, and environmental
cleanup.

To overcome these challenges, it is necessary to
give our students a comprehensive knowledge of the
subject. Such knowledge encompasses information
on technologies enabling the flexible manipulation of
molecules, molecular assemblies and substance groups
(including biomaterials and cells) that are acquired by
the university’s chemical departments and divisions
as well as know-how in engineering processes for
practical techniques that are important in the real world.
Previously, however, with the graduate education
of chemistry, basic theories (e.g., atomic theory and
molecular theory) were mainly taught at the School
of Science and the Graduate School of Science, while
educational and research programs involving chemical
process engineering directly connected to material
properties and production were offered primarily at
the Faculty of Engineering and the Graduate School of

Engineering. With this, we failed to meet the demands

of society because we fell short of offering a systematic
educational organization covering the courses necessary
to foster problem-solving abilities based on basic theory
and to develop the skills needed to analyze production
processes and material properties (considered essential in
the real world).

With these key issues in mind, the Chemical Sciences
and Engineering Division of the Graduate School of
Chemical Sciences and Engineering was established
in April 2010 to develop students into engineers and
researchers who can flexibly respond to the needs of the
times. To this end, faculty members belonging to the
Graduate School of Science and the Graduate School of
Engineering work closely to develop human resources to
meet these needs through common educational programs
designed to provide an understanding of fundamental
chemistry as well as evolutionary educational programs
in line with students’ desired career paths, such as
progression to positions as corporate engineers/
researchers, scientists at public institutions and educators
at universities.

The Graduate School of Chemical Sciences and
Engineering offers three categories of student class
schedules: 1) the Molecular Chemistry and Engineering
Course; 2) the Materials Chemistry and Engineering
Course; and 3) the Biological Chemistry and Engineering
Course, to provide graduate education with which
students can acquire an extensive range of knowledge
in various disciplines, from basic chemistry (including
organic chemistry, inorganic chemistry and physical
chemistry) to applied chemistry directly connected to
industry, including material manufacture engineering and
process engineering.
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History of the Graduate School of Chemical Sciences and Engineering
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2010:

2012:

2012:

2012:

2014:

2014:

2015:

2016:

2018:

2020:

2020:

2022:

The Graduate School of Chemical Sciences and Engineering is established as the 28th
graduate school in Hokkaido University.

Kitamura Noboru is named the first dean.

The first entrance ceremony takes place.

Students of the inaugural class for the master’s degree program got the master’s degree.
Kakuchi Toyoji is named the second dean.

Students of the inaugural class for the doctoral degree program got the doctoral degree.
Sakaguchi Kazuyasu is named the third dean.

The Frontier Research in Applied Sciences Building is completed.

The 5th anniversary of the Graduate School of Chemical Sciences and Engineering is
celebrated.

Ohkuma Takeshi is named the fourth dean.
Taketsugu Tetsuya is named the fifth dean.

The 10th anniversary of the Graduate School of Chemical Sciences and Engineering is
celebrated.

Dairi Tohru is named the sixth dean.

Sada Kazuki is named the seventh dean.
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Organizational Chart of the Graduate School of
Chemical Sciences and Engineering

Graduate School of
Chemical Sciences
and Engineering

Chemical
Sciences

and
Engineering
Division

Molecular
Chemistry

and Engineering
Course

Microscopic
Chemical
Analyses Unit

Quantum Chemistry

Theoretical Chemistry

Physical Chemistry

Analytical Chemistry

Fine Chemical
Reactions Unit

Organic Reaction

Organoelement Chemistry

Organic Synthesis

Organic Transformations

Organometallic Chemistry

Organic Chemistry I

Chemical Reaction Design and Discovery

Catalytic
Reactions Unit

Catalytic Transformation

Macromolecular Science

Catalyst Material

Catalysis Theory

Chemical Process
Engineering Unit

Chemical System Engineering

Material Design and Engineering

Catalytic Reaction Engineering

Chemical Energy Conversion
Systems

Materials
Chemistry

and Engineering
Course

Molecular Materials

Coordination Chemistry

Chemical Informatics

Chemistry Unit Molecule & Life Nonlinear Sciences
Education
Inorganic Chemistry
Structural Inorganic Chemistry
Inorganic Synthesis Chemistry
Inorganic Solid State Chemistry
Materials Nanostructured Functional Materials
Chemistry Unit  |Nano Ceramics

(collaborative program)

Applied Materials Chemistry
(collaborative program)

Frontier Materials

Electronic Materials Chemistry

Interfacial Electrochemistry

Chemistry Unit [Advanced Materials Chemistry
Material Chemistry
Interfacial Energy Conversion
Materials Chemistry
. (collaborative program)
Funct1.onal Superconducting Materials Chemistry
Materials (collaborative program)
Chemistry Unit  |Photo Functional Materials Chemistry|
(collaborative program)
Nano-Assembled Materials Chemistry
(collaborative program)
Biological Chemistry
Biomolecular Biostructural Chemistry
Chemistry Unit |Bioorganic Chemistry
Microsystem Chemistry
Mechanistic Organic Chemistry
Organic Chemistry 11
Biological Biofunctional Chemistry of Molecular Assemblies
Uremising Chemistry Unit Pglymer Ch emlstry
and Engineering Biosynthetic Chemistry
Course Chemical Biotechnology
(collaborative program)
Cell Engineering |Applied Biochemistry
Unit Biomolecular Chemistry
Molecular Medical|Signaling in Cancer and Immunology
Biochemistry Unit |Biological Asymmetry
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@ Molecular Chemistry and Engineering Course

Chemical reactions are leveraged to create various
substances, including organic/inorganic materials and
pharmaceuticals, and also support the foundation of
healthy, comfortable lifestyles. Recent studies have
revealed that the most delicate life phenomena also
stem from various combinations of chemical reactions.
In future work, there is an urgent need to design highly
efficient/selective chemical reactions and elucidate/
analyze the principles behind them. Also indispensable
is research on chemical process engineering geared
toward the expansion of reactions to an industrial scale.
Furthermore, the development of reactions to address
environmental/energy issues and the invention of energy
conversion systems using new catalysts will also play a
major part in shaping the future of mankind.

The Molecular Chemistry and Engineering Course
provides a wide range of systematic programs covering
the underlying principles of chemical reactions,
reaction design in disciplines such as organic chemistry
and catalytic chemistry, the elucidation of reaction
mechanisms and process control. The course is designed
for graduate students who have taken other courses not
only in chemistry but also in a wide range of fundamental

natural sciences, such as physics and biology. It also
incorporates programs concerning material design
and synthetic technology development in response to
environmental problems and energy issues, matters that

require urgent attention in today’s society.

The course is taught by a diverse lineup of instructors
in molecular chemistry. Students systematically learn
in a series of areas from laboratory level to production-
systems level through subject groups covering the
basics (such as physical chemistry and organic
chemistry) and also incorporating catalytic chemistry
and reaction engineering. It aims to turn students into
engineers and researchers capable of contributing to the
design of organic materials/substances, functionality
enhancement, production technologies and the resolution
of environmental/energy issues.

More specifically, the Molecular Chemistry and
Engineering Course offers educational and research
programs based on

the four research units and 19 laboratories outlined
below.

© Microscopic Chemical Analyses Unit
+ Quantum Chemistry
- Theoretical Chemistry
- Physical Chemistry
- Analytical Chemistry

© Catalytic Reactions Unit
- Catalytic Transformation
- Macromolecular Science

« Catalyst Material

- Catalysis Theory

© Fine Chemical Reactions Unit
« Organic Reaction
+ Organoelement Chemistry
« Organic Synthesis
+ Organic Transformations
- Organometallic Chemistry
+ Organic Chemistry |

+ Chemical Reaction Design and Discovery

© Chemical Process Engineering Unit
- Chemical System Engineering
- Material Design and Engineering
« Catalytic Reaction Engineering

+ Chemical Energy Conversion Systems
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@ Materials Chemistry and Engineering Course

Since Japan is a nation with few natural resources,
creation in science and technology for manufacturing new
productsfull of ingenuity and originality is indispensable
for the continuous prosperity of our country to lead the
internationalcommunity into the bright future. The research
and development of new substances and materials with novel
functions and emerged phenomena are important in science
and technology as the backbone of manufacturing. Chemistry
is the only academic discipline that can support these goals.

Among the targets of chemistry, condensed matter formed
by aggregation of molecules and atoms emerges various
interesting functions and physical properties. It is important
for students to understand the underlying principles for
the emergence of the functions in these substances. It is
also essential for them to learn synthetic methods for these
materials such as organic polymers, inorganic materials,
metallic materials and composite materials made from their
combinations. Moreover, the functions of these materials
depend on the structures at various levels, such as the
electronic states of their constituent elements or atoms, the
chemical bonds between the atoms in the molecules, and
the aggregation structures of the molecules and the atoms
like crystalline structures. Thus, students on this course
will acquire skills to analyze the structures, to evaluate the
physical properties, and to understand them by the quantum

mechanical theory as well as fundamental principles such as
chemical thermodynamics and equilibrium theory. Then, they
will try to develop the unprecedented functional materials
created by combining the materials with various physical
properties, such as electrical conductors, semiconductors,
piezoelectric substances, dielectric substances, magnetic
substances, fluorescent substances, and heat- and corrosion-
resistant substances. Another important challenge for them
is to develop advanced functional materials for the next
generation, including nanoceramics, nanomaterials and
optical materials.

The most distinctive character of this course is the
comprehensive program learning material chemistry for
condensed matter. This program begins with the study of
organic complex molecular systems involving the synthesis
and the functions of various molecular assemblies (e.g.,
metal complexes). It also covers the chemistry of inorganic
complex systems in the creation of functional inorganic
materials made from metals, metal oxides and ceramics.
It will also focus on development of advanced materials
systems for energy conversion to solve the energy problems
and global warming in the world. The Materials Chemistry
and Engineering Course offers educational programs through
the four research units and 19 laboratories outlined below.

© Molecular Materials Chemistry Unit
« Coordination Chemistry
+ Chemical Informatics
+ Molecule & Life Nonlinear Sciences

« Education

© Frontier Materials Chemistry Unit
- Electronic Materials Chemistry
- Interfacial Electrochemistry

+ Advanced Materials Chemistry

- Material Chemistry

© Inorganic Materials Chemistry Unit
+ Inorganic Chemistry
« Structural Inorganic Chemistry
« Inorganic Synthesis Chemistry
- Solid State Chemistry
+ Nanostructured Functional Materials
+ Nano Ceramics

+ Applied Materials Chemistry

© Functional Materials Chemistry Unit
- Interfacial Energy Conversion Materials Chemistry
- Superconducting Materials Chemistry
« Photo Functional Materials Chemistry

- Nano-Assembled Materials Chemistry
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@ Biological Chemistry and Engineering Course

The Biological Chemistry and Engineering Course
focuses on education and research involving the
chemical elucidation and application of basic principles
in life phenomena. Life systems represent the ultimate
aggregate of chemical reactions, and can be referred
to as emergence based on hierarchy and the ability
to self-assemble. They serve as the foundation for
dynamic biological activities in which materials,
energy and information are generated, converted and
metabolized. Various cross sections of life phenomena
are described by the minute constructing principles
and harmonious function of the biomolecular groups
that support biological systems and by the networks
controlling them. The Biological Chemistry and
Engineering Course looks at biological chemistry as a
set of basic principles common to its four research units
(Biomolecular Chemistry, Biofunctional Chemistry, Cell
Biotechnology and Molecular Medicinal Biochemistry).
Recently, chemical biology has taken on a global scale
as an academic discipline compatible with chemistry.
Like biochemistry, chemical biology is recognized as an
extremely important area in understanding the chemical
aspects of life systems and in creating new research
fields. In response to this modern trend, the course offers

educational and research programs that take advantage
of the graduate school’s characteristic of collaboration
between science and engineering faculty members. In
short, it aims to educate and train students to become
front-runners in the field with a well-developed sense of
judgment and the ability to investigate a wide range of
life phenomena on various levels, from the molecular to
the individual, using various chemical analysis methods

and applying the results tonumerous, diverse fields.

As a new field of education, the course includes
the four research units and 14 laboratories outlined
below, offeringcurricula that allow synergetic cross-
communication between the units or beyond the course
itself. Students will become capable of conducting
scientific analysis of life phenomena if, for example,
they are asked what a cell is, and will be able to elucidate
the underlying basic principles. They will also develop
the skills to take up the challenges of applying the
relevant principles and creating cells on their own while
considering bioethics. The course’s mission is to turn out
such individuals, and systematic educational programs
are provided in accordance with this goal.

© Biomolecular Chemistry Unit
- Biological Chemistry
- Biostructural Chemistry
- Bioorganic Chemistry

- Microsystem Chemistry

© Cell Engineering Unit
- Applied Biochemistry

- Biomolecular Chemistry

© Biofunctional Chemistry Unit
+ Mechanistic Organic Chemistry
+ Organic Chemistry |1
+ Chemistry of Molecular Assemblies
« Polymer Chemistry
« Biosynthetic Chemistry

+ Chemical Biotechnology

© Molecular Medical Biochemistry Unit

- Signaling in Cancer and Immunology

- Developmental Physiology
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Outline of educational research activities in the laboratory

AFEE3 Molecular Che y and Engineering Course

EF(LEHRARE Quantum Chemistry
[BRE-TAR=E4] RICHRITFRIE - B F{LFMRE Unit and laboratory names : Microscopic Chemical Analyses Unit, Quantum Chemistry
[BLxE] - B ROR Bl IR R EEA B AR ROBZAAZERR) .
[FryFab—] - ERSEERCHETTATS Teachingstaff: .............. Profe%sor. Ta ketsugfj Tetsuya; - ‘
............ S N O I e e Associate Professor: Kobayashi Masato ;
(FRZENER] BT RERTRICE D SRR IEHE 7 AN afi A Assistant Professor: lwasa Takeshi (Faculty of Science)
B2AF—LDOHL%ZE#EL.IRC 2BATRICEEEHF. ab
initio MD %, Se B FIREEIRER . A T A T4 7 A STIEIE IR Catchline: .................. Predictive chemical theory for reaction, electron, and
REREDER-TOISLRREED TOET  SDICREBREEE spectroscopy
TER S AP ITTHRERG ICE D BRBREDFBIC - ’ . .
HL JERIGH B P ITRME RO AIRRRG EDORBICI Goal of the laboratory: ..... Aiming to establish theoretical and computational schemes to
WA TVET . elucidate and predict chemical reaction mechanisms and
[EBMET—=] RACZ R IREE - 41 F 39 ABRBD /=D LU\ FIBARI% dynamics based on electronic structure calculations, we are
IBEASH B ASEE T BT RMIR N — A DRz developing theoretical and computational programs dealing with
(HEZWEBY 1 FQRI—K] dynam!c reaction pathway concepts be:yond IRC picture, ab initio
dynamics methods, advanced electronic structure theory,
information science, near-field spectroscopic theory beyond the
dipole approximation, and others. We are also working on
chemical issues such as the elucidation of photoreaction
mechanisms and the proposal of novel catalysts based on
element strategy in collaboration with experiments.
Major research themes: .... New molecular theory development for the elucidation of
photochemical reaction pathways and dynamics
Catalyst proposal based on theoretical/computational
chemistry-guiding elements strategy
Laboratory Website QR Code
IER(LEHARE Theoretical Chemistry
[FBEE-HARESR] RISERNTEEREE - IR EARE Unit and laboratory names : Microscopic Chemical Analyses Unit, Theoretical Chemistry
E:ETE0T) RS 1% HIE 12 BYRRH HHORERIZR) _ _
[FryFab—] BRETASEET B EOEE Teachingstaff: .............. Professor. Maeda Satoshi ; ' '
o C . N Assistant Professor: Harabuchi Yu (Faculty of Science)
[ARZEDOBEE] oo R EMRE TR ACERECOE—REFAO—MHE7 70—

FORBICAHLELZ. N ZFRAL T BHELRERERY N Catchline:
T—VICEDKRIERPEDIFERIVLIRRR . RISHZEE D BEIRFRIC

EBFREADIZRISOT A, F RSN RS OEERIEECER Goal of the laboratory: ..... The Laboratory of Theoretical Chemistry has succeeded in the
development of a general approach for the first-principle

D} 0N B L . . S

JATNES prediction of chemical reactions. By utilizing it, the laboratory

.................. Realizing chemistry driven by understanding and prediction

(EBBRT—7] RISHERABRRIEICLBDIERICOERE TR tackles a systematic understanding of reactions and physical
BT CEHEEEREREIEORY N R ERZEASDE 5 properties based on complex reaction path networks, prediction
RISE% of unknown chemical reactions through automatic searches of

[HEEWEBY 1 FQRO—K] reaction paths, and experimental substantiation of predicted

chemical reactions.

Major research themes: . ... Understanding and predicting of chemical reactions through
automated searches of reaction paths
Reaction discovery combining quantum chemical calculation and
organic synthesis / robotic synthesis

Laboratory Website QR Code



MB{LRHAR=E

Physical Chemistry

(FBEE- M ESR]
(B4 E]

[(#vryFaE-]
(ARENEIR] -

(ELHRT—~]

RISHRITEFEEE - MR AR E

HiR HE B SEED B AR (FRSEFERR)
Bh# B R (BEHEHEERNE)
FLOIXF KB TOLADRA

IR FEN—RICF /DO A Y I RIBICH HEM - Fit
HOFREMR. ROMERFBZETOTVEY ISR EBF -
174> OFNEBEICHET DR ZRHL BEFOMEROMEIC
BONBOWIXILF—DERFBEERR Y 2FELZERLTUVE

ED

B REOEEERAEERECERREN A
EBRCAFEEREL /=R DRI . X O EFIE
BRI ) -2 IKHREEE

[MARZEWEBY 1A FQRI—R]

Unit and laboratory names :

Teachingstaff: ..............

Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Microscopic Chemical Analyses Unit, Physical Chemistry

Professor: Murakoshi Kei ;

Lecturer: Fukushima Tomohiro (Faculty of Science);
Assistant Professor: Zhou Ruifeng

(Institute for the Advancement of Higher Education)

Development of new energy conversion processes

We conduct novel synthesis and physical property development
of inorganic/organic materials in the nano to mesoscopic regions
based on physical chemistry to create systems capable of
controlling the flow of electrons, light and ions at will for the
ultimate utilization of energy irrespective of the characteristics of
existing material systems.

Development and precise control of novel optical phases through
versatile use of electrochemical methods
Generation of high-performance green hydrogen

PHERHARE

Analytical Chemistry
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[AEZEWEBY 1 FQRI—K]

Unit and laboratory names :

Teaching staff :

Catchline:

Goal of the laboratory :

Major research themes :

Laboratory Website QR Code

Microscopic Chemical Analyses Unit, Analytical Chemistry

Professor: Ueno Kosei ; Associate Professor: Ryuzaki Sou;
Assistant Professor: Imaeda Keisuke(Faculty of Science)

Laser spectroscopy of nanomaterials

The Laboratory of Analytical Chemistry are studying the
modulation of electronic and vibrational states of molecules
caused by a strong light field in nanospace and trying to clarify
the elementary steps of chemical reactions promoted by
nanostructures through the analysis by time-resolved laser
spectroscopy. We also develop nanostructured biosensors.

Modulating vibrational states of molecules by infrared plasmon
and establishing new vibration spectroscopy

Optical devices employing layer-type compounds of transition
metal dichalcogenides (TMDC)

Controlling plasmon dynamics through near-field coupling
Ultrafast dynamics of strong plasmon-exciton coupling in
photosystems

Biosensors using plasmonic nanopore devices
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Organic Reaction
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Unit and laboratory names : Fine Chemical Reactions Unit, Organic Reaction
Teachingstaff: ............... Associate Professor: Senboku Hisanori ;
Associate Professor: Inokuma Yasuhide ;
Assistant Professor: Yoneda Tomoki (Faculty of Engineering)
Catchline: ..................... Enjoying chemistry through efficient reactions and novel
structures

Goal of the laboratory: ...... -Synthesis and analysis of functional molecules based on
structural organic chemistry
-Efficient molecular transformation by using electron
transfer reactions (electro-organic reactions) and electrochemical
fixation of carbon dioxide

Major research themes: ...... New development in carbonyl chemistry; synthesis and analysis
of beautiful molecular structures; chemistry of ring-contracted
porphyrinoids; electro-organic synthesis; synthesis of useful
carboxylic acids through electrochemical fixation reactions of
carbon dioxide

Laboratory Website QR Code

AETHERHARE

Organoelement Chemistry
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(6:2E0F ) IR BT Rk B OERIR Al B ERIR ARE ERI(THM%ER)
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[MZEWEBY 1/ FQRI—F]

Unit and laboratory names: Fine Chemical Reactions Unit, Organoelement Chemistry
Teaching staff: ..... Professor: Ito Hajime ;

Associate Professor: Ishiyama Tatsuo ;

Associate Professor: Kubota Koji (Faculty of Engineering)

Catchline: ..................... Broadening the world of chemistry using elements

Goal of the laboratory: ...... We create new organic synthetic reactions, catalytic reactions and
functional materials through an understanding of the
characteristics of various elements and their unique usage.
Research is conducted on organoelement chemistry, a new
academic discipline that incorporates organometallic chemistry,
heteroelement chemistry and complex chemistry, with the aim of
fostering top talent.

Major research themes: ...... Synthesis and reactions of organoboron compounds using
transition metal catalysts
Solid-state organic synthetic chemistry based on
mechanochemistry
Understanding of the dynamic behavior of organometallic
complexes and the development of functional materials

Laboratory Website QR Code
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Organic Synthesis
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Unit and laboratory names: Fine Chemical Reactions Unit, Organic Synthesis
Teachingstaff: ............... Professor: Ohkuma Takeshi ; Associate Professor: Arai Noriyoshi ;
Assistant Professor: Yurino Taiga (Faculty of Engineering)

Catchline: ..................... Creating precise nanomachine molecular catalysts

Goal of the laboratory: ...... We are engaged in the development of reactions to synthesize
large quantities of useful organic compounds at affordable prices,
such as the ingredients of pharmaceuticals and agrichemicals
that are indispensable for human health. Our aim is to create
epoch-making molecular architecture methods using highly
functional molecular catalysts called “nanosized robots.” We have
already achieved the practical use of pharmaceutical
intermediate synthesis.

Major research themes: ...... +Development of asymmetric hydrogenation: metal-ligand
cooperation catalysts
+Development of catalytic isocyanation: site-selective addition of
ambident nucleophiles
- Development of reactions catalyzed by silyl cyanometallate
complexes: Use of reversibly forming metal species
- Development of allylic, benzylic, and propargylic substitution
reactions: facile synthesis under atmospheric air
- Development of unique molecular synthetic routes through
photoreactions

Laboratory Website QR Code
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Organic Transformations
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Unit and laboratory names : Fine Chemical Reactions Unit, Organic Transformations

Teachingstaff: .............. Specially-appointed Associate Professor: Yamamoto Yasunori
(Frontier Chemistry Center/ WPI-ICReDD)

Catchline: .................. Development of a carbon-carbon bond forming method through
cross-coupling and catalytic asymmetric addition

Goal of the laboratory: ..... We work on the freely conversion of organic compounds using
transition metal catalyzed reactions. Particularly, we aim for the
highly efficient and selective synthesis of useful organic
compounds through the development of carbon-carbon bond
formation methods such as cross-coupling reactions and addition
reactions, and develop new catalysts and organoboron reagents
that are necessary for these reactions.

Major research themes: .... Development of cross-coupling reaction of organoboron
compounds and catalytic asymmetric addition reactions;
development of chiral catalytic processes
*Development of cationic iridium-catalyzed asymmetric arylation
reaction of unsaturated bonds
+Development of asymmetric addition reactions of organoboronic
acids using ruthenium-bidentate phosphoramidite catalysts
«Palladium-catalyzed asymmetric synthesis of beta diarylesters and
alpha arylesters
+Development of asymmetric arylation using cationic
rhodium-bidentate phosphoramidite catalysts
*Rhodium-catalyzed Z-selective hydroboration reaction of terminal
alkynes
*Development of cyclic-triolborate and synthesis of organic
compounds through cross-coupling and catalytic asymmetric
addition reactions
-Development of coupling and addition reactions using
trifluoromethyl triolborate

Laboratory Website QR Code
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Organometallic Chemistry
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Unit and laboratory names :

Teachingstaff: ..............

Catchline: ..................

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Fine Chemical Reactions Unit, Organometallic Chemistry

Professor: Sawamura Masaya;

Associate Professor: Shimizu Yohei ;

Assistant Professor: Yusuke Masuda (Faculty of Science)
Assistant Professor: Arteaga Arteaga Fernando
(Institute for the Advancement of Higher Education)

Discovery of revolutionary chemical reactions capable of
innovating organic synthetic chemistry

Our goal is to develop revolutionary chemical reactions capable
of innovating organic synthetic chemistry which produces
pharmaceuticals and functional organic materials. Combining
organic chemistry, complex chemistry, computer graphics, and
quantum chemical calculations, we design and develop novel
molecules and therefore call ourselves molecular creators. We
conduct research with sincerity and curiosity, courage and
passion to learn from not only such chemistry-relevant fields as
life sciences and physical chemistry but also other new academic
fields as we reach beyond the boundaries of organic chemistry.

Design and synthesis of novel ligands and development of their
reactions

Development of light-driven innovative chemical reactions
Design of catalysts for asymmetric synthesis through quantum
chemistry calculations
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Organic Chemistry |
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Unit and laboratory names :

Teachingstaff: ..............

Catchline: ..................

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Fine Chemical Reactions Unit, Organic Chemistry |

Professor: Suzuki Takanori ;
Associate Professor: Ishigaki Yusuke (Faculty of Science)

Striving to develop world firsts in organic chemistry

Structural organic chemistry is an attractive research field that
plays the role of a “think tank” for creating functional organic
compounds in the near future. In this high-potential field, we aim
to set next-generation trends in material chemistry through the
proposal of new research categories and the creation of
compound groups with groundbreaking characteristics.

«The world’s longest C-C bond

« Advanced molecular response systems: realization of
single-molecule memory

- Stable open-shell species based on novel nitrogen heterocycles

« Multiple chromic molecules that respond to different stimuli

« Molecular switch capable of completely controlling oxidation
properties with light and heat

« Molecules capable of switching oxidation properties by heating
and cooling
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Chemical Reaction Design and Discovery
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Unit and laboratory names : Fine Chemical Reaction Unit, Chemical Reaction Design and Discovery

Teachingstaff: .............. Specially-appointed Professor: Benjamin List;
Associate Professor: Huang Chung-Yang;
Associate Professor: Pavel Sidorov;
Associate Professor: Jin Mingoo;
Associate Professor: Gao Min;
Assistant professor: Akama Tomoko (WPI-ICReDD)

Catchline: .................. Design and discovery of chemical reactions using computational,
informational, and experimental science

Goal of the laboratory: ..... Design and discovery of chemical reactions and rapid
development of useful substances and materials using
computational, informatics, and experimental science
Our dream is to develop innovative chemical reactions that
revolutionize chemical reactions that produce pharmaceuticals
and functional organic materials. We design and develop new
reactions by combining organic chemistry, coordination
chemistry, quantum chemical computation, and chemical
informatics.

Major research themes: .... Development of novel reactions using organocatalysts
Development of materials based on organic materials and organic
crystal engineering, integrating theoretical chemical computation
and information science
Development of synthetic organic reactions and synthesis and
application of functional organic molecules using computational
and information sciences
Prediction of chemical reactions using chemical reaction pathway
databases and machine learning based on chemical informatics
Reaction mechanism analysis and prediction of organic synthetic
reactions based on theoretical and computational chemistry, and
development of automated reaction pathway search methods for
complex systems
Development of electronic state dynamics simulation methods
for large-scale systems

Laboratory Website QR Code
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Catalytic Transformation
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Unit and laboratory names: Catalytic Reactions Unit, Catalytic Transformation

Teachingstaff: .............. Professor: Fukuoka Atsushi ;
Assistant Professor: Shrotri Abhijit (Institute for Catalysis)

Catchline: .................. Achievement of SDGs by precisely designed solid catalysts

Goal of the laboratory: ..... Our goal is to contribute to the achievement of SDGs through
designing solid catalysts at the molecular level and applying them
to the efficient utilization of a wide range of natural and chemical
resources as well as developing catalysts designed to reduce food
waste. We place a particular focus on researches on the
decomposition of biomass (cellulose, chitin) and chemicals
synthesis, the development of ethylene oxidizing catalysts which
will be helpful in preserving the freshness of fruits and vegetables,
and the conversion of methane and carbon-dioxide into more
useful materials.

Major research themes: .... +Decomposition of cellulose and chitin by catalysts
-Highly selective synthesis of useful furans and organic acids
from biomass-derived saccharides by solid catalysts
- Low-temperature oxidation by silica-supported metal catalysts
«Selective reduction reactions of carbon-dioxide

Laboratory Website QR Code
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Macromolecular Science
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Unit and laboratory names : Catalytic Reactions Unit, Macromolecular Science

Teachingstaff: .............. Professor: Nakano Tamaki ;
Associate Professor: Zhiyi Song ;
Assistant Professor: Bando Masayoshi (Institute for Catalysis)

Catchline: .................. Synthesis and functional expression of chiral polymers

Goal of the laboratory: ..... We develop functional materials based on the precise control of
chiral polymer chain structures. Particularly, we design and
synthesize molecular chains with a focus on the construction of
specific structures, including helical, m-stacked and
hyperbranched polymers, and conduct research on the
expression of their catalytic function, photoelectric function,
separation function and pharmacological activity.

Major research themes: .... -Synthesis and switching of helical polymers with the help of light
energy, and application of these techniques to chiral catalysts
and asymmetric molecule-distinguishing materials.

«Synthesis of m-stacked polymers and research on their structures
and functions

«Synthesis of hyperbranched polymers and analysis of their
luminescence properties

«Synthesis and application of chiral crosslinked gel

«Synthesis of macromolecular drugs and the development of
their functions

Laboratory Website QR Code
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Unit and laboratory names : Catalytic Reactions Unit, Catalyst Material

Teachingstaff: .............. Professor: Shimizu Kenichi ; Associate Professor: Furukawa Shinya ;
Assistant Professor: Toyao Takashi (Institute for Catalysis)

Catchline: .................. Helping to create a sustainable society through the development
of new catalysts

Goal of the laboratory: ..... We establish solid catalyst design policy by utilizing a wide range
of spectroscopic methods, computational science, and
information science.

We also develop solid catalysts and their reactions necessary to
realize a sustainable society.

Major research themes: . ... Development of solid catalyst reactions converting
carbon-dioxide, shale gas and biomass to high value-added
products
Development of catalysts for automobile emission control devices
and clarification of their working mechanisms
Establishment of catalyst informatics based on computational
chemistry and information sciences

Laboratory Website QR Code
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Unit and laboratory names :

Teachingstaff: ..............

Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Catalytic Reactions Unit, Catalysis Theory

Professor: Hasegawa Junya ;
Associate Professor: lida Kenji (Institute for Catalysis)

Elucidating catalytic principles through theoretical computation

Catalysis is a scientific technology of importance for sustainable
social development in energy, the environment and the
transformation of matter. We aim to elucidate catalytic principles
and propose catalyst design guidelines by developing a
theoretical computation technique to clarify the electronic state,
molecular structure, dynamics and statistical description of
complex catalytic reaction systems.

Mechanism of photo- and electro-catalytic reactions

Mechanisms of catalysis performed by transition metal complexes
and supported metal clusters, and at the solid-fluid interface
Heterogeneous catalysts involving light and voltage

Studies to clarify intersystem crossing reactions and
mechanochemistry principles through the development of
calculation methods incorporating external forces

(L2 A7 LIZHAAE

Chemical System Engineering
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Unit and laboratory names :

Teachingstaff: ..............

Chemical Process Engineering Unit, Chemical System Engineering

Professor: Kikuchi Ryuji ;
Assistant Professor: Tada Shohei (Faculty of Engineering)

Catchline: .................. Research on effective energy-material conversion systems to
realize a zero-carbon society
Goal of the laboratory: ..... We engage in the development of novel methods of synthesizing

Major research themes: ....

Laboratory Website QR Code

energy carriers such as hydrogen, ammonia and methane for the
effective use of renewable energy, research on fuel cells
generating power directly from energy carriers, and the synthesis
of fuel and other useful substances, including chemical raw
materials, from carbon dioxide and hydrogen using solid catalysts,
with a goal of establishing a zero-carbon society.

v Fuel cells that directly generate power from energy carriers

v Green hydrogen production methods

v Electrochemical synthesis of ammonia

v Synthesis methods of useful chemical substances through
carbon dioxide hydrogeneration

v Electrochemical conversion of hydrocarbon to useful chemical
substances
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Unit and laboratory names :

Teachingstaff: ..............

Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Chemical Process Engineering Unit, Material Design and
Engineering

Professor: Mukai Shin ;

Associate Professor: Nakasaka Yuta ;

Assistant Professor: Iwasa Nobuhiro ;

Assistant Professor: Iwamura Shinichiro (Faculty of Engineering)

Development, production and promotion of highly functional
materials

Our laboratory aims to develop materials efficiently using
chemical engineering techniques. We focus not only on the
functions of the materials but also on their production processes
and new uses.

Highly efficient production of filamentous carbon by the LPI
technique

Synthesis of carbon and inorganic nanocomposites by the CVD
process

Development of anode materials for lithium-air batteries
Production and utilization of micro-honeycomb structures
Pursuit of higher efficiency of processes using microwaves
Synthesis and evaluation of supported metal catalysts
Clarification of diffusion mechanism inside the pores of porous
materials
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Unit and laboratory names :

Teachingstaff: ..............

Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Chemical Process Engineering Unit, Catalytic Reaction
Engineering

Associate Professor: Ogino Isao (Faculty of Engineering)
Connecting the micro and macro worlds

We make multidisciplinary approaches based on chemical
engineering, aiming to provide solutions to energy and
environmental issues on both the micro- and macro levels and
facilitate the development of innovative chemical processes. We
focus on fostering researchers capable of proposing solutions for
issues from a comprehensive viewpoint with a deep
understanding of molecular-level phenomena and characteristics,
engineers capable of imaging phenomena in large equipment at
the molecular level and applying them to the optimal design of
the equipment, and both researchers and engineers who will play
important roles on the global stage by utilizing their chemical
knowledge and exercising chemical engineering. We also set the
goal of fostering specialists with the courage to enter new fields
and work on the global stage based on a strong awareness of
their identity as chemical engineers.

Synthesis and evaluation of solid catalysts with a hierarchical pore
structure

Tailoring the reactive microenvironment of heteroatom-doped
carbon catalysts

Development of microwave-assisted synthesis processes of
catalyst and electrode materials
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Unit and laboratory names: Chemical Process Engineering Unit, Chemical Energy Conversion

Teachingstaff: .........

Catchline :

Goal of the laboratory : .

Major research themes :

Systems

..... Associate Professor: Tsubouchi Naoto (Faculty of Engineering)

.... Solving issues in three major fields—resources, energy and
environment—by means of chemistry

.... We mainly work for the development of highly efficient usage of
inferior and unused chemical resources with the goal of providing
solutions to resource, energy, and environmental issues by means
of chemistry. Specifically, we engage in the development of
processes in which currently untapped carbon resources will be
efficiently converted into clean energy and high added-value
materials, systems capable of upgrading inferior mineral resources
to those useful in iron manufacturing, and technology which will
promote the reuse of carbon dioxide emissions. We also engage in
research to improve management systems to keep seafood fresh
in an effort to reduce the loss of food obtained by exploiting
marine resources.

.... Development of catalysts for the power generation by integrated
gasification fuel cell cycle (IGFC), establishment of the technology
to produce coke from inferior carbon resources, establishment of
a method to upgrade low-grade iron ore, development of the
technology to separate and recover phosphorus from
steelmaking slag, establishment of carbon recycling power
generation systems, establishment of a device to visualize the
best timing for seafood to be eaten

Laboratory Website QR Code
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Unit and laboratory names : Molecular Materials Chemistry Unit, Coordination Chemistry

Teachingstaff: .............. Associate Professor: Kobayashi Atsushi (Faculty of Science)
Catchline: .................. Creation of photofunctional metal complexes
Goal of the laboratory: ..... Metal complexes, which are systems composed of metal and

organic/inorganic ligands, are attractive materials that can create
new properties and functions using diverse elements. We have
been developing photofunctional metal complexes that can be
next-generation luminescent materials or photocatalysts.

Major research themes: .... Construction of luminescent chromic metal complexes and the
creation of photofunctions Soft Crystals — Flexible response
systems with high structural order
Creation of hybrid photo-hydrogen-evolving systems and
photofunctional systems using elements
Development of the photofunctions of metal complexes in
mesoscopic regions

Laboratory Website QR Code
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Unit and laboratory names :
Teachingstaff: ..............
Catchline: ..................

Goal of the laboratory: .....

Major research themes: ....

Molecular Materials Chemistry Unit, Chemical Informatics
Professor Takahashi Keisuke (Facalty of Science)
Design of materials and catalysts via informatics

Fully-automated material and catalyst design through high
throughput experimentation/calculation and artificial intelligence

Design of heterogeneous catalysts using catalysts informatics
Construction of materials and catalysts database using
high-throughput experiment and calculation

Design and understanding materials using machine learning
Development of catalysts informatics platform

Designing perovskite solar cell materials and 2 dimensional
materials via high-throughput calculations
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Molecule & Life Nonlinear Sciences
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Unit and laboratory names :

Teachingstaff: ..............

Catchline: ..................

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Molecular Materials Chemistry Unit, Molecule & Life Nonlinear
Sciences

Professor: Komatsuzaki Tamiki ;

Assistant Professor: Mizuno Yuta ;
Assistant Professor: Nishimura Goro
(Research Institute for Electronic Science)

Seeking ultimate universality of chemical reaction concept:
Nature does not know the boundaries of academic fields.

We are working to clarify the fundamental principles lying in the
occurrence of reactions and whether reactions are ruled by the
law of probability, create practical theoretical chemistry for
complex systems beyond the Hamiltonian concept, and seek
ultimate universality of chemical reaction concepts. The
laboratory’s researchers specialize not only in chemistry, but also
in a broad range of fields such as physics, mathematics, biology,
and informatics, to conduct highly interdisciplinary research to
find effective solutions.

Phase space geometry of chemical reaction dynamics and its
application to real molecular systems; data-driven sciences to
construct reaction networks for complex molecular systems based
on actual measurement data; development of innovative life
science technology through the effective integration of
information sciences and measurement sciences; singularity
biology; and new-concept computing
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Unit and laboratory names: Education

Teachingstaff: .............. Associate Professor: Nakatomi Akiko;
Specially-appointed Lecturer: Takeuchi Hiroshi
Specially-appointed Lecturer: Maruta Goro
(Faculty of Science)

Catchline: .................. Fundamental science education, chemistry education

Goal of the laboratory: ..... Design and operation of educational programs, implementation
of lectures and experiments of chemistry-related educational
subjects

Major research themes: .... Survey and research on new educational systems at the School of

Science and related graduate schools; development and
operation of educational programs; review of Chemistry | and Il
content as general chemistry education classes; review of
Mathematics for Chemistry and Statistical Thermodynamics | and
Il content as chemistry classes at the School of Science; and
review of the content of common classes at graduate schools
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Inorganic Chemistry
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Unit and laboratory names : Inorganic Materials Chemistry Unit, Inorganic Chemistry

Teachingstaff: ............... Professor: Matsui Masaki ;
Assistant Professor Nasu Akira (Faculty of Science);
Assistant Professor: Sun Yu (Institute for the Advancement of
Higher Education)

Catchline: ..................... Innovative solid-state ionics materials for battery applications
Goal of the laboratory: ...... Design novel solid-state ionics materials for battery applications
Major research themes: ...... Explore new multivalent ion conductors; low temperature crystal

growth of complex metal oxides; texture controlled
electrodeposition of less-noble metal

Laboratory Website QR Code E "-;E
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Unit and laboratory names :

Teachingstaff: ..............

Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Inorganic Materials Chemistry Unit, Structural Inorganic
Chemistry

Specially-appointed Associate Professor: Higuchi Mikio ;
Associate Professor: Masubuchi Yuji (Faculty of Engineering)

Inorganic solids controlling nitrogen and oxygen

We create new inorganic solids including metal nitrides,
oxynitrides and multiple metal oxides, and clarify their
magnetic/dielectric properties and unique superconductivity as
well as fluorescence mechanisms in relation to their crystal
structures, microstructures and electronic structures.

Fabrication of functional ceramic materials; Morphological control
and structural/functional evaluation of ceramics; Fabrication and
crystal structure analysis of oxynitrides, and the evaluation of their
optical, electromagnetic and chemical properties
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Inorganic Synthesis Chemistry
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Unit and laboratory names :

Teaching staff: ..........

Catchline:

Goal of the laboratory : .

Major research themes :

Inorganic Materials Chemistry Unit, Inorganic Synthesis Chemistry

... Professor: Tadanaga Kiyoharu ;
Associate Professor: Miura Akira (Faculty of Engineering)

... Fabrication of highly functional inorganic materials

... With the aim of fabricating highly functional ceramics that help to
resolve environmental/energy issues, we e—ffectively use the
liquid phase, such as precursor solution and melt, in the synthetic
processing of ceramics to synthesize various forms of inorganic
materials, including thin films, composites, sintered bodies and
fine particles, for highly functional expression.

.... Synthesis and evaluation of inorganic materials for all-solid-state

lithium secondary batteries

Development of novel inorganic compounds

Synthesis of functional oxide thin films using solution process
Low temperature synthesis of nitrides and oxynitrides
Development of materials for electrocatalysts

Laboratory Website QR Code
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Unit and laboratory names : Inorganic Materials Chemistry Unit, Solid State Chemistry

Teachingstaff: .............. Professor: Shimada Toshihiro ;
Associate Professor: Nagahama Taro ;
Assistant Professor: Yokokura Seiya (Faculty of Engineering)

Catchline: .................. Developing solids and devices with new structures and functions

Goal of the laboratory: ..... We aim to develop synthesis methods for solids with new
structures/functions, and explore new functions and phenomena
by fabricating devices using crystal growing techniques
controlled at the atomic level.

Major research themes: .... Experimental research to find new carbon allotropes and related
substances; spintronics; development of synthesis methods for
layered material thin films/nanotubes, and their device
application; study on new phenomena involving
organic/inorganic devices

Laboratory Website QR Code
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Unit and laboratory names : Inorganic Materials Chemistry Unit, Nanostructured Functional
Materials

Teachingstaff: .............. Professor: Nishii Junji ;
Professor: Matsuo Yasutaka ;
Associate Professor: Ono Madoka ;
Assistant Professor: Fujioka Masaya
(Research Institute for Electronic Science)

Catchline: .................. Development of new devices and materials leveraging optical,
electronic, and ionic transport properties

Goal of the laboratory: ..... Our goal is to reach novel functions and features, such as
super-conduction and ionic conduction, by electrochemically
controlling the state of ions and electrons in inorganic materials.

Major research themes: .... Development of novel compounds and materials based on
solid-state electrochemistry; development of new
functional-materials through high-temperature and high-pressure
processing techniques; development of nanorods employing
submerged photo-synthesis of crystallites (SPSC)

Laboratory Website QR Code
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Unit and laboratory names :

Teachingstaff: ..............

Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Inorganic Materials Chemistry Unit (collaborative program), Nano
Ceramics

Guest Professor: Uchikoshi Tetsuo ;
Guest Professor: Kuwata Naoaki
(National Institute for Materials Science)

New processes for highly functional ceramics

We pursue the sophistication of material processing at the nano
to micro scale and the development new processes with a goal of
drastically improving the functions of ceramic materials used in
optical devices, electronic components, catalysts, and solid-state
batteries. We also engage in the search for novel compounds and
studies on ion dynamics aiming to discover unknown properties
and functions.

Formation of functional films through electrophoresis of metal
clusters and colloidal particles; orientational control based on
magnetocrystalline anisotropy; synthesis of nanocrystal through
polyphyletic crystal growing processes; particle size and form
control; development of novel fluorescent materials from a single
particle under high temperatures and high nitrogen gas
pressures; interface control of all solid-state batteries; analysis of
ion dynamics
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Unit and laboratory names :

Teachingstaff: ..........

Catchline:

Goal of the laboratory: .

Major research themes: .

Inorganic Materials Chemistry Unit, Applied materials Chemistry
(collaborative group)

.... Guest Professor: Kato Katsuya ;

Guest Professor: Kijima Norihito
(National Institute of Advanced Industrial Science and Technology)

.... Applied science related to biomaterials and applied chemistry for

energy-related materials

.... The Multi-Material Research Institute of the National Institute of

Advanced Industrial Science and Technology (AIST) conducts
research on the affi-nities between inorganic materials in such
forms as nanoparticles and thin films and bio-derived materials in
such forms as enzymes and DNA, to develop novel biosensors and
selective adsorbents. Meanwhile, the Research Institute for Enegy
Conservation of AIST engages in the development of new energy
and environmental materials and nanomaterial synthesis
technologies through designing materials based on inorganic
solid-state chemistry with an enhanced understanding of the
relationship between the properties and crystal structures of
materials.

... Synthesis of novel oxide nanoparticles with controlled particle
shapes and pore structures, and their applications
Development of functional materials through the integration of
inorganic compounds and biomaterials
Development of liquid-phase synthesis technologies of oxide
nanomaterials, and their applications to energy and
environmental materials
Discovery of new crystalline materials to be used in batteries and
heat storage materials as well as crystal structure analysis and
property evaluation

Laboratory Website QR Code



EFHEHERHRAE

Electronic Materials Chemistry

(FBEE-MRER] FIRMBEC LB BEFMEMLERAE

(HBLHB] oo FHEHIR RIE A -RHEARIR VR 19-B%% Bl BA (T
A

[FryFaE—] BT TRLF—BIEMH, BEMB OB

(AREDBF] - BF RSP IXNF -2 B TRASNZER BHRFEH, #BER

DEBMBLREEZMREL, BRILZH LU P RENFE. EF
FEHEICKIINOSMB OGP HIEBORIAEREFRL,
FUWEBEDRAFAT D,

[EL#HART—=] BRACENFRCLZIEBMHORELE, Mg 8£FOMWMEME
[ EREMALIEE FREEBEET XV T EORREEAM
BADICH EERSRIBICHIZEBEREN TXX, 14
VBRI, TL7MOZ I A ER LR ERIGEHIRO®RE Z
BIERFOETCZHNET BRI EERON—E> JTIREEEFD
REM BEUESHFOETFHRFADICH /9 FEETERISHEE
BEDEDDHERS EFHHERICLDHE ST/ H—R M
BODFEET D FHEAEICKDEEEETFMR DOIEBHEE

[REZEWEBY 1 FQRI—F] [m]

Unit and laboratory names : Frontier Materials Chemistry Unit, Electronic Materials Chemistry
Teachingstaff: ............... Specially-appointed Professor: Azumi Kazuhisa ;
Specially-appointed Associate Professor: Koizumi Hitoshi ;
Assistant Professor: Tachikawa Hiroto (Faculty of Engineering)
Catchline: ..................... Research and development on electronics- and energy-related
materials and structural materials

Goal of the laboratory: ...... We employ electrochemical/spectroscopic techniques and
quantum chemical calculations to enhance the functions of
organic and inorganic semiconductors, which are used in the
electronics manufacturing and energy fields, as well as structural
metallic materials. We also elucidate their deterioration
mechanisms to extend their life, and develop new functions.

Major research themes: ...... Surface treatment of metallic materials by electrochemical
techniques; Development of surface treatment methods aimed at
improving the corrosion resistance of magnesium alloys;
Development of novel metal corrosion monitoring methods and
their application to practical materials; Research and
development on energy systems such as metal-air batteries;
Analysis of metal corrosion taking place in low-temperature
environments with accumulated snow; Electrochemical reduction
of carbon dioxide; Doped states of conductive polymers and their
stability;Application of conductive polymers to electronic
elements; Molecular design and reaction mechanism elucidation
using computational science; Molecular design of new
nanocarbon materials using quantum dynamics; Theoretical
design of conductive electronic materials based on molecular
orbital calculations

Laboratory Website QR Code
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Unit and laboratory names: Frontier Materials Chemistry Unit, Interfacial Electrochemistry

Teachingstaff: .............. Professor: Habazaki Hiroki ; Associate Professor: Aoki Yoshitaka ;
Specially-appointed Assistant Professor: Kitano Sho
(Faculty of Engineering)

Catchline: .................. Fabrication of functional thin films and nanomaterials

Goal of the laboratory: ..... We synthesize functional oxide nanofilms, nanoporous oxide
films, and nanomaterials by means of electrochemical and
chemical techniques with the aim of providing solutions to
environmental, energy, and resource issues.

Major research themes: ...... Fabrication of materials for next-generation fuel cells and
secondary batteries
Fabrication of functional thin films by anodizing metals and
research on their production mechanism
Fabrication of superhydrophobic/superoleophobic surfaces and
their applications

Laboratory Website QR Code
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Unit and laboratory names: Frontier Materials Chemistry Unit, Advanced Materials Chemistry

Teachingstaff: .............. Professor: Hasegawa Yasuchika ;
Associate Professor: Fushimi Koji ;
Associate Professor: Kitagawa Yuichi ;
Specially-appointed Assistant Professor: Shoji Sunao
(Faculty of Engineering)

Catchline: .................. Development and analysis of materials based on photochemistry
and electrochemistry

Goal of the laboratory: ..... Contemporary society is supported by many cutting-edge
scientific technologies. To develop these technologies, we
promote research on advanced materials chemistry based on
photochemistry and electrochemistry.

Major research themes: .... Development of photo-functional materials (complexes,
semiconductor nanocrystals); development of (organic and
inorganic) optical materials with special luminescence properties;
development, detailed analysis and design of equipment for the
electrochemical measurement of functional surfaces

Laboratory Website QR Code
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Unit and laboratory names: Frontier Materials Chemistry Unit, Material Chemistry

Teachingstaff: .............. Professor: Sada Kazuki ;
Associate professor: Miura Atsushi ;
Assistant professor: Matsuoka Keitaro (Faculty of Science)

Catchline: .................. New functional materials created by manipulating molecular
information
Goal of the laboratory: ..... We mix multiple compounds (from a few to more than a dozen) to

create functions, structures and reactions (emergence) that
cannot be achieved by individual components. Our quest for the
essence of life focuses on complex systems by mobilizing our best
knowledge on organic chemistry, polymer chemistry, physical
chemistry, nonequilibrium thermodynamics, and so on.

Major research themes: .... Development of soft materials comprised of lipophilic
electrolytes; development of crystal cross-linking techniques by
post-modifi-cation of porous crystals; de novo design of
stimuli-responsive polymers; fabrication of biomolecular robots;
searching for chromism associated with molecular motion in
molecular aggregates

Laboratory Website QR Code
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Unit and laboratory names : Functional Materials Chemistry Unit, Interfacial Energy Conversion

Materials Chemistry (collaborative group)
Teachingstaff: ............... Guest Professor: Noguchi Hidenori ;
Guest Professor: Okamoto Akihiro
(National Institute for Materials Science)
Catchline: ..................... The science of solid/fluid/bio interfaces
Goal of the laboratory: ...... Targeting chemical reactions at the solid/liquid/biological
interfaces where electron transfer plays a key role, we develop
catalyst materials with a focus on electrocatalysts, secondary
battery-related electrode reactions, and biofunctions, and
conduct fundamental research regarding energy conversion
reactions at the solid-bio interface with the
electro-microorganism working as electrocatalyst. Through such
fundamental understanding of interfacial reactions, we aim to
solve energy issues.

Major research themes: ...... «Construction and characterization of electrode catalysts for fuel

cells.

«Elucidation of positive and negative electrode reactions of
next-generation secondary batteries.

-Investigation on the process of interfacial electron transfer
by ultrafast spectroscopy

-Elucidation of electron transfer mechanism in
electricity-producing bacteria

-Development of electrochemical techniques to control
pathogenic bacteria

Laboratory Website QR Code
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Unit and laboratory names: Functional Materials Chemistry Unit, Superconducting Materials

Chemistry (collaborative group)

Teachingstaff: .............. Guest Professor: Yamaura Kazunari ;
Guest Associate Professor: Tsujimoto Yoshihiro
(National Institute for Materials Science)

Catchline: .................. Quest and challenge to develop innovative material seeds

Goal of the laboratory: ..... We improve superconductivity, electronic/magnetic/half-metal
properties and other functionalities of solid-phase oxides by
changing their crystal structures, chemical compositions and
crystal forms through advanced material synthesis, precise
structural analysis and characterizations. Studying these theories,
we aim to develop innovative new material seeds.

Major research themes : Functional improvement of oxides containing heavy metals and

elucidation of their functional mechanisms; development of new

mixed-anion compounds and their material chemistry; functional

improvement of multiferroic oxides

Laboratory Website QR Code
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Unit and laboratory names : Functional Materials Chemistry Unit, Photo Functional Materials

Teachingstaff: .........

Catchline :

Goal of the laboratory :

Major research themes :

Chemistry (collaborative group)

..... Guest Professor: Jinhua Ye:

Guest Professor: Shirahata Naoto
(National Institute for Materials Science)

..... Striving for the conversion and storage of solar energy

..... We conduct research and development of photocatalysts and

other photoinduced functional materials. We combine
experiments and theories in conducting research for creation of
new materials and development of new functions through band
structural and nanostructural control, elucidation of control
mechanisms and application of such materials and functions to
environmental preservation and new energy production. We also
proceed with research on chemical synthesis of quantum dots
and perovskite nanocrystals as well as their optical application.

... Design and fabrication of visible light responsive photocatalyst
materials, control of surface/interface structure, and explore
applications for pollutant degradation, water splitting, and CO2
reduction.

Development of devices furnished with strongly luminescent
nanoparticles in active layers and carrier dynamics inducing such
luminescence

Laboratory Website QR Code
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Unit and laboratory names :

Teaching staff :

Catchline:

Goal of the laboratory :

Major research themes :

Functional Materials Chemistry Unit, Nano-Assembled Materials
Chemistry (collaborative group)

Guest Professor: Yoshio Masafumi ;
Guest Professor: Masuda Takuya
(National Institute for Materials Science)

Development of functional materials and devices based on research
and study

We are working with a goal of synthesizing ions, electrons, and optical
functional materials with self-organizing capability based on organic
polymer chemistry, electrochemistry and surface measurement
sciences and applying them to actuators, fuel cells, secondary
batteries and electronic devices. We promote development of
materials on the basis of our understanding of material functions by
analyzing geometric, electronic, and molecular structures at the time
of the functions being expressed, with the help of our unique
measurement techniques.

Development of liquid crystal ion conductors and liquid crystal
semiconductors, development of in-situ interface measurement
technology and application of the technology to fuel cells and
secondary batteries

Laboratory Website QR Code
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Unit and laboratory names: Biomolecular Chemistry Unit, Biological Chemistry
Teachingstaff: ............... Professor: Sakaguchi Kazuyasu ;

Associate Professor: Kamada Rui ;

Assistant Professor: Nakagawa Natsumi (Faculty of Science)

Catchline: ..................... Elucidating and applying life principles

Goal of the laboratory: ...... One of the most important agendas in life science is to determine
how the accumulation of chemical reactions can result in “life.”
The Laboratory of Biological Chemistry engages in research on
tumor suppressor proteins, the PPM phosphatase family, and
RNA-related biological materials to elucidate the control
mechanisms of cancerization and differentiation of cells.

Major research themes: ...... «Elucidation of the function control mechanism of tumor

suppressor protein p53

-Elucidation of cancerization and differentiation mechanisms
of cells and development of inhibitors

«Elucidation of the mechanisms of innate immune response
and cellular stress response via Ser/Thr phosphatases

PPM1D and RNA-related biological materials

-Elucidation of the mechanisms of immunosuppression
caused by innate immune cells

Laboratory Website QR Code
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Unit and laboratory names: Biomolecular Chemistry Unit, Biostructural Chemistry

Teachingstaff: .............. Professor: Ishimori Koichiro ;
Associate Professor: Uchida Takeshi ;
Associate Professor: Harada Jun ;
Assistant Professor: Kageyama Yoshiyuki (Faculty of Science)

Catchline: .................. Molecular elucidation of protein structures and functions

Goal of the laboratory: ..... We utilize physicochemical methods to unravel the mechanisms
of proteins that play important roles in living organisms, which
contribute to design new drugs and to developments of new
treatments based on molecular structures of proteins, and to
design artificial proteins as clean functional materials. We are also
developing new functional materials using molecular crystals and
materials that continue to move like life, which will lead to the
development of new technologies and new materials that will be
useful in actual society in the future.

Major research themes: .... Structural and functional characterization of iron regulatory
proteins (IRP) ; electron transfer mechanism in the respiratory
chain; structural and functional analysis of membrane proteins by
nanodisc ; principles of protein structures; metal ion acquiring
mechanism of pathogenic bacteria; mechanism of molecular
chaperone; development and application of techniques for the
qualitative assessment of changes in protein structures;
development of plastic/ ferroelectric crystals; discovery of
charge-transfer complex crystal functions; functionalization of
autonomously moving molecular assemblies; and measurement
of thermal motions of water surrounding molecular assemblies

Laboratory Website QR Code
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Unit and laboratory names: Biomolecular Chemistry Unit, Bioorganic Chemistry

Teachingstaff: .............. Professor: Murakami Yota ;
Specially-appointed Professor: Takahashi Masayuki ;
Specially-appointed Lecturer: Takahata Shinya (Faculty of Science)

Catchline: .................. Understanding life phenomena in cells at the molecular level

Goal of the laboratory: ..... Life phenomena in cells are caused by the complex interaction
network of biofunctional molecules such as nucleic acids and
proteins. We focus on a number of life phenomena and strive to
elucidate their interaction networks using biochemical, genetic
and molecular biology techniques.

Major research themes : Elucidation of the regulatory mechanisms of high-order

chromatin structures, which play key roles in regulating gene

expression, and the Elucidation of molecular mechanisms for the
changing and maintenance of cell shapes

Laboratory Website QR Code
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Unit and laboratory names : Biomolecular Chemistry Unit, Microsystem Chemistry
Teachingstaff: ............... Professor: Tokeshi Manabu ;
Associate Professor: Maeki Masatoshi ;
Assistant Professor: Ishida Akihiko ;
Assistant Professor: Hibino Mitsue ; (Faculty of Engineering)
Catchline: ..................... Development of bioanalysis, medical diagnosis, and drug
discovery technologies based on new principles.

Goal of the laboratory: ...... We work on the development of new bioanalytical/medical
diagnostic methods characterized by micro amounts, quickness,
high sensitivity and simplicity, using micro/nanofluidic devices,
optical measurement technology, bioluminescence and
electrochemical detection. Our aim is to develop new
measurement technology based on unique ideas that will surprise
the world.

Major research themes: ...... Development of microdevices with integrated diagnosis/analysis
functions
Development of novel analytical and measurement techniques
based on biochemistry and biological functions
Development of paper-based analytical devices
Development of microdevices for drug delivery systems
Development of functional lipid nanoparticles
Development of microdevices for protein crystal structure analysis

Laboratory Website QR Code
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Major research themes : 1) Establishment of flash organic chemistry theories led by studies

on flow microreactors

2) High-speed creation of ultimate functional molecules led by
flash organic chemistry

3) Development of complex functional molecules through
optimal utilization of enzyme power

Laboratory Website QR Code
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for synthesizing organic compounds with complex molecular
structures. Methodologies for constructing carbocyclic skeletons
using organometallic compounds as well as novel reactants
containing heteroelements are developed and utilized for the
synthesis of various bioactive natural products, biological toxins
and biofunctional molecules.

Major research themes: .... Development of stereoselective construction methods for
quaternary asymmetric carbon atoms; development of effective
methods to establish medium-sized carbocycles; development of
synthetic reactions utilizing a compact and multifunctional cyano
group; research on the total synthesis of polycyclic natural
compounds based on cycloaddition reactions; synthesis of natural
organic compounds exhibiting speci—fic biological activity and
their application to agriculture

Laboratory Website QR Code
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Unit and laboratory names: Biofunctional Chemistry Unit, Chemistry of Molecular Assemblies

Teachingstaff: .............. Associate Professor: Sato Shin-ichiro ;
Associate Professor: Yamamoto Takuya (Faculty of Engineering)

Catchline: .................. Combination of molecules and the expression of functions

Goal of the laboratory: ..... We explore specific functions that are expressed by the
combination of molecules based on both computations and
polymer synthesis experiments. We aim to develop novel
materials equipped with molecular recognition functions,
dispersing stability to nanoparticles and biocompatibility through
the realization of synthetic polymers based on computationally
optimized molecular assembly designs.

Major research themes: .... Understanding and design of the structures and functions of soft
matter and supramolecules using computer simulation
Polymer recognition mechanism of biopolyester-degrading
enzymes
Functional expression by the integration of polymers with a
specific structure
Cyclic poly(ethylene glycol) (PEG)-coated nanoparticles for
biological applications

Laboratory Website QR Code

EAFERHRAE

Polymer Chemistry

(FBEE-WARER] - EYHEICEHE SO FAMEE

(HELHB] oo R hRk B0 ERUR BEF - B3 ) R (TEM%RR)
[(FryFaE—] oo FARBIRREC SO /cm D F DRIH

(AEZDQBF] - [VETERE|EREY BT ETHRBEEPEEER ORD T

MHORE AREITOTVET . Ee BRED FERAMHDS
BBANATVYIMBOERPBERREREZRHELED RN
BAFORIEERELTOET .
(ELBMET—<] B FRBICLZEARMAR. TOVI/REARDARET /1
ERRFHFEER D TFOER EDRERDFOER
[ARZEWEBYFQRI—F]  mr 4
5

Unit and laboratory names : Biofunctional Chemistry Unit, Polymer Chemistry

Teachingstaff: .............. Professor: Satoh Toshifumi ; Associate Professor: Isono Takuya ;
Assistant Professor: Li Feng (Faculty of Engineering)

Catchline: .................. Development of polymers with special functions and structures

Goal of the laboratory: ..... We design and synthesize polymers with new functions and
structures by fully utilizing living polymerization techniques. We
also aim to synthesize hybrid materials consisting of synthetic
polymers and natural materials and create biodegradable
polymers made from renewable resources.

Major research themes: .... Development of polymerization systems using organocatalysts;
synthesis of block copolymers and untilizing them to develop
nanostructures for various applications; synthesis of
architecturally complex polymers; and synthesis of biodegradable
polymers

Laboratory Website QR Code
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Unit and laboratory names :

Teachingstaff: ..............

Catchline: ..................

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Biofunctional Chemistry Unit, Biosynthetic Chemistry

Professor: Matsumoto Kenichiro ;
Associate Professor: Ooi Toshihiko (Faculty of Engineering)

Environmentally friendly synthetic chemistry using living
organisms

We synthesize useful compounds from bioplastics and other
wide-ranging biomass with the help of living organism. The
enzymes of living organisms enable the highly selective synthesis
of compounds and the assembly of compounds with complex
structures. Through arti—ficial modification of enzymes, we are
also able to synthesize compounds that cannot be synthesized in
nature. We aim to develop high value-added compounds without
putting a burden on the environment through refinement of
these techniques.

Development of production systems for bioplastics with
easy-to-use properties and biodegradability; synthesis of new
biopolymers and useful compounds; analysis of the degradation
mechanisms of biodegradable and hydrolytically degradable
polymers; and production using CO2-fixing enzymes
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Unit and laboratory names :

Teachingstaff: ..............

Catchline: ..................

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Biofunctional Chemistry Unit, Chemical Biotechnology
(collaborative group)

Guest Professor: Hiraishi Tomohiro ;
Guest Professor: Fujita Masahiro (RIKEN)

From the integration of chemistry and biology to pharmaceuticals
and biosensors

We research synthetic biology to develop pharmaceuticals, and
also develop new composite materials that integrate
bioingredients and apply them to biosensors.

Creation of novel biomaterials using controlled syntheses in
combination of chemical reactions with biological reactions;
Science of DNA-conjugated materials
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Unit and laboratory names: Cell Engineering Unit, Applied Biochemistry

Teachingstaff: .............. Professor: Dairi Tohru ; Associate Professor: Ogasawara Yasushi ;
Assistant Professor: Satoh Yasuharu (Faculty of Engineering)

Catchline: .................. Manufacturing with microorganisms

Goal of the laboratory: ..... We aim to elucidate novel primary/secondary metabolic pathways
using microorganisms, genetic engineering and bioinformatics,
and apply them to the production of useful compounds such as
pharmaceuticals, food and chemicals through biosynthetic
engineering.

Major research themes: .... Establishment of useful compound production methods using
biosynthetic engineering
Discovery of novel primary metabolic pathways for the
development of antibiotics with new mechanisms of action

Laboratory Website QR Code
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Unit and laboratory names : Cell Engineering Unit, Biomolecular Chemistry

Teachingstaff: .............. Associate Professor: Tajima Kenji;
Associate Professor: Tani Hirofumi;
Assistant Professor: Fujiwara Masashi (Faculty of Engineering)

Catchline: .................. Developing novel materials, analysis methods, and therapeutic
methods by utilizing biomolecules

Goal of the laboratory: ..... We are developing materials and analytical/therapeutic methods
that will provide solutions to a wide range of issues, based on the
use of bacteria and cells, or biomolecules such as proteins,
polysaccharides, and so on.

Major research themes: .... Elucidation of synthetic mechanisms of cellulose in bacteria; mass
production of nano-fibrillated bacterial cellulose (NFBC) using a
fermenter; development of highly strong and recyclable
NFBC-based polymer materials; production of cellulose using
bacteria in micro-gravitational space; bioanalytical chemistry
(development of high-performance bio- and chemiluminescent
analytical methods); mammalian cell culture engineering
(development of effective mass culturing techniques for
pharmaceutical-producing cells)

Laboratory Website QR Code
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Unit and laboratory names :
Teachingstaff: ..............
Catchline:

Goal of the laboratory: .....

Major research themes: ....

Laboratory Website QR Code

Molecular Medical Biochemistry Unit, Signaling in Cancer and
Immunology

Professor: Takaoka Akinori ; Lecturer: Sato Seiichi ;
Assistant Professor: Yamada Taisho (Institute for Generic Medicine)

Analysis of innate immune system signaling networks in
immunity and cancer

The Division of Signaling in Cancer and Immunology is a
cooperative program of the School of Science and the Graduate
School of Chemical Sciences and Engineering, and aims to play a
role in bringing together the basic medical sciences, particularly
immunology, and chemistry. The Division also actively accepts
students from the Graduate School of Medicine and collaborates
with various departments and research institutions to pursue
scientific studies to be showcased worldwide in education and
research and that will help to build a better future for society.

(1) Elucidation of novel nucleic acid recognition receptors in
innate immune systems and their downstream signaling
pathways

(2) Elucidation of new tumor cell recognition mechanisms in
innate immune systems

(3) Analysis of interactions between the host and microorganisms
- elucidation of the molecular mechanism of immunological
escape

(4) Analysis of the expression-inducing mechanism of interferon
and the action mechanism of interferon signals in immunity
and cancer
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Unit and laboratory names :

Teaching staff :

Catchline :

Goal of the laboratory: ......

Major research themes: ......

Laboratory Website QR Code

Molecular Medical Biochemistry Unit, Developmental Physiology

Professor: Motegi Fumio; Lecturer: Kimura Kenji;
Lecturer: Nishimura Yukako (Institute for Genetic Medicine)

Understanding spatial pattern formation by living organisms through
observations by the most advanced microscopic techniques

All cells in living organisms are made from a single cell, or
fertilized ovum. By converting spatial patterns of cells from
symmetry to asymmetry, fertilized ovum generates spatial
deviation in life phenomena it causes, such as cell division, cellular
differentiation, and histogenesis. Control of spatial patterning in
cells, that is to say cell polarity, is a dramatic change that the
fertilized ovum experiences at first, and an extremely mystical life
phenomenon with many unanswered questions remaining.

Our group works to clarify mechanisms of controlling in-vivo spatial
patterns, especially the mechanisms of inducing cells and tissues to
change from symmetric to asymmetric, and of forming asymmetric
patterns. With the use of C. elegans and human cultured cells as a
model, we observe processes in which living cells proliferate and
differentiate to form tissues with the aim of understanding spatial
pattern formation in living organisms. We identify genes that
control in-vivo asymmetric patterns, and observe the intracellular
dynamics of proteins produced by the genes by making full use of
the most advanced microscopic techniques in an effort to find
solutions to the issues below.

(1) Symmetry breaking: clarification of signals that induce cells to
become asymmetric from symmetric

(2) Asymmetric patterning: interpretation of information to code
asymmetric patterns of cells

(3) Somatic cell or germ cell: clarification of mechanisms that
choose cell fate between the two

(4) Tissue homeostasis: clarification of mechanisms that control
the formation and maintenance of tissue structures
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Access from stations close to
Hokkaido University

By JR train
From the north exit of Sapporo Station to

Hokkaido University  (Approx. 7 min. on foot)

By subway (Namboku Line)
From Kita juni jo Station to Hokkaido University
(Approx. 4 min. on foot)
From Kita juhachi jo Station to Hokkaido University
(Approx. 7 min. on foot)
From Sapporo Station to Hokkaido University

(Approx. 10 min. on foot)

By subway (Toho Line)
From Kita jusanjo higashi Station to Hokkaido
University(Approx. 15 min. on foot)
From Sapporo Station to Hokkaido University

(Approx. 10 min. on foot)

By bus (Chuo Bus, JR Hokkaido Bus)
Hokudai Seimon-mae bus stop
Hokudai Byoin-mae bus stop
Kita 18 Nishi 5 bus stop

By car (to Hokkaido University Hospital)
Drive south on Nishi 5-chome-dori Street for approx.
15 min. from the Sapporo Kita IC on the Sasson

Expressway.

*The times required are estimates

Admission fee for vehicles

An admission fee is charged for vehicles to enter
the Sapporo Campus in order to reduce the
unnecessary use of vehicles for environmental and
safety purposes.

Access from New Chitose Airport to
Sapporo Station

By JR train
Rapid Airport  Approx. 40 min.

By bus (Chuo Bus, Hokuto Kotsu Bus)

Bus for the center of Sapporo  Approx. 1 hr. 10 min.
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Campus Map of Hokkaido University
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(Center for Innovation and Business Promotion)

Admission Center

@ Creative Research Institution (CRIS)

Bldg. No. 6, School of Science

Bldg. No. 7, School of Science

69 Administrative Office, Graduate School of
Chemical Sciences and Engineering
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