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Greeting

Since its inception 20 years ago, the Institute for Materials Chemistry and Engineering (IMCE) at Kyushu University
has been committed to producing world-class research results in the interdisciplinary field of materials chemistry.
While continually strengthening our fundamental research capabilities, we consistently aim to fulfill our crucial
mission: to respond to the diverse and evolving needs of society with state-of-the-art scientific and technological
prowess. As outlined in our 4th Mid-term Plan, which began in 2022, the overall objective of the institute is to
contribute to the development of interdisciplinary fields in materials science and chemistry, and to establish research
bases that lead internationally.

The Institute comprises four research departments: Fundamental Organic Chemistry, Applied Molecular Chemistry,
Integrated Materials, and Advanced Device Materials. These departments focus on various aspects of materials
chemistry, including molecules, molecular and atomic assemblies, nanomaterials, and advanced device materials.
Since 2015, we have strategically advanced international collaborative research and bolstered our international
capacities by establishing the Division of Soft Materials. Our institute is an active participant in the MEXT's 'Network
Joint Research Center for Materials and Devices'. We maintain close collaborations with institutions such as RIES
(Hokkaido University), IMRAM (Tohoku University), CLS (Institute of Scince Tokyo), and SANKEN (Osaka University).
This collaboration has allowed us to establish a comprehensive network across Japan, annually conducting over
400 joint research projects. Researchers from universities and research institutions nationwide are encouraged to
participate in joint research initiatives at our bases.

In order to ensure the continued scientific and technological prowess, industrial strength, and international
competitiveness of Japan, it is crucial to nurture the next generation of young researchers who will advance
fundamental research. We cooperate closely with several faculties, including the Graduate School of Engineering, the
Graduate School of Science, the Interdisciplinary Graduate School of Engineering Sciences, and the Graduate School
of Integrated Frontier Sciences. Together, we provide interdisciplinary research guidance in graduate education,
leveraging the unique characteristics of the institute. Our goal is to foster the development of human resources,
enabling young researchers to fully exhibit their abilities based on their own innovative ideas. Our attractive research
organization and cutting-edge research environment are ready and eager to welcome many undergraduates, graduate

students, and young researchers to the Institute for Materials Chemistry and Engineering.
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Shiyoshi Yokoyama, Director
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Materials Properties and Function
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Nanomaterials and Interfaces
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Our group is studying about the interfacial phenomena between metals, metaloxides,
semiconductors and soft materials in nanoscale. Our research target is not only to
investigate new physicochemical phenomena on cutting edge of interdisciplinary field of
science, but also to develop the new concept for future green and bio-technologies. Our
topics include (1) Collective plasmon excitation on 2D crystalline sheets composed of Au
and Ag nanoparticles, (2) High sensitive biosensor and high resolution bioimaging by use
of localized surface plasmons, (3) Cell manipulation by surface chemistry, (4) Optical
property tuning of semiconductor nanoparticle sheet.
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Theoretical Chemistry
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Our research group uses quantum mechanics to look at the electronic properties and reactivity
of molecules and molecular assemblies. We are interested in a detailed understanding of
structure-function relationships in a wide range of subjects in chemistry, material science,
and biochemistry. The creation of new concepts and findings based on quantum chemistry
is our main interest.
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Molecular Materials Chemistry
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A reversible tuning and a persistent modification of physical properties by external stimuli are
one of the main challenges in materials science.Especially, photo-control over the physical
properties is important from the viewpoint of the practical application as well as the basic
science. The photo-tunable compounds can be used future memory devices, optical switches
and so on. Along this line, we are currently studying photo-tunable molecular magnets,
valence tautomeric compounds, spin-crossover complexes and photonic crystals.
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Chemistry of Functional Molecules A
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We create novel transition metal catalysts which can realize high activity and selectivity, and
develop highly efficient and practical synthetic organic reactions, such as C-H transformations.
We also create high-performance organic functional materials, such asm-conjugated
molecules and polymers. We aim to solve energy and environmental problems through
these projects. (1) Creation of high-performance catalysts (2) Development of novel and
practical synthetic organic reactions, such as C-H bond transformations (3) Creation of
novel organic functional materials

RFERICESUR R LBFMEDOBSEHRTHE

(szERORBTR ) (REEmam~oxKR)

BFh%
/n%lw)ﬂ:dw)
BFiL®
HEAMBCE
BTHEME

13543 a
1FRFERASHRRG D Ial—av !

ONIOM;%. QM/MM;%
“ BFREHE SRUFHE

(BEo1r—oa8mi) (F/meomFHiEms)

8% &/l B8  Shinji Kanegawa

Bh# Shu-Qi Wu

TR, EEE. BEEEHBTEINROMRE

Fa—
e

]
el
2 N
) 0 0 |
= :‘,.'gc‘:‘i‘: ‘ v,;:;gozg_ =

t N A
e Y v
EBERTFERIEMR

HHMAEEHR
MR

HF/RE LRTHE)
SFTIMR, BEERR. FTPILIFA=Z, K

B EIR R Kohei Sekine

MTCEBERMERE XOInHBRRIF
Nﬁn‘o @5\3 BRTHERTD
b ou : XB30F

BUWREAT

) B
o ) 5 %’& I
- R
N "‘ TR
\% Lewisf — IG5
RITHLTE % 5 HEER

| ERNEE S RRONE

BWRYY—

ATHE. FHR etc...

n
FHAEOMRREICH X 5RY ¥ —



e
HTBE 7T

Mitsuru Shindo

SHEREN T ’
Advanced Organic Synthesis ‘

BEBRARZEER L LCRIZEHEE. BYERVESF. MIENEES FRELCEY
REFREDERERNDF - hOFREE. ARTIELHIC, EDRFHEBRROHFLA
LTOBREBEHEEMEEIEL T2, TOEB LA ZHEEM RIGH OFIR.ERKRIGDRF.
BB DL BEARE EBRERICF OB A EROMBEIT). £/, PAREBEYSF
ICOAGH LWETLREV Ty 24 R EAREL, FRBSICEORIEEAEET, 71477
V=27V —=v7 BRERE. MNECLZERBYBEDOT77( 0 Fa—v T DI-HDRER
HEEELHOWBRFERTT 7A—FT 5, EHT LA, BRISEDFORKELITV. Fikao
TA—EVIHFERHET B,

Our research group designs and synthesizes useful bioactive organic molecules based on
synthetic organic chemistry, and develops novel and effective synthetic methods. Recent
studies: (1) synthesis of apoptosis inhibitors, antitumor agents, and plant growth regulators;
(2) new synthetic methods using ynolates; (3) synthesis of functional iptycenes; (4) molecular
release reactions; (5) elucidation of the cancer-induced immunosuppression; (6) generation
of anticancer reagents based on the novel mechanistic insights.
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Synthes is and function of supramolecular structures: molecular tubes, capsules, photo-
swichable chiral hosts. Construction of bi-stable molecular aggregates via cooperative hydrogen
bonding: Exploration of their nonlinear phenomena. Organic synthesis via photochemical
reactions. Synthesis and properties of new cyclophanes and their application to molecular
wires. Synthesis, structure, and function of thermo-responsive triblock polymers.
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Biomedical and Biophysical Chemistry
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Our lab works for the development of high-functional biomaterials/biomolecular systems
such as cell manipulation matrices and molecular recognition devices. To effectively design
such the systems, deep understandings for the biophysical principles on various aspects
of the biosystems are required. We are trying to elucidate the inter-hierarchical crosstalk
mechanisms in the biosystems, and to apply those to develop the novel nanobiotechnology.
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Hybrid Molecular Assemblies Ken Kojio
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We have tried to make nano-structure controlled brand-new polymer materials with various N wafery 7"”#”2 B Al A 20
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synthesis, elucidation of structure-properties relationship. Followings are some examples. [ e :”'“"‘:,, <y

(1) In situ structure analysis under external stimuli of crystalline and amorphous polymers, ~5- igrf e

and elastomers using synchrotron X-ray scattering/diffraction measurement, birefringence == oo en-

measurement, and infrared spectroscopy, (2) mechanical and fatigue properties of single
lap-joints of adhesive, (3) preparation of toughened polymers, (4) quantitative evaluation
of heterogeneous structure of elastomers based on complex network science.
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Our group are developing new functional chemicals and materials that take advantage ; Eﬁ ViREhE {E:Z:E*)b#—iﬁﬁjl:ltz

of the characteristics of various elements. In particular, we are developing the nanoscale fo VAR IR RSUS—
materials which exhibit high functionality in physical properties such as energy/chemical FiEF ) REORIRIC & 3 SHEEDRIE
conversion (catalysis), energy storage (hydrogen storage), and mass transport (ion/atom
diffusion, quantum diffusion) to build a sustainable chemical process that saves energy
and resources.
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Our research interests center on the application of biologically inherited system to energy
storage. Life has selected specific elements including sodium, potassium and chlorine
as a charge carrier to maintain homeostasis and adapt to environmental stress by
adjusting its membrane potential. We are currently studying physicochemical properties
of novel aqueous as well as solid electrolyte composed of these privileged elements and
biomolecules. Our ultimate goal is to develop a robust and easier-to-recycle secondary
battery, which may contribute to the promotion of distributed energy resources.
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Design of Nano-systems
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Molecular self-assembly, which is an interdisciplinary subject extending over chemistry,
physics and biology, derives the spontaneous nano-ordering being able to contribute much o
to key technologies of the bottom-up type electric and photonic devices. The focus of /7@ N
our studies is creating novel soft-matter with unique photonic structures and functionality
through chemical and physical programming of topological frustration for the molecular
assembling geometry of liquid crystals and polymers. We have developed novel functional
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Nanostructured Integrated Materials
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Our laboratory aims to 1) synthesize novel nanostructured materials, 2) explore the novel LR w
nanoscale physical properties using single nanoscale object device, and 3) develop these RFLANTHE R
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novel materials for real industrial applications.

BEHBRIRNF— y BAREERRTF
FITE Y Y RHRFIT

Y= I R=30 - 5471/ N—2a BT
HF/FIMADRE

v

Nano Lett. 15, 6406 (2015), Sci. Rep. 5, 10584 (2014), JACS 136, 14100 (2014), Sci. Rep. 4, 5943
(2014), Sci. Rep. 4, 5252 (2014), Adv. Mater. 25, 5893 (2013), JACS 135, 7033 (2013), ACS Nano
7,3029 (2013), Sci. Rep. 3, 1657 (2013), Nano Lett. 12, 5684 (2012), JACS 134, 2535 (2012)
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Our research focuses on the development of novel luminescent and organic semiconductor
materials at the interface of organic chemistry, materials chemistry, and photochemistry. We
develop luminescent radical-based materials for OLEDs, bioimaging probes, and quantum
sensing applications. We also investigate thermally activated delayed fluorescence (TADF)
materials based on carbazole dendrimers and organic semiconductor materials that exhibit
spontaneous orientation polarization (SOP), aiming to develop high-efficiency OLEDs and
vibration energy-harvesting devices.
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Nanoscale Characterization of Materials Mitsuhiro Murayama
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Focus on developing and utilizing advanced transmission electron microscopy, so-called “in-situ
nanoimaging” to visualize investigate how materials response to external stimuli, i.e., heat, light,
stress; such findings provide direct proof of underlying-mechanisms behind complex phenomena,
and enhance understanding of macro-scale properties. Real-time nanoimaging demands hundreds
or thousands of times faster data acquisition methods than conventional TEM imaging, which
motivates us to strive novel methodology developments such as machine-learning-assisted

image denoising for ultrafast 3D nanoimaging. Our unique imaging capabilities/expertise will
unveil various physical/chemical phenomena at the nanoscale.
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Optics of Nanostructured Materials and Devices Hikaru Saito
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Manipulation of light using nanostructures is not only essential for the high integration of
optical devices, but also a key to utilizing the quantum nature of light and creating high
performance optoelectronics devices. We are focusing on electron microscopy, offering
structural characterization at the atomic level, and particularly on EELS and CL, providing
direct access to electronic states and optical functions. By combining nanoscale optical
measurements and electron beam processes, we precisely and freely control the positional
relationship among nano-optical materials and structures to maximize their synergy, thereby
developing next-generation optical devices.
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Nano Scale Evaluation Shiyoshi Yokoyama

A

r-bld, B - EROBMEMRAERALEXAT A ZORBICRVBATNS, &<, ¥~
VAV TH I RICREBEEINDEF/ AT — L DT NA A EE L SHEM R 2BES B2 LT,
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Our laboratory develops optical devices by integrating high-performance organic and
inorganic materials with nanoscale structures such as silicon photonics. We aim to
realize low-energy systems, ultrafast communication, and optical signal processing. In
high-speed optical communications, we focus on modulators using advanced materials like
m-conjugated molecules and perovskite ferroelectrics. We are also working on technologies
for ultrafast optical signal generation and processing.
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Katsuhiko Fujita
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Photonic Materials
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TNARPEBRBBICLDRABT N RBRE, HILWEFT A R0RIEABIELTWS,

This research section has been pioneering the R&D of organic electronics including organic ‘:%I % ! f \'/ =
electroluminescence (EL) devices, organic solar cells, organic transistors and organic AJ
memories. The R&D activity is divided to three groups, device structure, high performance
materials and fabrication processes to understand comprehensive organic electronics.
Organic semiconductors have significant advantages, ex. flexibility and printability. Utilizing
the advantages, new classes of electronic devices are being developed. !
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Carbon Materials Science Jin Miyawaki Koji Nakabayashi
LARDBFTIE. S - SEEREVMAZAVEDERNLERMBO-00FH LWL - FRSEREEFILCESV SRR REH ORISR

BB LUV TR F— BESBAOLAMAREZT>TVET, HIRIE AP - 94
RDEFT /M (CNF) ZHEL, S ICEYARLAEBICLY RELBECYEZT5T2Z
ET, BBV FULAAVEM, Fr/ XU 2ADIGAZEELTCVWET, £/, CNF &2 &
CERBREMEIZABL, KIPKEREPBANDICAARLToTWEY, nETOH
RIZEY, N7+ —VRPMWMAKOKELE EHAHERINTEY, FHFPHRLHES HRL
TLEY, BEREOHEMHERLERTHY, BRLICHIT TEENICERYBATHES
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We develop new functional carbon materials for effective usages of energy resources and g —— RE% LT e

study their industrial applications. For example, we fabricate carbon nano-fibers (CNFs) = g
having different shape, size, and surface properties, and optimize them for applications % i 00
such as FC, LIB, and capacitor. We have found remarkably improved performance and / §N4o
durability for systems using our newly developed carbon materials, and have presented % zz H;g;ﬁ
‘ —

many patents and scientific papers. We are actively collaborating with various companies, 0 500 1000 1500 2000 2500

5,5 f- BRI ()
and working on commercialization of our products. 7—7;;%5;;;&%1.?_ 1545 L1 DH,SEE K EE
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Energy Storage I\/Iaterials Hikari Sakaebe Atsushi Inoishi
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(1) AF#BHERAFRMERRE  MEAREEMKL. LiNa mEEERFERE

(2) 7=FVEBHIRBH - MRIRK : 7y - BEYAF v LB

Energy conversion devices using electrochemical reactions, such as batteries, have
become indispensable in present society. Not only high performance but also sustainable
development is required, and new device corresponding to it is necessary. Our aim is to @& o [ -
develop such new battery materials and battery systems from the standpoint of material \tf\‘ Ui @ LR @M
chemistry and electrochemistry. Currently, our main research fields are; (1) Development of \’/ \—*\7/

new materials for cation-shuttle batteries: sulfur-based positive electrode materials, Li, Na .p wnnnan | gy Towss | () sanmee 4@ aranc
conductive solid electrolyte (2) Development of new anion-shuttle batteries and materials: .
fluoride/chloride ion shuttle batteries.

L RNk RERTFHRBI IXE-HHRRE
e RRTRSHRERRTE. HLLUTLZOHHOME

anTIAF-0ER

[

\Jeoe

B BN sxrroniec

e /'/ RS SR HEER
RBOHHER g
S| Na O snunn © winaztans B2 Me-LCARE



/070X HIEDEF

Microprocess Control
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Jun-ichiro Hayashi
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ILICEYIEATWS,

Main purpose: development of thermochemical reaction systems for converting carbon
resources such as coal, biomass and wastes into H2/CO that is to be the common energy/
material platform in future sustainable carbon cycle chemistry (SC3) systems. Current
topics: detailed chemical kinetic analysis and modeling, sequencing of parallel/consecutive
thermo-chemical reactions of coal and biomass, conversion of heavy oil and tar in nano/
sub-nano spaces, radi-cal-driven rapid gasification of carbonized solids, pre-cise control of
chemical vapor infiltration processes.
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Masaru Tanaka
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Soft Materials Chemistry

ERAMRICE 22885 RtoP T, BEREMKOERRDIHICES NLRATTRELR:
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In order to attain the high “quality of life (QOL)"in aged society, the breakthrough in the
research field of biomaterials (bio-compatible materials) is required. Our research aim to
clarify the origin of bio-compatibility based on the role of hydrated water on bio/material
interfaces, and to develop novel biomaterials with extremely high bio-compatibility,
selective control of cell behavior.
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Gaku Fukuhara
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Interdisciplinary Chemistry of Functional Materials

SOC|ety5 O MEIETERKDOHAAEE SRS TIE. QOL(Quality of Life) #EHR L7-FE2EEM

W - SRERMIARDONTVD, ZOERICIE, HAMBEANECTRIGCEGKRES & DR
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TW3, RAOHRETIE., MBICERICHHNZED (FERK) ZHATREAERNAREY
ThRTFUTIL (AE~BATF~30T) DREETo> TV,

In the near-future cancer medical system that Society 5.0 aims for, non-invasive diagnostic
and treatment technologies that emphasize quality of life (QOL) are required. To achieve
this, it is necessary to obtain big data for analyzing the relationship between biochemical
reactions in cancer cells and clinical cases. Therefore, the development of innovative
materials for this purpose is highly desired. Today, attention is being paid to the visualization
of the biological response of cancer cells using acoustic waves such as shock waves and
ultrasound, which are mechanical actions, and the development of new materials to attack
(treat) cancer cells. In our laboratory, we are developing innovative pressure-sensitive
supramolecular soft materials (organic, supramolecular, and polymeric) that can measure
the actual pressure (acoustic waves) applied to cells.
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Polymeric Biomaterials
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Masaru Tanaka Takahisa Anada Bl

e ZK% %‘ Satoshi Honda
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JNFR ZEDD Mika Kobayashi
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The establishment of this research department serves two main purposes. First, the department aims to advance research in the design and
synthesis of high-performance specialized polymers to control the adhesive properties of specific cells. Secondly, the department intends to
elucidate the interactions between cells, proteins, and polymers by advancing cutting-edge nano-bio plane analysis. This technique uses a
nano-sized sensor to examine molecular interactions on the surface where cells adhere. The department will contribute significantly to the
study and research of polymeric biomaterials that can be used in broad areas, such as medical care and bioanalysis.

This collaborative project will enable the integration of three areas of research and development: organic/polymeric synthesis, bio-interfacial
analysis, and cell engineering. The department will promote research on applications for medical technologies, including regenerative
medicine. By doing so, we aim to contribute to the further advancement of medical technologies, a crucial factor in addressing the needs of
increasingly aging populations around the world.

This is an endowed research department established with funding from Sumitomo Rubber Industries, Ltd.
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Mitsuru Shindo Akihiko Tsuge
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We support research activities by managing and operating analytical equipment, as well as managing environmental and safety aspects. We
actively support technical consultations and perform commissioned analyses for researchers both within and outside the institute, including
those from industry.
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We promote collaborative research with universities and research institutions in Japan and overseas.

j**wg FNA RSB R R 2L A

Network Joint Research Center for Materials and Devices
NJRC

EBERZEFHEMEN,. RIAKXELTYEREMEN. RRBERFEEMERCEEGREMRA. KRKRFEER LTI EE
ELAFZTV., HEMREZHEELTVET,

We promote joint research projects in collaboration with the RIES at Hokkaido University, the IMRAM at Tohoku University, the LCS at Tokyo
University of Science, and the SANKEN at Osaka University.
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Crossover Alliance to Create the Future with People, Intelligence and Materials
Five-Star

YE - TN ZEFHERARRSICSEL TN S 5 MR TEEL. DBOHRA @i L - RAFREZHELTWET,

We promote interdisciplinary and inter-institutional joint research through collaboration among the five institutes participating in the Network
Joint Research Center for Materials and Devices.
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.IRCCS Integrated Research Consortiun on Chemical Sciences

EERZMERPART. ZEEREYERZER Y2 — JRBARCEARFINETRRZERAR L2 —cBHEL, KAWEE
HELTWET,

We promote joint research in collaboration with the Institute for Catalysis at Hokkaido University, the Research Center for Materials Science at
Nagoya University, and the International Center for Elemental Sciences at Kyoto University.
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We promote the shared use of analytical instruments. The Evaluation Center of Materials Properties and Function actively
accepts analysis requests from both internal and external users.
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< BRGHIT ISR E (400/600MHz)

Liquid Nuclear Magnetic Resonance Spectrometer (NMR)
- B ZE S HESEEE (400/600/800MHz)

Solid Nuclear Magnetic Resonance Spectrometer (NMR)
- HER X B ERnEE

Single-Crystal X-ray Diffractometer (SC-XRD)
< R X ARETEE

Powder X-ray Diffractometer (XRD)
cBEQTRE

Mass Spectrometer (MS)
- FIBAE FIEMEE

Transmission Electron Microscope (TEM)
c EENEFEME

Sccaning Electron Microscope (SEM)
cBFREVHAREE

Electron Spin Resonance Spectrometer (ESR)

AR - B IEREE JNM-ECZL600G)

ERBRA SO BAELS X RS ERITERE (XtaLAB Synergy-R/DW )
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2
3. ZBEEFEME JEM-ARM200CF)
4. Z B X fROFEEE (SmartLab)
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Our research activities are conducted across two campuses: the Ito Campus and the Chikushi Campus.

{PERIHIEX Ito Campus FE X LChiklishi*Campus

175 71 58 EE

FE - ZIROBABELLCGEEL, UTORR - ERAOFEZRIFANTHAREEZToTLET,

We collaborate with undergraduate and graduate departments as part of cooperative programs, accepting students from
the departments listed below and providing research supervision.

B T¥E SACER/ TZ/F SALEER
Department of Applied Chemistry, Faculty of Engineering /Department of Applied Chemistry, Graduate School of Engineering
WEFE R/ BEF CFER
Department of Chemistry, Faculty of Science/ Department of Chemistry, Graduate School of Science
B RERIFA MEEBEITFHER
Interdisciplinary Graduate School of Engineering Sciences
B FEFEEFE A — b E—TA T YA IV REK
Department of Automotive Science, Graduates School of Integrated Frontier Sciences

2026 £ 4 A 1 HRTE

#4% Professor 14 (1)
HEI% Associate Professor 20 (2)
S5EM Lecturer 1(1)
Bh# Assistant Professor 17 (5)
K fiT#t & Technician 5

¥ () RIFEHE - BE/ov s MEE, AR

* Numbers in parentheses indicate specially appointed professor
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Institute for Materials Chemistry and Engineering, Kyushu University

https://www.cm.kyushu-u.ac.jp

fRER I X HEMX Japanese English
T 819-0395 wERIBHEEATAEX T 744 T 816-8580 FEMEEHMEHLNE 6-1 ;
TEL 092-802-2500 FAX 092-802-2501 TEL&FAX 092-583-7839
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