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Introduction

Graduate School of Materials Science

Materials
Science

Leading research accomplishments supported by an excellent environment
The student-to-faculty ratio in GSMS is extremely
low. Furthermore, the accomplished and highly
active professors in our graduate school are internationally renowned and receive abundant external research funds, such as Grants-in-Aid for Scientific Research. We offer cutting-edge experi-

mental facilities and a spacious environment that
allows all students to focus on their academic endeavors. GSMS includes the Research and Education Center for Materials Science, a shared facility
on campus that comprehensively supports students’ studies and research.

Materials Science

to the Graduate School of

International program
GSMS established the master’ s International Program in April 2015. This program stimulates creative and internationally competitive research and
development, while also facilitating an understanding of the history, culture and international
engagement of Japan. All coursework and
research activities and guidance are carried out in

English. A wide range of materials science subjects are offered, as well as such interdisciplinary
topics as intellectual property and ethics. In addition, students in the International Program may
take most of the subjects from within the Standard
Program (usually given in Japanese).

Bidirectional industry-academia cooperation program

F

ully Understanding Materials,
Creating New Devices and Functions

Advanced science and technology produce new
functional materials and devices for modern lifestyles. The Graduate School of Materials Science
(GSMS) is now strongly pursuing ‘photonic
nanoscience’ : by using photons ranging from X-ray to
microwave, we elucidate
novel structures, unique
properties, and new device
and material functionality at
the electron, atomic, and
molecular levels. We also
conduct total engineering,
which involves understanding the interaction of light
with matter, designing new
functional materials, and
developing new devices.
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Our research output contributes to the development of
new theory and the discovery of new phenomena, as
well as to the future creation
of functional materials,
devices, innovative instruments and new techniques.

Our students are educated through a highly-structured curriculum to become excellent leaders in
research and development fields in the global
society.

In addition to fundamental courses in basic
research and education in materials science, we
also offer industry-academia collaborative courses
to develop new materials and new devices. With

researchers from external institutions, including
industry laboratories, in charge of collaborative
laboratories, students have numerous opportunities to study actual practical development.

Wide-ranging student support systems
More than 60% of students in the master’ s program and all students in the doctoral program
are able to reside in dormitories on campus.
Scholarships and research funds are also widely
available. We also provide financial support to

R

all doctoral students and some master’ s students to attend overseas international conferences. We have exchange agreements with various institutions throughout the world, providing
students valuable opportunities to study abroad.

esearch and Education
Center for Materials Science

The Center has a number of instruments and cutting-edge facilities operated by diversely skilled
technical staff members who expertly support the
full characterization of new materials, evaluation
of novel properties, and nanofabrications. The
Center thoroughly supports education, research
and safety management.
In addition to analysis and evaluation of new materials, the Research and Education Center for
Materials Science focuses on design and synthesis

of new functional materials which may be essential in the areas of modern science and advanced
technology, including nanotechnology, biological
sciences, information technology, and the environment. This is efficiently achieved through
close collaboration between the main and collaborative laboratories at the frontiers of materials science. The Center also has a commission test
scheme for non-NAIST researchers who wish to
use our analytical facilities.
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Graduate School of Materials Science

Graduate School of Materials Science

Laboratories & Faculty

Areas of Research and Education
Core Laboratories

Core Laboratories

Quantum Materials Science

Laboratory

Professor

Associate Professor

Assistant Professor

Quantum Materials Science

Hisao Yanagi

Hiroyuki Katsuki

Atsushi Ishizumi, Satoshi Tomita

Ken Hattori

Sakura Takeda, Munetaka Taguchi, Hiroyuki Matsuda

Surface and Materials Science

Hiroshi Daimon

Advanced Polymer Science

Michiya Fujiki

Photonic Device Science

Jun Ohta

Takashi Tokuda

Kiyotaka Sasagawa, Toshihiko Noda

Information Device Science

Yukiharu Uraoka

Yasuaki Ishikawa

Mutsunori Uenuma, Mami Fujii, Juan Paolo Bermundo

Synthetic Organic Chemistry

Kiyomi Kakiuchi

Tsumoru Morimoto

Hiroki Tanimoto, Yasuhiro Nishiyama

Biomimetic Materials Science

Jun-ichi Kikuchi

Supramolecular Science

Shun Hirota

Takashi Matsuo

Kazuma Yasuhara
Satoshi Nagao, Masaru Yamanaka, Hulin Tai

Biocompatible Materials Science

Masao Tanihara

Tsuyoshi Ando

Kayo Terada, Mime Kobayashi

Photonic Molecular Science

Tsuyoshi Kawai

Takuya Nakashima

Yoshiyuki Nonoguchi, Jatish Kumar

Photofunctional Organic Chemistry

Hiroko Yamada

Naoki Aratani

Mitsuharu Suzuki, Hironobu Hayashi

Sensing Devices

Takayuki Yanagida

Noriaki Kawaguchi

Go Okada

Organic Electronics

Masakazu Nakamura

Hiroaki Benten

Hirotaka Kojima

Bio-Process Engineering

Yoichiroh Hosokawa

Professor
Associate Professor
Assistant Professor
Assistant Professor

Hisao Yanagi
Hiroyuki Katsuki
Atsushi Ishizumi
Satoshi Tomita

Surface and Materials Science

Professor
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor

Hiroshi Daimon
Ken Hattori
Sakura Takeda
Munetaka Taguchi
Hiroyuki Matsuda

Takeo Katayama, Takanori Iino

Nanostructure Magnetism

Nobuyoshi Hosoito

Takanobu Jujo

Complex Molecular Systems

Hironari Kamikubo

Yoichi Yamazaki

Advanced Polymer Science

Professor

Michiya Fujiki

Photonic Device Science

Professor
Associate Professor
Assistant Professor
Assistant Professor

Specific Research Laboratories
Laboratory

Professor

Associate Professor

Green Nanosystem

Fumihiko Matsui

Nanomaterials and Polymer Chemistry

Hiroharu Ajiro

Assistant Professor
Information Device Science

Professor
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor

Collaborative Laboratories
Laboratory

Professor

Associate Professor

Mesoscopic Materials Science
(with Panasonic Co., Ltd.)

Eiji Fujii
Hideaki Adachi

Nozomu Matsukawa

Intelligent Materials Science
(with SHARP Corporation)

Makoto Izumi

Noboru Iwata

Functional Polymer Science
(with Santen Pharmaceutical Co., Ltd.)

Takahiro Honda
Hiroshi Enomoto

Komei Okabe

Ecomaterial Science
(with Research Institute of Innovative Technology for the Earth)

Katsunori Yogo
Kazuya Goto

Hidetaka Yamada

Sensory Materials and Devices
(with Shimadzu Corporation)

Toshiyuki Sato
Keishi Kitamura

Masaki Kanai

Advanced Functional Materials
(with Osaka Municipal Technical Research Institute)

Yasuyuki Agari
Yutaka Fujiwara

Masanari Takahashi

Humanophilic Innovation Project
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Professor

Humanophilic Innovation Project

Jun Ohta, Yukiharu Uraoka

Associate Professor

Yukiharu Uraoka
Yasuaki Ishikawa
Mutsunori Uenuma
Mami Fujii
Juan Paolo Bermundo

Synthetic Organic Chemistry

Professor
Associate Professor
Assistant Professor
Assistant Professor

Kiyomi Kakiuchi
Tsumoru Morimoto
Hiroki Tanimoto
Yasuhiro Nishiyama

Biomimetic Materials Science

Professor
Assistant Professor

Jun-ichi Kikuchi
Kazuma Yasuhara

Supramolecular Science

Professor
Associate Professor
Assistant Professor
Assistant Professor
Assistant Professor

Laboratory

Jun Ohta
Takashi Tokuda
Kiyotaka Sasagawa
Toshihiko Noda

Shun Hirota
Takashi Matsuo
Satoshi Nagao
Masaru Yamanaka
Hulin Tai

Our educational activities are centered upon the laboratory’s research in the creation of novel optical
functional materials by measuring and analyzing the optical and quantum properties of nanomaterials,
such as molecular crystals, nanoparticles, and ultrathin films. The techniques we use include laser
spectroscopy, microspectroscopy, and probe microscopy.
● Quantum effects, molecular crystals, nanoparticles, ultrathin films, organic electronics, photonics,
organic lasers, organic solar cells, light emitting transistors, quantum dots, metamaterials,
microspectroscopy, coherent control, time-resolved spectroscopy, femtosecond lasers, Raman
spectroscopy

Our laboratory conducts research and educational activities concerning the physical properties
(electrical conduction, magnetic and optical response) of surface nanomaterials, which are formed by
the adsorption of atoms or molecules on solid surfaces. To this end, we utilize various equipment to
elucidate such properties from atomic structures and electronic states, which form the basis of the
physical properties. Additionally, we develop novel analysis techniques and equipment as needed.
● Solid surfaces, strongly correlated materials, surface superstructure, surface electric conduction,
surface magnetism, surface light emission, surface molecular adsorption, electron stimulated
desorption, (cross-sectional) scanning tunneling microscopy, electron diffraction, electronic
energy bands, angle resolved photoelectron spectroscopy, Fermi surfaces, hole subbands,
strained semiconductors, two-dimensional photoelectron spectroscopy, photoelectron diffraction,
atomic stereo photography, photoelectron holography, XAFS, photoelectron diffraction spectroscopy, radiation, circular polarization of light, photoelectron microscopes, three-dimensional
reciprocal lattice mapping, first-principle calculation, Raman spectroscopy

Areas of Research and Education

List of Laboratories

Graduate School of Materials Science

We aim to design and synthesize a light-emitting, optically active polymer system and elucidate the
relationship between its physical properties and optical functions.
● Circular polarization of light, optical activity, helixes, semiconducting polymers, light emission,
polysilane, π conjugated polymers, phthalocyanine, parity violation, physisorption

Our research and educational activities serve to create novel photonic devices, combining advanced
semiconductor technologies and optical techniques. We are particularly interested in biomedical
applications, such as artificial vision and brain implant devices, from both experimental and theoretical
aspects of optical nanoscience technology.
● Image sensors, photonic devices, artificial visual devices, implant devices, brain implant devices,
biomedical photonic LSIs, fluorescence detection, CMOS integrated circuits, biocompatible
materials, MEMS, μTAS, optogenetics, digital ELISA

We pursue research into semiconductor elements and electronic devices with next-generation
information functions, including displays, memory, LSIs, etc. By introducing new materials, such as
bio-supramolecules, and environmentally friendly materials into semiconductor oxide thin-films on
silicon or compound semiconductors, we aim to enhance these films’ functionality.
● Thin-film transistors, displays, flexible devices, oxide materials, system-on-panels, memory, LSIs,
biological materials, fine machining processes, light-emitting elements, EL elements, nanoparticles, High-K, dielectric, high-frequency communication devices, power devices, printing, solar
cells, electron-beam evaporation, photolithography

We investigate three broad areas: 1) the development of novel efficient methods for organic synthesis,
using photo-irradiation and metal catalysts, 2) the creation of bioactive organic compounds by the
developed synthetic methods, and 3) the production of functional organic materials by the developed
synthetic methods.
● Synthetic organic chemistry, organic photochemistry, organometallic chemistry, catalysis chemistry, flow chemistry, polycyclic organic compounds, taxol, alkaloids, carbon skeleton conversion,
asymmetric photocycloaddition, microreactors, photolabile protecting groups, caged compounds,
organometallic complexes, homogeneous catalysis

The laboratory performs research and educational activities with two main goals: 1) learning from
natural ecosystems to develop molecular devices that work as artificial nanoorganizations and exceed
such natural ecosystems, and 2) creating the next generation nanoscience that melds multiple fields
such as material science, information science, and life science together.
● Artificial multicellular systems, molecular devices, molecular communication interfaces,
spatio-temporal molecular recognition, artificial cellular membrane matrixes, artificial signal
transduction systems, artificial membrane transport, nanobioreactors, bio-inspired systems,
cellular membrane dynamics, amphiphilic molecules, complex chemistry, intermetallic interactions
We aim to 1) elucidate the structure and functional mechanisms of bio-supramolecules, 2) chemically
reproduce the amazing functions of living organisms, and 3) develop new techniques to utilize these
functions.
● Supramolecular science, biomolecular science, nanobiotechnology, bioinorganics, organometallic chemistry, protein science, biophysical chemistry of living things, photochemistry, chemistry
related to biological functions, synthetic organic chemistry, complex chemistry, catalytic
reactions, optical switching technology, function control, enzyme reactions, metalloproteins,
DNA, spectroscopy, functional materials, medicinal chemistry, diseases due to abnormal protein
structure, pharmaceutics

Assistant Professor
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Graduate School of Materials Science

Specific Research Laboratories

Core Laboratories
Biocompatible Materials Science

Professor
Associate Professor
Assistant Professor
Assistant Professor

Masao Tanihara
Tsuyoshi Ando
Kayo Terada
Mime Kobayashi

Photonic Molecular Science

Professor
Associate Professor
Assistant Professor
Assistant Professor

Tsuyoshi Kawai
Takuya Nakashima
Yoshiyuki Nonoguchi
Jatish Kumar

Photofunctional Organic Chemistry

Professor
Associate Professor
Assistant Professor
Assistant Professor

Hiroko Yamada
Naoki Aratani
Mitsuharu Suzuki
Hironobu Hayashi

Sensing Devices

Professor
Takayuki Yanagida
Associate Professor Noriaki Kawaguchi
Assistant Professor Go Okada

By analyzing the interactions between the living body and materials at the molecular level, we advance
fundamental research and educational activities that will lead to the creation of novel biocompatible
materials, such as scaffolding for tissue regeneration, drugs, and novel treatment methods.

Professor
Masakazu Nakamura
Associate Professor Hiroaki Benten
Assistant Professor Hirotaka Kojima

We advance the synthesis, development, analysis and evaluation methods for molecular and polymeric materials that respond to and/or control light, and semiconductor nanomaterials that strongly
interact with organic molecules. Our target is to establish novel molecular systems that will support
future information and energy technologies.

Professor
Assistant Professor
Assistant Professor

Yoichiroh Hosokawa
Takeo Katayama
Takanori Iino

Nanostructure Magnetism

Associate Professor Nobuyoshi Hosoito
Assistant Professor Takanobu Jujo

Our laboratory investigates and teaches 1) design and synthesis of novel π-conjugated compounds,
and 2) physical property evaluation and functional development of these compounds. We aim to
develop organic semiconductor materials, near-infrared absorbing dyes, light emitting materials, and
photoresponsive molecules that can be used for organic thin-film solar cells and transistors.
● Functional organic materials, organic semiconductor materials, functional pigments, organic
thin-film solar cells, porphyrinoids, acenes, physical organic chemistry, organic photochemistry

We develop bulk inorganic single crystals, ceramics and glass phosphors mainly for radiation
measurements. Our focus of the research and educational activities is based on investigations of
physical properties of electronic charges in the synthesized phosphors in relation with the optical
properties, scintillation properties as well as the properties of thermally and optically-stimulated
luminescence. Promising samples then become the subject of radiation detector unit development.
We also develop characterization systems to study novel physical properties.

We investigate and give instruction concerning the creation of novel devices for environmentally-friendly power generation and future flexible electronics by 1) the control of organic thin-film growth,
2) the control of “soft” electronic properties specific to organic materials and its application to devices,
and 3) the development of unique measurement techniques and elucidation of unexplained phenomena using them.

● Development of single cell manipulation technology, applications of ultra-shot pulse laser,
micro-fluidic chips, and Atomic Force Microscopes (AFM), mechanism investigation of laser-induced explosions acting on biological materials

We perform fundamental research and educational activities mainly in the following three areas: 1)
preparation of nanostructures and multilayers that show unique magnetic properties, 2) elucidation of
their structures and physical properties at the atomic and electronic levels, 3) clarification of the
generation mechanism of functions, which will lead to the creation of novel magnetic materials.

Associate Professor
Assistant Professor

Hironari Kamikubo
Yoichi Yamazaki

Focusing on the autonomous assembly and disassembly phenomena that a protein molecule cluster
exhibits, our group studies the following two areas: 1) the understanding of protein complex molecular
systems which have the potential to be targets in drug discovery, and 2) the development of the
next-generation protein molecular composite materials based on protein science and biophysics.

Nanomaterials and Polymer Chemistry
Associate Professor

Hiroharu Ajiro

We design monomers at the molecular level based on the concepts of molecular technology and
create polymeric materials with high functionality via polymer synthesis, control of interactions among
polymers, and nano-structural control.

● Biodegradable polymers, biocompatible polymers, biomaterials, gels, polymer structure control,
inter-polymer interaction, stereocomplex, polymeric materials, nanostructure, molecular design,
molecular techniques, thermoresponsivity, photoresponsivity, pH responsivity

Collaborative Laboratories
Mesoscopic Materials Science
Professor
Professor
Assistant Professor

Eiji Fujii
Hideaki Adachi
Nozomu Matsukawa

Intelligent Materials Science
Professor
Associate Professor

Makoto Izumi
Noboru Iwata

Functional Polymer Science
Professor
Professor
Associate Professor

Takahiro Honda
Hiroshi Enomoto
Komei Okabe

Ecomaterial Science
Professor
Professor
Associate Professor

Katsunori Yogo
Kazuya Goto
Hidetaka Yamada

Currently, we are advancing the study of “Active Bio Fields”, which are formed by bio-supramolecules
near a solid substrate with a nano-functional structure, by integrating nanotechnology and biotechnology. This approach is called a “bio-nano process.” We are also developing applications of this
technique to nanoelectronics and microflow channel devices.

● Active Bio Field, wet nanotechnology, bio-nano processes, nanoelectronics, nanotechnology,
biomineralization, biological sensors, microchannels, genosensors, dye-sensitized solar cells,
electronic thin-film materials
(Partner organization: Advanced Research Division, Panasonic Corporation)
We work on creating and applying materials to create novel devices and satisfy the needs of an
advanced networking society, as well as a society that can adapt to clean energy and environmental
technologies. (power management systems, displays, and semiconductor materials)

● Oxide thin-films, nanoparticles, circuits/control architecture
(Partner organization: Corporate Research and Development Division, Sharp Corporation)
Focusing on the eye, we aim to establish a novel drug delivery system that allows active pharmaceutical components to exhibit their effects at a maximum at disease sites. We also aim to put the system
into practical application, including drug discovery via approaches such as synthetic organic chemistry.

● Medicinal science, drug formulation, synthetic organic chemistry, medicinal chemistry, pharmacokinetics, physical chemistry, molecular biology, pharmacology
(Partner organization: Santen Pharmaceutical Co., Ltd.)
Our main research themes are the development of methods for the separation, recovery and fixation
of CO2 on a large scale and the development of novel technologies in a move towards a hydrogen
energy society. To this end, we carry out basic research on advanced materials (material design and
nano-structure control) and technologies for practical applications (process development and system
design) that address the challenges occurring due to global warming.

● Global warming, CO2 separation, capture, and fixation, new energies (hydrogen), membrane
separation, adsorption techniques, nano-structure control, computer chemistry, process
simulation
(Partner organization: Research Institute of Innovative Technology for the Earth [RITE])
Sensory Materials and Devices
Professor
Professor
Associate Professor

Toshiyuki Sato
Keishi Kitamura
Masaki Kanai

Advanced Functional Materials
Professor
Professor
Associate Professor

Yasuyuki Agari
Yutaka Fujiwara
Masanari Takahashi

● Complex molecular systems, protein science, biophysics, structural biology, protein design
engineering, X-ray solution scattering, X-ray crystal structure analysis, neutron crystal structure
analysis, low temperature spectroscopy, vibrational spectroscopy, fluorescence lifetime measurements, recombinant DNA technology, artificial proteins, structural proteins, protein transportation
systems, nerve axon-elongation systems, optical information conversion systems, intermolecular
interaction, intramolecular interaction, dynamic ordering analysis

This laboratory investigates multi-functional system developments. In particular, we study 1) the
fundamentals of sensing devices, such as MEMS (Micro Electro Mechanical Systems), two-dimensional X-ray detectors and molecular imaging, 2) multi-functional devices, and 3) ultra-miniature
chemical analysis systems that integrate and aggregate such technologies.

● Sensor technology, μTAS (Micro Total Analysis Systems), MEMS, molecular imaging, microreactors, X-ray photoconductors
(Partner organization: Technology Research Laboratory, Shimadzu Corporation)
Based on material creation and reconstitution technology, our group carries out research and
education activities on materials and technologies to address the challenges industries currently face,
with a focus on key aspects of next-generation electronic, optical, and energy devices. We also
address environmentally friendly materials and technologies.

● Hyper-hybrid materials, energy storage materials, nanomaterials, thin-film and fine particles/fibers, plating, interface control technology, heat release control technology, secondary batteries,
fine circuit boards, biomass
(Partner organization: Osaka Municipal Technical Research Institute)

Humanophilic Innovation Project
Humanophilic Innovation Project
Professor
Professor
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We conduct research and educational activities on the: 1) development of various analysis techniques
and equipment, including non-destructive and atomic site-selective photoelectron diffraction spectroscopy, and 2) elucidation of the origin of local physical properties with the goal of developing functional
materials and devices based on interfacial phenomena.

● Local electronic states, atomic orbitals, photoelectron diffraction spectroscopy, all-direction-resolved photoelectron spectroscopy, interfaces/surfaces, synchrotron radiation, analyzer development

The Bio-processing Engineering Laboratory promotes developmental research on high-precision and
fast manipulation methodologies for small biological materials, such as single cells and a few proteins,
in which state-of-the-art laser technology is combined with microscopic manipulation technologies.

● Nanostructure magnetism, surface / interface magnetism, induced magnetism of conduction
electrons, interlayer exchange coupling, giant magnetoresistance effect, spin electronics,
magnetic structure analysis, resonant X-ray magnetic spectroscopy / scattering, synchrotron
radiation
Complex Molecular Systems

Fumihiko Matsui

● Photochemistry, synthesis of functional molecular materials, photochromism, molecular chirality,
conductive polymers, luminescent metal complexes, nanocrystals, electrochromism, sensor
molecules, thermoelectric conversion materials, nanowires, ionic liquids, nanotubes, electrochemistry

● Organic semiconductors, polymer semiconductors, organic thin-film growth, scanning probe
microscopy, grazing-incidence X-ray diffraction, terahertz time-domain spectroscopy, quantum
chemical calculation, molecular dynamics simulation, thin-film transistors, solar cells, THz-wave
imaging sensors, flexible thermoelectric generators
Bio-Process Engineering

Associate Professor

● Post-genomic science, intelligent materials, peptides, artificial collagen molecules, gene therapy,
drugs, DDS, artificial scaffolding, blood-compatible materials, antibacterial materials, accurate
design polymers, photoresponsive materials, X-ray cancer treatment, helix-forming polymers,
biocompatible devices

● Radiation-induced fluorescence, scintillators, v phosphor, thermoluminescence, afterglow,
mechanoluminescence, optical physics, quantum energy conversion, impact ionization, radiation
measurement, radiation detectors, quantum beams, X-rays, gamma rays, neutrons, vacuum-ultraviolet light, near infrared light, photoelectric conversion elements, image diagnostic equipment,
security equipment, individual radiation exposure dosimeters, detectors for high-energy physics,
synchrotron radiation
Organic Electronics

Green Nanosystem

Areas of Research and Education

Areas of Research and Education

Graduate School of Materials Science

Jun Ohta
Yukiharu Uraoka

Interdisciplinary research and educational activities integrating the fields of biological, material and
information sciences aim to develop novel human life support systems.

● QOL, genome breeding, green materials, organic super molecules, eco devices, micro photonic
devices, imaging sensors, smart homes, context awareness
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Laboratory

Graduate School of Materials Science

Quantum Materials Science

Laboratory

URL: http://mswebs.naist.jp/english/courses/1341/

URL: http://mswebs.naist.jp/LABs/optics/eng/index-e.html

Prof.
Hisao Yanagi

Assoc. Prof.
Hiroyuki Katsuki

Assist. Prof.
Atsushi Ishizumi

Assist. Prof.
Satoshi Tomita

E-mail { yanagi, katsuki, ishizumi, tomita }@ms.naist.jp

Electrons, when confined in a nanometer-sized space (1 nanometer = 10-9 m),
remarkably begin to behave like waves. For example, an organic molecule can
be considered as a quantum state in which electrons are confined in a nm
space consisting of atoms connected together. Semiconductor nanoparticles
show colors different from those of bulk solids due to this quantum size effect.
The Quantum Materials Science Laboratory studies molecules, crystals,
nanoparticles, and ultrathin films of both organic and inorganic materials,
utilizes various optics-based experimental approaches to clarify material
properties from the viewpoint of quantum physics, and aims to create new Fig. 1 A molecular crystal-based organic
functional materials that will be used in optical information-communication laser
or environment-conscious devices in the future.
Research Themes
1. Molecular electronics and photonics
By controlling molecular alignment and crystal growth, we develop efficient
light-emitting materials specifically aiming to realize organic lasers.
2. Coherent control in molecular crystals
We are attempting to observe and control quantum coherence in molecular
crystals of p-H2 and organic semiconductors using ultrafast laser spectroscopy.

4. Metamaterial photonics
By assigning distinct functions to different artificial units much smaller than
the wavelengths of light, we aim to create artificial materials (metamaterials)
mimicking an intriguing property for light.

Prof.
Hiroshi Daimon

Assoc. Prof.
Ken Hattori

Assist. Prof.
Sakura Takeda

Assist. Prof.
Munetaka Taguchi

Assist. Prof.
Hiroyuki Matsuda

E-mail { daimon, khattori, sakura, mtaguchi, hmatsuda }@ms.naist.jp

Education and Research Activities in the Laboratory

3. Photo-physical properties of nanostructured materials
We are working on the optical functionality of nanostructured materials such
as environment-conscious nanoparticles and impurity-doped nanoparticles.

Surface and Materials Science

Fig. 2 Crystal growth of p-H2

Fig. 3 Luminescence from impuritydoped semiconductor nanoparticles

Recent Research Papers and Achievements
1. Tanaka, K. Goto, K. Yamashita, T. Yamao, S. Hotta, F. Sasaki, and H. Yanagi,
Appl. Phys. Lett. 107(16), 163303 (2015).
2. H. Katsuki, Y. Kayanuma, and K. Ohmori, Phys. Rev. B 88, 014507 (2013).
3. A. Ishizumi, S. Fujita, and H. Yanagi, Opt. Mater. 33 1116 (2011).
4. S. Tomita, K. Sawada, A. Porokhnyuk, and T. Ueda, Phys. Rev. Lett. 113,
235501 (2014).

Education and Research Activities in the Laboratory
1. Research purpose and target
All materials, when smaller than one nanometer in size, begin to exhibit
different properties from those under normal conditions as exemplified by
iron and gold: iron becomes nonmagnetic, while gold becomes highly
reactive. These materials are the new microscopic materials essential for
resource saving, energy saving, element strategy, and nanotechnology. They
can be manufactured and analyzed on the surface of a solid at the atomic and
electron levels. The Surface and Materials Science Laboratory studies atomic
and electronic structures of surfaces and nanomaterials using unique
approaches such as a two-dimensional photoelectron spectrometer, aiming to
clarify the physical properties of nanomaterials and to create new functions
from atomic and electron viewpoints. Our research targets include superstructures on semiconductor surfaces, magnetic thin-films and strongly correlated
electron systems, as well as organic and biological molecule adsorbing surfaces vital to catalysis and molecular electronics.
2. Educational policy
We provide education not only on experiments but also on what is important
as a researcher and a professional engineer, including having an active
attitude toward obtaining knowledge through research, originality training,
acquisition of technical skills to enhance laboratory techniques (such as shop
practice, machine control, and data analysis), and cooperation with laboratory
members. Students are expected to improve or create apparatuses before graduation. It is important for students to not only learn how to think systematically through seminars or lectures, but also to have contact with external
researchers as well as the regular educational staff in the laboratory. We
conduct joint research with several external research institutions including the
synchrotron radiation facilities of SPring-8 and the Ritsumeikan University
SR Center, and actively dispatch our students overseas.
Research Themes
1. Atomic structural analysis by stereoscopic viewing, RHEED, STM, photoelectron diffraction/holography
2. Energy bands on surfaces and their modification by electric field and strain
3. Atomic analysis of surface molecular reactions
4. Surface nanomaterials physical property analysis
5. New analyzers development
6. Electronic and atomic structure analysis of strongly correlated materials
Recent Research Papers and Achievements
1. H. Matsuda, et al, J. Electron Spectrosc. Relat. Phenom. 195 78 (2014).
2. O. Romanyuk, K. Hattori, M. Someta, and H. Daimon, Phys. Rev. B 90
155305 (2014).
3. Sakura N. Takeda, et al, Phys. Rev. B 82 035318 (2010).
4. L. S. R. Kumara, M. Taguchi, et al, J. Chem. Phy. 141 044718 (2014).

Surface and Materials Science

Quantum Materials Science

Graduate School of Materials Science

Fig. 1 A stereoscopic view of atomic
arrangement through our two-dimensional photoelectron analyzer (DIANA)
used as an atomic stereo-microscope

Fig. 2 An STM image and 3D reciprocal-lattice map of a 3D elongated
island of α-FeSi2(110) on Si(001))

Fig. 3 Strain effect on Si band structure

Fig. 4 A photoelectron diffraction
pattern of antiferromagnetic NiO

Fig. 4 TMV/gold nanoparticle complexes
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Laboratory

Graduate School of Materials Science

Advanced Polymer Science
URL: http://mswebs.naist.jp/english/courses/1406/

Photonic Device Science
URL: http://mswebs.naist.jp/english/courses/1408/

Prof.
Michiya Fujiki

Prof.
Jun Ohta

E-mail fujikim@ms.naist.jp

E-mail { ohta, tokuda, sasagawa, t-noda }@ms.naist.jp

Education and Research Activities in the Laboratory
The Advanced Polymer Science Laboratory is devoted to proposing new
ideas and new concepts, aiming to design novel photophysical properties and
polymeric materials. The specific items are as follows:
1. Research outline
Generation, amplification, inversion and transcription of helix structures by
chemical and physical origin

Fig. 1 Zero-step room-temperature
synthesis of full-visible photoluminescent polymer particles

2. One-pot synthesis, green-sustainable processes, renewable bioresource
processing of functional polymers and hybridized materials
3. Education in the laboratory
We aim to cultivate capable researchers and engineers who will work in the
area of polymer-related science and technology through leading-edge research
activities in relation to the design, synthesis, analysis, and function of polymers. We focus on educating students to think independently about new
concepts and propose new ideas through daily interaction, as well as in seminars and meetings hosted by related academic communities.
Research Themes
1. Mirror symmetry breaking at polyatomic systems and the origin of life on Earth
2. Detection of weak and ultraweak interactions
3. Light-emitting polymeric materials using zero-step synthesis
4. Liquid-phase physisorption of π-conjugated polymers at inorganic/polymer
interfaces
Recent Research Papers and Achievements
1. Y. Nakano, F. Ichiyanagi, M. Naito, Y. Yang and M. Fujiki, “Chiroptical
generation and inversion during the mirror-symmetry-breaking aggregation
of dialkylpolysilanes due to limonene chirality”, Chem. Commun. 48 6636
(2012) [highlighted as cover page].
2. M. Fujiki, Y. Fujimoto, A. Saxena, T. Kawabe and G. Kwak, “Air-stable
poly(3,3,3-trifluoropropylsilyne) homo- and copolymers”, Polym. Chem. 3
3256 (2012) [highlighted as cover page].
3. M. Fujiki, A. J. Jalilah, N. Suzuki, M. Taguchi, W. Zhang, M. M. Abdellatif
and K. Nomura, “Chiral optofluidics: Gigantic circularly polarized light
enhancement of all-trans-poly(9,9-di-n-octylfluorene-2,7-vinylene) during
mirror-symmetry-breaking aggregation by optically tuning fluidic media”,
RSC Adv. 2 6663 (2012).
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Fig. 2 International students and
collaboration with our lab

Assoc. Prof.
Takashi Tokuda

Assist. Prof.
Kiyotaka Sasagawa

Assist. Prof.
Toshihiko Noda

Education and Research Activities in the Laboratory
1. Laboratory outline
The Photonic Device Science Laboratory researches and develops new
optical functionality-based material science and device functions for fast,
flexible processing of image information that promises to play a leading role
in an advanced information society and a “super aging society.” Specifically,
we work on applying photonic LSI technology, which integrates semiconductor circuit technology and photonic technology, toward biological and medical field applications as shown in Fig.1. Our typical research fields include
bio-medical photonic LSls and artificial vision devices.
2. Research activity and policy
With our research subjects crossing over various research fields, we actively
pursue cooperative interdisciplinary studies. For example, we are conducting
joint research on artificial vision with the Department of Ophthalmology of
Osaka University Graduate School of Medicine and an ophthalmologic apparatus manufacturer and also performing joint research on bio-medical photonic LSIs with the Functional Neuroscience Laboratory of the Graduate School
of Biological Sciences of NAIST.
3. Education
The majority of students in the laboratory are requested to work on research
subjects involving other fields. We provide introductory seminars, study
meetings, and many opportunities to interact with researchers within and
outside the university so that they can pursue their research smoothly and
broaden their research perspectives.

Photonic Device Science

Advanced Polymer Science

Graduate School of Materials Science

Fig. 1 Research fields of the Photonic
Device Science Lab

Fig. 2 Retinal prosthesis device

Research Themes
1. Bio-medical photonic materials and devices
2. Micro-chemical photonic devices
3. Advanced image sensors and their application systems
Recent Research Papers and Achievements
1. H. Takehara, Y. Ohta, M. Motoyama, M. Haruta, M. Nagasaki, H. Takehara,
T. Noda, K. Sasagawa, T. Tokuda, and J. Ohta, “Intravital fluorescence
imaging of mouse brain using implantable semiconductor devices and epiillumination of biological tissue,” Biomedical Optics Express 6, pp. 1553-1564,
2015.
2. T. Noda, K. Sasagawa, T. Tokuda, Y. Terasawa, H. Tashiro, H. Kanda,
T. Fujikado, J. Ohta, “Performance improvement and functionalization of
an electrode array for retinal prosthesis by iridium oxide coating and introduction of smart-wiring technology using CMOS microchips,” Sensors and
Actuators A: Physical 211pp.27-37, 2014.
3. T. Tokuda, H. Matsuoka, N. Tachikawa, N. Wakama, K. Terao, M. Shibata,
T. Noda, K. Sasagawa, Y. Nishiyama, K. Kakiuchi, J. Ohta, “CMOS sensorbased miniaturized in-line dual-functional optical analyser for high speed,
in situ chirality monitoring,” Sensors and Actuators B: Chemical 176,
pp.1032-1037, 2013.

Fig. 3 Brain implantable micro imager
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URL: http://mswebs.naist.jp/english/courses/1410/

Prof.
Yukiharu Uraoka

Assoc. Prof.
Yasuaki Ishikawa

Assist. Prof.
Mutsunori Uenuma

Assist. Prof.
Mami Fujii

URL: http://mswebs.naist.jp/english/courses/1414/

Assist. Prof.
Juan Paolo Bermundo

E-mail { uraoka, yishikawa, uenuma, f-mami, b-soria }@ms.naist.jp

Education and Research Activities in the Laboratory
Many daily necessities around us, such as TVs, computers, and mobile
phones, are composed of silicon-based semiconductor devices. The Information Device Science Laboratory conducts research on information function
devices that will support the next-generation information society. Key
features of our research include the introduction of various new materials on
silicon substrates, our own unique designs, and production of semiconductor
devices that make the most effective use of their characteristics. Thus, we are
working on producing semiconductor devices with innovative functions on
the basis of skilled manufacturing.

Research Themes
1. Next-generation high-tech information terminals
2. LSIs with new functions based on biological supramolecules
3. Printed/flexible displays using wide band gap materials
4. Printing technology for energy harvesting devices (solar cell, thermoelectric devices)
5. Emerging devices (Graphene transistors, power devices based on GaN)

Recent Research Papers and Achievements
1. K. Kado, M. Uenuma, K. Sharma, H. Yamazaki, S. Urakawa, Y. Ishikawa,
and Y. Uraoka, “Thermal Analysis for Observing Conductive Filaments in
Amorphous InGaZnO Thin Film Resistive Switching Memory”, Appl. Phys.
Lett. 105(12) 123506 (2014).
2. Y. Ueoka, Y. Ishikawa, N. Maejima, F. Matsui, H. Matsui, H. Yamazaki, S.
Urakawa, M. Horita, Y. Ishikawa, H. Daimon, and Y. Uraoka, “Analysis of
Electronic Structure of Amorphous InGaZnO/SiO2 Interface by Angle-Resolved X-Ray Photoelectron Spectroscopy”, J. Appl. Phys. 114(16) 163713
(2013).
3. M. Uenuma, T. Ban, N. Okamoto, B. Zheng, Y. Kakihara, M. Horita, Y.
TMV
Ishikawa, I. Yamashita, and Y. Uraoka, “Memristive Nanoparticles Formed Ferritin protein
Using a Biotemplate”, RSC Adv. 3 18044 (2013).
4. Y. Mulyana, M. Horita, Y. Ishikawa, Y. Uraoka, and S. Koh, “Thermal
Reversibility in Electrical Characteristics of Ultraviolet/Ozone-Treated
Graphene”, Appl. Phys. Lett. 103(6) 3107 (2013).
5. M. Fujii, Y. Ishikawa, R. Ishihara, J. Cingel, M. R. T. Mofrad, M. Horita,
and Y. Uraoka, “Low Temperature High-Mobility InZnO Thin-Film Transistors Fabricated by Excimer Laser Annealing”, Appl. Phys. Lett. 102(12) Bio-nano-materials for functional
122107 (2013).
devices
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Synthetic Organic Chemistry

Prof.
Kiyomi Kakiuchi

Assoc. Prof.
Tsumoru Morimoto

Assist. Prof.
Hiroki Tanimoto

Assist. Prof.
Yasuhiro Nishiyama

E-mail { kakiuchi, morimoto, tanimoto, y-west }@ms.naist.jp

Education and Research Activities in the Laboratory
Our philosophy in the Synthetic Organic Chemistry Laboratory is to cultivate, through the study on organic synthesis, abilities to (1) understand one
another’s research background, (2) make independent, logical research plans,
and (3) consider and evaluate obtained results accurately to achieve rational
conclusions (with a deep insight into the truth), in order to produce human
resources possessing broad perspectives, flexibility and adaptability, and
creativity, all of which are essential for researchers. Furthermore, in order to
enhance students’ presentation skills, we encourage them to present their
research in various meetings and symposia.

Synthetic Organic Chemistry

Information Device Science

Graduate School of Materials Science

Fig. 1

Research Themes
Research in our laboratory focuses on photochemistry, natural product chemistry, and organometallic chemistry towards organic synthesis. We are interested in developing new photochemical and catalytic reactions to synthesize
compounds of interest to the pharmaceutical industry, especially reactions
that are stereoselective. We are also interested in the synthesis of natural products and functional organic materials utilizing developed methods. We are
currently focused on our own research centered on the following themes:
1. Development of new methodologies for the synthesis of various functional
polycyclic organic compounds, such as biologically active compounds and
functional organic materials (Fig. 1).

Fig. 2

2. Development of asymmetric photoreactions and devising a new microreactor system using a capillary reactor for organic synthesis (Fig. 2).
3. Development of new environmentally-friendly green organic synthesis
processes using organometallic catalysts (Fig. 3).
Recent Research Papers and Achievements
1. T. Yokoi, T. Sugiura, H. Tanimoto, T. Morimoto, Y. Nishiyama, and K.
Kakiuchi, Heterocycles 2016, 92, 1313.
2. H. Tanimoto, T. Nagao, S. Hosokawa, T. Fujiwara, Y. Nishiyama, T. Morimoto,
K. Tsutsumi, T. Kakuta, K. Tanaka, Y. Chujo, and K. Kakiuchi, Chem. Lett.
2016, 45, 782.
3. T. Furusawa, T. Morimoto, N. Oka, H. Tanimoto, Y. Nishiyama, and K.
Kakiuchi, Chem. Lett. 2016, 45, 406.
4. H. Tanimoto, K. Yokoyama, Y. Mizutani, T. Shitaoka, T. Morimoto, Y.
Nishiyama, and K. Kakiuchi, J. Org. Chem. 2016, 81, 559.
5. T. Morimoto, T. Fujii, K. Miyoshi, G. Makado, H. Tanimoto, Y. Nishiyama,
and K. Kakiuchi, Org. Biomol. Chem. 2015, 13, 4632 (Cover Picture).
6. Y. Sasaki, R. Sugiura, Y. Nishiyama, H. Tanimoto, T. Morimoto, and K.
Kakiuchi, Tetrahedron 2014, 70, 7973.

Fig. 3
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Biomimetic Materials Science
URL: http://mswebs.naist.jp/english/courses/1417/

Prof.
Jun-ichi Kikuchi

Assist. Prof.
Kazuma Yasuhara

Assist. Prof.
Satoshi Nagao

Assist. Prof.
Masaru Yamanaka

Assist. Prof.
Hulin Tai

Education and Research Activities in the Laboratory
In living organisms, a variety of biomolecules such as proteins, DNA, and
sugars form unique supramolecular assemblies to maintain biofunctions.
Based on chemical knowledge of the functions and structures of these bio-supramolecules at the molecular level, our laboratory focuses on elucidation of
the function mechanisms and design/applications of bio-supramolecules using
various spectroscopic analysis methods, protein engineering techniques, and
organic syntheses.
Fig. 1

2. Modulation of biological function by triggered membrane dynamics
Membrane dynamics, such as morphological change of the cell membrane
and molecular assembly in the cell membrane, are important molecular mechanisms expressing and/or regulating many cellular functions in biological
systems. We design and synthesize membrane-active agents, which can
induce membrane dynamics and modulate biological functions. (Fig. 2)

Recent Research Papers and Achievements
1. J. Kikuchi and K. Yasuhara, “Cerasomes: A New Family of Artificial Cell
Membranes with Ceramic Surface”, in “Advances in Biomimetics”, A.
George, ed., InTech, Rijeka (2011), pp. 231-250
2. K. Yasuhara, T. Kawataki, S. Okuda, S. Oshima and J. Kikuchi, “Spontaneously Formed Semipermeable Organic-Inorganic Hybrid Vesicle Permitting Molecular Weight Selective Transmembrane Passage”, Chem. Commun.
49, 665-667 (2013).
3. K. Tahara, N. Terashita, T. Akita, S. Katao, J. Kikuchi and K. Tokunaga,
“Electrochemistry, charge transfer properties, and theoretical investigation
of a macrocyclic boronate dimer of 1',1'''-biferrocenediboronic acid and related
ferrocenyl boronate complexes”, Organometallics, 34, 299-308 (2015).

Assoc. Prof.
Takashi Matsuo

E-mail { hirota, tmatsuo, s-nagao, mymnk, h-tai }@ms.naist.jp

Education and Research Activities in the Laboratory
The Biomimetic Materials Science Laboratory takes a leading role in bionanoscience and information technology by learning from biological systems
and developing new molecular materials and systems that exceed their original biological functionality.

3. Development of a basis for molecular computing utilizing redox and
supramolecular chemistry
Biological systems effectively utilize weak intermolecular interactions such
as hydrogen-bonding and electrostatic interaction. We are developing methodologies to combine these interactions with artificial metal-metal interactions of redox-active compounds to fabricate energy-saving molecular devices
and logic gates. (Fig. 3)

Supramolecular Science
URL: http://mswebs.naist.jp/english/courses/1421/

Prof.
Shun Hirota

E-mail { jkikuchi, yasuhara }@ms.naist.jp

Research Themes
1. Development of molecule-based next-generation information and telecommunications systems
Biological systems have built-in wireless, nano-scale information processing
systems. From biological systems, we learn how to create artificial cells that
incorporate enzymes and receptors, and develop nano-devices that can
process information on light, heat, and ions. Furthermore, we are organizing
and coordinating these nano-devices organically to develop “molecular communication,” a molecule-based information and communications system for
the future. (Fig. 1)
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Fig. 2

Fig. 3

Research Themes
1. New bio-supramolecules creation
We develop new protein supramolecules and polymers for functional
biomaterials based on a new concept in which a protein molecule is used
as a structural unit. (Fig.1)
2. Functional protein creation by protein design
We design artificial proteins with multi-active sites exhibiting antibacterial
activity and ligand binding properties. (Fig. 2) These proteins are attracting
attention in the biotechnology and pharmaceutical science fields.
3. Elucidation and inhibition of protein denaturalization processes
Accumulation of proteins with unusual structures in tissues causes various
diseases such as Alzheimer’s disease, Parkinson’s disease, and mad cow
disease (Conformation disease). We investigate denaturalization of these
proteins at the molecular level and develop strategies to inhibit this denaturalization.
4. Reaction mechanism elucidation of metalloenzymes
To utilize the energy production system in nature, we elucidate the H2
production and decomposition mechanisms of a metalloenzyme, hydrogenase, using spectroscopic methods.
5. Functional analysis of physiologically active molecules for medicinal chemistry
To understand and regulate the extraordinary efficiency of bioreactions, we
study action mechanisms of physiologically active small molecules from the
perspective of medicinal chemistry.
6. Functional protein creation through synthetic chemistry approaches
With careful attention to precision, we design chemically attractive biocatalysts and artificial proteins with ON/OFF switchable functions, thereby creating “molecular design-based functional biomolecules”. This strategy uses the
advantage of the complementarity of synthetic chemistry and biochemical
approaches, in combination with genetic engineering methods. (Fig. 3)
Recent Research Papers and Achievements
1. Y.-W. Lin, S. Nagao, M. Zhang, Y. Shomura, Y. Higuchi, S. Hirota, “Rational
design of heterodimeric protein using domain swapping for myoglobin”,
Angew. Chem. Int. Ed. 54 511-515 (2015).
2. A.Fujii, Y. Sekiguchi, H. Matsumura, T. Inoue, W.-S. Chung. S. Hirota,
T. Matsuo, “Excimer emission properties on pyrene-labeled protein surface:
correlation between emission spectra, ring stacking modes and flexibilities
of pyrene probes”, Bioconjugate Chem. 26 537-548 (2015).

Supramolecular Science

Biomimetic Materials Science

Graduate School of Materials Science

Fig. 1 Elucidated structures of cytochrome
c supramolecules

Fig. 2 Creation of antibacterial protein
supramolecules

Fig. 3 X-ray crystallographic structure
of an artificial fluorescent protein
constructed by a combination of
genetic and synthetic methods
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Biocompatible Materials Science
URL: http://mswebs.naist.jp/english/courses/1425/

Prof.
Masao Tanihara

Assoc. Prof.
Tsuyoshi Ando

Assist. Prof.
Kayo Terada

Assist. Prof.
Mime Kobayashi

E-mail { mtanihar, tando, kterada, mime }@ms.naist.jp

Photonic Molecular Science
URL: http://mswebs.naist.jp/english/courses/1427/

Prof.
Tsuyoshi Kawai

Assoc. Prof.
Takuya Nakashima

Assist. Prof.
Assist. Prof.
Yoshiyuki Nonoguchi Jatish Kumar

E-mail { tkawai, ntaku, nonoguchi }@ms.naist.jp

Education and Research Activities in the Laboratory

Education and Research Activities in the Laboratory

The Biocompatible Materials Science Laboratory is working on analyzing
the interactions between living organisms and materials at the molecular level
to elucidate biocompatibility mechanisms, applying the findings to the development of materials for regenerative medicine such as those for the nerve,
blood vessels, bones, and skin, as well as the development of new treatments,
drugs, and drug delivery systems (DDS). In the laboratory, we offer study
meetings once a week on subjects in the fields of chemistry, organic chemistry, biochemistry, instrumental analyses, and polymer science so that students
can learn about and conduct research in a wide range of areas. We take advantage of knowledge and technology from various academic disciplines including organic chemistry, inorganic chemistry, polymer science, molecular
biology, medicine, and pharmaceutical sciences, to conduct molecular design
and evaluation of new materials. Furthermore, we hold weekly journal meetings, monthly report meetings, and interim report meetings twice a year.
Through these research and educational activities, we aim to cultivate
researchers who will play a leading role in functional materials research.

Research activity of this laboratory is focused on “Photonic Molecular
Science”, a new research field covering molecules, polymers, coordination
compounds and low-dimensional nanomaterials with advanced photo-functionality. We accept students who have been educated in related fields such
as chemistry, applied physics, material science and electronic engineering in
Japanese and overseas universities. Students are trained in organic and
inorganic syntheses and characterization methods, which are essential for
developing future advanced materials and devices with photo-functionality.
We welcome ambitious students with high motivation, flexibility, and
positive attitudes to address new scientific challenges while taking advantage
of their educational backgrounds and scientific interests in materials science.

Fig. 1

1. Biocompatible coatings based on precisely designed polymers

Fig. 2

2. Development of helical polymers for gene and drug carriers
3. Analysis of gene expression mechanisms in cells exerted by low-temperature
plasma irradiation

Molecular- and nanoparticle-based devices show promise as active elements
in future information science and technology for communication, memory,
sensing and display. Our research interests are focused on new photo-functional
molecular and nanoscale materials which actively interact with photons. Our
research subjects include photo-responsive molecules (Fig .1), π-conjugated
molecules, nanoparticles and nanowires (Fig. 2), intelligent fluorescence
sensors (Fig .3), nanocarbons, and circularly polarized light-emitting materials.

Fig. 2 Flexible thermoelectric sheet
based on p-type and n-type carbon
nanotubes

Recent Research Papers and Achievements

Recent Research Papers and Achievements
1. Kusumastuti Y, Shibasaki Y, Hirohara S, Kobayashi M, Terada K, Ando T,
Tanihara M; “Encapsulation of rat bone marrow stromal cells using a polyion
complex gel of chitosan and succinylated poly(Pro-Hyp-Gly) ” J Tissue Eng
Regen Med, 2015 Jan 28. doi: 10.1002/term.1987
2. Totani M, Ando T, Terada K, Terashima T, Kim I-Y, Ohtsuki C, Xi C,
Kuroda K, Tanihara M; “Utilization of star-shaped polymer architecture in
the creation of high-density polymer brush coatings for the prevention of
platelet and bacteria adhesion,” Biomat Sci 2(9), 1172-1185, 2014
3. Kusumaatmaja A, Ando T, Terada K, Hirohara S, Nakashima T, Kawai T,
Terashima T, Tanihara M, “Synthesis and photoproperties of Eu(III)-bearing
star polymers as luminescent materials.” J Polym Sci Part A: Polym Chem
51(12), 2527-2535, 2013
4. Kumagai S, Chang C-Y, Jeong J, Kobayashi M, Shimizu T, Sasaki M;
“Development of plasma-on-chip: Plasma treatment for individual cells
cultured in media” Jap J Appl Phys 55, 01AF01, 2016

Fig. 1 Schematic illustration for photoisomerization reactions of our unique
photochromic molecule, which exhibits
photoreaction with quantum yield of
unity, a “photon-quantitative reaction”

Research Themes

Research Themes
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Fig. 3

1. T. Nakashima, K. Tsuchie, R. Kanazawa, R. Li, S. Iijima, O. Galangau, T.
Kawai et al., “Self-Contained Photoacid Generator Triggered by Photocyclization of Triangle Terarylene Backbone”, J. Am. Chem. Soc. 137 70237026 (2015).
2. J. Kumar, H. Tsumatori, J. Yuasa, T. Kawai, T. Nakashima, “Self-Discriminating Termination of Chiral Supramolecular Polymerization: Tuning the
Length of Nanofiber”, Angew. Chem. Int. Ed. 54, 5943-5947 (2015).
3. Y. Taniguchi, T. Takishita, T. Kawai, T. Nakashima, “End-to-End Self-Assembly of Semiconductor Nanorods in Water by using an Amphiphilic Surface
Design”, Angew. Chem. Int. Ed., 55, 2083-2086 (2016).
4. Y. Nonoguchi, M. Nakano, T. Murayama, H. Hagino, S. Hama, K. Miyazaki,
R. Matsubara, M. Nakamura, T. Kawai, “Simple Salt-coordinated n-Type
Nanocarbon Materials Stable in Air”, Adv. Funct. Mater., 26, 3021-3028
(2016).
Fig. 3 Efficient emission of circularly
polarized luminescence from chiral
molecules and their use for sensing
bio-related compounds are studied
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URL: http://mswebs.naist.jp/english/courses/1432/

Prof.
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Assoc. Prof.
Naoki Aratani

Assist. Prof.
Mitsuharu Suzuki

Assist. Prof.
Hironobu Hayashi

E-mail { hyamada, aratani, msuzuki, hhayashi }@ms.naist.jp

Education and Research Activities in the Laboratory
The Photofunctional Organic Chemistry Laboratory was established on
January 1, 2011.
We focus on the development of functional organic materials including
organic semiconductors for photovoltaic cells and organic thin-film transistors, highly fluorescent dyes, etc. on the basis of organic synthesis. In particular, acenes and porphyrinoids are our current target compounds. Students at
our laboratory are encouraged to work independently and freely on their own
original research themes.
Research Themes
1. Synthesis of new functional acenes
Acenes typified by pentacene are known as excellent organic semiconductors. To make organic conducting materials that can be produced through
solution processes, we have developed the thermally and optically responsive
precursor methods. (Fig. 1)
2. Development of organic thin-film solar cells
We have been conducting joint research (CREST Program) with four groups
specializing in supramolecules, organic electronic devices, and molecular
spectroscopy to develop solution-processed low molecule-based thin-film
solar cells. (Fig. 2)
3. Synthesis of new porphyrinoids
Porphyrins are cyclic tetrapyrroles contained in photosynthetic reaction
centers or hemes, and are widely used as in-vivo or functional materials. We
have been synthesizing new porphyrinoids and studying their structures,
electronic characteristics, catalytic properties, etc. (Fig. 3)
4. Creation of unique carbon frameworks with remarkable optical/electronic properties
We have created various novel functional polycyclic aromatic hydrocarbons
(PAHs). These compounds have near-infrared absorption properties, intensive
light emission, or remarkable redox properties. (Fig. 4) We have also been
attempting to make porous crystalline materials and graphene nanoribbons
based on the novel PAHs.
Recent Research Papers and Achievements
1. M. Suzuki, Y. Yamaguchi, K. Takahashi, K. Takahira, T. Koganezawa, S.
Masuo, K.-i. Nakayama, H. Yamada, Photoprecursor Approach Enables
Preparation of Well-Performing Bulk-Heterojunction Layers Comprising a
Highly Aggregating Molecular Semiconductor, ACS Appl. Mater. Interfaces,
2016, 8, 8644.
2. A. Matsumoto, M. Suzuki, D. Kuzuhara, H. Hayashi, N. Aratani, H. Yamada,
Tetrabenzoperipentacene: Stable Five-Electron Donating Ability and a Discrete
Triple-Layered β-Graphite Form in the Solid State, Angew. Chem. Int. Ed.,
2015, 54, 8175.
3. T. Aotake, M. Suzuki, K. Tahara, D. Kuzuhara, N. Aratani, N. Tamai, H.
Yamada, An Optically and Thermally Switchable Electronic Structure Based
on an Anthracene–BODIPY Conjugate, Chem. Eur. J., 2015, 21, 4966.
4. Y. Yamaguchi, M. Suzuki, T. Motoyama, S. Sugii, C. Katagiri, K. Takahira,
S. Ikeda, H. Yamada, K.-i. Nakayama, Photoprecursor approach as an effective
means for preparing multilayer organic semiconducting thin films by solution
processes, Sci. Rep., 2014, 4, 7151.

Sensing Devices
URL: http://mswebs.naist.jp/LABs/yanagida/index-e.html

Prof.
Takayuki Yanagida

Assoc. Prof.
Noriaki Kawaguchi

Assist. Prof.
Go Okada

Sensing Devices

Photofunctional Organic Chemistry

Graduate School of Materials Science

E-mail { t-yanagida, n-kawaguchi, go-okada }@ms.naist.jp

Education and Research Activities in the Laboratory
1. Measurements of ionizing radiations (for example, X-rays, γ-rays, charged
particles and neutrons) using scintillators and dosimeters are our main focus
of research.
2. Key areas of our studies are radiation physics, inorganic luminescent materials and photo-physics. It is preferable if the prospective student has a good
understanding of physics described in the textbooks below.
・Solid state physics: Introduction to Solid State Physics (C. Kittel)
・Basic quantum mechanics: Principles of Quantum Mechanics (P. A. M. Dirac)
Fig. 1
Optically and thermally switchable
fluorophores

Fig. 2
A photoprecursor method for solution-processing of organic thin-film
devices

Fig. 1 Crystal, ceramic, and glass
materials under UV excitation

3. In our group, students are exposed to a wide range of experiments every
day, and they learn and achieve experimental techniques to measure various
ionizing radiations using inorganic phosphor materials. Typically, these phosphors (inorganic single crystals, ceramics and glasses) can be synthesized in
the lab, and a variety of radiation-induced effects are characterized over a
wide range of optical regions from VUV to NIR over a wide temperature
range, 4-800 K. Successful students may be involved in collaborative research
with major university and industrial partners in Japan and overseas.
Research Themes
1. Development of new scintillator materials and detectors for advanced
radiation measurements
We synthesize inorganic crystal, ceramic and glass scintillators and characterize the fundamental scintillation properties. Successful materials will be
further studied for state-of-the-art detectors.
2. Development of new dosimeter materials (OSL, TSL and RPL)
As for scintillator research, we synthesize inorganic crystals, ceramics and
glasses for novel dosimeter materials. Our facilities offer comprehensive
studies of different types of dosimetry. (OSL, TSL, and RPL)

Fig. 3
An organic photovoltaic cell with a
fullerene-linked tetrabenzoporphyrin
Molecular Nano Graphene !

Fig. 4
Novel functional PAH

3. Development of other phosphor materials
Besides radiation measurements, we also develop other types of phosphor
materials, e.g., long persistent luminescence and stress luminescence.
4. Ionizing radiation detector applications
Promising samples are further advanced to develop detector instruments for
medical, security and high energy physics applications.
Recent Research Papers and Achievements
1. Study of rare-earth-doped scintillators, T. Yanagida, Opt. Mat., 35 1987-1992
(2013).
2. Comparative study of ceramic and single crystal Ce:GAGG scintillator,
T. Yanagida, K. Kamada, Y. Fujimoto, H. Yagi, T. Yanagitani, Opt. Mat.,
35 2480-2485 (2013).
3. Development of X-ray induced afterglow characterization system, T. Yanagida,
Y. Fujimoto, T. Ito, K. Uchiyama, K. Mori, Appl. Phys. Exp., 7 062401 (2014).

Fig. 2 Outline of studies in this group,
from material synthesis to radiation
detectors
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Prof.
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Assoc. Prof.
Hiroaki Benten

Education and Research Activities in the Laboratory

Fig. 1 A novel design of a thermoelectric nanocomposite using biomolecular
junctions

Research Themes

1. Creation of “soft” thermoelectric materials
We are attempting to create novel thermoelectric materials and innovative flexible
thermoelectric generators to convert exhaust heat from the living environment and the
human body into electricity. We have found that the thermal conductivity of a carbon
nanotube composite decreases to 1/1000 by forming molecular junctions between
nanotubes with a specially designed protein (Fig. 1). We are also trying to elucidate
and control the Giant Seebeck Effect in organic semiconducting solids discovered in
our laboratory (Fig. 2) with the aid of advanced measurement techniques, theoretical
physics, and computational chemistry.
2. Elucidation of carrier transport mechanisms in organic semiconductors
We develop original characterization techniques, such as AFM Potentiometry, and
perform studies to deepen understanding of the structure and the electronic functions
of organic semiconductors.
3. Development of next-generation plastic solar cells
We develop next-generation solar cells based on semiconducting polymers. To elucidate the mechanisms that lead to photon-to-current energy conversion, functional
structures of the photovoltaic layer have been visualized at the nanometer scale by
conductive atomic force microscopy. (Fig. 3)
4. Development of flexible THz imaging devices using organic transistor structures
We are performing fundamental studies on the interaction of free carriers in organic
field-effect transistors with terahertz (THz) waves, aiming at the realization of
flexible THz imaging devices that utilize the band-edge potential fluctuation in organic thin films. (Fig. 4)

Fig. 2 Conceptual diagram of the Giant
Seebeck Effect: a specific current-heat
flow interaction in organic solids
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Assist. Prof.
Takanori Iino

Education and Research Activities in the Laboratory
The Bio-processing Engineering Laboratory promotes developmental
research on high-precision and fast manipulation methodologies for small
biological materials, in which ultra-short pulse laser technology is utilized.
When an intense femtosecond laser is focused in the vicinity of a micro-sized
biological micro-object in a water medium, an explosion of water is induced
at the laser focal point, and shock and stress waves due to the explosion are
acted as an impulsive force on the sample (Fig. 1). We have developed several
kinds of methodologies to manipulate single animal and plant cells utilizing
this impulsive force. In addition, this laser manipulation technology has been
combined with Atomic Force Microscope (AFM) and micro-fluidic chip
technologies. The AFM is applied to quantify the impulsive force and to
analyze the sample oscillation induced by the impulsive force. (Fig. 2) A
micro-fluidic chip is used to realize high-speed cell manipulation. For
instance, these methodologies are applied to clarify biomechanical interaction
between cells or proteins from a new perspective in order to further understand responsiveness of cells and living tissue under environment stress (Fig.
3). These activities aim to open new fields of life innovation and green innovation. The laboratory fosters human resources who have a broad knowledge
of engineering and science from areas ranging from physics and chemistry to
biology and medicine.

Fig. 1 Manipulation of microbeads by
laser impulse

Research Themes
1. Kinetics of local explosions in water induced by ultrashort laser pulses, and
its interaction with biological micro-objects
2. Development of new measurement methods to estimate internal stress in
living tissues utilizing ultrashort lasers and atomic force microscopes
3. Development of new cell manipulation techniques in micro-fluidic chips
4. Exploration of the responsiveness of cells and living tissues to the environment stress and its application to cell manipulation
Fig. 3 Functional structures for photovoltaic conversion in plastic solar cells

Recent Research Papers and Achievements

1. H. Kojima et al., “Giant Seebeck effect in pure fullerene thin films”, Appl. Phys.
Express 8 121301 (2015).
2. R. Matsubara et al., “Quantitative investigation of the effect of gate-dielectric surface
treatments on limiting factors of mobility in organic thin-film transistors”, J. Appl.
Phys. 118 175502 (2015).
3. M. Ito et al., “Enhancement of Thermoelectric Properties of Carbon Nanotube Composites
by Inserting Biomolecules at Nanotube Junctions”, Appl. Phys. Express 7 065102 (2014).

Assist. Prof.
Takeo Katayama

E-mail { hosokawa, tkatayam, i-takanori }@ms.naist.jp

E-mail { mnakamura, benten, kojimah }@ms.naist.jp

Let’s imagine electronic equipment that is easy to carry in a rolled state, a piece of
fabric that generates electricity from the human body or a paper-like solar battery that
generates electricity by choosing the most available light. Adding such unprecedented
electronic functions onto various “surfaces”, human life will become more comfortable and prosperous. We are pursuing the realization of such novel electronic devices
through studies elucidating unique interactions in organic solids and applying the
findings to the device functions using knowledge of solid-state physics, electronics,
surface science, polymer physics, and molecular science. Our laboratory utilizes
unique approaches made possible by our original evaluation apparatus and theoretical
calculations.
We determine individual research projects ranging from basic science to development of operable devices, depending on the interests and aptitudes of the students. We
foster independent thinking and a top-level mindset necessary for a researcher
through joint research with institutes in Japan and overseas. Thus, we aim to cultivate
researchers with a broad knowledge of science and a keen interest toward industrial
applications.

URL: http://mswebs.naist.jp/LABs/env_photo_greenbio/Index/index_e.html
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Bio-processing Engineering
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Graduate School of Materials Science

Fig. 4 An image of a baggage check
with the rollable THz-wave imaging
device

Recent Research Papers and Achievements
1. K. Oikawa, S. Matsunaga, S. Mano, M. Kondo, K. Yamada, M. Hayashi, T.
Kagawa, A. Kadota, W. Sakamoto, S. Higashi, M. Watanabe, T. Mitsui, A.
Shigemasa, T. Iino, Y. Hosokawa, M. Nishimura, “Physical interaction
between peroxisomes and chloroplasts elucidated by in situ laser analysis,”
Nature Plants, 2015, 1 15035.
2. Y. Hosokawa, M. Hagiyama, T. Iino, Y. Murakami, A. Ito, “Noncontact
etimation of intercellular breaking force using a femto-second laser impulse
quantified by atomic force microscopy,” Proc. Nat'l Acad. Sci. USA, 2011,
108, 1777-1782
3. Y. Hosokawa, H. Ochi, T. Iino, A. Hiraoka, M. Tanaka,“Photoporation of
biomolecules into single cells in living vertebrate embryos induced by a
femtosecond laser amplifier,” PLoS ONE, 2011, 6, e27677

Fig. 2 Nanometer scale vibration of
Zebrafish embryo induced by laser
impulse and detected by AFM

Fig. 3 Activation of cultured biological
cells by laser impulse
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Education and Research Activities in the Laboratory
In the Nanostructure Magnetism Laboratory, we use vacuum deposition and
sputtering methods to produce metallic magnetic thin and multilayer films,
and conduct basic research on magnetic phenomena specific to nanostructure
thin films and the relationship between the structure of thin films and magnetism. The laboratory is characterized by research on “nanostructure magnetism” with synchrotron radiation X-rays. We are developing an X-ray magnetic scattering technique that enables element-specific magnetic structure analysis through the improvement of measuring methods, sensitivity enhancement
and analysis precision.
Magnetic thin films and multilayer films with modulated structures at
nanoscale can produce various magnetic structures and magnetization
processes because of the effects of magnetic anisotropy in the individual magnetic layers, as well as the direct or indirect exchange coupling between the
magnetic layers. Thus, we elucidate element-specific magnetic structures and
vector magnetization processes by resonant X-ray magnetic scattering
techniques, and reveal the generation mechanism of magnetic functionalities.
In spin electronics, which is recently attracting attention, “magnetism in
nonmagnetic layers” or “magnetism of conduction electrons” is related to the
appearance of functionalities. The resonant X-ray magnetic scattering allows
us to study the magnetism in nonmagnetic layers without being affected by the
magnetism in ferromagnetic layers. We take advantage of these characteristics to advance our research on conduction electron magnetism.
In our laboratory, based on the specialized knowledge and experimental
technology of solid state physics, especially of magnetism obtained from the
above studies, we, for educational purposes, cultivate human resources with
the ability to discover problems, explore solutions, discuss issues logically,
give presentations on research results, and will demonstrate their ability in
companies, universities, and research institutions after graduation.

Recent Research Papers and Achievements
1. S. Amasaki, M. Tokunaga, K. Sano, K. Fukui, K. Kodama, and N. Hosoito,
“Induced Spin Polarization in the Au Layers of Fe/Au Multilayer in an Antiparallel Alignment State of Fe Magnetizations by Resonant X-ray Magnetic
Scattering at the Au L3 Absorption Edge”, J. Phys. Soc. Jpn. 84, 064704-1-8
(2015).
2. S. Uegaki, A. Yoshida, and N. Hosoito, “Depth Profile of Induced Magnetic
Polarization in Cu Layers of Co/Cu(111) Metallic Superlattices by Resonant
X-ray Magnetic Scattering at the Cu K Absorption Edge”, J. Phys. Soc. Jpn.
84, 034704-1-7 (2015).

Complex Molecular Systems
URL: http://mswebs.naist.jp/english/courses/2214/

URL: http://mswebs.naist.jp/english/courses/1434/

Research Themes
1. Induced magnetic structures of nonmagnetic layers and their vector magnetization processes in the oscillatory interlayer exchange coupling systems
such as Fe/Au and Co/Cu multilayers
2. Induced magnetic structures of nonmagnetic layers in the indirect exchange
bias systems such as CoO/Cu/Fe and CoO/Au/Fe trilayers
3. Induced magnetism of Pt layers in the Fe/Pt multilayers with perpendicular
magnetic anisotropy
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Education and Research Activities in the Laboratory
The concerted actions of various molecules result in high-order functions
that cannot be realized by individual molecules, as seen in various biological
systems. The Complex Molecular Systems Laboratory, established on April 1,
2015, currently focuses on the complex molecular systems involving multicomponent biological molecules such as proteins. Weakly and/or strongly
coupled proteins undergo regulatory dissociation and association in response
to external stimuli, thereby exhibiting advanced biological functions. To
determine the physicochemical properties of these molecular systems and to
create new functional molecular systems, our laboratory employs various
biophysical techniques, such as structural analysis using multiple probes
(x-ray, neutron, and electron), spectroscopic measurements, protein engineering, and theoretical analysis.
Multidisciplinary knowledge is essential to clearly understand the characteristics of these complex molecular systems. We welcome students with various
educational backgrounds such as physics, chemistry, material science, and
biology. By enabling students to work on their own research theme independently, we encourage them to develop their own interests and to learn
essential research skills, such as identifying problems to be solved, designing
experiments that will yield solutions, and comprehensively interpreting experimental results.

Fig. 1 Resonant X-ray magnetic scattering profiles in (a) parallel and (c)
antiparallel states of Fe magnetizations
measured near the Au L3 absorption
edge, and induced magnetic structures
of Au layers in (b) parallel and (d)
antiparallel states of Fe magnetizations.

Research Themes
1. Development of analytical methods to investigate complex molecular
systems (Fig. 1)
2. Investigation of the dynamical ordering of multi-component proteins (Fig. 2)
3. Creation of high-order self-assembled complex molecular systems (Fig. 2)
4. Detailed analysis of intramolecular actions in individual proteins responsible
for the dynamical ordering of complex molecular systems in higher-class
structural hierarchy (Fig. 3)
5. Development of rational molecular designs for novel synthetic proteins
Recent Research Papers and Achievements
1. Y. Yamazaki, T. Nagata, A. Terakita, H. Kandori, Y. Shichida, Y. Imamoto,
“Intramolecular Interactions That Induce Helical Rearrangement upon
Rhodopsin Activation: LIGHT-INDUCED STRUCTURAL CHANGES IN
METARHODOPSIN IIa PROBED BY CYSTEINE S-H STRETCHING
VIBRATIONS”, J. Biol. Chem. 289 13792-13800 (2014).
2. F. Schotte, H. S. Cho, V. R. I. Kaila, H. Kamikubo, N. Dashdorj, E. R. Henry,
T. J. Graber, R. Henning, M. Wulff, G. Hummer, M. Kataoka, P. A. Anfinrud,
“Watching a signaling protein function in real time via 100-ps time-resolved
Laue crystallography”, Proc. Natl. Acad. Sci. USA 109 19256-19261 (2012).
3. S. Kato, H. Kamikubo, S. Hirano, Y. Yamazaki, M. Kataoka, “Nonlocal
interaction responsible for the tertiary structural formation of Staphylococcal
nuclease”, Biophys. J. 98 678-786 (2010).
4. S. Yamaguchi, H. Kamikubo, K. Kurihara, R. Kuroki, N. Niimura, N. Shimizu
Y. Yamazaki, M. Kataoka, “Low-barrier hydrogen bond in photoactive yellow
protein”, Proc. Natl. Acad. Sci. USA 106 440-444 (2009).

Complex Molecular Systems

Nanostructure Magnetism

Graduate School of Materials Science

Fig. 1 Micro-fluidics based analyzer
equipped for structure/interaction
analysis of complex molecular
systems

Fig. 2 Biological complex molecular
systems

Fig. 3 Protonics in protein molecules
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Education and Research Activities in the Laboratory

Fig. 1 Visualization of atomic structures
by photoelectron holography

Recent Research Papers and Achievements
1. F. Matsui, N. Maejima, H. Matsui, H. Nishikawa, H. Daimon, T. Matsushita,
M. Muntwiler, R. Stania, Roland , T. Greber, “Circular Dichroism in Cu
Resonant Auger Electron Diffraction”, Zeitschrift für Physikalische Chemie,
230 (2016) 519-535.
2. F. Matsui, M. Fujita, T. Ohta, N. Maejima, H. Matsui, H. Nishikawa,
T. Matsushita, H. Daimon, "Selective Detection of Angular-MomentumPolarized Auger Electrons by Atomic Stereography" Phys. Rev. Lett. 114,
015501 (2015).
3. F. Matsui, T. Matsushita, H. Daimon,"Photoelectron structure factor and
diffraction spectroscopy"J. Electron Spectroscopy and Related Phenomena
195, 347 (2014).
4. S. Roth, F. Matsui, T. Greber, J. Osterwalder, "Chemical Vapor Deposition
and Characterization of Aligned and Incommensurate Graphene/Hexagonal
Boron Nitride Heterostack on Cu(111)" Nano Letters 13, 2668 (2013).
5. F. Matsui, T. Matsushita, Y. Kato, F. Z. Guo, M. Hashimoto, K. Inaji,
H. Daimon, "Atomic-layer resolved magnetic and electronic structure
analysis of Ni thin film on a Cu(001) surface by diffraction spectroscopy"
Phys. Rev. Lett. 100, 207201 (2008).

Based on the concept of “molecular technology”, this laboratory was established in 2015 to conduct research on functional materials and nanomaterials
in the field of polymer chemistry. Students who are interested in polymer
synthesis and nanomaterials are welcome. The development of functional
polymer materials requires knowledge of organic synthesis, analytical methods, and materials design, all of which are covered in the laboratory. We offer
thorough education to prepare students to become researchers through discussions, presentations, and participation in academic conferences and meetings.

Fig. 1

Research Themes
We aim to create functional polymer materials through the application of
“molecular technology”. In this laboratory, high-performance polymers and
functional polymers are prepared by various approaches such as molecular
design, polymer structure control, and effective polymer-polymer interaction.

Research Themes
1. Revealing unique phenomena related to photoelectron diffraction and
developing new analysis methods based on such phenomena
2. Construction of a new projection type electron analyzer: PESCATORA
3. Atomic level characterization of local structure and properties of functional
material interfaces
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URL: http://mswebs.naist.jp/LABs/ajiro/english.html

Assoc. Prof.
Fumihiko Matsui

Education and Research Activities in the Laboratory
Our laboratory investigates nano-scale structures and their properties at the
surface based on spectroscopy and diffraction methods using originally developed electron analyzers.
At the interface where two different materials meet, unique electronic and
magnetic phenomena such as photovoltaic and rectification effects appear,
owing to structural anisotropy and interface-specific composition. Such
nano-scale regions become good active reaction sites for catalysis. We investigate local electronic properties by a non-destructive, atomic site-specific
method: photoelectron diffraction spectroscopy. The purpose of our research
is to provide useful knowledge for developing and improving new devices for
green innovation based on these interface phenomena.
Thanks to many collaborators abroad as well as in Japan, we promote our
research using synchrotron facilities. We contribute to the operation of the
unique photoelectron diffraction station at SPring-8, Japan. We also have
strong ties with the photoelectron diffraction group at Swiss Light Source.

Nanomaterials and Polymer Chemistry

Nanomaterials and Polymer Chemistry

Green Nanosystem

Graduate School of Materials Science

Fig. 2 Discovery and investigation of
new phenomena. (a) inverse contrast
in an energy loss electron. (b)
Circular dichroism in resonant Auger
electron diffraction.

1. Biocompatible polymers / Bioabsrobable polymers
Trimethylene carbonate derivatives and N-vinylamide derivatives, for example, are selected as biomaterial application. (Fig. 1)
2. Stimuli-responsive polymers
Thermal, pH, and light are used for stimuli-responsive polymer materials,
which change their chemical and physical properties. (Fig. 2)
3. Nanostructure control
Nanoparticles, nanofibers, and nanofilms are design and prepared using
polymer-polymer interactions, such as van der Waals and electrostatic interactions. (Fig. 3)

Fig. 2

Recent Research Papers and Achievements
1. Y. Haramiishi, N. Chanthaset, K. Kan, M. Akashi, H. Ajiro*, “Contrast
Effect on Hydrolysis of Poly(trimethylene carbonate) Depending on
Accelerated Species Due To the Hydrophilic Oligo(ethylene glycol) Units
at Side Groups Polymer Degradation and Stability”, Polym. Degrad. Stab.
accepted on 29th May 2016.
2. R. Kawatani, K. Kan, M.A. Kelland, M. Akashi, H. Ajiro*, “Remarkable
Effect on Thermosensitive Behavior Regarding Alkylation at the Amide
Position of Poly(N-vinylamide)s”, Chem. Lett. accepted on 26th February 2016.
3. H. Ajiro*, S. Ito, K. Kan, M. Akashi*, “Catechin Modified Polylactide
Stereocomplex at Chain End Improved Antibiobacterial Property”, Macromol.
Biosci. 2016, 16(5), 694.
4. H. Ajiro*, A. Kuroda, K. Kan, M. Akashi*, “Stereocomplex Film Using
Triblock Copolymers of Polylactide and Poly(ethylene glycol) Retain Paxlitaxel
on Substrates by Aqueous Inkjet System”, Langmuir, 2015, 31(38), 10583.
Fig. 3 The new original analyzer
PESCATORA

Fig. 3
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Education and Research Activities in the Laboratory
We aim to cultivate researchers who will carry out investigations on new
physical phenomena and devices at the mesoscopic scale, and who will
promote interdisciplinary research and open up new research areas. In the
master’s program, we first provide students with a basic education in order for
them to grasp the reasons why our research is necessary for society, and why
research in science and technology is essential for the development of humankind. Then, based on this education, students participate in our research activities in mesoscopic and nano fields, experiencing the joy of new discoveries
and skilled manufacturing through experiments. Thus, we nurture researchers
who can take on basic responsibilities in the development of new science and
technology.
In the doctoral program, we not only provide guidance on specific research
themes but also clarify the difference between science and engineering, thus
providing students with adequate guidance so that they can, in a balanced
manner, utilize both a scientific mindset that leads to paradigm shifts, and
engineering knowledge that serves to realize scientific ideas.
Research Themes
We conduct research on exotic devices utilizing new physical phenomena in
the mesoscopic region. Specifically, we are conducting research on bio-molecular devices that combine biotechnology and semiconductor technology,
and on energy conversion devices using strongly-correlated electronic materials that take advantage of thin-film technology.
1. Bio nanoelectronics
Integration of biomaterials and semiconductor technology research
2. Strongly correlated electronic materials
Research of novel devices utilizing cross-correlated phenomena
Recent Research Papers and Achievements
1. K. Iwahori, M. Yamane, S. Fujita, and I. Yamashita, “Synthesizing CdSe
nanoparticles by using a low concentration of cadmium ions and the apoferritin
protein cage of marine pennate diatoms”, Mater. Lett. 160 154-157 (2015).
2. I. Fujii, S. Tagata, T. Nakao, N. Koyama, H. Adachi, and T. Wada, “Fabrication
of (K,Na)NbO3 films on SrRuO3/(001)SrTiO3 substrates by pulsed laser
deposition”, Jpn. J. Appl. Phys. 54 (10) 10NA13 (2015).
3. I. Inoue, H. Yamauchi, N. Okamoto, K. Toyoda, M. Horita, Y. Ishikawa, H.
Yasueda, Y. Uraoka, and I. Yamashita, “Thermo-stable carbon nanotube-TiO2
nanocompsite as electron highways in dye-sensitized solar cell produced by
bio-nano-process”, Nanotechnology 26 (28) 285601 (2015).
4. K. Wasa, T. Matsushima, H. Adachi, T. Matsunaga, T. Yanagitani, and T.
Yamamoto, “High-Tc/high-coupling relaxed PZT-based single crystal thin
films”, J. Appl. Phys. 117 (12) 124106 (2015).
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Adjunct Assoc. Prof.
Noboru Iwata

E-mail { makoto.izumi, iwata.noboru }@sharp.co.jp

Education and Research Activities in the Laboratory
The Intelligent Materials Science Laboratory has two faculty members who
independently conduct research on new devices and materials in their own
specialized fields, including research on power management system technology, nano-sized materials such as Quantum dot compound semiconductors for
light emitting diodes (LEDs) or new-type photovoltaic, and p-type oxide for
transparent and flexible TFTs.

Intelligent Materials Science

Mesoscopic Materials Science

Graduate School of Materials Science

Fig. 1
Fig. 1 A conceptual illustration of
nano-device fabrication using a bio
nano process (BNP)

Fig. 2 A conceptual illustration of
strongly correlated electronic materials and the layer-controlled thermoelectric thin film structure

Research Themes
1. Power management system technology
The issues concerning the global environment and fossil fuel exhaustion
have been promoting requirements for energy saving and the usage of natural
energies such as photovoltaic generation. To contribute to these social
demands, we study intelligent power supply units with novel circuits/devices
and control architecture for high energy-conversion efficiency and highly
reliable operation with various power sources including solar power.
2. Nano-sized materials
Electronic characteristics of semiconducting materials are entirely different
from bulk materials due to quantum effects when crystal structures are
controlled in a microscopic region ranging from atomic to several nanometers
in size. We are studying functional materials that can sensitively show macroscopic responses to external stimuli such as light, electric fields, and magnetic
fields through controlling electronic level or phase transition.
3. Oxide semiconductors
Flexible semiconductor devices are widely expected for future displays,
photovoltaics, and sensors. We are studying thin film amorphous oxide semiconductors with high carrier mobility based on the physical vapor deposition
(PVD) method. The main topics here are the creation of transparent p-type
semiconductors and investigations of organic-inorganic hybrid p-n junctions.

Fig. 2

Explanatory Pictures of Research Activities
1. Organic vacuum deposition apparatus (Fig. 1)
2. Analytical equipment for power management systems (Fig. 2)
Recent Research Papers and Achievements
1. Signal equalization and reproduction from amplitude information
through the use of the frequency response of an optical disc system
・T. Okumura, T. Numata, J. Akiyama, S. Maeda, T. Yamaguchi, A. Takahashi,
“Method for Evaluating Partial Response Maximum Likelihood System
Performance Using Sequenced Amplitude Margin,” Jpn. J. Appl. Phys.
Vol.41, pp.1783-1784 (2002)
2. Super-resolution reproduction through the use of changes in optical
characteristics due to temperature at the absorption edge of zinc oxide
・M. Yamamoto, G. Mori, H. Tajima, N. Takamori, A. Takahashi, “SuperResolution Optical Disc with High Readout Stability Using Zinc Oxide
Thin Film,” Jpn. J. Appl. Phys. Vol.43, pp.4959-4963 (2004)
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URL: http://mswebs.naist.jp/english/courses/1455/

Adjunct Prof.
Takahiro Honda

Adjunct Prof.
Hiroshi Enomoto

E-mail { aonoh, hondat }@ms.naist.jp, hiroshi.enomoto@santen.co.jp

Fig. 1 Compounds synthesized in our
laboratory

Research Themes
1. Drug Discovery Project
The Functional Polymer Science Laboratory, a collaboration course between
Santen Pharmaceutical Co., Ltd. and Nara Institute of Science and Technology, has been conducting research activity since April 2005. Our main research
themes are basic synthetic organic chemistry for drug discovery and the
search for candidate compounds to develop new medicinal drugs with unique
structures (Fig. 1).

Fig. 2 New DDS for eye disease

2. New Drug Delivery System Project
We also have been investigating a new drug delivery system (DDS) for the
treatment of eye disease. Now especially, sustained-release type DDS using
inactive ingredients are being studied to treat diseases of the posterior chamber of the eye (Fig. 2 & 3).
Recent Research Papers and Achievements
1. T. Honda, et al. Bioorg. Med. Chem. Lett. 18, 2939 (2008).
2. T. Honda, et al. Bioorg. Med. Chem. 17, 699 (2009).
3. H. Tajima, et al. Bioorg. Med. Chem. Lett. 20, 7234 (2010).
4. H. Tajima, et al. Bioorg. Med. Chem. Lett. 21, 1232 (2011).
5. T. Honda, et al. Bioorg. Med. Chem. Lett. 21, 1782 (2011).
6. N. Kojima, et al.: Development of a novel in situ depot system using low
molecular weight gelators. General Oral Presentation (27R-pm04), The
135th Annual Meeting of the Pharmaceutical Society of Japan in Kobe
(March, 2015).
7. K. Kudo, Heterocycles, 91, 1591 (2015).

(with Research Institute of Innovative Technology for the Earth)

Adjunct Prof.
Kazuya Goto

Adjunct Assoc. Prof.
Hidetaka Yamada

E-mail { yogo, goto.ka, hyamada }@rite.or.jp

Education and Research Activities in the Laboratory
1. Educational Purposes
We cultivate human resources with the ability to identify and solve research
challenges, as well as those who can contribute to society through research
activities in drug discovery based on synthetic organic chemistry. We provide
research and education aiming to develop human resources who dream of
performing skilled manufacturing and spare no effort in achieving their
dreams. Thus, we place emphasis on the understanding of research backgrounds and positioning, experimental design and techniques, result analysis,
discussion, and how to derive conclusions.

Ecomaterial Science

URL: http://mswebs.naist.jp/english/courses/1457/

Adjunct Prof.
Katsunori Yogo

Adjunct Assoc. Prof.
Komei Okabe

2. Guiding Principle
We provide guidance to students so that they can acquire the basic experimental capabilities to obtain correct and reliable data and, at the same time,
give consideration to safety and health during actual chemical experiments.
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Fig. 3 Injectable gel for DDS using
ascorbic acid ester derivative and its
SEM image

Education and Research Activities in the Laboratory
The Ecomaterial Science Laboratory, staffed by researchers of the Research
Institute of Innovative Technology for the Earth (RITE), provides research
and education on fundamental technologies to solve the global warming
issues. We endeavor to develop advanced materials for CO2 capture and
inorganic membranes for H2 energy production. Specifically, solid materials
(e.g. zeolite, mesoporous silica, MOF) have been investigated in order to
reduce the energy requirements and cost for CO2 capture. Concerning
CO2-free, H2-based energy systems generated by any renewable sources, it is
necessary to develop efficient processes for the dehydrogenation of chemical
hydrides such as methylcyclohexane or ammonia. We evaluate silica, zeolite
and palladium membranes for the processing of chemical hydrides.
In our laboratory, we normally provide our students with OJT (on-the-job
training) education through the projects conducted in RITE. The students can
deepen their understanding of social contexts, causes and countermeasures
concerning global environmental issues. They also learn fundamental knowledge of material science in relevant subjects such as physical chemistry,
organic/inorganic chemistry, synthesis, and chemical engineering.
Research Themes
1. Development of CO2 capture technologies
Research on high-performance and energy-saving materials for gas separation in the fields of greenhouse gas mitigation, air quality control in space
stations, etc.
・ zeolite
・ mesoporous materials
・ polymeric materials
・ metal organic framework (MOF)
2. Development of inorganic membranes for an H2 energy society
Research on various separation membranes for use of inorganic materials.
・ palladium (Pd) membranes
・ zeolite membranes
・ chemical vapor deposition (CVD) based silica membranes
3. Computer-aided material development
Multi-scale simulations playing an important role in material developments.
・ quantum chemical calculation
・ molecular dynamics (MD)
・ process simulation
Recent Research Papers and Achievements
1. D. S. Dao, H. Yamada, and K. Yogo, “Response surface optimization of
impregnation of blended amines into mesoporous silica for high-performance
CO2 capture”, Energy & Fuels, 29, pp.985−992 (2015).
2. M. Miyamoto, T. Nakatani, Y. Fujioka, K.Yogo “Verified synthesis of pure
silica CHA-type zeolite in fluorite media”, Microporous and Mesoporous
Materials, 206, pp.67-74 (2015).
3. K. Yogo, H. Takeyama and K. Nagata, “Pore-fill-type palladium-porous
alumina composite membrane for hydrogen separation”, Energy Procedia,
37, pp.1104-1108 (2013).
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Fig. 1 CO2 separation and capture technologies

Fig. 2 Novel palladium (Pd) membrane
for H2 separation
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We are advancing our research on sensor and device-related fundamental technologies
such as microfabrication. We take advantage of these technologies to then conduct
research on various devices such as electrophoresis chips, cell culture chips (Fig.1),
microreactors, electro-osmotic pumps, and vapor-liquid separation chips. Additionally,
we are also furthering research on molecular imaging technology (Fig.2) and X-ray
image sensor systems (Fig.3) to be applied in the medical diagnosis field, as well as
working on the integration of these technologies to realize highly functional ultra micro
chemical analysis systems (μTAS: Micro Total Analysis Systems).
Fig. 1 Cell culture chips

Fig. 2 Molecular imaging probe
”Lactosome” for cancer (→ : cancer)

Recent Research Papers and Achievements

1. Y. Kakimoto et al., “The Effects of Ar Plasma Etching and UV Ozone Treatment
on Single-crystal CdTe”, The 63th JSAP Spring Meeting, Tokyo Institute of Technology,
Tokyo, Japan (2016).
2. T. Okamoto et al., “Deposition of Cl-doped CdTe polycrystalline films by closespaced sublimation”, Phys. Status Solidi. C12(6), 532–535 (2015).
3. T. Okamoto et al., “Deposition of polycrystalline Cd1-xZnx Te films on ZnTe/graphite
and graphite substrates by close-spaced sublimation”, Phys. Status Solidi. C11 (7-8),
1178-1181 (2014).
4. S. Okuyama et al., “Formation of CdS/CdZnTe, ZnS/CdZnTe hetero junction by
solution growth method”, The 61th JSAP Spring Meeting, Aoyama Gakuin University,
Kanagawa, Japan (2014).
5. Y Yamakawa et al., “Development of a dual-head mobile DOI-TOF PET system
having multi-modality compatibility”, Nuclear Science Symposium and Medical
Imaging Conference (NSS/MIC), Seattle, WA, USA (2014).
6. KK. Miyake et al., “Performance Evaluation of a New Dedicated Breast PET Scanner
Using NEMA NU4-2008 Standards”, Journal of Nuclear Medicine 55(7), 1198-203
(2014).
7. Y. Kimura et al., “Novel system using microliter order sample volume for measuring
arterial radioactivity concentrations in whole blood and plasma for mouse PET
dynamic study”, Physics in medicine and biology 58(22), 7889-903 (2013).
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Masanari Takahashi

E-mail { agari, fujiwara, masataka }@omtri.or.jp

Education and Research Activities in the Laboratory

Taking advantage of semiconductor manufacturing process technologies to apply
micromachining to silicon and glass substrates of sub-micron dimensions, we develop
functional devices with one-micron sized three dimensional structures that are used
for chemical analysis and chemical manipulation (reaction or extraction).
We are also active in the medical diagnosis field, focusing on molecular imaging
technology and X-ray imaging systems. We pursue the application of molecular imaging-related technologies such as the molecular design of molecular probes or microreactor based synthetic apparatuses, to medical diagnosis fields including cancer detection at its very early stage. X-ray imaging systems are an important technology in the
medical diagnosis field and are investigating a large area 2D X-ray detector composed
of a poly crystalline CdZnTe film, a thin film transistor array and read out electronics.
Our laboratory research themes include:
1. Microchemical analysis systems
2. Microreactors and micropumps
3. Molecular imaging
4. X-ray photoconductor materials: Poly crystalline growth and evaluation
5. X-ray imaging systems

URL: http://mswebs.naist.jp/english/courses/1462/
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Research Themes
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Fig. 3 An x-ray image sensor for
diagnosis

Education and Research Activities in the Laboratory
Polymers, ceramics and metals are materials used widely in industry. Their
applications are widespread from structural uses to a variety of functional
uses. We are devoted to developing these materials and their nanocomposites
to be applied in advanced industry. We focus on the nanostructure control of
the materials to realize next generation electronic, optical, and energy devices.
Another important challenge is the development of environmental-conscious
material processing technology. Our laboratory, located in the Osaka Municipal Technical Research Institute near the downtown area of Osaka city,
conducts intimate collaborations with engineers from private companies to
rapidly apply the developed materials to practical devices.
Research Themes
1. Transparent and highly thermal emissivity coating materials and highly
thermal conductive materials
Super hybrid materials with nanoparticles, made up of honeycomb structures
with co-continuous phases, have been developed to attain both a high thermal
emissivity and light transparency, or highly thermal conductivity (> 20 W/(m
K) or 10 W/(m K) with electric insulation).
2. Biomass polymer materials with unique properties
A group of environmental and functional polymer materials, poly(lactic acid),
is being developed to obtain mechanical properties comparable to polyethylene, which has good moisture permeability as well as being an air barrier. As
a result, poly (lactic acid) with approximately 1 of Mw/Mn can be synthesized.
3. Highly reliable wiring fabrication on flexible polymer substrates
The core technology to fabricate wiring pattern is selective polymer metallization using plating. Along with plating technology, nanoparticle fabrication
and the surface treatment of polymers are fully used to develop wiring with
controlled nanostructures at the metal/polymer interface.
4. Lithium ion batteries fully composed of ceramics
Our research is aimed at the development of an all solid state lithium ion
battery with high safety standards and high rechargeable capacity without
liquid leakage. Our approaches to fabricate this lithium ion battery are
economical and ecological techniques expected to be used in industry. Core
techniques employed are the aerosol deposition and the spray pyrolysis methods.
5. Control of morphology and structure of materials for electric devices
Nano-particles, nano-fibers, nano-rods, and nano-sheets are very important,
promising materials for the application of electric devices, energy storage,
energy conversion, and medical tools. We prepare a variety of nano-materials
such as oxides, sulfides, and nitrides, and we develop new industrial applications.
Recent Research Papers and Achievements
1. Y. Fujiwara, Y. Kobayashi, N. Higuchi, Y. Hoshiyama, and H. Miyake,
“Codeposition Mechanism in Sn/Ag Nanoparticle Composite Plating”,
Electrochim. Acta 89 623-630 (2013).
2. Y. Agari, H. Hirano, J. Kadota, K. Hasegawa, “Thermal conductivity of
boron nitride/phenol resin composite with honeycomb structure”, International Conference on Chemical and Molecular Engineering 2012 (Zürich).
3. M. Takahashi, J. Tani, H. Kido, A. Hayashi, K. Tadanaga, and M. Tatsumisago,
“Thin Film Electrode Materials Li4Ti5O12 and LiCoO2 Prepared by Spray
Pyrolysis Method”, 2011 IOP Conf. Ser. Mater. Sci. Eng., 18, 122004.
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Fig. 1 Core-shell particles of phenol
resin particles covered with thermal
conductive BN nanoparticles, which
can be made of highly thermal
conductive honeycomb structures

Fig. 2 A highly reliable nanostructure
for wiring fabrication on a transparent
polyimide substrate: a nano-interlocked structure of polyimide and Ag
nanoparticles is formed at the
interface.

Fig. 3 A cross-section of an all solid
state lithium ion battery. The layer by
layer structure is composed of a
positive electrode (LiFePO4), a solid
state electrolyte (Li7SiPO7), and a
negative electrode (Li4Ti5O12).
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Education and Research Activities in the Laboratory
We promote seminal research for the creation of human life support systems
in the “Humanophilic Innovation Project”. With this approach, we endeavor
to create novel interdisciplinary research integrating the fields of material,
biological and information science, and to produce researchers and engineers
capable of solving the complicated problems facing the world and in the
future. These achievements will be applied to develop new support systems
for social activities such as agriculture and nursing care, in order to address
the needs created by a low birth rate and an aging population.
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Time-of-Flight Mass
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MALDI-TOF Mass
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DART Mass
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Wide-angle
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Humanophilic Innovation Project
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(LVSEM)

Fig. 1 Development of monitoring
technology for biological activity.
Monitoring brain activity and action of
a mouse with a micro photonic
device.

Research Themes
1. Development of monitoring technology for biological activity
• Development of micro photonic device systems for organisms
• Application of monitoring technology with portable devices
2. Development of ecological device systems
• Construction of nano devices using organic super molecules
• Production of green materials using synthetic biology
3. Creation of human life support systems
• Application of ubiquitous computing systems
• Integration of achievements in monitoring technology and ecological device
systems
Recent Research Papers and Achievements
1. Endo H. et al. Plant Cell Physiol, 56, 242-252, 2015
2. Xu B. et al., Science, 343, 1505-1508, 2014
3. He C. and Uraoka Y, Mater. Res. Exp. 1 045410, 2014

Fig. 2 Development of ecological
device systems. Micrographs of a
cell wall of Arabidopsis mutant’s
modified production of cellulose as a
green material by genome breeding.

Fig.2
LTQ-Orbitrap
TSQ-Vantage

XL

and

Fig. 3 Development of ecological
device systems. Controlling density
of the organic super molecule ferritin
for development of new eco devices.

Fig. 4 Creation of human life support
systems. Demonstration of a context
awareness system and monitoring of
human activity in a “smart home”.
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Single Crystal
X-ray Diffractometer and
Structure Analysis System

Small-angle
X-ray Scattering
Diffractometer

600MHz
Nuclear Magnetic Resonance

Spectroscopic
Ellipsometer

Photoluminescence
Lifetime Measurement
System

Elemental Analysis

500MHz
Nuclear Magnetic Resonance

400MHz Solid-state
Nuclear Magnetic Resonance

Electron Spin Resonance

Inductively Coupled Plasma
Mass Spectrometer

Differential Scanning Calorimeter /
Simultaneous Thermogravimetric
Analyzer

Photoelectron Yield
Spectroscopy

(500MHz NMR)

(SAXD)

(600MHz NMR)

(ESR)

(400MHz Solid-state NMR)

(ICP-MS)
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(EA)

(PYS)

(DSC / TG-DTA)

Electron Probe
MicroAnalyser

Secondary
Ion Mass Spectrometer

X-ray Photoelectron
Spectroscope

Electron Beam
Lithography Exposure

Projection Aligner

Micro Raman
Spectrometer

Circular Dichroism
Spectropolarimeter

Dynamic Light Scattering
Spectrometer

High Purity Metal Sputter

Surface Profiler

(EPMA)
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(SIMS)

(CD)

(ESCA)

Oxide Complex Thin Film
Coating Apparatus

(DLS)
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