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March 1941

January 1943

January 1944

May 1949

April 1991

April 1992

April 2001
{

Research Institute of Mineral Dressing
and Metallurgy, Tohoku Imperial Univer-
sity was founded.

Research Institute for Scientific Measure-
ments, Tohoku Imperial University was
founded.

Chemical Research Institute of Non -
Aqueous Solution, Tohoku Imperial Uni-
versity was founded.

These three Institutes were reorganized
as research institutes affiliated to Tohoku
University.

Chemical Research Institute of Non -
Aqueous Solution was reorganized as
Institute for Chemical Reaction Science.

Research Institute of Mineral Dressing
and Metallurgy was reorganized as Insti-
tute for Advanced Materials Processing.

Research Institute for Scientific Measure-
ments, Institute for Chemical Reaction
Science, and Institute for Advanced
Materials Processing were restructured
and consolidated as Institute of Multidisci-
plinary Research for Advanced Materials
(IMRAM) .
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INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

Our institute, Institute of Multidisciplinary Research for Advanced Materials,
IMRAM, is called TAGEN-KEN in Japanese. It takes 14 years from its
foundation, April 2001. Nowadays, it will be widely known, since the research
in our institute has been carried out over “Multidisciplinary” fields of science
and engineering for materials. Our basis unfailingly is in the successor of
three prestigious research institutes of Tohoku university: SENKEN (Research
Institute of Mineral Dressing and Metallurgy)-SOZAIKEN (Institute for
Advanced Materials Processing), KAKEN (Research Institute for Scientific
Measurements) and HISUIKEN (Chemical Research Institute of Non -
Aqgueous Solution-) -HANNOUKEN (Institute for Chemical Reaction Science).
SENKEN was established in 1941, KAKEN was in 1943 and HISUIKEN
was in 1944. So, 70 years have passed since the foundation of the former
three institutes. Their research spirit will be passed down to us so that the
knowledge and experience integrated from prestigious institutes allow us to
establish so many collaborations between members of our institute so that
a plenty of noticeable research results have been achieved. The projects
are exemplified by High Efficiency Rare Elements Extraction Technology,
Transmission Electron Microscopy, and Supercritical Nanofluid Technology.
Our institute has started the activity as a member of the new Network
Joint Research Center for Materials and Devise from 2010, composed of
five national university institutes, Research Institute of Electronic Science
(RIES, Denshiken) in Hokkaido Univ., Chemical Resources Laboratory (CRL,
Shigennken) in Tokyo Institute of Technology, Institute of Science and Industrial
Research (ISIR, Sanken) in Osaka Univ., and Institute for Materials Chemistry
and Engineering (IMCE, Sendouken) in Kyushu Univ. This network is open
to anyone in Japan and the world including colleges, institutes and private
companies, who wishes to collaborate with the institutes. Based on these
five institutes, the "Nano-Macro Materials, Devices and System Research
Alliance" was also founded as a unigue 6-year national project starting form
2010 fiscal year for the purpose of strategic development of materials, devices
and systems, based upon a concept of "Fusion from nano- to macro-leveled
materials" and their deployment in the new technologies as a foundation of the
new industries.

The collaboration between departments of Tohoku Univ. is now very active
and significant so as to lead to excellent successes on material science and
engineering. The Materials Solution Center was founded on 2014 on the
purpose of an industry-academia collaboration research. Our institute wishes to
continue to collaborate with the other departments, School of Science, School
of Engineering, Graduate School of Life Sciences, and Graduate School of
Environmental Studies.

Four years have passed since the Great East Japan Earthquake on March
11, 2011. We contribute our efforts to attain the reconstruction through
material science and technology as well as to produce researchers and
engineers useful to the nation. We will proceed further advance in the field of
Multidisciplinary Research for Advanced Materials.
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Synthesis of Organic Functional Molecules

RS FBEME DT

Biomolecular Structure
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Nano Biophysics
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NAGATSUGI Lab

HWEMARE

INABA. Lab
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TAKAHASHI S. Lab(C)
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| Design and synthesis of functional molecules for
regulation of gene expression

| IDevelopment of functional oligonucleotides for
artificial regulation of gene expression

LR EMECEMRIET

Functional Photochemistry and Chemical Biology
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|_IStructure, mechanism, and physiological function
of the protein disulfide bond formation/cleavage
network involved in protein quality control

[_IStructure, mechanism, and physiological function

of membrane transporters involved in the metal
ion homeostasis in cells

MEBMFEE

WADA Lab
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| Development of external stimuli responsible arti-
ficial nucleic acids

[ |Creation of intra-cellular environment change
responsible functional molecules

| ICreation of cancer cell specific oligonucleotide
therapeutic molecules

[ ISupramolecular Asymmetric Photochirogenesis
with biopolymers and bio-molecules as a nano-
chiral reaction media

RIS F AR DT

Bioinspired Synthetic Chemistry
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WADA Lab(C
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| _Development of Synthetic Molecular Machines

| Development of Functional Molecules by Chemical
Modification of Biological Molecules

[ _IChemical Biology

| _ISpin Photochemistry
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Structural Biology and Bioinorganic Chemistry

HWEMARE (Gk)

INABA Lab(C)
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|| Reaction analysis of canonical heme-degrading
enzymes including mechanism-based search of
novel reactions

|| Elucidation of unique heme degradation in patho-
genic bacteriae

|| Structure-function relationships of metalloen-
zymes related to catabolism of biological pig-
ments

[ I Ligand binding properties related to physiologi-

cal functions of heme-dependent transcriptional
factors
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[ Measurement of movement of bio molecules at the
single molecule level

[ IDevelopments of nano measurement system
based on optical microscope

| IApplication of carbon nanotube to bio-
nano-measurement systems
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Biological and Molecular Dynamics
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TAKAHASHI S. Lab
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[ Dynamics of protein folding based on single mol-
ecule fluorescence spectroscopy

[_ISliding motion of a tumor suppressor p53 along
DNA

| Development of a new strategy of protein design
based on single molecule sorting device

e
FEPT

DIVISION OF ORGANIC- AND BIO-MATERIALS RESEARCH

Research activities of our-division include design and synthesis of novel molecules for-controlling biomolecular and cellu-
lar function, development of single molecular methods for elucidation of mechanism of biologically relevant macromole-
cules, and biochemical -and biophysical studies for understanding enzyme mechanisms of physiological significance.
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Synthesis of Organic Functional
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Fumi NAGATSUGI, Professor

Molecules
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Takatoshi MATSUMOTO, Assistant Professor
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Kazumitsu ONIZUKA, Assistant Professor
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Ken YAMADA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

control of the gene expression ./ intelligent artificial nucleic acid ./ cross-linking
agents / non-coding RNA
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nagatugi@tagen.tohoku.ac.jp
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Development of intelligent molecules for the regulation of

gene expression in cells

Our research activities have focused on the
creation of functional molecules that exhibit
specific recognition and reaction to the DNA
and RNA. The functional oligonucleotides incor-
porating such intelligent agents would enable
chemical modulation of gene expression with
high sequence-selectivity at a single nucleoside
level. Recent progress in our group includes
achievement of highly efficient cross-linking re-
action with specificity toward cytosine at the
target site. We have applied the new cross-link-
ing agent to antisense inhibition of gene expres-
sion in cell. Now, we study about higher func-
tional intelligent molecules for regulation of

gene expression. We expect that our research
can be expanded to “In Cell Chemistry” in future.

Thymine Selective Cross-llnk/ng Agents
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Takehiko WADA, Professor

Yasuyuki ARAKI, Associate Professor

Seiji SAKAMOTO, Assistant Professor
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Functional Photochemistry
and Chemical Biology

WADA
Lab
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mmm SPECIALIZED FIELD - KEY WORD mmm

biomolecular chemistry ./ oligonucleotide therapeutics / external function controllable

material ~ CD measurement system with high sensitivity and high time resolution

hiko@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/labo/wada/index-j.html
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Design and Synthesis of Artificial Nucleic Acid and Protein
for Active Control of Cellular Function and Development of
High Sensitive & Time Resolve CD System

A chemical synthesis and modification of DNA/RNA
and proteins is the fundamental science and tech-
nology that has led the molecular biology revolution.
Hence, a chemistry of DNA/RNA and protein not
only in vitro but also in vivo expects to open new
generational stage of bioorganic chemistry and mo-
lecular biology. Therefore, focusing our
research interest mostly on the recosg-
nition and complexation behavior con-
trol of functional biopolymers, such as
DNA/RNA, proteins and their deriva-
tives by external factors, toward the
active control of cellular functions.

FINAFXFZNIT o5 —

Another research topics of Wada Lab. are reaction
control based on molecular recognition phenomena
in both the ground and electronically excited states;
we are pursuing mechanistic and synthetic studies
on asymmetric photochemistry with supramolecular
biopolymers as chiral reaction fields.
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Bioinspired Synthetic Chemistry

Ejé! B B Takehiko WADA, Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

organic chemistry /" biomimetic chemistry /" supramolecular chemistry / protein

engineering
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kinbara@tagen.tohoku.ac.jp
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Development of functional molecules inspired

by biological systems

We focus on the development of synthetic mole-
cules that are able to mimic or control the func-
tions of biological molecules. Our research in-
terests cover supramolecular chemistry,
biomimetic chemistry, and chemical biology. We
also have interests in integrating the functions
of synthetic molecules and biomacromolecules
through their chemical modifications to fabricate
unique functional materials, which are not ac-
cessible by usual synthetic molecules. Our re-
search activities also include spin chemistry of
photofunctional

materials.
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X-ray crystal structure analysis / cellular homeostasis / protein quality control
redox ./ calcium ion
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Toward elucidation of cellular mechanisms underlying
protein and metal ion homeostasis

The biological kingdoms have evolved elaborate by impairment of these cellular quality control
systems to maintain the cellular homeostasis.  systems.
Employing structural, biochemical, prot-
eomic and cell biological approaches, we
aim at deep understanding of mechanisms
by which protein quality and metal ion
concentration are controlled in living
cells. In particular, we focus on the pro-
tein disulfide bond formation network and
calcium ion transporters present in the
endoplasmic reticulum. Structural and
mechanistic insights gained in this work
will provide molecular views about how
neurodegenerative diseases are caused
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bioinorganic chemistry  metalloproteins ./ reaction mechanism " novel enzymatic
reactions
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Structure—function relationships and
novel reactions of metalloproteins

Structures and reaction mechanisms of proteins are
optimized for their functions, and metalloproteins in
particular would have special machinery to utilize
metal ions for their high activities and extended func-
tions. Our research endeavor focuses on elucidation
of structure-function relationships of metalloproteins
of physiological significance such as heme-degrading
enzymes by utilizing the power of advanced biochem-
ical and biophysical techniques, including protein en-
gineering, product and reaction analysis, spectro- alag
scopic measurements, and X-ray crystallography. We c°°
also aim to discover new biochemical reactions and bitiverdin

design novel reagents for our target proteins with ra- b EBERERIDOSENIFESR

tional strategy derived from our investigations.
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actomyosin /" bacteria / flagellar motor / chemotaxis
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Actomyosin motor. Myosin molecules interact with actin filament that is a
rail protein, and generate directed motion. Actomyosin motor

Elucidation of mechanism of bio molecule at single molecule
level by using optical microscope

In biological system, macromolecules in the nanom-  teria flagellar motor, signal transduction, and so
eter scale are key players in various physiological on, by novel
functions, including movement and signal transduc- equipments
tion. However, these mechanisms were not under-  being develop-
stood well still. In my laboratory, in order to under-  ing in my labo-
stand fundamental principle of mechanism of bio  ratory.
molecules, we are developing single molecule
measurements and imaging sys-
tems that are capable to measure
the movements of bio molecules
at nanometer, picoNewton scale.
Our goal is to determine the Tk, Bacteria flagelar motor
. ) NIFITRAEE—&—, BICHAAE N EHE—
mechanism of bio molecules, for B—PA A DFhEFE> T, BEEHETS,

| . " Chemotaxds system Bacterial flagellar motor. Rotary motor embed-
example, actomyosin motor, bac- ELMRES AT L Chemotaxis system ded in membrane rotates using flow of ions.
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Protein folding and design .~ Function of tumor suppressor p53  Single molecule fluo-
rescence spectroscopy
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Dynamics of protein folding and function based
on single molecule fluorescence spectroscopy

Proteins are natural machines that perform vari-
ous functions that sustain our lives. To be bio-
logically active, proteins, linear chains of amino
acids, need to form compact three dimensional
structures in the process called protein folding.
The folded structures of proteins are determined
by the primary sequence of amino acids. How-
ever, it is still extremely difficult to understand
the relationships among the amino acid se-
guence, the folded structure, and the function of
proteins. In our laboratory, we develop now sin-
gle molecule fluorescence spectroscopy and ob-
serve the rapid process of protein folding direct-
ly. In addition, we observe the functional

STMEARZ IR

dynamics, a sliding motion along DNA, of a tumor
suppressor p53. Furthermore, based on the
knowledge of protein
folding and function,
we are developing
a new strategy to
design artificial
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Computational Materials Thermodynamics
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Establishment of materials design base using
metastable states
Thermodynamic analysis on heterogeneous struc-
tures in metals
Investigation on thermodynamic properties of
alloy liquids
Investigation on metastable equilibria for ordered
structures using CEF
Thermodynamic analysis of multicomponent
phase diagrams for rare earth based permanent
magnets
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Microstructural Control of Functional Materials
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Local chemical analysis of advanced materials by
several surface analytical methods
Characterization and control of the local structure
of various iron oxides

Preparation of high-performance iron-based ma-
terials by controlling local deformation
Development of high-quality metallic alloys and
composites by controlling microscopic chemical
composition

Research on materials for sustainable resource
and clean energy
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Quantum Spin Physics
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Development of neutron inelastic spectroscopy
Development of analysis methods for spin excita-
tion spectra obtained in neutron spectroscopy
Novel macroscopic quantum phenomena in quan-
tum magnets
Antiferromagnetism and superconductivity in itin-

erant electron systems
Ordering and dynamics in aperiodic spin systems
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Nanoscale Magnetism and Devices
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Size effect on crystal phase of nanomagnets
Development of highly sensitive magnetic detec-
tion method
Nanostructuring technique using scanning probe
microscope
Physical properties & spin dynamics of single
nanomagnet
Designing & development of new materials with
giant magnetic anisotropy
Development of new technology for ultra high
density memory devices
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Chemical Reaction Engineering
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Synthesis of group-lll nitrides by the ammono-
thermal method
Thermophysical properties of ammonia solution
dissolving electrolyte
Development of immobilized ionic liquid catalyst
Development of the environment-conscious pro-

cess using ionic liquids
Transport properties of micro-nano fluids

=i R (L EMES T

High-temperature Physical Chemistry of Materials

_— =
fBILLRE
FUKUYAMA Lab
ZYFEAROERMR MBS
RIS AT LD
ERIEZERISHICE T2 7O RA8IH
R EAEEOEE{ e~ /07y
F 1T —ROBE%
Crystal growth and physical chemistry of nitride
semiconductors
Development of high-temperature thermophysical
property measurement system
Material processing using high-temperature chem-
ical reaction fields

Fabrication of ferromagnetic shape memory alloy
films and development of microactuator

M AL AZTERT

DIVISION OF INORGANIC MATERIAL RESEARCH

Division of Inorganic Material Research consists of laboratories of high purity -materials, metallurgical design for material
functions, environmentalinorganic materials-chemistry, microstructural control of functionalmaterials,design of advanced
inorganic materials; correlated-electron.solid-state physics, nanoscale magnetism and devices.
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Computational Materials
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Hiroshi OHTANI, Professor

Thermodynamics
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Kouji MIMURA, Associate Professor
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Masahito UCHIKOSHI, Assistant Professor

Lab
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Masanori ENOKI, Assistant Professor
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CALPHAD / first-principles calculations /" materials design ./ high-purity materials
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h.ohtani@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=88
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Development of new materials based on calculation of
thermodynamic properties using electronic theory

A remarkable development of electronic theory
calculation based on quantum mechanics has
made it possible to reproduce the thermodynamic
properties of materials in simulations. In our di-
vision, we are conducting studies on computing
the free energies of materials; the structures and
physical properties of grain boundaries and stack-
ing faults; and the thermodynamic properties of the
liquid and glassy phases by coupling first-princi-
ples calculations and cluster variation methods, as
well as quantum molecular dynamics. Furthermore,
the world’s highest-purity materials are produced
through a combination of chemical and physical
refining methods to confirm the calculated ther-

modynamic properties with high accuracy and to
develop new materials such as magnetic materials,
semiconductors, and lightweight materials based
on Mg and Al alloys.
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Ground state analysis using Genetic Algorithm
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functional materials /" alloys / oxides ,/ environmental materials

ssuzuki@tagen.tohoku.ac.jp

TOHOKU UNIVERSITY

Microstructural Control
of Functional Materials

SUZUKI
Lab
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Microstructural characterization and control of

functional alloys and oxides

Characterization and control of microscopic com-
position and structure are important in improve-
ment of performances of advanced alloys and ox-
ides having superior properties. In this laboratory,
various analytical methods using photons, elec-
trons and ions are applied for characterizing the
microscopic chemical composition and structure of
the advanced materials. Technological processes
for improving performances of the advanced mate-
rials are designed on the basis of the results. Main
subjects are characterization and control of the
structure of various metal particles and iron oxides
using advanced methods, control of microstruc-
ture and texture in novel alloys. Figure 1 shows

microstructure of a deformed shape memory alloy,
in which a part of matrix is transformed to the
martensitic phase (see Fig.2).
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Quantum Spin Physics

Taku SATO, Professor
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Daisuke OKUYAMA, Assistant Professor

Lab
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neutron inelastic scattering ./ neutron magnetic scattering ./ quantum magnets
itinerant electron magnetism and superconductivity
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Neutron inelastic scattering study on spin dynamics
in quantum magnets and novel superconductors

Neutron inelastic scattering is a powerful tool for
observing spin dynamics in solids. Enhanced quan-
tum fluctuation often dominates low-temperature
properties of spin systems, giving rise to novel
nonmagnetic ground states. A tool that can ob-
serve spin dynamics is indispensable to elucidate
mechanism realizing such a nonmagnetic
state. Fig.1 shows spin excitation spec-
tra in the quantum kagome antiferromag-
net Rb,CuzSnFi,. Strong quantum fluc-
tuations, enhanced by the geometrical
frustration, prohibit spins to order even at
the base temperature, and instead a non-

Such a singlet state cannot be detected by static
magnetic tools. Using neutron inelastic scatter-
ing, we measure dynamics of excited triplets from
the singlet ground state, with which we uniguely
determine the ground-state singlet configuration.

T=3K  GPTAS(LR)

magnetic singlet ground state is formed.
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Osamu KITAKAMI, Professor
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Nobuaki KIKUCHI, Assistant Professor
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nanomagnet / size effect / magnetic memory / spin dynamics

kitakami@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=30
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Nanoscale Magnetism
and Devices

KITAKAMI
Lab
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Physical properties and spin dynamics of
nanomagnets and their application to magnetic memory devices

Rapid progress toward information society has
aroused much attention to magnetic memory de-
vices because of their nonvolatility, high data den-
sity, low cost, high-speed accessibility. With reduc-
ing their constituent size down to 10 nm, various
effects, such as surface and quantum size effects
and thermal agitation of spins, appear and hamper
further advance in device performance. It is indis-
pensable to elucidate various physical properties
of nanosized magnets. Under this circumstance,
our intensive effort is focused on (1) size effect on
crystal phase of magnets, (2) highly sensitive mag-
netic detection technique, (3) magnetic behavior
of single nanomagnets, (4) new SPM lithography,

and (5) new media and technology for ultrahigh
density recording.
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Chemical Reaction Engineering
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supercritical fluids / nitride semiconductors / ionic liquids / immobilized catalyst
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chiaki@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=63
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Reaction process using supercritical fluid or ionic liquid

In our laboratory, major research interests focus
on thermophysical properties investigations, such
as measurement and development of prediction
method for a given compound or system regarding
its thermophysical properties, as well as explora-
tions of the applications of supercritical CO2(scCO,)
and ionic liquids as novel reaction media in green
chemistry, aiming for providing fundamental data
for chemical engineering and development of sus-
tainable chemical process with the aid of scCO./
ionic liguids and other methodologies available.

Current Research Contents

1.Measurement of thermophysical properties relat-
ed to the single crystal growth process of GaN.

2.Syntheses of ionic liquids based copolymers

and their use as novel solid support in synthetic
chemistry.
3.Continuous reaction/separation process on the
basis of the combination of scCO./ionic liquids.
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materials processes .~ chemical thermodynamics . thermophysical properties of
high-temperature melts ./ crystal growth
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High-temperature processes and measurements of materials

Fukuyama laboratory studies novel material pro- melts, utilizing electromagnetic levitation in a dc
cessing based on chemical thermodynamics with masgnetic field.

high-temperature thermophysical property meas- _ _

urements. Currently, we are developing new crys- PROSPECT mmm

tal growth processes to bring a breakthrough in Highspoed = |
nitride-semiconductor devices, which are promis- o gl

ing materials for next-generation optical devices '
applied in environmental, medical, bio and informa-
tion technologies fields. Database of thermophysi-
cal properties of materials is needed for modeling
heat and mass transports in materials processes.
The world’ first thermophysical property measure-
ment system has been developed in our labora-
tory, which enables accurate measurements of
heat capacity, thermal conductivity, emissivity,
density and surface tension of high-temperature
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Design of highly efficient steel refining process
through the study on the formation of metal emul-
sion by rising bubble and the dissolution rate of
solid oxide into molten slag
Separation and recovery of valuable metals from
steelmaking slag by the recovery of manganese
using sulfidation and the separation of phosphorus
using leaching
Quality control for clean steel production by the
simulation model of inclusion composition change
and the study on the change in oxide composition
during heat treatment

Valorization of steelmaking slag for the recovery
of rice fields damaged by earthquake and tumani
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Powder Processing for Functional Materials
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Optimum design of powder processing by com-
puter simulation
Development of simulation model for grinding pro-
cesses of fine particles
Development of simulation model for multiphase
flow
Synthesis of functional powder materials and re-
covery of rare metals by using mechanochemical
method
Development of new hydrogen generation process-

es from biomass and plastic wastes activated by
using mechanochemical method
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Nanostructure/Nanointerface Design and Control
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Bottom-up synthesis of novel and nonequilibrium
nanostructures under the excited reaction fields,
and their superior functions
Organic-inorganic nanohybrids using high energy
ion beam and physico-chemical technologies
Creation and application of hyper functionalized
materials based on low-dimensional nano-struc-
turalization
Design and functionalization of ceramic-based
nano-structured and nanocomposite materials
Analysis and control of dynamic atomistic reac-
tions at the material interface

Residual stress tensor measurement in the local-
ized area
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Supercritical Fluid and Hybrid Nano Technologies
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Synthesis of organic inorganic hybrid nano build-
ing blocks under supercritical conditions
Thermodynamics of nano fluids.

Fabrication of novel nano devices

Biomass conversion in supercritical water and
chemical synthesis

Revolutionary catalysis: chemical route for low
temperature heat recovery.
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Laser Applied Material Science
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Material conversion process in intense optical field
Nano-particle synthesis in intense optical field
Generation and analysis of vector beams
Creation of small laser spot and its application for
novel laser processing

Nano-imaging by vector beams

N TVy R RFRARSE

Hybrid Nano-particle
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Preparation of organic-inorganic hybrid nano-particles
Development of nano-sized metallic particle and
application to functional materials

Partial sulfurization of metal oxides for visible
light-active photocatalysts

Synthesis of multi-layered films by laser ablation
Fabrication of new structures of nano-porous
materials
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Energy System
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Solid state and solution chemistry of actinide elements
Research for front and back end chemistry on
nuclear fuel cycle

Research for radioactive waste management and
environmental recoverability on NPP accident
Development of hydrogen producing desulfuriza-
tion process from wastes

Development of green process for rare metal re-
sources coexisted with radioactive materials

JO0AATLIE
FLEBPY

DIVISION OF PROCESS AND SYSTEM ENGINEERING

Division of Process-System Engineering contains Base-materials processing, Functional-powder processing, High-function
nanomaterial creation, Supercritical nano-engineering, Photo-material science,; Hybrid<nanoparticles,andEnergy system
so that we focus‘our investigation.on the practical application of highly-functional-materials; Common basic academic fields
are physical-chemistry, inorganic.engineering, and process technology.
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steelmaking ./ ferrous metallurgy .~ chemical equilibrium /" reaction kinetics ./

material recycling
ERFM7Oey PV THRRSH

kitamura@tagen.tohoku.ac.jp

FME=E

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=50

M O 2O EE

SR ICARSN BNV EET OIS, NFEHEDOREE
HABEBREMEL T, OBELVIIHICHZY . BERAMLSICEG
THEERMEEOBEBEDATVET, ZOPHFERIBHIE WUT
DADDEE (Rr—IL) 2HBLEThIEEDERA. OIRISE/:
FEiREEV, WEICBLWIOEITHE TS [Giga Scale]. @K
ICEE (V7 74%2—) DE - HEEEBRETCEHS [Mega Scalel.
ORIGRE. MAHFIEEXET2MIEMNEFHERDER [Micro
Scale] . @3N RIAMEENRE ORITE. MMMAREHFIEREMT [Nano
Scalelo AARAEFTIE. $KHELET OIS HV T HERESK M
MEMEVRGAT LD [HEH ] £ RIS, BREESICEDRERM
B7O0tXO%FR, 7O0€XI32L—2aEFVORE. SREF
RISOREHRIVAT., SRR FE X A DS LR DR
Z(CAEALT. BIEED 4 DDOMAICIIHIL R ET->TVET,

B HPATITERHURER. BESTHBIROICERLIHRT
Picture of steelmaking slag after the leaching which shows that the
phase containing phosphorus dissolved selectively.

New development of steelmaking process

The steelmaking process has an extremely [

important role in supporting the development
of an eco-friendly society and it becomes to an
age of technical innovation. For the research
and development of this field, we have to
consider the following points on four differ-
ent scales: Giga scale = Consider the global
impact of the extraction process, Mega scale
= Enhance the performance of reactors, Micro
scale = ldentify the controlling factors of the
reaction rate and Nano scale = Control the
mass transfer of molecules. At Kitamura labo-
ratory, the researches based on the above
four points are being carried out in the field
of steelmaking, which is a core process used &
to produce high-quality steel.
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Picture of the paddy field damaged by tsunami showing a good harvest where
the steelmaking slag was used as a fertilizer.
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Powder Processing for
Functional Materials

KANO
Lab
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powder technology ./ grinding ./ mechanochemical reaction /" recycle / hydrogen /

rare metal / simulation
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Development of new functional powder processing and
optimum design of powder processing by numerical simulation

Development and manufacture of high functional
materials have been actively made, and most of
those raw materials, intermediate products and
final products are particulate materials. The prop-
erties of the high functional materials are greatly
dependent on the particle packing structure in the
materials as well as those chemical compositions.
The particle packing structure is also highly de-
pendent on the particle properties and characteris-
tics such as particle size and its distribution of the
particles, which depend on their preparation pro-
cesses. Therefore, in order to obtain the function
desired, first of all, the preparation process of the
particles as a raw material should be elaborately

controlled, and then the powder processing such
as mixing, filling, forming and composite must be
controlled exquisitely.

In our laboratory, we are carrying out development
of computer simulation method for control of pow-
der processing. Optimizing the powder processing
by the simulation is performed for energy saving
and resource saving. In addition, we are develop-
ing processes for recycling of metals from urban
mines and for hydrogen energy generation from bi-
omass and plastics by using the mechanochemical
effects which are obtained in the grinding process.
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excited reaction fields  low-dimensional nanostructure ./ nanotube  nanowire
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joined interface / residual stress tensor measurement
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Advanced nanostructures and functions based on bottom-up
physically and chemically activated reaction field technologies

We are aiming to create and evolve various hy-
per-functionalized and advanced nanostructures
which would be key-materials for nano-devices in
the next generation. For these purposes, we are
designing and controlling under the “physically and
chemically activated reaction field” such as novel
active energy beam and/or chemical reaction field,
and are utilizing them to develop novel nanostruc-
ture, nanohybrids, low-dimensional nanomaterials,
nanocomposites and hetero-interfaces based on
the bottom-up design. Further we are designing
superior functions of these advanced materials
based on the structure control. Processing-struc-
tures-functions relations are also extensively in-

vestigated by utilizing various materials/devices
analysis technologies.
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supercritical water / super hybrid / nanomaterials / process engineering
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Supercritical fluid for nano-hybrid technologies

Our study aims to establish chemical processes for (high order structured catalysts).
synthesis of hybrid nano building blocks based on
supercritical fluid technology, nano-hybird technol-
ogy and materials science & engineering. These
studies include synthesis

of organic-inorganic hy-

brid nano building blocks

under supercritical con-

ditions. We also develop

novel devices or nanoflu-

ids with the nano build-

ing blocks for high per-

formance thermo-electric

devices, high speed op-

tical devices, nano sen-

sors, and nano reactors
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laser / photonics /" nano-particle / vector beam
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Multidisciplinary research of photonics
and material science

We are intentionally and intensively trying to make have inherent vectorial characteristics of electro-
the best use of the excellent properties of lasers for = magnetic wave, focusing on its physics, the devel-
the advancement of material science. The state-of  opment of beam generation, the improvement of
the-art photonics technologies are our useful and beam quality, and applications such as laser pro-
essential tools. At present, we are especially inter-  cessing and super-resolution microscopy.

ested in the following tow topics. The first

is the synthesis of single nano-particles

of diamond-like-carbon and noble metals

by using an intense optical field, which

is generated by tightly focused femto-

second laser pulses in liquid and can be pularizatinn phase pattern vector beam
regarded as a novel non-equilibrium, non-

linear and ultrafast process. The next is The vector beam under study shows a synegetic aspect
the investigation of vector beams, which of polarization, phase and pattern of a light beam.
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hybrid liquid crystal /" organic- inorganic hybrid nano-materials ./ energy catalysts

promoted semiconductor nano-dots

mura@tagen.tohoku.ac.jp
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Why don’t you order us tailor-made, well-identified,

nano-hybrid materials?

Highly functional materials, such as Fe nanopar-
ticles, ITO nanoink for TCO, niobium-based oxide
particles for lead-free piezoelectric devices, tita-
nia, perovskite metal oxides, semiconductor nano-
particles, organic-inorganic hybrid nanomaterials,
fuel cell, and alloy nanoparticulate catalysts, etc.
have been widely pro-
vided. Their production

SRUT/NFEIFLIVE IIII."H‘?‘J z RFVEYT="

(3) precise control in particle synthesis mode.
Namely, the physico-chemical theory for the sta-
bility of coffee or milk, and the very good foams
of beer, is similar to the formation of nanoparticles
precisely controlled in size and shape. What kind
of nanomaterials do you need? We’ll make it.
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methods are based on the
particle-synthesis princi-
ples, (1) strict separation
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of nucleation and particle
growth, (2) perfect inhibi-
tion against aggregation,
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actinide chemistry / nuclear fuel cycle / energy resources ./ rare metal processing /
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radioactive waste management
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Development of green rare metal chemistry for

sustainable cycle

Since nuclear energy is one of the most impor-
tant energy resource of our modern society, it
is strongly demanded to make nuclear fuel cycle
more reliable. Also recovery from the reactor dam-
ages and environment contamination by the Fuku-
shima NPP severe accident, is urgent problem.
To respond these demands, our group develops
novel and unigue processes for the spent nuclear
fuel based on the selective sulfurization of fission
products. The sulfide process has advantages of
less radioactive waste volume and lower risk of
the nuclear proliferation comparing with the con-
ventional wet reprocessing processes like PUREX.
Besides, the basic solution chemistry of actinides

elements is studied to perform more reliable safety
assessment of radioactive waste ground disposal.
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Electron and Molecular Dynamics
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Structural Physics and Crystal Physics
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Surface Physics and Processing
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[“lQuantum interference and entanglement in reactions

[“IElectron and molecular dynamics of photo-excited spices

[ITaking molecular movies and catching electron motion
for tracing reactions

["IDeveloping photoelectron spectroscopy and mul-
ti-particle spectroscopy for molecular imaging, mo-
lecular movies, and catching electron motion, using
short-pulse optical lasers, synchrotron radiation
sources, and X-ray free-electron lasers
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Quantum Electron Science
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[“IMolecular orbital imaging by molecular frame electron
momentum spectroscopy

["IDevelopments of multidimensional coincidence tech-
nigues and their applications to studies on stereody-
namics in electron-molecule collisions

[IDevelopment of time-resolved electron momentum
spectroscopy for visualization of the change of elec-
tron motion in transient species
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Quantum Beam Measurements
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[IX-ray phase measurement methods based on X-ray
interference optics.

["IDevelopment and application of X-ray phase imaging
system

["IDynamical X-ray imaging for functional imaging

["IX-ray phase microscopy/tomography

[TJUSAXS imaging based on decoherence
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["IDevelopment of the 4-circle neutron diffractometer

["IDevelopment of the wide-area neutron detector for
neutron structure analysis

[_IDevelopment of ultra high accuracy structure analysis
using synchrotron X-ray

[IElectron density distribution and proton density distribu-
tion of hydrogen-bonded compounds

[“INeutron and X-ray scattering study of structural physics
and magnetism on multiferroic materials

[imaging of 3d-electron-orbital
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Spectrochemistry
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[_IDevelopment of chemical vapor deposition processes
for nanocarbon materials

["JAnalysis and control of the growth mechanism of insula-
tor thin films for gate stacks of advanced CMOS

[“JAnalysis and control of the surface reaction mecha-
nism on functional metal oxide surfaces

["IDetermination of surface structures by electron dif-
fraction and its application

["IDevelopment of the new methods for spin arrangement
and ultrafast phenomenon on surface
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Quantum Optoelectronics
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[_IStructure-function relationships of biological molecular
systems studied by high power pulsed ESR.

[IStructural dynamics of biological systems studied by
multi-frequency ESR.

["IDevelopment of new ESR instrumentation and meas-
urement methods (high- and short-pulse ESR, pulsed
field gradient, and imaging system for surface, design
and construction of microwave devices based on a
numerical analysis).

["IDevelopment of theoretical-analysis methods of an ESR
spectrum and time domain signals.
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Nano-surface Chemistry
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[“INovel instrumentation:surface foreces Apparatus(SFA),
resonance shear measurement(RSM) system. etc

[IStudy of molecular macrocluster formation and its ap-
plication for the material designing

["JAnalysis of structures and properties of liquids in confined space

["ICharacterization of complex systems: polyelectrolyte and
polymer brush layers

["IDirect measurement of interactions involved in
molecular recognition such as protein-DNA
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["IA new concept coherent light source based on light-mat-
ter coupling in environment-friendly (Al,In,Ga)N and

(Mg,Zn)O wide bandgap semiconductor microcavities

["ISpatio-time-resolved spectroscopy in semiconductor
materials

[IDesign and fabrication of (Al,In,Ga)N quantum nano-
structures: epitaxial growths by metalorganic vapor
phase epitaxy and molecular-beam epitaxy

[ Helicon-wave-excited-plasma sputtering epitaxy of
ll-oxide semiconductor (Mg,Zn)O and fabrication of
multifunctional oxide thin films
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DIVISION OF MEASUREMENTS

Aiming at new high-performance materials, advanced measurements and analyses methods are developed using various
particles such as electrons<and<neutrons,<asers, and electromagnetic waves:Including interpretation of<the underlying
mechanisms of functioning, we ‘will-achieve a'new development of the research areas of‘atomic.and molecular spectroscopy,
interfacial nane-science; and condensed-matter physics.
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molecular dynamics  electron dynamics  electron spectroscopy ./ coincidence
spectroscopy
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Taking the molecular movie,
catching the electron motion

Quantum interference based on wave nature of mat-
ters makes quantum processes completely different
from classical processes. We analyze, visualize, and
control quantum processes that determine ultrafast
electron and molecular dynamics, such as electronic
relaxation, charge transfer, fragmentation, and rear-
rangement in isolated molecules and clusters. For that
purpose, we have been developing cutting-edge spec-
troscopic technigues that allow us to catch the atomic
and electron motion. To trigger, probe, and control the
processes, we use new-generation light sources such
as ultrafast optical laser pulses, ultrahigh resolution p,/ ou. P,/ 2w
soft x-ray synchrotron radiation, and ultra-short wave- Photoelectron angula distributons of rare g stoms (X and A} and
length free-electron lasers that have just constructed. diatomic molecules (O, and N,) irradiated by intense laser pulses
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molecular science  collision physics ./ multiparameter coincidence spectroscopy
momentum space wave function
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Visualization of electron motion in matter
by means of electron compton scattering

Properties of matter, such as reactivity and func- techniques for studies on stereo-dynamics in
tionality, are determined by the motion of the electron-molecule collisions,
constituent electrons. For this reason we aim at (3)development of time-resolved electron mo-
developing new spectroscopic methods, by using mentum spectroscopy for visualization of the
electron Compton scattering, that would visualize change of electron motion in transient species.
the electron motion for stable species and most
importantly the change of electron motion in tran-
sient species, which is the driving force behind
any chemical reactions;

(1)development of molecular frame electron mo-
mentum spectroscopy for momentum-space
imaging of molecular orbitals in the three-di-
mensional form,

(2)developments of multiparameter coincidence
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Quantum Beam Measurements

Atsushi MOMOSE, Professor

K

MOMOSE
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Wataru YASHIRO, Associate Professor

Lab
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Imaging / X-ray / phase measurement ./ three-dimensional observation

EFE-LHAMESE

momose@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=81
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Observation using wave nature of quantum beam

Quantum beams, such as X-rays, are used to visu-
alize materials structures of the size from atomic
scale to human scale. The use of phase informa-
tion enhances the usefulness of quantum beams
tremendously. We have innovated in X-ray imaging
technology by developing X-ray phase measure-
ment, releasing groundbreaking results beyond
conventional expectation. The technique is pow-

-lrnp-m-cl-ml}'l
Configuration of X-ray Phase Imaging
—X-ray Talbot-Lau interferometer—

erful for objects consisting of low-Z atoms, such
as polymers and biological materials, and recently
its scope is expanding to metallic materials. Based
on quantum beam physics, we are developing
unique experimental environment and pioneering
advanced imaging research. This technology is
attractive practically, and we are also conducting
various collaborations.

X-ray Optical Element
—High Aspect-Ratio Gold Grating—
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Structural Physics

-~ iy and Crystal Physics
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Precise crystal/magnetic structure analysis under multiple extreme conditions
Development of neutron and X-ray diffractometers ./ Magnetic ferroelectrics BEMEYERESE

Hydrogen-bonded dielectrics
AR E

kimura@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=89
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Ferroelectric polarization induced by magnetic order in
magnetic ferroelectrics

We have been developing the methodology for high-  analysis. Cycloidal spin structure in this material
resolution crystal and magnetic structure analysis  is thought to be the origin of electric polarization.
using X-ray, Synchrotron radiation and Neutron We also engage the development of novel neutron
beam under extreme conditions such as low tem-  diffractometer for structure analysis “SENJU” in
perature, high magnetic field, and high pressure.  J-PARC.

We have also studied structural phase
transitions to understand the micro-
scopic origins of functional properties
in solid-state materials based on the i
accurate distribution analyses of the § 3 : . Electric
electron as well as nuclear densities. ' olarization
Figure shows the complex magnetic
structure of magnetic ferroelectrics
derived by neutron magnetic structure Maanetic structure of Y Mn,O= maanetic ferroelectrics

Cycloidal structure of Mn* spin
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Spectrochemistry
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;g a }Q Kiyoshi UEDA, Professor
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pulsed EPR  multifrequency ESR /" troponin ./ folding ,/ imaging

DHRACFERRDE

yohba@tagen.tohoku.ac.jp (X&)

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=40
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Development of ESR spectroscopy and studies of structure
and dynamics of large scale molecular systems

Electron spin resonance (ESR) is a useful tool to
study molecular systems because an electron
spin is sensitive to its environment. To extract
information about structure, electronic states and
dynamics from ESR, separa-
tion of specific interaction is
important. Main subjects of
our group are followings. 1)
Development of ESR tech-
niques in both of method-
ology and instrumentation
especially for high power
pulsed ESR. 2) Application
of these methods to protein

systems: a) structure-function relationship of tro-
ponin from heart muscle, and b) folding-unfolding
dynamics of model protein BDPA.

Microwave
Input

Standard
‘Waveguide

Transition

Teflon
Plunger

With Teflon Empty
Resonator

Microwave Electric Field
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surface forces measurement / resonance shear measurement / molecular assemblies
confined liquid/tribology

] . +/ REMCEAR ST
kurihara@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=60 ; ﬁﬁﬂ%i (ﬁ)
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Structuring of
TWET, confined ligusds
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Nano-surface chemistry

Our research aims at developing methods, includ- rheology and tribology. Twin-path surface forces
ing instrumentation, for characterizing surface (or  apparatus we developed enabled us to study wide
interface) at the nano-meter level. Most of our variety of samples such as metals and ceramics.

research subjects are related to the sur-
. measurameant
face forces measurement, which can Davelopmant of nano-scale based on SFA

directly monitor the interaction between Resonance shear method Twinpath SFA

two surfaces (attraction, repulsion and aaprface }-ﬂm
| | Foved mitror

adhesion forces). We study phenomena

occurring at the solid-liquid interface

such as adsorption and structuring of cantilaver
liquids. Self-assembled molecular archi-
tectures and biological interactions are
also studied. We have developed the
resonance shear measurement which
is a sensitive method for evaluating
properties of confined liquid for nano-

Input
wollage
Shaar




Surface Physics and Processing

TAKAKUWA
Lab
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/J\}” 1%_ Bh # Shuichi OGAWA, Assistant Professor
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surface physics /" material science / process engineering ./ development of surface
analysis methods with electron and photon probes

takakuwa@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=77
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Synthesis of functiona
nanoprocesses based

In the research section of surface

| materials and development of
on surface reaction mechanisms

physics and we have synthesized functional materials such as

processing, we aim to develop various surface diamond and multilayer graphene, and developed
analysis methods with electron and photon probes: surface nanoprocesses.

Real-time photoelectron spectrosco-
py using synchrotron radiation and
rare gas resonance lines for moni-
toring in situ surface chemical com-
positions and bonding states under
a reactive gas atmosphere (Fig.1),
and Weissenberg RHEED for deter-
mining unambiguously surface struc-
tures (Fig.2). Based on the observed
chemical and solid phase reaction
kinetics at surfaces and interfaces,

T B4 iy

B, i B Wiy

Fig.1. Time evolution of photoelectron  Fig.2. Patterson map (inset) and structure
spectra taken during exposing model of Si(111) v"3 X4/ 3-Ag surface obtained
Si(001) surface with Oa. by Weissenberg RHEED.
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Shigefusa F. CHICHIBU, Professor

Kazunobu KOJIMA, Associate Professor

Yoshiki YAMAZAKI, Assistant Professor
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Wide bandgap semiconductors / Quantum nanostructures /
Carrier dynamics / Spatio-time-resolved spectroscopy

chichibu@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/labo/chichibu/index-j.html
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Quantum Optoelectronics

CHICHIBU
Lab
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Design and creation of wide bandgap semiconductor quantum
nanostructures and spatio-time-resolved spectroscopy

Research objectives of the laboratory are to de-
sign and create quantum nanostructures desirable
for new functional optoelectronic devices work-
able in deep ultraviolet, visible, and optical commu-
nication wavelengths using planet-conscious wide
bandgap semiconductors, namely (Al,In,Ga)
N and (Mg,Zn)O systems. We are growing
quantum structures by metalorganic vapor
phase epitaxy, molecular-beam epitaxy, and
unigue helicon-wave-excited-plasma sput-
tering epitaxy methods. Ultrafast recombi-
nation dynamics of excited particles in na-
nostructures are studied by time-resolved
spectroscopy using a femtosecond laser,

:
I
!

033
LATTICE

and very local carrier dynamics are proved by fo-
cused pulsed electron beams using a home-made,
spatio-time-resolved cathodoluminescence system
equipped with a photoelectron-gun.

B Envirenmentally iendly wide bandges B Localized sacitons in inGaN alloys.
Hi-nitride and ll-oxide semiconductorns

BESSEE B 3
WAVELENGTH ()

[o001)
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8. F. Chichibw ef al, Hature Mater 3. 810 2008)
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Supercritical coating of nano-fluids

Nano-fluids
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Chemistry of Energy Conversion Devices
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Solid State lon Physics
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Metallurgy and Recycling System for Metal Resources Circulation

AEAAE

HONMA Lab

ARMAE

KAWAMURA Lab
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[_IHigh power and high energy lithium-ion batteries

| |Design of high energy capacitor

| Development of novel materials and devices for
solar cells and fuel cells

| |/Advanced device processing using supercritical
fluids/plasma/laser

| ISpectroscopic analysis of green devices using
synchrotron radiation

BE#EAF =T A - TINA ARRRDE

Solid State lonic Devices

MEAAE

AMEZAWA Lab
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[ llmprovement of performance and reliability of fuel
cells and rechargeable batteries

| Development of advanced in situ analytical tech-
niques for electrochemical energy conversion
devices.

| |Basic research on electrochemical phenomena
at hetero-interfaces

| Design and synthesis of novel solid state ionic
conductors

OV F ) LBHOLCZ IR

OERY F LABHORREEFEA T U BEAR
CRBIEMM RO T O N B EEEORE
OHZ R - BEANBREDAF 281 F 9 AREK
| Degradation diagnosis of lithium batteries
Dlt::;\i/eeslopment and analysis of thin film lithium bat-

| _IProton dynamics of fuel cell materials
[ llon dynamics in supercooled liquid and glasses
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Environmental-Conscious Materials Processing
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[ IReaction process simulator for material produc-
tion

| Development of energy recovery, conversion
and storage

| Boundary layer control to improve reaction and
heat transfer processes

[ IReduction and melting behavior of iron ore

[_IFlow behavior of liquid with free surface on solid
surface

MRSET O ARASE

Materials Separation Processing
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[ _IMechanism of heat transfer in molten silicates

| IRelationship between network structure and vis-
cosity of molten silicates

| Kinetics of peritectic reaction and transformation
of Fe-based alloys

[_IMechanism of solid state reaction between oxides
and alloys

[ IMechanism of recycling and solidification of rare
metals
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[_IHigh efficiency rare elements extraction technol-
ogy area

| "Artificial mineral deposit ~Reserve to Stock~"

| Mineral processing and refining of rare earth met-
als for securing of those resources

[ IPyro-metallurgical process for seafloor hydro-
thermal deposits

| IDevelopment of a new recycling process of rare
earth-magnet scrap

| IThermal degradation mechanism of brominated
flame-retardant plastics contained in waste elec-
tric and electronic equipments and bromination
evaporation of metal contents

[ IRemoval reaction of hydrogen chloride under
simulated bag filter conditions

[ ISynthesizing technology of scorodite particles
for stabilization of arsenic

[ Development of a recovery process of tantalum
from waste tantalum capacitors

|_IDevelopment of a new recycling process for con-
crete wastes

| Washing technology utilizing high-speed move-
ment of microbubbles under ultrasonic irradiation

YATFI7NIETE
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RESEARCH CENTER FOR SUSTAINABLE SCIENCE & ENGINEERING

The research center has-been organized to promote studies essential for the protection of global environmentand the creation
of sustainable society<and-carries-out researches to improve the energy efficiency of various metal production and recycle
processes and 1o.develop new devices-and materials for renewable energy creation and-its efficient'.conversion.
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renewable energy  lithium ion secondary battery ./ super capacitor ,/ solar cell

IXNF—FTNA AMLEREDE

i.honma@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=76
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Energy technology innovations via frontier nanotechnology and

nanoscience

Honma laboratory investigates a frontier nanotechnology
and nanoscience for an advanced renewable energy tech-
nology to contribute a global sustainability and industrial
growth with low emission and environmental conscience.
The concept would be most important and challenging issues
to scientists in 21st century.

In particular, we focus on researches of fine chemistry of
energy devices employing advanced nanomaterials and
nanochemistry; 1. monoatomic-layered electrodes, 2. na-
nostructured cathode materials, 3. organic crystalline cath-
ode-active compounds, 4. high ion conductive gquasi-solid
electrolyte, 5. supercritical fluid processing, 6. spectroscopy
analysis using synchrotron radiation.

These advanced materials and techniques can be applied to

develop lithium ion secondary batteries with extremely high
energy/power density, super capacitors for future smart
grids, and compound semiconductor solar cells achieving
both high conversion efficiency and low environmental load.
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Solid State lonic Devices

AMEZAWA
Lab

7

solid state ionics / energy conversion / in situ analytical technique ./ interfacial electrochemistry

amezawa@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=82
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Toward the development of

environmental-friendly energy conversion devices

Scientists and engineers in the 21st century have
a great responsibility to solve environmental and
energy problems for achieving a sustainable so-
ciety. Our laboratory contributes to solve above-
mentioned problems throughout fundamental and
application researches on environmental-friendly
energy-conversion devices, such as fuel cells and
rechargeable batteries. In particular, focusing on
solid-state ion-conducting materials, we are chal-
lenging to establish an academic discipline on “sol-
id-state ionics”, and applying this to develop novel
materials and to improve performance/reliability
of the energy conversion devices. We are also
working for the development of advanced in situ

analytical technigues for solid-state ionic devices.
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Bl 7 A ERR ST solid state ionics ./ ion dynamics ./ nuclear magnetic resonance / thin-film rechargeable
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Solid-state ion physics bring innovation to our life

We investigate ion dynamics in solid by elec- Micioscope
. . . | - | X
trical, optical and nuclear magnetic reso- and i Prism

cco Lens

nance (NMR) technigues to develop new ionic Prism

L . Half mirror
conductors and solid state ionic devices. Islmd,,,lhmta i —

Recent research subjects are; 1. degrada-
tion mechanism of lithium-ion batteries, 2. D Potentosa

DPSS laser

development and analysis of thin-film lithium
batteries, 3. proton dynamics of fuel cell
materials, 4. ion dynamics in supercooled
liquid and glasses.

We use the following techniques; 1. Laser
optics (PLD for lithium ion battery, Raman
spectroscopy, optical- Kerr, etc.), 2. NMR
(relaxation, diffusion, micro- imaging), 3. FEEE D AE—S 2 ZRENMRIZES
Electrical Measurements (impedance, elec- In situFEM S < > 72 FBIE AFAFAFHREHE
trochemistry).
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ironmaking . process simulation ./ transport phenomena  multiphase
reaction kinetics
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Development of novel material processing through process
analysis based on reaction kinetics

For the reduction of energy and material resources
consumption in base metals production, improve-
ment of process efficiency, enhancement of flex-
ibility to raw material resources and development
of novel processes are required. One of our ap-
proaches for this issue is numerical process simula-
tion to reproduce and evaluate the materials produc-
tion processes, based on the theories of multiphase
fluid dynamics, reaction kinetics, thermodynamics,
thermal fluid engineering, transport phenomena,
powder technology, and so on. Using the results of
the process analysis and the fruits obtained through Distribution of reaction
the modeling of unit operations, we are trying to ~ desree calculated by

. . particle tracking tech-
develop novel material production technology. nique
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solidification process ./ refining process  silicates / thermophysical property

A 2 — hibata@tagen.tohoku.ac.jp
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Physicochemical approach to interfacial phenomena at high
temperatures for high efficiency materials processing

Recycling, refining and solidification pro-
cesses of materials are important to sustain
high efficiency process for manufacturing
products. Each material separation pro-
cess is governed by many chemical and
thermophysical properties of materials and
interfaces among materials. Functions of
the materials should be clarified from micro
mechanism of each phenomenon to devel-
op high efficiency processes for materials
separation by means of in-situ observation
and measurements especially at high tem-
perature.
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TOHOKU UNIVERSITY

Metallurgy and Recycling System
for Metal Resources Circulation

SHIBATA E.
Lab

Non-ferrous Metallurgy /Metal Resources Circulation/Recycling/Waste Treatment

etsuro@tagen.tohoku.ac.jp
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Establishment of Metal Resources Circulation System Based

on Non-ferrous Metallurgy

Non-ferrous smelting industry is necessary for sup-
plying materials to high-tech industries and in order
to achieve the resource circulation society. In the
future, the use of various electrical and electronic
devices such as PC and electric vehicles is expected
to increase with growth of population in the world. To
secure metal resources continuously, it is necessary
to recycle metals used in waste products.

The main research aim is to establish the metal re-
sources circulation system based on the non-ferrous
smelting technologies with proposing the metal re-
sources circulation engineering as an academic in-
novation. Developments of new process technologies
and problem-solving researches for such as smelting

technologies for secondary resources and stabiliza-
tion of environmental load elements will be conducted
in order to achieve the metal resources circulation
system.
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Synthesizing
technology of
scorodite particles for
stabilization of arsenic
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Synchrotron Radiation Soft X-ray Microscopy

BFRT SRS E

Electron Interference Measurement

EE 7O T ARMHMESH

Advanced Scanning Probe Microscopy

= HEARE

TAKATA Lab

ERERARE

SHINDO Lab

KEAAE

KOMEDA Lab
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["IDevelopment and application of wide-field-of-view
and high-resolution soft X-ray microscope

[JAt-wavelength observation of extreme-ultraviolet
lithography masks

[[ISoft X-ray spectromicroscopic observation of
biological samples

[‘IDevelopment of high-throughput soft X-ray mul-
tilayer mirrors

BFEHT - DAEAMESE

Electron -Crystallography and -Spectroscopy

FARAE

TERAUCHI Lab
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[IDevelopment and application of high energy-
resolution EELS and SXES microscopes

[JElectronic structures of boron compounds and
nano-network materials

[[ICrystal and electronic structures of strongly-
correlated electron oxides and quasicrystals

[‘IDevelopment and application of nm-scale crys-
tal structure and electrostatic potential analysis
method by CBED
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[[JAnalysis of atomic arrangements at surfaces and
interfaces by high-resolution electron microscopy

[limage processing of digitized electron microscope
images on atomic scale

[“JAnalysis of magnetic domain structure and mag-
netization distribution by electron holography

[IStudy of phase transformations by in situ observa-
tions with an energy-filtered transmission electron
microscope

[“Electric field analysis of electric battery materials
by electron holography utilizing plural microprobes.
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[[IObservation and chemical characterization of
single molecule using scanning tunneling micro-
scope (STM)

[[IChemical analysis using molecule vibration and
spin detection with an atomic resolution

[Interface engineering to combine Si technology
and molecule electronics

[ISpin control for molecule spintronics and quantum
computing

[“IMolecule-surface interaction dynamics for envi-
ronmental catalysis resear

CENTER FOR ADVANCED MICROSCOPY AND SPECTROSCOPY

This center aims for-original-developments of measurement methods and instruments; and-return those to-societies. At present,
four groups of Electronnterference‘Measurement, Electron Crystallography & Spectroscopy; Advanced Scanning ProbeMi-
croscopy and SoftX-ray‘Microscopy are.in‘action, under collaborations with Technical‘Service Section.and . companies.
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Masaki TAKATA, Professor

Synchrotron Radiation Soft X-ray
Microscopy
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Takeo EJIMA, Associate Professor
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Tadashi HATANO, Assistant Professor
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Synchrotron Radiation X-ray Optics ./ Soft X-ray Microscopy  multilayer mirror

Nano-info-graphy
M T / BE SRR H

takatama@tagen.tohoku.ac.jp
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http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=43
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Development and Applications of Nano Visualization Technology
based on Synchrotron Radiation X-rays

“SLiT-J” is new 3GeV synchrotron radiation facil-
ity project in Tohoku. Its ambitious low-emittance
light source design (Fig.1) shall make a progress
in soft X-ray imaging to investigate the nano- and
bio-materials. Our lab has been striving to build a
new range of the states of the art in EUV/X-ray
microscopy. Our latest success is a development of
the EUV microscope with diffraction-limited resolu-
tion of 30 nm. The obtained full-field images of a
living tissue and next-generation lithography masks
(Fig.2) are demonstrating great potential for our X-
ray visualization technigue combined with SLiT-J.
Our final goal is to create a master concept, Nano
info -Graphy, for nano visualization of three elemen-

tal information; spatial structure, energy state, and
chemical state, and to achieve innovation in the
Science and Technology as well as Industry.

Fig.2 Transmission X-ray Multilayer Mirror Microscope (TXM?)
T.Ejima, M.Toyoda, T.Hatano, M.Yanagihara & M.Yamamoto

High resolution image of
16nm node mask
for EUV lithography

EUV Image of
the cerebral cortex
of a mouse
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Masami TERAUCHI, Professor

Kenji TSUDA, Associate Professor

Yohei SATO, Assistant Professor
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Electron -Crystallography
and -Spectroscopy

TERAUCHI
Lab

transmission electron microscopy ./ convergent-beam electron diffraction ./ electron

energy-loss spectroscopy / X-ray emission spectroscopy

terauchi@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=14
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Development and applications of crystal and electronic structure
analysis methods based on transmission electron microscopy

Our lab develops accurate nanometer scale
characterization methods of crystal structures
by convergent-beam electron diffraction (CBED)
and electronic structures by electron energy-loss
spectroscopy (EELS) and X-ray emission spec-
troscopy (XES) for analyses of new functional ma-
terials. For the purpose, a new Q-filter electron
microscope and a refinement software for crystal
structure analysis and a high energy-resolution
EELS microscope and XES instruments for elec-
tronic structure analysis were developed. Fig. 1
shows a visualization of the electrostatic potential
distribution of sp3 bonding charge of Si determined
by our crystal structure refinement method based

on CBED. Fig. 2 shows a direct evaluation of a
heat-shielding property (a resonant peak energy
in near infrared energy region of a metallic nano-
particle by high energy-resolution EELS.
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Electron Interference

Daisuke SHINDO, Professor

Measurement

THERR o

Zentaro AKASE, Assistant Professor

SHINDO
Lab
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electron holography  transmission electron microscopy ./ microstructure  conductiv-
ity / electromagnetic field

BEFRTHHAMESE

shindo@tagen.tohoku.ac.jp
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Multidisciplinary research for structure,
conductivity and electromagnetic field in nanometer-scaled area

Electron holography, which is based on the inter-
ference of electron wave, is a powerful technique
to visualize electromagnetic fields.

We are devoted to precise measurements of the
electromagnetic fields in many advanced materi-
als, both in hard and soft matters.

Special efforts are made to develop unigue tools
that are combined with electron holography: e.g., a
magnetic-shielded pole piece dedicated to magnet-
ic domain observations, and a special equipment to
move microprobes inside the transmission electron
microscope. These techniques enable simultane-
ous measurements of the electromagnetic fields,
conductivity, structure, as well as composition in

nanometer-scaled area.

: =) . |
500 e IR

In situ observatlons of the antlferromagnetlc (AFM)
to ferromagnetic (FM) phase transformation in

Lag 44Srg56MnO,. The FM phase nucleates near 202
K 8¢ shown by the arrowhead in (a) and its volume
increases with heating. The magnetic flux (white
lines) is closed inside the FM phase at any stages
of the magnetic phase separation. Arrows indicate
the direction of magnetic flux.
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Tadahiro KOMEDA, Professor

Tsuyoshi TAKAOKA, Senior Assistant Professor

Yasuyuki SAINOO, Assistant Professor
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Advanced Scanning
Probe Microscopy

KOMEDA
Lab
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scanning tunneling microscope  quantum computing / spintronics ./ ESR-STM

komeda@tagen.tohoku.ac.jp
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Single spin detection and manipulation

for molecule-spintronics

The detection of a single spin is demanded for va-
riety of applications, e.g., for reading and manipula-
tion of isolated spins for spintronics and quantum
computation. We are developing instrumentation of
the detection of a single spin using scanning tun-
neling microscope (STM). Especially, a method that
detects the Larmor precession by monitor-
ing a variation of tunneling current, called
ESR-STM, has a large advantage due to its
compatibility with solid devices and atom-
scale spatial resolution. We successfully It
developed ESR-STM instrument which can
detect the single spin in SiO layers. In ad-
dition, for the realization of the molecular-
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spintronics, single molecule magnet (SMM) is one of
the most promising material. We investigated the spin
of SMM by detecting Kondo states. We found that the
Kondo peak intensity shows a clear variation with
the conformational change of the molecule; namely
the azimuthal rotational angle of the Pc planes.
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Photo-Functional Material Chemistry
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NAKAGAWA Lab

N TV RRFRT / MRBRSE

Hybrid Carbon Nanomaterials

REMAE

KYOTANI Lab

BRFNA TV Y KT HRMESE

Polymer Hybrid Nanomaterials

=VAMRE

MITSUISHI Lab

BRTEEEET T —hLERRE HE
B IRFREDT /) MEDETISKTERMEZ
B EENATVYRFT RIS E B EFH
BET /N ADRIR

F/EE S/ REDBTEEE

=D F A DEC I

RELT Y THFERICEDEA T/ N\ TR
HORF

Nanomaterials ordering with ultrathin polymer films
Nanoelectronics and nanophotonics

Soft surface and interface

Control of polymer orientation in soft nanostruc-
tures

Bottom-up design of hybrid polymer materials

T+ H—KRo =R & LIKKRTEH
&kERF/EEZRA\NEF /I hOFNA
ADFIF

BREES /57 I UBERDAREER
tZF v /N ZADISH

RERWBX YV KR—Z ABERZ AW ZRBE
AN AP~ EADEA
KAEEH—R>F /) HEREERANZ/NA 7
& F

Y OAVRERE FU LA 4 ENEEM
HORF

Hydrogen storage based on nanocarbon materials
Nanoelectronic devices using graphene elec-
trodes

High performance electrochemical capacitors by

FRISEBHE S FREDRF
FTIAVTINIVTST « BcER RS
DFMEORIR

WRRF /YA XD IRTEM AT ENS - B
FTINA ZADNSA

BRIEBEMHORIR

Innovative photo-reactive organic monolayers
Advanced organic polymer materials for nanoim-
print lithography

Figuration methods for 3-dimensional single-na-
nometer structures and their application to optical
and electronic devices

Development of materials to enable environmental
remediation

HEHRLE2 FHRMESE

Organized Polymer Materials

IR =

JINNAI Lab

BRNA TV N/ ERMERESEF

Organic and Hybridized Nanocrystals

RIARE

OIKAWA Lab

nanographene-network structure

Development of highly ordered carbon-coated
mesoporous materials for fuel cell and biosensor
Use of water-dispersible carbon nano-test-tubes
for biological application

- BT/ REROYA X HEFIEE
SRR

BH—EWN\C Ty NF/ iEROHRIER
TRDRAFE & W MEETE

T/ fER - RFDHT I, EFELT /B
S & SeREIE
BiEF—RTERRE 7 5 X T AR ORI
BRFEEBEOTSXEY /KT b
EIEEMEADT / fEE

Fabrication of well-defined organic and polymer
nanocrystals, and their optical properties
Developments of novel fabrication processes
for organic-inorganic hybridized nanocrystals,
their characterization, and evaluation of physi-
cal properties

Encapsulation of nanocrystals / nanoparticles,
ordered array-controlled nanostructures on a pat-
terned substrate and optical function

Mutual interaction between exciton and localized
surface plasmon on nano-level

Plasmon and polariton behaviors in organic semi-
conductor thin film

Nanocrystallization of bio-related materials

Development of Si-based high capacity anodes
for lithium-ion batteries

NA Ty R RIS

Hybrid Material Fabrication

AR ZE

AKUTAGAWA Lab
BAFO—2—EELHALIATER - &
B - BEERORZE
BB FREART /N ADRRE
R D F IS - B RDRFE
BN\ T Uy REIFBiEZ A0V
BFTINA ADFHFE
BEARYZFFH X ZL— MEEHIDIEE

Ferroelectric, pyroelectric, and thermal conduct-
ing materials from supramolecular rotators
Molecular-assembly devices based on
charge-transfer interactions

Novel molecular conductors and magnets
Molecular devices based on organic-inorganic
hybrid nanostructures

Device application of gigantic polyoxometalates

BREELR EOBCHEBIICKYKREND
A0 7/ s ORIH
BAFEILET IV NZHLT 1 IVL) D
EREBM TS - BIEERNDRHR
NZALT IV LEHRET B - EH/N
A7y NOMESEMEER
BCHEMICEZEAF /B FOERE
HREAL

HEE#BtE2 T/ 7 U 7V OEERIT
DEFE

Preapration of hierarchically structured soft ma-
terials by self-organization

Preparation and application of metalized honey-
comb-patterned polymer films

Polymer nano-particles having hierarchically
micro-phase separated structured and their
metal hybrids

Tissue culture devices for the regenerative
medicine based on honeycomb-patterned poly-
mer films

Biomimetic engineering based on self-organiza-
tion

LRMREE 2. [ERF - N TUYRREEDOIL Y NOAZIAREH. 74 NI AGEH. TxNF—SF. BHRIHF. K0T/ 77/09—5%
FICHIIMMABERERSF - N1 7)Y FRMBBIROFEECAMRZTOIEZBM] ELTREL. BEDHZ6MAFHF CTRRSN., 4
BMADFOHE. EXEE. KEREDHE. BLXUOEFHREOBRICBALTEVET,
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mmm SPECIALIZED FIELD - KEY WORD mmm

polymer nanosheet / optoelectronic device / hybrid nanomaterial ./ surface and in-
terface

BAFN TV Y N HHMRS T .
_ masaya@tagen.tohoku.ac.jp
=Aa Eﬂ%i http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=90
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Flexible design of polymer hybrid nanomaterials

The research objective of our group involves de- nodevice applications.
veloping well-defined hybrid assemblies organized
with wide variety of nanomaterials e.g., polymer,
metal/semiconductor nanoparticles, nanoclusters,
and inorganic nanomaterials through bottom-up
techniques. Ultrathin polymer films such as poly-
mer nanosheets prepared by the Langmuir-Blodg-
ett technigue serve as key materials to assemble
nanomaterials in a desired way, controlling the
distance and the layer structure at the nanom-
eter scale. Bottom-up design of hybrid polymer as-
semblies allows us to create new function (mainly
related to photonics and electronics) and to eluci- T -

W hoe i b ™

date the mechanism in terms of structure-property Wvalegih {nm)

relationship. These approaches will open up new Spontaneous emission contral of CdSe/ZnS Nps
exciting opportunities for soft optoelectronic na- using hybrid polymer nanoassemblies
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Organic
and Hybridized Nanocrystals

OIKAWA
Lab
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mmm SPECIALIZED FIELD - KEY WORD

organic nanocrystals  hybridized nanocrystals / directed-assembled nano-

structure control / photonic materials

oikawah@tagen.tohoku.ac.jp
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Directed-assembled structure consisted of PS

Polydiacetylene  (core) - silver (shell) microspheres on a patterned substrate, and
hybridized nanocrystals fabricated by visible- schematic illustration of coupled-resonator-
light-driven photocatalytic reduction method.

optical-waveguide and optical switch.

Creation of novel organic-inorganic hybridized nanocrystals
for next-generation photonic device materials

In current material science, hybridized nanomateri-
als are expected to exhibit the peculiar optoelec-
tronic and photonic properties, which are strongly
dependent on combination of organic and inorganic
components, size and shape, inner structure, and
interface interaction.

Aiming to develop photonic device
materials, our research group has
extensively studied on mass-pro-
duction of well-defined organic
nanocrystals, design of organic-
inorganic hetero nano-interface
and hybridization method, direct-
ed-assembled nanostructure-con-

TEM images of (left) polydiacetylene (core) — Pt
(shell) hybridized nanocrystals, and (right) poly(3-
octylthiophene) (core) - Pt (shell) hybridized

trol, and evaluation of optoelectronic and photonic
functions. In addition, surface plasmon-assisted
multi-photon polymerization, nanocrystallization of
photochromic materials and charge-transfer com-
plex, and polymer thin films having inverse-opal
periodic structure are also now in progress.

g
Directed-assembled nanostructure control produced by
the tapered cell method on a patterned substrate: (left)
Kagome structure of PS microspheres and (right)
encapsulated ZnS nanoparticles.
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nanocarbons  carbon coating ./ energy storage ./ nanobiotechnology
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kyotani@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=46
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Carbon-coated mesoporous silica film
before coating '| -

mesoporous silica
| r—

(space group: Fmmm)

application to 3D
porous electrode film

/ enzyme
" immobilization
Thin carbon layer
comprised only 1-2
graphene sheets.

enzymatic electrode
for biosensor
4

Synthesis of novel nanocarbon-materials and their nano-hybrids

We are designing and developing novel nanocarbon
materials together with their hybrids by controlling
the reaction nano-fields for the syntheses of these
materials. One example is fully tailored carbon na-
notubes with uniform diameter and length. Another
noteworthy material is zeolite-templated carbon
which has struc-
ture resgularity
like zeolite and a
surprisingly large
surface area up

coating of the entire surface of mesoporous silica
with graphene layers. We are trying to apply these
unigue nanomaterials to electronic device, electro-
chemical capacitors, lithium-ion batteries, hydrogen
storage, biosensors and capsules for drug and gene
delivery.

soaking into F §
38 DNA solution

to 4000 m?/g. In
addition, we have
recently devel-

electrode &
material ™’
current
collector

electrolyte solution

encapsulation of DNA
in the interspace

pH reactive

magnetic
polymer

nanoparticle

oped a method
for a complete

Electrode of zeolite-templated carbon for high-
performance electric double layer capacitor (EDLC)

transport for cell

Application of carbon nano-test tube for gene delivery
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organic electronic materials ~ molecular conductors .~ molecular magnets ./ molecular
electronics
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Fabrications of multifunctional molecular materials

Multifunctional molecular-assemblies and hybrid or- ~ The researches will be essential for future molecular
ganic - inorganic materials are examined from the  electronics.

viewpoint of structural freedom of organic
molecules. The spin and electronic states of
molecular-assemblies are designed in terms
of electrical conductivity, magnetism, and
ferroelectricity. For example, the designs
of flip-flop motions and dipole inversions in
the crystals realized the ferroelectric prop-
erties. The hybrid assemblies with the su-
pramolecular rotators and magnetic anions
formed the multifunctional ferroelectric - fer-
romagnetic materials. Diverse molecular as-
semblies from single crystal, plastic crystal,
liquid crystal, gel, to Langmuir-Blodgett film
are our research targets.
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materials chemistry ./ macromolecular science ./ monolayer engineering / nanoimprinting
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Advanced photo-functional materials for nanoimprint

Nakagawa group has dedicated to pursue scien-
tific principles for molecular control of interface

function occurring at polymer/other mate-
rial interfaces and to put them into practice
in nanoimprint lithography promising as a
next generation nanofabrication tool. We
are developing advanced photo-functional
materials such as sticking molecular lay-
ers for “fix by light”, UV-curable resins and
antisticking molecular layers for “prepara-
tion by light”, fluorescent resist materials
for “inspection by light”, and hybrid optical
materials “available to light” and new re-
search tools such as mechanical measure-
ment systems to evaluate release property
of UV-curable resins. Our research aims at

creating new devices to control photon, electron,
and magnetism.

Fluorescent photo-curable resin
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self-organization ./ biomimetics ~ honeycomb films " polymer nanoparticles ./ electron

tomography
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Design and preparation of hierarchically structured materials
based on nanotechnology and biomimetics

This research group aims at creating novel functional
materials having hierarchically organized structures
ranging from nanometer to millimeter scale by using
molecular self-assembly and self-organization based
on spatiotemporal far from equilibrium dynamics.
Nano- and micro-patterns can be fabricated by
using the spatiotemporal phenomena emerging
in the evaporation process of polymer solu-
tions. We are now focusing on preparing novel
tissue culture devices, biomimetic materials,
photonic materials etc. based on regular poly-
mer patterns prepared by dissipative dewet-
ting process, porous films formed by breath
figure technique, and novel polymer particles

having hierarchical interior structures from block-co-
polymers. Preparation of nano- and micro-structured
inorganic-polymer hybrids materials and precise ob-
servation of detail nano-structures by electron mi-
croscopy are also research issues.

Nano-structured polymer nano-particles
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Inorganic Crystal Structural Materials Chemistry

RIEERMECERR DT

Environmental Inorganic Materials Chemistry

BEMBEIR T O 2MESH

Design of Advanced Inorganic Materials
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["ISynthesis crystal structure analysis, and charac-
terization of new multinary inorganic compounds

['IDevelopment of novel synthetic routes for ad-
vanced ceramic materials using active metals

["ISynthesis of nitrides, carbides and silicides us-
ing a Na flux

EIREAERRET D

Metallurgical Design for Material Functions

SMA=E

TSAI Lab
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DREFE

OEEH KUBRERCY ORMABRSFIEIC XS
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[ IFabrication of quasicrystals and investigation of
their structures and physical properties

[ITheoretical studies on quasiperiodic tilings for
modeling icosahedral and decagonal quasicrys-
tals

["IDeveloping quasicrystalline catalysts and quasic-
rystal-reinforced Mg alloy

[IDeveloping new processes for preparation of alloy
catalysts in terms of metallurgy

[ IDesigning catalysts by controlling electronic
structures and microstructures of alloys
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["ISynthesis and environmental cleanup perfor-
mance of visible light responsive photocatalysts

["IDevelopment of inorganic UV-shielding materials

['IDevelopment of inorganic IR-shielding materials
and transparent electric conductors

[ IDevelopment of automobile effluent gas purifica-
tion catalysts

[ IFabrication of up-conversion phosphor nanopar-
ticles

["IGas sensing properties of semiconductors
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[IExploration of new materials aiming at develop-
ment of new photoceramics

[ IConstruction of highly active photocatalysts aim-
ing at energy conversion

[ISynthesis of high-performance photoceramics by
solution-based methods

["IChemical design of new metal complexes

[_IFabrication of hybrid materials and morphology con-
trol of ceramics using metal complexes
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Synthesis of multinary inorganic compounds including sodium

We are searching new multinary inorganic com- advanced ceramic materials using active metals

pounds, analyzing their crystal structures and

characterizing their properties. The novel .

methods developed for the synthesis of the . R, Na

new compounds are applied to the prepara- H ;

tion of conventional ceramics and inorganic

materials in order to improve their qualities

and performances.

@® Synthesis of multinary oxides by solid
state reaction

@® Synthesis of nitrides, carbides, and sili-

cides by using a Na flux ' : : .
@ Synthesis, crystal structure analysis and £ 9
characterization of new multinary inor- i+ i

ganic compounds
@ Development of novel synthetic routes for Schematic drawing of the crystal structure of Na:MgSn.
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Metallurgical Design
for Material Functions
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quasicrystal / alloy catalyst / electronic structure ./ microstructure control
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Fabrication of quasicrystals

and designing new metallic catalysts in terms of metallurgy

The research of the laboratory is focused on quasic-
rystals and alloy design for catalysis by controlling
electronic structure and microstructure. Quasicrys-
tals are a new form of solid with quasiperiodicity and
symmetries forbidden in crystallography, and are ex-
pected to show unusual properties. The fundamental
part of our studies range over different aspects of
quasicrystals, including search for new quasicrystal
alloys, structural analysis, mathematical studies, and
surface studies. In the application part, quasicrystal-
reinforced high-strength magnesium alloys and qua-
sicrystalline catalysts are being developed.

On the other hand, we propose a new paradigm for
catalyst design in terms of metallurgy: 1.) control of

electronic structure by alloying to adjust the catalytic
function, aiming at replacement of precious metals, 2.)
tailoring nanoarchtectures through self-organization
processes generated by leaching or redox treatments
for developing new processes for preparing alloy
catalysts.

Leaching for a eutectic structure

Leaching of Al
——

With NaOH aq.

Fine dual nanoporous structure

AlLAU/AIFe/Al,Au/Al,Fe Au/Fe;0,/Au/Fe;0,
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Environmental Harmony Inorganic Materials / Soft Chemical Process ./ Morphological
Control of Ceramics / Photochemical Properties
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Panoscopic Assembling of Advanced Ceramic Materials by
Solvothermal Reaction

The panoscopic control of the mico-, meso- and and transparent electric conductors

macro-structures and characterization of ceramic  4.Development of automobile effluent gas purifica-

materials are investigated in order to improve the tion catalysts

environmental harmony functionality of ceramic  5.Fabrication of up-conversion phosphor nano-

materials related with energy saving, environment particles

cleanup and human health. Environmentally friendly 6. Gas sensing properties of semiconductors

solution reactions such as solvothermal reactions NIR Laser | Red LED [Green LED| Blus LED | UVLED

using elevated temperature water and nonaqueous . "gsi":"m "szz’;ﬂm i ‘fj“’?'m j‘x

solvents are mainly used as reaction media for the v 3 |

synthesis of functional ceramic materials.

1.Synthesis and environmental cleanup perfor-
mance of visible light responsive photocatalysts  ss-msx sosmsicssns —emo, _

BUSHAIROMEN: deNOX & 61 — (Lna0DENNavE/CTIO,
2.Development of inorganic UV-shielding materials  excelient deNox activity of the | o,

composite type photocatalyst under 6 0 (-) o o 10 o 10 o

3.Development of inorganic IR-shielding materials UV, visible and IR lights irradiation 10 Time / min

ppm

NO_Concentration /
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n=4 (CaxSr1-x)sSisS1s
X=0.03-0.1

n=e« CazSiS4
(known material)

New materials in (Cai-xSrx)2nSin+1San+2 system
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Improvement of photocatalytic activity of SrTiO,
by flux treatment

N
IS

KCl-treated SrTiO,4

W

N
Surface area/m2 g-1

Rate of evolution / mmol h-1
-

° None LiCl NaCl KCI SrCIz0

n=3 (CaxSrix)sSi2S7 Flux reagent
X=0.3

Exploration of new photoceramics and improvement of

their performance

Our research interest is focused on exploration of
new photo-functional materials, which are called
as “photoceramics”, such as phosphors and photo-
catalysts. Exploration of new materials is an impor-
tant assignment for construction of photoceramics
with desired properties because their performance
and properties strongly depend on the materials.
Our research group is exploring the new materials
in various material groups, such as oxide, sulfide,
oxynitride, and phosphate, with concepts of con-
trol of constituent elements and composition. We
are also examining improvement of performance
of photoceramics using chemical processes such
as the solution-based synthesis and the morphol-

ogy control by fluxing and etching. In addition, we
are also investigating selective synthesis of oxide
polymorphs and morphology control via chemical
design of metal complexes.

Development of organic-inorganic hybrid and
morphological control of inorganic materials

Titanium-picolinato hybrid
with lamellar structure

Morphological control of
titanium dioxide particles
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ZtCAF

TAGEN CAF (TAGEN CENTRAL ANALYTICAL FACILITY)

ZTHERFMZERT Central Analytical Facility (B&#5: 2t CAF) 3. EFIEMEEX. X EoMEE. %k
S[EBHTEE (NMR), L——2X N MEELEARBEREELHV(SEMB O HEHMEEZEL T&/H
BAONKEEBRTE, ST/ MERRE2—DX BRIV /77/00 -2BOMEHEEZENEL T, RO
REEEEB ALY EIN=F /T ZHNTHREREL. 2010 FEICRELEL/, %t CAF Tld. tRIEVIHR
RAEOMEXZZREZENIC. RO MEEROER - EZET>TVET,

Central Analytical Facility in Institute of Multidisciplinary Research for Advanced Materials (Designated as Tagen
CAF) was established in 2010, by combining Common Analytical Facility, which supported the analysis and charac-
terizaition of various materials using special equipments, such as the electron microscope, X-ray diffraction devices,
nuclear magnetic resonance analyzer, laser spectroscopy devices, etc., and Nanotechnical Laboratory, which sup-
ported the researches in Hybrid Nano-Materials Research Center on nanotechnology using the latest special de-

vices. Tagen CAF is supporting the researches on the development of various materials using advanced analytical
apparatuses.

List of Apparatuses

A. RS thRE B. 3 FiuERITRE

Apparatuses for ultimate analyses Apparatuses for molecular structure analyses
OTFTEDITER (RF- K BRHMTEE BEMITEE BE-N\ ORBSHEBERE (47%MA NMR400/600MH2)
05 > AiEE) NMR 400/600 MHz
Elemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer) OFTRIVNMR EE CBrREZ%NMR)
O ICP Byt tr%aE Digital NMR (Liquid NMR spectrometer)
Inductively coupled plasma emission spectrophotometer OFI)TINARAF I BZAFITAGHHEE (BB NMR)
(ICP-AES) Nano device ion dynamics analyzer (Solid-state NMR spec-
OBNBEE X &R romeen )
Electron probe micro analyzer (EPMA) OERBMARTAL—T KR
O ZHSEEREMAHNEB (X BABTFHHEE) High-speed relaxation phenomenon measurement laser light
Multi-functional material analyzer (X-ray photoelectron ouree e N _
spectrometer: XPS) O B5fE - =D RS IR BRI S AT L
O FRITRERR k(A BRI RS The time and space resolution precision state analysis sys-

tem (Laser Raman)

OBERR SRR AT LA
Super-high-speed reaction analysis system (Laser flash
spectrometer)

EFRHMELERE

Electron paramagnetic resonance spectrometer (EPR)

Time of Flight secondary ion mass spectrometer (TOF-SIMS)

OJO—RERESTERE

Glow discharge mass spectrometer (GDMS)

RLKRZE ZTMENZMER
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Apparatuses for crystal structure and microstructure analyses

OEBSTEFRMER
Transmission electron
microscope (TEM)

OEBEWEFIHEMER
Scanning electron micro-
scope (SEM)

OBRBHHEFRMER

Field emission type elec-
tron microscope (FE-SEM)

OB BREBRBGETY T
EBTHHE

High resolution field emis-
sion type electron micro-
scope

(High resolution FE-SEM)

OREHHEEESFIEME
Environmental scanning electron microscope (E-SEM)
OF/ITVT7ERAT L
Nano area analysis device
OFFWNT/O—TBEME
Atomic force microscope (AFM,SNOM)
O 28R X REHEZE
Automatic powder X-ray diffraction devices (XRD)
OHBXIREE
X-ray diffraction devices
1. RINT-V
2. RINT-H
3. MERELRE

Small angle scatter-

ing device

4. X'Pert ;

5. BiER k-4 8 ‘
EiFEE RINJEV

k-4 axis diffraction device for single crystals

6. BfE@mA IP XE&
IP device for single crystals
O BiERBEEXIREERITRE
Single-crystal automatic X-rays structure analyzer
OZRFTRAVOANA X #3EA AT L
X-ray microarea three-dimensional stress measuring system
OB X RAHEE
Fluorescence X-rays analyzer (XRF)
OlLaue BERE
Laue photograph device
Ob—Y—AFMCEESEE (MALDI-TOF/MS)
Laser desorption ionization mass spectrometer
OAXY Ny TG ERHRE (ESI-TOF/MS)
lon trap mass spectrometer
OEaiRee 7 — ) IXZBFRND A EET FT-IR)

High-resolution Fourier transform infrared spectrophotom-
eter (FT-IR)

ORERX - EESNERAIERE (TG-DTA/GC-MS)

Thermogravimetry-differential thermoanalysis/mass spec-
trometry simultaneous measurement device (TG-DTA/MASS)

OBAMEE
Thermal analysis devices
1. RERKF
Thermogravimetry-differential thermal analyzer (TD-DTA)
2. BERREEERER
Super high temperature differential scanning calorimeter
(DSC)
3. B aREt
Thermomechanical analyzer (TMA)
4. NT e AR E R BEREER SR

Triple cell type high temperature high precision differen-
tial scanning calorimeter

OREZhret B
Autograph

ORI RDHNKEET
UV-Vis spectrophotometer

OL—Y—RrXEIRAERE

Laser diffraction particle size analyzer

D. B#gE%
. AX
Base facilities

ORBERBIE AT

Liquid nitrogen supply system
O LA ABYNEE

Helium gas recovery device
OV BRI R B R

Zone melting type single crystal growth device
OTF— VB R

Arc melting furnace

BT HEERE

Electron beam drawing device
OnFakatxiE

AT

Molecular design sup-

port system

= Wi TE

JE

SUPRIY; %@ﬁm
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TECHNICAL SERVICE SECTION

FEMEEFH60ZNDAZy T THEKRL. MREDEBICICATIESELAFMEFVERBLAN SERMRE
HYR-—FLTWET, MEELPSBFINIRMIIERISETHY . BER BN EeEDLTZDEFBICICAB 0,
BAH BB E L TORMAE EICEBDTVES,

B TH Tk, MEEDEKRICICU/-EER
KBORET R BMEORBOUELLEE
FHEHEELTVWET, Rt =&t CAD
AT LX CNC TIEH#EWEIEREALT
HEOSHEEELEHDEH I, ABRIME
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SERBEO—REL T [ AUNEETS]-
[ IR FERER| eBERMELT
RfiDLERICEHTNET, - HEBMIBEEL T2y T THREEDZIIANDITOTVET,

B T35

ME20BIEOHEN EELTOETHY, COIDICSDBEERFOMIXHBEHETIHEIHIE
LENICHENE BMRMOBFEDVEDIZESTVET,

SR TEHPITIE. AEREOERICISU/EELFE - Bkl - REE. HFHRELCIR TV LO
SER VR CERME OTMMEES 2TV ET, EHEEY RO OREHEID/NSWVARA
RAZZERTREAHREL—F—F %
HTEIELEYSINIL, EHEEA 50-E
S (WYKO #tIFEmREMRKAEEE
TOPO2D {#MH)rms0.1nm B TWET, M-
MESEORETIE. EES rms0.1 ~ 0.3nm
DIFFEICESH T, EREHMOBREDD LN
HOEMEY) EF R EHF-TVET,

SECHE - TE R R ABRICEREL TH
REDHFICICA. SSICHLWRITEEET Canon
ZBLOICHABDTVETY,
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THEIE, TR EICL I T 2B R L ST miciE ETFET,

¥120BDRZyTHMRETAY T 7MDZIRICHEDY, SIRERMEREL. MEEOERLIEICE K
{ETBEEBICHRAMDE LICEBDTVET, A2y 7I3EFEEK, BeEZE. XHRES - KEORRE R
BITE - FIEV T 7R, BRE R ERME. ER2D. LY 2T L &Y - N A RERM S
EDFMBRERFE. 1 A ARBITF—MILINEROZRETIZETELDIZBABICICATVET, *
o, FEOEREEOLLYUF - EEICHEDY, MEMSEOREICERMLTVET,
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FHEDO— Bl
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TECHNICAL SERVICE SECTION

Project Support

Central analytical and technical supporting group
assists research with various skills concerning
electronic circuit, ultra-high vacuum systems,
development or improvement of experimental
apparatus, creation of software for measurement
or control devices, crystal growth, preparation of
thin films, chemical analyses, laser systems, bio-
technologies and so on. Our Staff can embody
each researcher's ideas. Also staff take part in
education for students, safety management and
contribute to the advancement of our institute.

Machine Shop

In the Machine shop, machinists prepare original
experimental apparatus designed by research-
ers. Staff introduce advanced facilities and also
make effort to hand down the highly skills to
next generation. Additionally, our staff hold train-
ing courses of mechanical drawing and machine
tools operation for students. The Machine shop
is one of the unique characteristics of our insti-
tute.

L)

YAG laser cutting process

Glass shop

According to an individual order to the Glass-
blowing workshop, researchers can get a variety
of laboratory glassware. Staff in the workshop
closely discuss with researchers and produce
the best tools for their study. Products are made
through complex processes with hand-craft,
lathes and other machines.

The example of grinding processing of glass

FXFE ZXWEREMER
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ACADEMIC EXCHANGE AGREEMENTS

19814

19915

19934

1995%
19964

1997%

1998%

19994

20004

2001%

20025

20034

20045

LT FBe (RAE: RALKE)
s, RE) [118238#%] [X2MiHE 198358 A58

Northeastern University (Shenyang,China)

SIKRFR
(&M &E) [KFRIBE: 1181285, 201256 A6EEH ]
Chonbuk National University (Jeonju,Korea)
OY7RETHTI—BREEMER
(ER&7.0v7) [10R 18##E]
P.N.Lebedev Physics Institute of Russian Academy of Sciences (Moscow,Russia)
aOYE7XZER (Z2—3—2. XE) [11 5228 ]
Department of Chemistry,Columbia University (New York,USA)
REVY—FHI VIR RAEEET — AN RER
(Db ZEE) [10A 1 BfHfE]
Daresbury Laboratory,Council for the Central Laboratory of the Research Coun
cils (Warrington,UK)
NIV BERAE MRS
(NI RY) 11 R 3E##E]
Department of Physics,Free University of Berlin (Berlin,Germany)
bARY TRARZFRFIYIEMZERR
(boR7.0O>7) (128 18##]

Nuclear Physics Institute, Tomsk Polytechnic University (Tomsk,Russia)

OV EFPRFIBTZERHIK - R THH

(Z2—3—7.KE) [10A 158#HE]
Department of Earth and Environmental Engineering,Fu Foundation School of En-
gineerig and Applied Science,Columbia University (Newyork,USA)

RRXFF/HERWAA 2 —
(=R, &) (11 A5B#EHE] [KFRIHE 1999% 117 10B##HE. 2009F 11
A108%#]
Center for Nanoscale Science and Technology Peking
University (Beijing, China)
AZKRFEBIHER (VAL 2. KE) [117 15 B%#]

Department of Metallurgical Engineering,University of
Utah (Utah,USA)

YENKREERTOEAMAE 42—

(EXNIA = HFH) [11B30B8#HHE]
McGill Metal Processing Center,McGill University (Montreal, Canada)
FOVMKRZERE - MHEEIER (O 574 11278 185

Department of Metallurgy and Materials Science,University of Toronto
(Toronto,Canada)

RIVM LV R IRIRS

(KL LI RAY) TREREIBE A 2B, 201453 A28%H
TU Dortmund University (Dortmund,Germany)
A1IF - 7V—K)vk - F—KZEFMIERER

(A TF-RAY) [7TR27EfH#E]
Institute fur Festkoérperphsik, Freidrich-Schiller-Universitat Jena (Jena,Germany)
FIVETRLAS

(FIVE. 75> R) [10RAB#EE] [XFRIHE20065F9R 128#HE.
201149H 128%F#]
Ecole des Mines d'Albi-Carmaux (Albi,France)
K

(GtR. FE) XZRBE 118 108#54E. 2009411 5108F#H ]

Changchun Institute of Optics, Fine Mechanics and Physics
(Changchun,Jilin,China)

OYFHRETHTI—LAT T IIERKR
(ER97.027) [TA21Bfi#E)

P. N. Lebedev Physics Institute of Russian Academy of Sciences (Moscow,Russia)

PEMFRRELFABRR IR
(H#E. PE) [128268##]

Changchun Institute of Optics, Fine Mechanics and Physics
(Changchun,Jilin,China)

ERAFMHMZIERR
GEERM. hE) [6 5B

College of Material Science and Engineering, Huagiao University(Quanzhou,Fujian,Chi
na)

BILRFR
(KEBR. B E) [AZRIRE QA 28#HE. 2012598 2HF# ]
Kyungpook National University (Deagu, Korea)
BRKXZ/NA Ty MR
(KH. 8BE) [ A178#H]
Institute of Hybrid Materials for Information and Biotechnology, Hannam University
(Daejeon,Korea)
SWLyagy b IRKE
(B L asyh RY) [KEZRGE4 A30BHHE. 201354 A308%4H ]
Darmstadt University of Technology (Darmstadt,Germany)
B AFRREERTREERM RO TERR S 4—
(U)v. &E) [6 ARSI XFMIBE 2012937 158##]

Advanced Materials & Process Research Center for IT, Sungkyunkwan University
(Soeul,Korea)

BMAEMETIERR (A4, FE) (67 16 Bifff]
College of Materials Engineering, Zhengzhou University (Zhengzhou,China)
JIIVKERR
(U )v 8BE) [7 A8R#ESE [T XFMIRE2013F7 A8HE ]
Seoul National University (Seoul,Korea)
774 FELTIEXRS
(FIT.90547F) [XZHEHE 6 A 2BFHS. 2009F6 A 2HFE#]

National Technical University of Ukraine (Kyiv,Ukraine)
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FIVR—F—K%¥

(&SR TSVR) [REEBE T A 28 B#F#E. 2010E7 A 28 HE#H]
University of Bordeaux 1 (Talence.France)
OY7RET7HTI-EBRIBEHHH 7O AMRKR

(7522 ANy 02 7) [1281 8] [AZRE3:201291 A 23B#HHE]

Institute of Automation and Control Processes, Far Eastern Branch of the Russian
Academy of Sciences (Vladivostok,Russia)

L—Y— - TS5X7 - Bt E L AT
(FHLAN I—=7) [BA4BHHE]

National Institute for Lasers, Plasma and Radiation Physics (Bucharest,Romania)

MRBZERESIMAR (F17. 7517F) [9A 20 BfF# ]

Institute for Problems of Materials Science, National Academy of Science of
Ukraine (Kyiv,Ukraine)

SRR (N> RAY) T108 17 B

Institute for Crystal Growth (Berlin,Germany)

JA—H—I—KEF

(T#—2—I—HFR) [ KZEHEI0A308##5.20114 10 5 30EHE#]

University of Waterloo (Waterloo,Canada)

BIRFER (V)L BE) [KZREBE: 2 A 2 8]

Sogang University (Seoul,Korea)

MK (BN, RE) [K¥RMBE 4178, 201244517 BE#)
Lanzhou University (Lanzhou,China)

AMELAZR (AN, BE) [X¥EEGBE:7A298]

Kongju National University (Kongju,Korea)

M) I AT REDEHFFR

(ZLyhZ) (NIRRT ARU7) [8A 29 BfH#E. 2013488 1 HEH
Sincrotrone Trieste,S.C.p.A (Trieste,ltaly)

REHEAE

(LR PE) [KEEIHE:6 A6EEH. 201256 A6 HE#H
University of Science and Technology Beijing (Beijing, China)
SERUNIVKE DTHAR. TIRXIS) [KZMEHBE A 8Bk
Universidad Simon Bolivar (Caracas,Venezuela)

FIVVAKRE

(Fxo=A. &1) [6ROBME] [KEMBE:2012F 4 A 10 BFFHE]

Chiang Mai University (Chiang Mai ,Thailand)

B (BN PE) [XZREHBES A 20 BfFfE. 201346 A 20 AFE#]

Yangzhou University (Yangzhou,China)

BEIRKNREIR (8K, 87%) 11827 B

ITRI South, Industrial Technology Research Institute
(Tainann,Taiwan)

VYYRT S U IERER
UNFLARLY RAY) [12324B )

MPIK, Max-Planck-Institut fir Kernphysik (Heidelberg, Germany)

ERIEXFE (LR, PE) [KZMIBE: 108 16 B
Beijing University of Technology (Beijing, China)

A=WV AN—IIFKE

(D—NAN—T. K(Y) [KSERGE: 1 5 7ER#]
Karlsruhe Institute of Technology (Karlsruhe, Germany)

N FNRIVTKEF

NATIANIVY . RAY) TRZEGE: 2R 28FHE]

Ruprecht-Karls-University Heidelberg (Heidelberg, Germany)

FRVKE (FRU. 18U7) [KZMIGE:3 A 28 Bf#]
University of Naples Federico I (Napoli, Italy)

JIFEKRE (TFF8. A1) [KERBBE:9 A 27 Bf#
University of Granada (Granada ., Spain)

77 1—MERRERR (V71—b 771N [28 18Bf#]
Kuwait Institute for Scientific Research (Kuwait, Kuwait)

TR)=R -7/ T KZES

(RRU—=R, AXAY) [6 A 26 BfF#E]

Chemistry Department of the Universidad Auténoma de Madrid (Madrid, Spain)
BERHERR Y LA L (YU h—\> T5R) [6 A 27 Bt
Synchrotron SOLEIL (Saint-Aubin, France)
OYFHRZETHTI—HIREZE - FIREEHRAER

(BERT7. O0>7) [9R 2B#H#E]

Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian
Academy of Sciences (Moscow, Russia)

TRV TEIKRFCEE (EA7. OP7) 98 28]
Department of Chemistry, Lomonosov Moscow State University (Moscow, Russia)
TIAY TREMBRERR (FUD> 7. ARAY) [2A 21 BfffE]
Materials Institute of Universidad de Alicante (Alicante, Spain)

322V KREMHEBE T EMER

(F¥a2by. NYH)—) [6 A 19 B

Faculty of Materials Science and Engineering,University of Miskolc(Miskolc,Hungary)
FUMKREMFRRERR (FUh 752 2) 112 A 8B#HE]

Institute of Materials Jean Rouxel,University of Nantes (Nantes,France)
YHF1—ty Y IRAFEFIEMRABROVAIOD AT LIXITHER
(T>7Vvo. FAUAERE) 1 A 9B

Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories
(MTL) Massachusetts Institute of Technology (MIT) (Cambridge,USA)
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Professors

HEHIR

*48

Associate Professors

O

Senior Assistant Professors

31 4

B

E24

Assistant Professors

60

TR

Technical Staffs

E2d ]

Administrative

*62

JEEERER B

Part-Time Staffs Total

131 *363

Staffs

27

HIEWENER (64) ZRR<,

= BREAKER (942) 288,
Eﬁ%ﬁ;& RESEARCHERS (FY 2014 ) e .
MAREMREGEL) | RRAAEMREEFN | BEMAE FZEMAE FIRWFHIMAR &t

S n Visiting Researchers Contract Researchers JSPS postdoctoral fellows Total
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k\iﬁi Graduate Students
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222

BERRIE 0

62

Under Graduate Students

62

A
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MAEE  ANNUAL REVENUE and EXPENSE

Fr25 FERAMNE

Revenue for FY 2013

%

1.9% 0.4%

8.0%
10.9%

13.9%

13.2%

BERARMNE
HEMRERDE
Z OB EF
ZEEMRE
HEMAE
&
RiFBREHEE

51.7%

E‘I’ Total

4,941

[millions of yen]

Operational Grants

Grants -in-Aids for Scientific Research

M- B L AND and BUILDINGS (as of Apri 12015)

FH25FEFHA

Expense in FY 2013

0.

41.5%

6.5%

BERARNEAGH
BEERNENGE
HNEREEAME
NEREEMHE
R REHEE

%

4o,

35.6%

%‘I’ Tota
4,941

[millions of yen]

16.1%

Operational Grants Personnel
Operational Grants Non-Personnel
Research Funds Personal

Subsidy for Facilities & Equipment Maintenance

Subsidy for equipment

+ i‘@. Land

A Part of Katahira Campus 140,075 | B#AMEEFE 1otal Floor Area

38.333m?

79 180
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