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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 16 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 -
Aqueous Solution-) -HANNOUKEN (Institute for Chemical Reaction Science).
SENKEN was established in 1941, KAKEN was in 1943 and HISUIKEN was
in 1944. So, 75 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. You can notice
not only the hybridization of materials but also that of researchers in our
institute so that they must promote our activities surprisingly. You may absorb
yourself in such a TAGEN-ken world through pages you see.

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., Laboratory for Chemistry and Life Science (CLS,
Kaseiken) 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 unique 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. Since our institute became the main base of this
Network Joint Research Center from April 2016, we have strongly propelled
this project together with ISIR, Sanken. Tohoku Univ. is now promoting the
SLiT-J project, which focuses on the soft X-Ray region of the spectrum where
its performance is optimized. This spectral range covers the K edges of the
light elements including for example Li as well as C, N, and O which are all
critical to current technological challenges. Since our institute is the main base
of this project, we have been making our best effort on the realization in the
near future.

Six 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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Promotion of Quantum Beam Phase Imaging Research & Development among 6 research institutes with the leadership of IMRAM based on the
ERATO (Exploratory Research for Advanced Technology) program sponsored by JST (Japan Science and Technology Agency)
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Promotion of network-type cooperative research among 5 research institutes based upon the Joint Research Center of Materials
and Devices
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Synthesis of Organic Functional Molecules
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Bioinspired Synthetic Chemistry
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Cell Functional Molecular Chemistry
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| IDesign and synthesis of functional molecules for
regulation of gene expression

| IDevelopment of functional oligonucleotides for
artificial regulation of gene expression
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Functional Photochemistry and Chemical Biology
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WADA Lab
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| Development of external stimuli responsible arti-
ficial nucleic acids

[ ICreation of intra-cellular environment change
responsible functional molecules

[ ICreation of cancer cell specific oligonucleotide
therapeutic molecules

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

[ Development of High Sensitive and High Time-
Resolve Circular Dichroism (CD) Detection
Method for Analysis of Supramolecular Dynamics
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[_IElectronic Structure of Short-lived Paramagnetic
Intermediates

|_[Electronic Structure of Electronic Excited States

[_ISpin Dynamics in Electron and/or Energy Transfer
Processes

|_ISpin Manipulation and Observation in Confined
Environments

EFS FIREMED T

Biomolecular Structure
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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
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"I Development of fluorescent sensor imaging bio-
logical activity

[ | Development of protein-small molecule hybrid
materials to investigate diseases and biology

I Development of technology to control biomlecu-
lar activity by light

[ I Development of light resistant fluorophores for
strong laser-based microscopy

I Structure-function relationships of metalloen-

zymes involved in catabolism of biological pig-
ments
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Biological and Molecular Dynamics
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TAKAHASHI S. Lab
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[ _IDynamics of protein folding based on single mol-
ecule fluorescence spectroscopy

Dglli\‘d/_i\ng motion of a tumor suppressor p53 along

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

ANIC- AND BIO-MATERIALS RESEARC

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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control of the gene expression / intelligent artificial nucleic acid / cross-linking
agents / non-coding RNA

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

ZTMEARI 2R

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

Thymine Selective Cross-linking Agents
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biomolecular chemistry . oligonucleotide therapeutics ,/ external function controllable
material ~ CD measurement system with high sensitivity and high time resolution

hiko@tagen.tohoku.ac.jp

Functional Photochemistry
and Chemical Biology

WADA
Lab
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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 recog-
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.

FINAFFZNIT I 58—

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
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electron spin /' charge separated states ./ photo-induced electron transfer
Photo-controllable molecules

akiyama@tagen.tohoku.ac.jp (kL)
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Magnetic Field Effects on
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Spin-spin Interaction

Time-resolved & pulsed EPR
Measurements

Spin Photochemistry on Photofunctional Materials.

The dynamics of charge separation and charge
recombination is an important issue in photo-
chemical primary process and a subject of con-
siderable theoretical and experimental interest
toward the realization of molecular based elec-
tronics or solar energy conversion. Designing
the molecular electronics, that not only uses the
charge of the electron but also uses its spin, re-
quires the fundamental understanding the charge
(and/or electron) transport as well as the spin-
dependent characteristics. To explore the role
of the spin dependent phenomena in materials
chemistry, both charge and spin transport dy-
namics are studied using by various time-re-
solved spectroscopic techniques (e.g. time-re-

ZTMEARI 2R

solved EPR, pulsed EPR, transient absorption
and emission spectroscopy). It involves the gen-
eration of a non-equilibrium spin polarization, its
coherent motion, and detection in various envi-
ronments.

Charge Separation and Recombination Dynamics
controlled by Spin Dependent Characteristics

\ Charge separation (CS)

y Controlled v
Charge recombination (CR)

J— e

CS State



INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

5 =3 Ay
/. N
mﬁ E* A ﬁ ig Keniji INABA, Professor Biomolecular Structure
S
FﬂE FE AR Hiroshi KADOKURA, Associate Professor I NABA
SHF 3|
IE I:IB H:l.‘,'&‘ B # Satoshi WATANABE, Assistant Professor La b

= EPE - £ —7— |
X $piERIEERRAN MR EE R A N VEREEE LRy IR AN ILA T
mmm SPECIALIZED FIELD - KEY WORD mmm

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

13 14
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bioimaging ./ fluorescent probe ,/ photofunctional molecule ~ Heme protein
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Development of functional molecules to image and regulate

biomolecules in living samples

In a living body and cell, various biomolecules
such as proteins, nucleic acids, and sugars func-
tion by interacting with each other. To under-
stand their precise biological functions occurring
within a cell, it is important to investigate the ac-
tivities or behaviors of these target molecules in
living systems, where all of these interactions
with other biomolecules are maintained. Using
organic chemistry, macromolecular chemistry,
and protein chemistry, we design and synthesize
functional molecules, apply them to image be-
haviors or activities of target biomolecules, and
then regulate the functions of these targets by
utilizing light.
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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- dynamics, a sliding motion along DNA, of a tumor
ous functions that sustain our lives. To be bio- suppressor p53. Furthermore, based on the
logically active, proteins, linear chains of amino knowledge of protein

acids, need to form compact three dimensional folding and function,

structures in the process called protein folding. we are developing

The folded structures of proteins are determined a new strategy to

by the primary sequence of amino acids. How- design artificial

ever, it is still extremely difficult to understand proteins.

the relationships among the amino acid se-

qguence, 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
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Computational Materials Thermodynamics

KEMAE

OHTANI Lab
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BEE 7V X L%V 7ZEERIRER O
IR BHFE
EoTHANOYI2AL—aVICKBEERE
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Establishment of base for materials design
through metastable states

Thermodynamic analysis on heterogeneous struc-
tures in metals and alloys

Study on thermodynamic properties of liquid al-
loys

Investigation on theoretical phase diagrams using
the genetic algorithm

Theoretical study on phase transformations in
alloys by the Monte Carlo simulations

PREEM R HI A D B

Microstructural Control of Functional Materials

HAMAE

SUZUKI Lab
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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

control of functional materials, guantum spin physics, nanoscale mag

high-temperature physical che

AEVETFYHEMRIET

Quantum Spin Physics
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SATO T.J. Lab
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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

T/ AT —IVBERT N AR E

Nanoscale Magnetism and Devices

b ErAR=E

KITAKAMI Lab
T/ A ZHF OFERBREN
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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

istry of materials.
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Chemical Reaction Engineering

BT E

YOKOYAMA Lab
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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 IR EMRR T

High-temperature Physical Chemistry of Materials
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FUKUYAMA Lab
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BRI X T LADORF
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Crystal growth and physical chemistry of nitride
semiconductors

Development of high-temperature thermophysical
property measurement system

Material processing using high-temperature re-
action fields

Thermophysical property measurements of ultra-
high temperature materials

Improvement of properties for multi-functional
films and development of novel devices

etism and devices, chemical reaction engineering
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CALPHAD / first-principles calculations / materials design ./ electronic theory
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KEMR=E

B fmatRICH EDCERRERIOBE EFHMERENDICH

FEOEFHRETEEDEEZLVLWEREIL, ERTIHRLCAETE FEAADOHBEERRNICFAT3F AL TENIE. MB2FICE
BOVENFHMMEEEZ ATRICENH T ZEERIRRICLEL A, #a75 KFIHINBY—ILELBIED TSN, MHFICHTIRELTRMD
BZOFEERAVTE—RESEAN-IORRRERFETO. BH  BHTEET,
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WET, EFRMICIE. BEHT7ILVIVIALICLSEE
FRRICINERRETORERERREL. ZTOEBIX
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(a) (b)

Construction of theoretical phase diagrams and development
of new materials based on electronic theory

A remarkable development of electronic theory useful tools for predicting new promising materials
calculation has made it possible to reproduce ther-  for structures and functions, and hence make an
modynamic properties of materials in simulations. enormous contribution to the materials science.
In our division, we are conducting studies on

theoretical phase diagrams of materials based

on computing free energies of solids, physical

properties of heterogeneous structures in crys-

tals, and thermodynamic properties of liquid and

glassy phases by coupling the first-principles

calculations and the cluster variation methods,

as well as the quantum molecular dynamics.

Furthermore, the obtained results are clari-

fied by means of experimental methods. TheSe  visualized grain boundary layer produced by the molecular dynamics method. The blue colored atoms have the

same coordination numbers equivalent to that in bce, while the layers presented by sky blue colors have higher

StUdIeS are Certalnly eXpeCted to DrOVIde qu |te coordination numbers and they are considered to correspond to grain boundary.
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functional materials / alloys ./ oxides ./ environmental materials
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Microstructural Control
of Functional Materials

SUZUKI
Lab
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Microstructural characterization and property control of

functional inorganic materials

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 performance of the advanced materi-
als are designed on the basis of the results. Main
subjects are characterization and control of the
structure of nano-particles of various metal and
oxides using advanced methods and the micro-
structure and texture in novel alloys. Figures ex-

emplify the magnetic domain structure of a magne-
tostrictive iron alloy single crystal under applying
different magnetic fields, and the microstructure
of a deformed shape memory alloy, in which a part
of matrix is transformed to the martensitic phase.

Fig.2
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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.CusSnFi.. Strong quantum fluc-
tuations, enhanced by the geometrical
frustration, prohibit spins to order even at
the base temperature, and instead a non-
masgnetic singlet ground state is formed.

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 uniquely
determine the ground-state singlet configuration.
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nanomagnet . size effect / magnetic memory  spin dynamics
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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

Chiaki YOKOYAMA, Professor

YOKOYAMA

EH K& » =

Daisuke TOMITA Assistant Professor

Lab
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supercritical fluids / nitride semiconductors / ionic liquids / immobilized catalyst
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chiaki@tagen.tohoku.ac.jp
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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 liquids 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 scCOy/ionic liquids.
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materials processes ./ chemical thermodynamics  thermophysical properties of high-
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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 magnetic field.
high-temperature thermophysical property meas-

urements. Currently, we are developing new crys-

tal growth processes to bring a breakthrough in
nitride-semiconductor devices, which are promis-

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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Base Materials Processing

EHAA=E

KITAMURA Lab
FRFACKDIAZIVITILD 3 >DERE
EABRICHDATA S I N\DBERREICET
SHMEICED BHEBEHR 7O ADKE
FALICE DY AV ERERBICE DD
BEZRAWZRAAZITD5DOFEEEDS
Bt - HH
NEPEREDS I 1 L—3 > EMERIC
K BB DR ZEACICE T DAAFRICEDL
IV =2V AF—INEED/=H DR MER L
iR & T K L2 KEORAAR S J 2 F)
AL 71ER
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

HEEMERMA T O AMASE

Powder Processing for Functional Materials

INMERFE

KANO Lab
OVbEa—&YIal—avilEdBE7 0
DEEL
MM FER 7O EADII2L—aY
DR
HF - mA7OEATIaL—a> ORI
XN T IRIVEICKBIERE A DRI R E R
SEREOEIY
N FXAB IO BEREZENHSDERFK
FEET O ADRIRK
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

RFZEEFHET O 2AMESEF

Atomic Site Control in Inorganic Materials

IMRIARZE
OMATA Lab
MM ESM N OMERT EAR 7O ERAD
BT
FTO—F+ v TBEAHIEROREENRER
FADIRH
FRRE TEIET DMK EMOER R ORI
FEREBT Ky NOBRER T OEZADRIFR
BIRINF—AF U E—LBEZAVEE
- BN Ty KT/ iEERGE e
HllfE

Design of inorganic materials and development of
their synthesis techniques

Development of narrow-band-gap oxide semi-
conductors and their application to photoelec-
tric devices

Development of elemental materials in intermedi-
ate temperature fuel cells

Syntheses of colloidal semiconductor quantum
dots

Organic-inorganic nanohybrids using high energy
ion beam and physico-chemical technologies

BERRT/ ITEHRSE

Supercritical Fluid and Hybrid Nano Technologies

FIRMAFE (F&*)

ADSCHIRI Lab(C*) % WPI-AIMR
BIRFAZTDNA TV Y K-/ KFEIK
F/ 7 A ROBNZE (B FHEERK - 1
ZEE) - Rh3HM)
BN TV Y RHBEISRRY~Y—/ N7
Uy RF/HF)
R T RV + — & g
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.

AMERFMESE

Laser Applied Material Science

&Rk (12) BAR=E

SATO S. Lab
EREXDBICHIZMERBRTOER
EREXDZICE T DT/ HTFIER
N7 NVE—LDORE L E— LFFEORET
BNL—F =Ry hOMREHBRL —Y—
MITEDFF
NI MVE—LERWEF /AX=D2T

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 TV KT I HFRESE

Hybrid Nano-particle

HRAR=E

MURAMATSU Lab
BHR—EHNCT )Y KT/ HFOERK
I INTF ) A X2 RTF DGR EHEEN
MERANDISH
ERDFRALIC KB I E AR DBAFE
BABETTIRIC K B AR ARIE AR

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

IxNF—2 AT LIRS

Energy System

fkik (18) MiR=E

SATO N. Lab
TIF /A MEENDERE SOBRILZ DR
AR YA 7B FB 70 BKONYY
IVRIEZORE
BRERERICEADIREBES JORGEREE
YDIIE - BT BT
B AZEDSDOFMEBEEE S L OKFERT
O ADBIH
BEEMEESTL 7 XZIVERDT)—>T
O AR

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

JO€CAATLIE
s

DIVISION OF PROCESS AND SYSTEM ENGINEERING

Division of Process-System Engineering contains Base-materials processing, Functional powder| processing, Atomic site
control, Supercritical nano-engineering, Photo-material science, Hybrid nanoparticles, and Energy|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
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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 = Identify 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 B RETHRUOKBICRARSIZHALIER. BHRKIRR
. ’ ) Picture of the paddy field damaged by tsunami showing a good harvest where
to produce high-quality steel. the steelmaking slag was used as a fertilizer.
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powder technology . grinding ./ mechanochemical reaction
rare metal / simulation

kano@tagen.tohoku.ac.jp

recycle / hydrogen /

Powder Processing for
Functional Materials

KANO
Lab
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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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Atomic Site Control in Inorganic
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inorganic materials /" power generation devices using natural energy ./ ion-exchange
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Creation of environmentally-conscious materials based on
atomic site designing

Most innovations have been triggered by advent using those materials are now developinsg.
of new materials, and the present energy, envi-
ronmental and resource issues are expected to be
solved by new materials. We focus on to explore
new materials and their synthesis routes using
ion-exchange and ionic intercalation techniques.
Proton conducting phosphate glasses working at
intermediate temperatures and narrow gap oxide
semiconductors applicable in visible and NIR re-
gions have been recently developed. Simple and
safe synthesis routes to cadmium-free quantum dot
phosphors and colloidal indium arsenide quantum
dots for solar cells were also found out. Thin-film
solar cells, fuel cells and light-emitting devices

ZTMEAR 2R
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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

20 40 60 wt%
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Laser Applied Material Science 1&& 1& B’ Shunichi SATO, Professor
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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
the best use of the excellent properties of lasers for
the advancement of material science. The state-of
the-art photonics technologies are our useful and
essential tools. At present, we are especially inter-
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
regarded as a novel non-equilibrium, non-

have inherent vectorial characteristics of electro-
magnetic wave, focusing on its physics, the devel-
opment of beam generation, the improvement of
beam quality, and applications such as laser pro-
cessing and super-resolution microscopy.

linear and ultrafast process. The next is
the investigation of vector beams, which

ZTMEAR 2R

The vector beam under study shows a synegetic aspect
of polarization, phase and pattern of a light beam.
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hybrid liquid crystal ./ organic- inorganic hybrid nano-materials
promoted semiconductor nano-dots ./ Iron-based Nanomaterials

mura@tagen.tohoku.ac.jp

energy catalysts /

Hybrid Nano-particle

MURAMATSU
Lab
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FLEBSNAFT /AT VR TTA?  FALBEDEUET,

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
methods are based on the
particle-synthesis princi-
ples, (1) strict separation
of nucleation and particle
growth, (2) perfect inhibi-
tion against aggregation,

(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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actinide chemistry ./ nuclear fuel cycle / energy resources / rare metal processing ./
radioactive waste management

dragon@tagen.tohoku.ac.jp
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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 unique 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

ZTMEAR 2R

elements is studied to perform more reliable safety
assessment of radioactive waste ground disposal.
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Electron and Molecular Dynamics

BEMHMEMED

Structural Physics and Crystal Physics

REYIE 7 O AMRESE

Surface Physics and Processing

FHMERE

UEDA Lab

AHAAE

KIMURA Lab

ERAAE

TAKAKUWA Lab

ORIBICB T BEFTFHEEFEDON

OXFERREDEBFEAFIVARFEAFTIVA
RFARX=D2T

ORFREEBFRREVAC KB RICEHH & RSHI

OFNIVAKZL—Y—- 22 rOhOrgEt i X
BHEFL——2aRRELEDFAX—I2T 5
TFHE BT RREANZEELIABTFANE B
HFEHAIEDRSE

[“JQuantum interference and entanglement in reactions

[_|Electron 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

EFETHEMEDE

Quantum Electron Science

=15 (IE) AR =

TAKAHASHI M. Lab

OEMFFOEFEHESAKOHREICKD T
BA X =2 J EBFIREIARADISH

OZRTEREHAEDREICLZETF - FFEHRD
MHREAFTIIR

ORHIBETEHENLORREICKEIMENE
FREBDOIHIL

[“IMolecular orbital imaging by molecular frame electron
momentum spectroscopy

[IDevelopments of multidimensional coincidence tech-
niques 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

BFE—LEHARRSE

Quantum Beam Measurements

BEMAE

MOMOSE Lab

O XIgFHRHRAICED < XREABERIED A
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DFREZ DI

[[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

[JUSAXS imaging based on decoherence

mechanisms of functioning, we
interfacial nano-science, and gondensed matter physics.

OhEF4MEITREEZDISAEDRTE (JAEA
RB354F JRR-3M:T2-2 FONDER)

OEBERHAREZR o Rh i FiEREiEmg
ERBORF (J-PARC BL18: SENJU, #EH
FKAFETFIF HANARO 2D-PSD)

OZEBRT (FE. BEE. S5, BEH) ICH
1% X % pEFEEFEDORRE

OREFER, BiEE, YL F 7OV PEEEVHE
BIREARDREEEIEMTT

OXFREARFTERNEOEFRENHhERZED

[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

7/ -4 7Ot ALERR ST

Nano/Micro Chemical Measurements

KIFRRARE

HIBARA Lab

OF /) RAYOFMTINA A&\ S5 BB LE D
ORI ICED S RIRELDBE - IRAEE

OFHA X =D 2 JFEE KON A 7 OZMIRLEE
OFHF/NIVAESRICEBERD FDIEEEHEEDIER

["IEasy and automated chemical analysis utilizing nano/
microfluidic device.

["ILiquid-film separation/preconcentration method based
on interface chemistry.

[limaging microscopies and detection methods for mi-
crospace.

[IStructure-function relationship of biological molecular
systems studied by high power pulsed ESR.

ERTFIELERRIE

Polymer Physics and Chemistry

IR ZE

JINNAI Lab

0" 2R BFRNET T 71 DRHE
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EHEREE

["IDevelopment of novel "multi-dimensional” electron to-
mography

["IDevelopment of 3D image analysis methods (e.g., analy-
sis of interfacial curvatures based on geometry)

713D observation and analysis of block copolymer self-
assembled structures

[13D Morphological study of nano-composite materials by
electron tomography

18D Structural observation of energy-related materials
(e.g.. fuel cell electrode)

O/ REMBOTHER 7O AN

QR CMOSY — b A& v U DIEBIRTY 1B
DRERA E il

OREM S BER LR D IR R ICHEAE D AZRA & il

OETEHFRIC &5 BEAREEEMRT & I0H

OXREDAEVEIE SVBRRRRERADH
LUVVEERImADR S

[“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

EFAILS bOZI AMESEF

Quantum Optoelectronics

BRARE

CHICHIBU Lab
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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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mmm SPECIALIZED FIELD - KEY WORD mmm

molecular dynamics ./ electron dynamics  electron spectroscopy . coincidence

ueda@tagen.tohoku.ac.jp
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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
soft x-ray synchrotron radiation, and ultra-short wave-
length free-electron lasers that have just constructed.

ZTMEARI 2R

Xe Ar

Photoelectron angular distributions of rare gas atoms (Xe and Ar) and
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, g:
constituent electrons. For this reason we aim at  (3)development of time-resolved electron mo- 2
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 g

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

momose@tagen.tohoku.ac.jp
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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-

Configuration of X-ray Phase Imaging
—X-ray Talbot-Lau interferometer—

ZTMEARI 2R

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

Hydrogen-bonded dielectrics

kimura@tagen.tohoku.ac.jp

Structural Physics
and Crystal Physics

KIMURA
Lab
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Ferroelectric polarization induced by magnetic order in

magnetic ferroelectrics

We have been developing the methodology for high-
resolution crystal and magnetic structure analysis
using X-ray, Synchrotron radiation and Neutron
beam under extreme conditions such as low tem-
perature, high magnetic field, and high pressure.
We have also studied structural phase
transitions to understand the micro-
scopic origins of functional properties
in solid-state materials based on the
accurate distribution analyses of the
electron as well as nuclear densities.
Figure shows the complex magnetic
structure of magnetic ferroelectrics
derived by neutron magnetic structure

analysis. Cycloidal spin structure in this material
is thought to be the origin of electric polarization.
We also engage the development of novel neutron
diffractometer for structure analysis “SENJU” in
J-PARC.
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nano ./ micro analytical devices / imaging microscopy  optical detection methods
electron spin resonance
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Chemistry in nano/micro space: measurements & applications

We study advanced nano-micro technologies in
chemistry and biochemistry and their applications
to integrated analytical devices. We investigate
easy and automated analytical technolo-
gies for life science, environmental sci-
ence, food safety, and industrial process.
We also investigate novel analytical
technologies such as single cell analy-
sis, single molecule analysis, single event
analysis, and molecular behavior in rapid
mixing. For the advanced technolosgies,
fundamental chemistry such as chemi-
cal reaction and phase transition in a
confined space should be revealed in de-

ZTMEARI 2R

tail. We study unique advanced measurement tools
such as microscopic imaging, laser microscopy,
and electron spin resonance (ESR) spectroscopy.

High power pulsed ESR for protein folding analysis



INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

e
0O

aa nom

AIE » =

Hiroshi JINNAI, Professor

Takeshi HIGUCHI, Assistant Professor

— P - F—7— K -

VI Z—YE VT YT UTIOECHEBIER BFRNET T T BAFNA

7y Rt
mmm SPECIALIZED FIELD - KEY WORD mmm

Soft Matter Physics ./ Self-Assembling Processes in Soft Materials / Electron Tomography

/" Polymeric Hybrid Materials

hjinnai@tagen.tohoku.ac.jp

Polymer Physics and Chemistry

JINNAI
Lab
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Fig.1. 3D reconstruction of Pt nano-particle (NP) network
superstructure in Terpolymer metal NP hybrid compositions and
comparison with Self Consistent Field Theory (SCFT) results.

3D observations of nano-structures in soft materials by

electron tomography

For better understanding of various properties,
e.g., mechanical, electrical, transport properties,
in soft materials, detailed characterization of their
morphologies in three-dimension (3D) is essen-
tial. We have developed electron tomography, a
novel microscopic method to image nano-scale
structures in 3D, and applied them to various self-
assembling structures in soft materials.

In addition to the 3D imaging capability of electron
tomography, another “dimension”, e.g., time, tem-
perature, wet environment etc., will be added to
observe 3D structures in various environmental
and dynamical processes in soft materials.

Fig.2. (a) 3D of the ordered bicontinuous double diamond (OBDD)

structure in a block copolymer. The image shown in (b) reveals the 3D

thinned image of the unit cell of the OBDD structure.
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Surface Physics and Processing Iﬁl% EE— S Yuji TAKAKUWA, Professor

TAKAKUWA Et) ” EE.I AR Tadashi ABUKAWA, Associate Professor
Lab /J\J ” ﬂ%_ B # Shuichi OGAWA, Assistant Professor

— P - £ —7— -
REWIRS HERS TOCATY BT EHETO—7 £ T HRAAEORSE
mmm SPECIALIZED FIELD - KEY WORD mmm

surface physics  material science ./ process engineering ./ development of surface
analysis methods with electron and photon probes

REMET O ARESEF

ERARE

takakuwa@tagen.tohoku.ac.jp

KRERSEBICEOVAREMERAREKRE T/ 7O AHHE

BrekeT/O-JegaHLVWKREEHAZEOHERBLCHEEARS  BARREXEDOHOXEFHIE TSI LENOREF/TOEID
FELTARBIICRT &S, ThoEe AW TEBASh/-RE - RERIC FAFEEZRRIL TLET,
HEBICE DO THREMEBIRDAIRE . RE/ 7O IXDFE
EfTE-oTVET, FARICIRVBATHSF-VIBEFHKER
BELRAEEREFEN. RUSHEBEMSEHT LB
RERAWSKREF AN TIRREAIGEREBMAVIC [#EEFHA).

RIG¥XT 17 ZEBHTED (VT 21 LBR]. RIGHIE
EXTTO [7OtXHh0 [Z0i5] #8152]. 2L T, REMARA
HBEUBRIELE 7A€ NILY RHEED Tl 3aL—4a BLT
[—HRWICREBEZRE] TERILEFHELTVET,
hRE - RECOLE - BHARICBREHIETIZLCE., &
AYELR, BEIT71>. DLC HEDF/RFMFEP. Btk
28 Mg0 / SinTOEEDHEEM ERDAIE, ZL T,

Synthesis of functional materials and development of
nanoprocesses based on surface reaction mechanisms

In the research section of surface 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  Fig.1. Time evolution of photoelectron  Fig.2. Patterson map (inset) and structure
. . P . spectra taken during exposing model of Si(111) v/ 3 Xy 3-Ag surface obtained
kinetics at surfaces and interfaces,  Si(001) surface with O-. by Weissenberg RHEED.
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Wide bandgap semiconductors ~ Quantum nanostructures
Carrier dynamics ./ Spatio-time-resolved spectroscopy

chichibu@tagen.tohoku.ac.jp

Quantum Optoelectronics

CHICHIBU
Lab

EFRILS bOZJ ARRSEF

BRARE

T4 RX vy THEGRT/BERIR EBFEEFMEANY NOXIE-

KFR (B CETR (BET) DEEREGERRTIETIE
EF N ZEEREL T, BHIFIRICHY T 2K 200nm & OF
LHHED DR FRIMRE CILEEREH/ L. BIBICH ABAEFICHEL
W (T FFuharow %) AN, GaN, InN ZDMHEZE b B K
ZnO, MgO SNIEMILM ¥ EiF, BICIX TIO, ZENEER(LM ¥
BIRICZRNSAMEL T, B BILZEREIESF S —k TR
IEZXD—EKILE-T BFBULANNTERARE - REEF OFE
FF /BBERBENDIELF vV R EITVET, T Zhox/ X
aEY T - F/IEBEDT T LN/ IV ZEREFIRENIREIC L B - 22/
R DR HEITV, HASEICHIBHE TR - EFHER (v
TEAFITAR ARMEEDERLE) OYIBISENET, £ ZThbdE
WK BFTNAR (IR - 5 - MR BB - — e
FEFDERMT /N R, BRI I ZEE) DR RETOET,

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
unique 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,

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.
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Chemistry of Energy Conversion Devices

BElfEA 7 YRR R DT

Solid State lon Physics

ERERBIRS AT LMRIE

Metallurgy and Recycling System for Metal Resources Circulation

AEARE

HONMA Lab

ARARE

KAWAMURA Lab

SH (i) =

SHIBATAE. Lab

OEBRE BEHBEVFILAAVEM
ORBEFv/N\I&R

OKRBEM - MR EBHMAOHME - 7/ R
DEF
COBERERME - BRICZETO A Z A6
T/ =TV T7ILDRIR

T =2FINA ADBEFA KA

[ |High power and high energy density lithium-ion
batteries

| |Super capacitor

| Development of advanced nanomaterials and
novel devices for solar cells and fuel cells

[ IAdvanced device processing using supercritical
fluids and electrochemistry

| ISpectroscopic analysis of energy conversion
devices using synchrotron radiation

BEfAF=0 A - TINA ARRRDEF

Solid State lonic Devices

MEMREE

AMEZAWA Lab

CRARE, BERDOS R - BIEEME(L
BRI RIVF—FHBT/NA AFHED 7=
DEEEDZAMEMDRZE

ONTORAEICHETEDERHMARRICHT HE
WERRF

OHFREARA F =0 AMBDORET ERIR

| Improvement 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

The research center has been org
of sustainable society and carri

processes and to develop new/devices and materials for renewable

OV F ) LABHOLCZ AR

OERY FU LAEHORREEFEA 7 U BEAR
CRBIEMMRIO T O N B EEEOE
OHZ R - BEANBREDAF > 81 FI U ARRK
| Degradation diagnosis of lithium batteries

| Development and analysis of thin film lithium bat-
teries

|_IProton dynamics of fuel cell materials
[ llon dynamics in supercooled liquid and glasses

REEAHFM 7O 2AMESH

Environmental-Conscious Materials Processing

B HR=E

NOGAMI Lab
OFMEETOEADZHRE I 1L — 2%
OFMIRIF—FH- TR EIR 7O ADRZ
O RIS rE@E AL D 78 OIEREFIE AR 5
O $RILE DRTTARI R DOAZEA
O BARE ORISR E DR

| /Reaction process simulator for material produc-
tion

| Development of energy recovery, conversion
and storage

[ IBoundary layer control to improve reaction and
heat transfer processes

| /Reduction and melting behavior of iron ore

|_[Flow behavior of liquid with free surface on solid
surface

MRSET O AREFE

Materials Separation Processing

SH (5) A=

SHIBATA H. Lab

CERBIOBRCBSENRIADREAD =X

QRWRMF S ) A2 H—NA ROBRBRR

OT A BRIERHAS KO AT ADYEBLFRIEE
EiEiE

OERNOT MY DIEE

OR{ER I XTI LDOBT7/OER

[ ISolidification mechanism of metallic and oxide
super-cooled liquids

| |Solution growth of SiC crystal

[_IStructure and physicochemical properties of sili-
cate melts and glasses

|_IStructure of solidified metal halides

| Reduction process of magnesium oxide

OBRIEMEROZANME T O A0
0230484 MERKICKDUFRDRERE T
MR
OE—REHEEZFALEEREFILDSBED
T DFFERER DAY ) —=2F
OIERBR T BT B ERER MY L EHEATICES
G DERNMR

ONEY 3y MRT7 / — REROWZHRN 4 8
ERREEIEM ORF

ONT T IINRICHFBE//N\NOT > H#EICRT
2 BRI

03>y — R EEYPOBER{L 7O AN

ko
OZDOfs. ERERBERICEHDZERERMOMR
3

[ IPyro-metallurgical process for ocean floor min-
eral resources

[ ISynthesizing technology of scorodite particles
for stabilization of arsenic

[ IScreening for new flotation reagents to separate
arsenic minerals using first principle calculation

| ISmelting technologies for high impurities contain-
ing in nonferrous smelters.

| Development of new electro-refining process us-
ing small copper shots anode

[ /Removal reaction of hydrogen chloride under
simulated bag filter conditions

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

[ |Other topics for development of elemental tech-
nologies related with metal resources circulation

energy creation and its efficient conversion.
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renewable energy nanotechnology lithium ion secondary battery, fuel cell /solar cell

i.honma@tagen.tohoku.ac.jp

F/T70/00 - RxFHSBERICEHIES

ARERRZE T 21 HEOMZRFPRVECREERE THIM
B - ERBHSBEOAICSI /T /0P —5FALEBE
AIBEI R X R DT7OL T TRIETVEY, FT/N\M X Fidt
HBAREROIC, ZREih. Fv/302 KBEHEOEFRHITIIL
F—HAfiEHICREL, MERBEMRDI/ N=aER2 Lt
BEYELTWET,

EHHNIINX BRI NARERBET 00, RFEME (F
571 BEEBAMAIVITFAR). BBt /EEEmE.
BRENE. BUEFERE. BERARATOIBM. M-S
WEDF /77 /O —ERRELS. SRE - SHABUFILZER
Eith, KBREX /¥4, MASEH. {LEMFBFFEABZEMRIC
BT 35 MRESEME - 7\ ZAIROBELFZ IO XERRLT
WET, INODEHRMIFINF—F /N1 REBRFHMEL TRRFEL

HERMTHBRAT— TR BREBEPBERGEIILF—OD
EBRILICEmMLET,

ARy ArnuiETicaz  Tnaverie
SRTEEDEE HEMHORR
® FUIEEEMAEICLHIRT AFEEBEVEE - SHAERAHES
B4R E (B E/ER) DT A ERY S5+ Bt A
o BEERMHFE TOERT ERLREGBRE
BRLET/o—NMEDE
Ve

BEEAFST BuREko ReHD
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Energy technology innovations via advanced nanotechnology

and nanoscience

Honma laboratory investigates frontier nanotechnology and
nanoscience for innovations on advanced renewable energy
technology, which contribute to a global sustainability and
low emission society. The green technology would be most
important issues what scientists challenge for global sustain-
ability in the 21st century.

Particularly, we focus on studies in fine chemistry of ad-
vanced energy devices employing advanced nanotechnolo-
gies; 1. monoatomic-layered materials, 2. Nanocrystalline
electrode materials, 3. organic nanomaterials, 4. high ion con-
ductive solid state electrolyte, 5. nanoporous/mesoporous
materials 6. supercritical fluid processing, 7. spectroscopy
analysis using synchrotron radiation.

In depth studies on these advanced functional materials

ZTMEARI 2R

and characterization techniques may result in innovations
of lithium ion secondary batteries with high energy & high
power density, low cost fuel cell for future smart grids, and
compound semiconductor solar cells achieving both high
conversion efficiency and environmental friendly.
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solid state ionics ./ energy conversion

amezawa@tagen.tohoku.ac.jp

in situ analytical technique / interfacial electrochemistry

Solid State lonic Devices

AMEZAWA
Lab

B F =9 A - TN ARESE

FREMARE

IRBICR LWV I RN —FBT NS ADEIR - L RICHITT

RIBRIRE. TR VX —MREEARAL. Hirl Bt SERR T 5Ll
21 HIEORPE - I E ISR EONAKELBETT, RAOMRE
Tl ShHEDBBDORRRICE T2, BHBHPEB AL, RIBICP
SLWIRNX—FHT A ZADER - EROI-2DDOEBREREToTW
9, B BRTHIENSZDHRES
AN ERBENTED “ERAF=UX”

MEHEBL. BISICHBT 51 F 8k,
RARIG. REEEEICDVTOFEREE
KT BEHIC, ZhUICEDHEREERET.
MEBRE T TVET, £ Blif(7
ZORF IR BIBMEL RISICED
BIEMEFLIL IR TR HHAE

R TEERIREE T AEE AR ORRELToCVEY, L EDMZR
EBL. B 02 EFAUIRERMB T 3L 2T/ o
ZDRRESVICEMERRL - SERELICREATOETY,

ERFETEEIN situ

HS BESO-REREBE T TOZD

A7 OXBRIRDARERE

PLDIZ& 217 BB AEE

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 techniques for solid-state ionic devices.
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Solid State lon Physics 'E-I.*q

ﬁ_ S Junichi KAWAMURA, Professor

KAWAMURA ik

HH R Akira WATANABE, Associate Professor

Lab &H

IEHH 7&?&?? Naoaki KUWATA, Associate Professor
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ﬁﬁ By # Junichi TAKAHASHI, Assistant Professor

ﬁ'f 7)[1‘/77-» Bh ?5( Dorai Arunkumar, Assistant Proffessor
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R/ AFYEAF IV A BRELBAN FERE

Bk A 7 e RE S5 solid state ionics /" ion dynamics ./ nuclear magnetic resonance  thin-film rechargeable
battery

e [ —

S

'ﬂ*qmﬁi kawajun@tagen.tohoku.ac.jp

Bl 7 HEEAORIRE - SERIXINF-HZORE

FRRRZE T, BEPOI4 0OBEEL—F—HHiEE
REHIE (NMR) ZAVWTIRZRL. S ERREPIRE - T3
WX —FBEDRRIIOLITF B ERBIELTVET,

RIEDELART—<ELTE 1. UFTLERDZDS (in
situ) HILBRHRMTORS., 2. £ERERYF Y LEHOR
3. 3. BEIEMMROTON BEMEEORE. 4. H5Z-
WS HRAEDAALZAFIVRRREEDN E T NET,
ZOEOOMBFEELT 1. L—F 3% (L—F—KBEE.
T BEL D Y PRI S (SFG) A Y. Kerr $138R).2.
HESEE (NMR) (BfFZ# NMR, HEEUREL 1x—2>
7). 3. BRAIE (1 E—4 2 FERN. Sty B
SUEFRITE) HEEANTVET,

LTLT
g Li metal film (VTE)
- Li;PO, film (PLD)
i T ,:001 film (PLD)
_/ Sorabetate
L—Y—2F A THELE: WS ARNMREE L
SR FILEM DFILBHMDLIA A=Y

Solid-state ion physics bring innovation to our life

We investigate ion dynamics in solid by elec-
trical, optical and nuclear magnetic reso-
nance (NMR) techniques to develop new ionic
conductors and solid state ionic devices.
Recent research subjects are; 1. degrada-
tion mechanism of lithium-ion batteries, 2.
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.
Electrical Measurements (impedance, elec-
trochemistry).

ZTMEARI 2R

. Microscope
Edge filter
1}

and LI | Prism

cco Lens

Prism

Leps
l Band path filter

DPSS laser Cell
(532 nm)

Half mirror

Objective

D)
BB OB R

1. -]
oy

1£9.

10

1

12

13,

f=n

3 35 4o 45 50 55 60
1000 (UK)

BEEND AE—HF U RENMRIZES
In situBEM S~ > 53 JLAlRE AF B AF2IHRETE




INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

.
gJ: ;¥ B = Hiroshi NOGAMI, Professor

Environmental-Conscious

'}"Lﬁﬂ 1$7¥ By # Nobuhiro MARUOKA, Assistant Professor Materials Processing

NOGAMI
Lab

= EPE - F—T— K
FHMIOER I aL—Yar  BBRESER RISRE HTE
mmm SPECIALIZED FIELD - KEY WORD mmm

ironmaking . process simulation ./ transport phenomena  multiphase
reaction kinetics ./ thermal engineering

=R\ A REEHE SN G

RIEESHFM 7O AMASH

EHHR=E

nogami@tagen.tohoku.ac.jp

)
m
(2]
m
>
P
[e]
=
[e]
m
P-4
2
m
e
2
o
D
[2]
Cc
2
e
P4
>
@
@
lul
[72]
Q
m
P4
o
lul
o
m
b4
9]
Z
m
m
3
P4
(o]

RICEY 2 BRI KD EFNFM 7O AOERE

SKERICARSN B ERERMBORETOEXIL, ZOEEE DR WE—ENSLUITEIOEX OREFELEDTVET,
KEND, BB IXNX—DEBEBLR AT, ZThoEIIFIL, ERRA
SOERICETILHODEENRKOSNTVET, ZOHKEELT, BT
TOtROEH R, ERMICOBRIE. EFHTOEIORELEN 5
., ZOEBRD=HICIE, TOERABTECIRRPFERORICHEE
EEBEL. T OEREFEIL VKD ENG HVET, NIFRHEFT
I3 BESEAROTOEAFRICET T SBREMEROMMEEYR
ISHEEO#RAT, BTZ. BHRERKHORICTFZEENFEICL D
B, EMEETOERCLCROSNSEERBEEOAAHZE. B
FIZHEEOFAHICEBZEELETV. ChOOM BEHEREFHZR
MPS &, BEBIER AL ERIHDORBEENTF EEROHRERERD
PEACHAATIET, BEEMEETOEADHES 2L -V
HiiORFEEE E5HM - FHEHCRWHBATHEY, Fio HALHIX O—4&U—F IV ROBFRRED TR

Development of novel material processing through process
analysis based on reaction kinetics

For the reduction of energy and material resources  we are trying to develop new processes for recov-
consumption in base metals production, improve-  ery and storage of thermal energy.

ment of process efficiency, enhancement of flex-
ibility to raw material resources and development of
novel processes are required. One of our approach-
es for this issue is numerical process simulation to
reproduce and evaluate the materials production
processes, based on the theories of multiphase fluid
dynamics, reaction kinetics, thermodynamics, ther-
mal fluid engineering, transport phenomena, powder
technology, and so on. Using the results of the pro-
cess analysis and the fruits obtained through the
modeling of unit operations, we are trying to develop
novel material production technology. Additionally

High-performance heat exchanger with boundary layer control

47 48



it -
: : : 7|%EE| II:I# E Hiroyuki SHIBATA, Professor
Materials Separation Processing

SHIBATA H- Ej]ﬂ( }I:t:lz By Sohei SUKENAGA, Assistant Professor
Lab “IE ﬂ*? B Sakiko KAWANISHI, Assistant Professor

mm FRAEH - £ —7— N mm

TARIE BT RESRRR BRI OER 74 R¥ vy THERK

mmm SPECIALIZED FIELD - KEY WORD mmm

silicates / thermophysical property ./ solidification process  refining process

MBS T Ot ARESS shibata@tagen.tohoku.ac.jp
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Physicochemical approach to interfacial phenomena at high
temperature for high efficiency materials processing

Recycling, refining and solidification processes of
materials are important to sustain high efficiency
process for manufacturing products. Each material
separation process is governed by many chemical
and thermophysical properties of materials and
interfaces among materials. Functions of the ma-
terials should be clarified from micromechanism of
each phenomenon to develop high efficiency pro-
cesses for materials separation as well as crystal
growth by means of in-situ observation and meas-
urements especially at high temperature.

5mm

Crystallization of lithium silicate on the molybdenum substrate
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Non-ferrous Metallurgy /Metal Resources Circulation/Recycling/Waste Treatment
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Establishment of Metal Resources Circulation System Based
on Non-ferrous Metallurgy
technologies for secondary resources and stabiliza-

tion of environmental load elements will be conducted
in order to achieve the metal resources circulation

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

system.

Synthesizing
technology of

scorodite particles for
stabilization of arsenic

Gel-like precursors
(Consisted with Fe(II))

Initial stage - Gel-like precursors

(Iron Arsenate chemical structure)

N

Gel-like precursor

—

Middle and Fin:
(Scordite, FeA:

Scorodite faceted particles
(Consisted with Fe(I1I))

Scorodite particles
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Synchrotron Radiation Soft X-ray Microscopy

EFRTSHAMED T

Electron Interference Measurement

EBET7O— TR S T

Advanced Scanning Probe Microscopy

=HERRE

TAKATA Lab

ERAFAE

SHINDO Lab

KEAAE

KOMEDA Lab

OLBE - BRI X ARBEHER DR EISH
OBENIY T FT 1 — YA DERKERER
OEMREM DR X IR BB
ORXFABRHARLEEI Z— DR

[“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

BT AT - FAEHRRRE ST

Electron -Crystallography and -Spectroscopy

FARAE

TERAUCHI Lab

Otkset 7/ K7 DY IR

OAEDHE EELS ([ K3 HEHMEFEDORF

OEF WA SXES KB EGH

[JFunctional analysis of nm-scale particles by TEM-
EELS

[“lldentification of electronic excitations by angle-
resolved EELS

[[IDevelopment of SXES instrument for electron
microscopy

OSSP REBETHEMFEEICLSRE - RATO
JRFECGI DFET

EBREG T E B FHE O 7= O BEAIRE
BT ORI

OO L VYBEMEEEEFHRAOI ST 1 —
Z AWV AEE - BiALD 1R DRET
OIRINF—T 1IN E—EBTFEBEZRAT
DIBFHERIC K HIEEREEEDRA
OEHIRHZERA LAZBFHRAOT ST 4 —IC
KBTI OBIBRET

[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.

OEFR > RIVEWMER (STM) ZHWESDF
&= - 5HAl

O F U RIAKERAVESFIRE - AE &
REDF ) AT—ILZER R

OWHINLHRF EFFHRFOMEICMAIS/ZFRE
TRl - 4

OAEY  NOZVAR-EFAE1—E—DFE
BERDAE T DOHIE

OEEMEDOERMEIRICE T RE - 5 FHEE
EFR DR

[[JObservation 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 SPECTROSCORY

This center aims for original developments of measurement methods and instruments, and return those to societies. At present,
four groups of Electron Interference Measurement, Electron Crystallography & Spectroscopy, Advanced Scanning Probe Mi-
croscopy and Soft X-ray Microscopy are in action, under collaborations with Technical Service Section and companies.
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Mitsunori TOYODA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

Synchrotron Radiation X-ray Optics ./ Soft X-ray Microscopy ./ multilayer mirror

takatama@tagen.tohoku.ac.jp

Wt X #RICK BT/ AL T DR L ICH

SPring-8. SACLA (3. I FX—RBEREFTO. XIRAIHRIL
HAfCE#HEL750, B Tld. 3GeV V5 XMETI v XS
MEEN K2 LREESh., MR DEEHRED BIEL TS,
FALBURSEETE [SLIT-J] (1) i3, ZOEHIEEIY
ANZERXIFEBOCAZEEI T PELTT A&
hTwd, YMRAFIE ChETHERLTEL. S48
BOCHRIBIMSE LR, Y F VLI IOE—FEED
ENGBER OB EMeEIC. SLIT-J STEF KT
SRMEREEERL. 7/ BEE R RIL T B TIFEIEET D,

ZLT. BFRAFOIEFIRE. TRIVEX—IREE, 8E%
EDIEHRER LT DS/ A>T TFT4—EWD, B
FAERMOFL W X2 228K T2E2BEET S,
MEFREDICHIZ. E&FEIS. ME -MEFRE 78

IZAREETCEVWREFICHE), BTRUBLEREFBIRLEAD
REBERFIN TS,

B[ ZEFNER]

E—LTANE—RE 3 GeVA mA
ST4AME Dousle Double-Bend Achromat

na 3s4m

LB MARBER) 1664

TIVEVR 0.93nmrad

B[ kRO®E]
E—LSAVBREASA—D e

EEEs

BT v 52 RBIHH0.93nmrad”).

ST ~5MW

E—Lo4y

BR7YVaL—8 - 12K
* EEEBAE RACERTE

WM 6,00085M( 1—H—5 1 L)
*SPring-: 4,058 BRIQ014 4 18)

AEERRAE HE
ERERBTEY IHMLLA
*SPring 8: AL Y 95551

it XETHER
TERIERA A—2
B1

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-

ZTMEARI 2R

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 (TXM3)
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

X2
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Masami TERAUCHI, Professor

Yohei SATO, Associate Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

nm-scale physics / electron microscopy . electron energy-loss spectroscopy ./
soft-X-ray emission spectroscopy ./ convergent-beam electron diffraction

terauchi@tagen.tohoku.ac.jp

Electron -Crystallography
and -Spectroscopy

TERAUCHI
Lab

BFE - PREAAFRAG

FAMRE

ETREAVWEMORE - MEBRFEORRELICH

AT REAEH R DERICIE, BER - BIXNX—TI /NI
BEET NA ZRHMEDOREEN LETHY, 2070213, EFIEH
SEEEBELIF S R —IVTOWEE - MM RRAT R DREIL
EXDEAPRAIRTT, ChETIC.FHADEZETHS [F
IR —IVEE - MRS 2T LDIBEE ] DEBEEBEL.
HADOBEEEER AN KB FIEMESLUBERY
ThYI7. BIFIE—HEEEE EELS SFIEMER. HA
AOME FRESTEFIEHEELE, AV FIVEFE.
EBORRETOEREHENDICAEITV., MIEDRFERE
FEOERAMEETL TEELL, Hid, BRIFIF—%
HET2EMTREINTVWSZEF/HiT (CdSe/CdS/

ZnS KF) DEEMBITYT, FEHHETHS CdSe L+ (37
1) DEFHAIREN. CdS (1>F—8)-ZnS (77

S—[8) DEBHBEICLVEDLICERFINS»E, EFEHEEH
Lz EELS FAICKWRF 1 K1 K ASBRS D ICL I T B,

Development and Applications of nm-scale Crystallography and

Spectroscopies

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 soft-X-ray emission spec-
troscopy (SXES) for evaluating new functional ma-
terials. For performing crystal structure studies,
we developed a new Q-filter electron microscope
and a refinement soft-ware, which can perform not
only atom positions but also electrostatic potential
and charge distributions. For electronic structure
studies, a high-resolution EELS microscope and
SXES instruments were developed. Figure shows
boron K-emission spectra of metal hexa-borides

obtained by using a developed SXES instrument
attached to a transmission electron microscope.
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Electron Interference

EEE K#H % =

Daisuke SHINDO, Professor

Measurement

TRBENEL » o

Zentaro AKASE, Senior Assistant Professor

SHINDO

(EiE BB w =

Takafumi SATO, Reseach Assistant

Lab
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ERARE

mm FPAEH - £ —7— N mm

BFHRAOT ST 1« — /BB EFEMEE MHlEE (8% BHES

mmm SPECIALIZED FIELD - KEY WORD

electron holography . transmission electron microscopy ,~ microstructure / conductiv-
ity /" electromagnetic field

shindo@tagen.tohoku.ac.jp
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Multidisciplinary research for structure,
conductivity and electromagnetic field at nanometer scale

Electron holography, which is based on the inter-
ference of electron wave, is a powerful technigue
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 unique 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 at

ZTMEARI 2R

nanometer scale

In situ observations of the antiferromagnetic (AFM)
to ferromagnetic (FM) phase transformation in
Lay 4,Sry5MnO,. The FM phase nucleates near 202
K as 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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mmm SPECIALIZED FIELD - KEY WORD mmm

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

komeda@tagen.tohoku.ac.jp

Advanced Scanning
Probe Microscopy

KOMEDA
Lab

EFE7O— T ARMMES T

KEHA=E

AE NOZJ AN\ E—RE >

AMRETIE, EBERTO-TBEMBEHOEL-RBEREERL
T, F/BRERFEOERELBETRIEM P RF 5 FHE RN 2R
U. D FORBMEEPLERFRRETEHIELET, HICEE B
FALE1—2—PIAELNAZIINDICHDSE—IE R HEA KD
SNTHY, ReEE—IEDIRHFEDOFRREE, HFOFHEED
LERWERFREVMAZ I AR FORRBEED TVET,

B—IEARHOFEEL T MARECEEEEFIHRTHE
BRBERAETSHEERAVT B—5FRADAEEEHMLEL
Teo CORBERRBIISBAATIIEL BREIARDSELTVSS
EERL. ThEFIAL TS F% STM RS CRERSEHZETAELD
I ATN ARG EERLEL

FEREVRAEC PSSP TR EEEETOZEEF AL ZDA
HICRIEAL b RNV ERDEALEEIR B D T 52 & TRAE £

Dixh R

T5FE. ESR-STME#RFEL. YUALEILEFOIE DRI
BIILTWET,

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
developed ESR-STM instrument which can
detect the single spin in SiO layers. In ad-
dition, for the realization of the molecular-

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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Polymer Hybrid Nanomaterials

N Ty RRERT / HRASE

Hybrid Carbon Nanomaterials
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Photo-Functional Material Chemistry

=VaMRE

MITSUISHI Lab

RAMRE

KYOTANI Lab

I =

NAKAGAWA Lab

OEAFEERET T —heLERR HE
T ST REDT /A DRI EERLITE R

OB BENTVYRF /RIS DR EFH
BET/\A ADRIR

OF /& -/ REOBEEE

OBRDFHH OBCEFIE

ORNATYTHFERICEDHA T/ N\ TR
OB

| 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

BENATYU Y KT/ ERMBERRSEH

Organic and Hybridized Nanocrystals

RINAFR=E

OIKAWA Lab

OB -BRFT/HROYA X - HERHE
SR

OEH—BEN\C Ty N/ EROHRIER
TEDRFE & PEETE

OF /R - HFOHTIAL. ERLS /#
EARHIE & SetkEet it

COREF—BERRE T S AT BEFR ORI

OBHFERBROTI AT /RTY b4

|_[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

OF ) H—RYmEN—R & UIIKRER

OREMB LY DY A NOBEAN EEEIEH

OEEJI7IVEAERDEREIRIVF—0T
BH LOEBRADGHA

ORFRWEX YV R—F ABERZROZRBE
M- N AP TR EADISH

QKD —R>F ) ABEEZRAN N F
A

OV ZBBREY FU LA F U E AN
BOFIFE

| Hydrogen storage based on nanocarbon materials

[ /Advanced analysis of carbon edge sites and their
structure control

[ ISynthesis of graphene-based porous materials
and their application for energy storage and
conversion

| Development of highly ordered carbon-coated
mesoporous materials for fuel cell and biosensor

[ Use of water-dispersible carbon nano-test-tubes
for biological application

| IDevelopment of Si-based high capacity anodes
for lithium-ion batteries

N Ty KRB S

Hybrid Material Fabrication

FHIRARZE

AKUTAGAWA Lab

OBAFO—2—BEZFALIRFER - &
BiA - BEEADRZE

CEEBHUNFEREERT /N1 ADRHFE

O F T - BEEADRZE

COEB-EWN\T T Uy N/ EEZRE
DFTINA ZADEAFE

CEXRRUAFHY XL L— MESHOMEME

|_IFerroelectric, 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

OHXRICHEBEED FEORT

OFI/AVTIVNIVGS 7RI EEEE DT
MRIOAIR

OWERRF /Y1 XD 3 RTEMEMENT - BF
FINA ZDANSH

ORIEBFEMH ORI

[lInnovative photo-reactive organic monolayers

["/Advanced organic polymer materials for nanoim-
print lithography

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

[ IDevelopment of materials to enable environmental
remediation

oL RA (oAb Vg o1y

Organic- and Bio- Nanomaterials

FHARE

KASAI Lab

OY A ZHIHShi=BHT / HFDIER

OF7=BRTYA VPRI NZhEE S/ ZH O
RIREZDEEHR

OF/ RIREDORIREZDEEHR

ONA AT O RAEHHITTED L2 EY
DEM

|_[Fabrication of size-controlled organic nanopar-
ticles

[_ICreation of new-designed anti-cancer nanodrugs
and their pharmacological activities

| Preparation of nano eye drops and their pharma-
cological activities

| 'Synthesis of drug compounds by using bio-pro-
cess

electronics, photonics, energy devices, informatics, and nanotechnology. This Center is organized by 6 active laboratories,

aiming to promotion of the fields, the collaboration re

search and the|education of graduated students for future.




="
Polymer Hybrid Nanomaterials — /EjJ_‘H_’. ?Sl ﬁ Masaya MITSUISHI, Professor

M ITSU ISH I u—lx 1§il\ B # Shunsuke YAMAMOTO, Assistant Professor
Lab * %yﬁ Bh ¥Sl Huie ZHU, Assistant Professor

mm FRAEH - £ —7— N mm

BN TR LETFEE N1 Ty NP MERE - R\

mmm SPECIALIZED FIELD - KEY WORD mmm

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

masaya@tagen.tohoku.ac.jp
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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
technigues. Ultrathin polymer films such as poly-
mer nanosheets prepared by the Langmuir-Blodg-
ett technique 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-
date the mechanism in terms of structure-property
relationship. These approaches will open up new
exciting opportunities for soft optoelectronic na-

ZTMEAR 2R



INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

Rl HE % =
NEFFIEE » »
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Organic
and Hybridized Nanocrystals

OIKAWA
Lab

Tsunenobu ONODERA, Assistant Professor
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organic nanocrystals ./ hybridized nanocrystals ,/ directed-assembled nano-
structure control / photonic materials

BN T VY KT BEMERRSH
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oikawah@tagen.tohoku.ac.jp
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Creation of novel organic-inorganic hybridized nanocrystals
for next-generation photonic device materials

)
£
i
%
i
~
T

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.

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-

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.

TEM images of (left) polydiacetylene (core) — Pt
(shell) hybridized nanocrystals, and (right) poly(3-
octylthiophene) (core) - Pt (shell) hybridized
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nanocarbons  carbon coating ./ energy storage

nanobiotechnology

kyotani@tagen.tohoku.ac.jp
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Carbon-coated mesoporous silica film

before coating ‘ mesoporous silica

(space group: Fmmm)

after coating application to 3D

porous electrode film

enzyme

.| immobilization

Thin carbon layer
comprised only 1-2

enzymatic electrode
graphene sheets.

for biosensor
7

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
unique nanomaterials to electronic device, electro-
chemical capacitors, lithium-ion batteries, hydrogen
storage, biosensors and capsules for drug and gene
delivery.

—

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

current
collector

electrolyte solution

A monolithic and binderless electrode with straight and
parallel nanopores coated by conductive nanocarbon film

- Application -
Enzymatic
electrode for a

oped a method
for a complete

ZTMEAR 2R

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

biofuel cell

Carbon-coated anodic aluminum oxide (CAAO) film
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mmm SPECIALIZED FIELD - KEY WORD mmm

organic electronic materials ~ molecular conductors ./ molecular magnets .~ molecular
electronics

N Ty RHHEIRMES T

FIAFEZE

akuta@tagen.tohoku.ac.jp

LEREZE 50 FHMEORIR

BREATOREREICEBLEA TEES RO ZEREENHEES
JUEEMBEDNATUYRILERATVET, BT W BT
BEROBEEIDS, PTUMBOEF - ABELHEL. Z0ES
REEHIHTBEC. YNF T2 702 MR FEMBORREET-
TWET, BIAIE. S FHEERAOS FEEICET2BHEEEETL.
A FDAip-flop BB EFAL/-IMBEFE— A DREN RRTEET
HFALHOBR FO—2— 18 EDEEEEE - W ARELE
DEBFELS, BEBAROEGBRE - CERE - MBHLEDED
MNRRETRIRECBVE T, o, BIMEHEEE R T 7 =AM v e
DEEEICEY), BEME—BFEELEDTIVF I 723 FIVERF
MBI ORREBIELMRERRL CVET, HiGS - TGS
W& TV LB ERESHRE D TESHEMRHREL. HROHF
TILYMAZIANERIZD B BB GAERER S TOET,
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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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MRRS SATRE BAFRIZE /AT IR

mmm SPECIALIZED FIELD - KEY WORD mmm

Materials chemistry .~ macromolecular science ~ monolayer engineering ./ nanoimprinting

SRR ML AT 5 5 nakagawa@tagen.tohoku.ac.jp

RIIARE

FERE D FRIENCE D R R O RIS

WEIN TR BN TRIERDLDIWEBRMELT [ ankoziseririors ( s OBR h
. R R e & EHCREER AL - 5 R TR R BB B - S RE A
HEFSNTWBF /AT NEMICERLTWS, HFL 5 %;%n;\ _!?f)'_“ij m jg};}%ma
NIVTEZBEZHEREDS, FEEEES THIEDFIEE T A c——— 2
Gg | THERE LUAMRE iR —
Bi5L. F /1> TUL N CR B TE SR iR 5 ey 7 — surd LR
HORIEET-> T3, £BMMIBETK - ICHERM%E RN
LRI E X2 T U7 IILOIESL, AT IREIERIOE MR PHEERT AR LS
: . o AINTUTA~OBRM ] $F/AZFIANTOLAOTRE
U= SetRedt BHESE RIS L 1= F /1> T N R S SIS p <
. s BHEICEIL AR O BB RG SR mR T/ Faw
1EMRIEDRIR. 715 nm &S EHE2BHELEXT)—> AOU—UEIRIEE ST /1 TS NEDRE JOys A EAGORMEMIAOER
N ) . _ . ROY—EH K R R BEECARIE
FIRlEESF /1> TINEDREICL S ME LRk ™ - = || FOvsREAHWE
RLT, =RLT,
7 i N \ 5*\ i " ﬂ'— AN v 200 nm
HERMOMERIRNZER., 7Oy £EEEOMMAINTA s ey -
DEBIEBIELABIR S/ SEM BT 3R AT TV, ' e Emaw
. N EREDT=8 = 23 =
ZNSOMREE CHLBETIF—HECERI M | mmmm || L9 RRRSOIINL
BT ZADEEIOED T3, L ) sub-20 nmODFHRHEE D15
Advanced photo-functional materials for nanoimprint
Nakagawa group has dedicated to pursue scien- to control photon, electron, and magnetism.
tific principles for molecular control of interface
function occurring at polymer/other material  ("g by fight, Controf light h /Fa.bricc!tion by light, )
interfaces and to put them into practice in B m m g Anchoringby Visualize by light
. . . o [ || Photo-reactive monolayer|| Fluorescent photo-curable resin
nan0|mp.r|nt I|thograp.>hy prom|smg as a next I Fine tuning of //////////
generation nanofabrication tool. We are de- | BB A metal structures I
veloping advanced photo-functional materi- INEN
als such as sticking molecular layers for “fix —— j /
. o B . H H : Application t
by llght ’ UV-curable resins and_ antlstlc_kmg L trgﬁsISZrEr?t coonductive films ) { Fluorescence inspection)
molecular layers for “preparation by light’, (Formation of Sub-15 nm \( Single-Nanometer Figuration
fluorescent resist materials for “inspection structures by UV-NIL Directed self-assembly
by light”, and hybrid optical materials “avail- e ; Book e (il
. o ¢ o
able to light” and new research tools such as Nano guide
. Atomic layer deposition
mechanical measurement systems to evalu- Weoured resn A0, stohing
ate release property of UV-curable resins. . : : ELL = R = LU o
Leveling of residual layer thicknesses sub-20 nm scale figuration
Our research aims at creating new devices  ({RLT) by Print & Nanoimprint Lithography || )

ZTMEAR 2R
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Nano Drugs ./ Organic Nanoparticles ./ Anti-cancer Drugs

hkasai@tagen.tohoku.ac.jp

Organic- and Bio- Nanomaterials

KASAI
Lab

B - N F T ARSI

EHMAE

BAKBEEVIRROBOBFERENCEDSFHR T/ FRIDENE

TERDELEYDERETEL TR, EENREF T HELEMICKE
HEDBBBEEMIBIEN —MEITLI, 25D A ARREICH
WBEHRIDISE. KB EMEHIOIHIRETHE, MPICHBT
%, BE,SEBESNPT O L EFEBICOHBLY TV L,
100 nm KL ED=1/AFEFDIBEF, v/AT77—JICERINE,
FFBBICEENBZEPFSNTWET (Fig. 1),

HEMRESEF T, LRDOREERRT 570, P AEERLE
WAL TO-IVFBHEEOEKBMEBBREL(LFIIERTS
ZEXR2EMEBEEET EVOREREIEEDERIHETERITTEHZ
EICHIAT, BT /RFOERETHIBLEERET I EISLN,
100 nm T DF/7ARZy Y (Fig. 2) £F 8 2R EMILEL
Too ZTORER. EBEBOMIBAICETHERN LR T VT TN -5
FIREA RIS/ TOR ST B TEB LR, AN ARELE

ICHBIRIRICARRATERZEN B> (EELA, EWRTHOEHA
EICET CGEEHR T,

Fig. 1 RSy IFUN) —DHE

Fabrication of The Novel Designed Nanodrugs Composed of
Poorly Water-Soluble Compounds

For the design of the conventional drug compound,
it was common to add a water-soluble substituent
to a compound having a pharmacological effect.
However, in the case of anti-cancer drugs, it was
reported that the water-soluble compounds given by
using intravenous administration were easily filtered
from kidney or diffused even in normal tissue. On the
other hand, it is known that, when um-sized drugs
with more than 100 nm were administrated in the
blood, they tended to be transported to the liver after
macrophages were phagocytosed (Fig. 1).

In our group, in order to overcome the above prob-
lems, we are designing the novel anti-cancer drugs
composed in the dimer or the compounds to which

the poorly water-soluble substituent such as a cho-
lesterol derivative are chemically linked. In addition,
by utilizing our technique of reprecipitation for fab-
rication of organic nanoparticles, we could establish
the method to obtain 100 nm or less of the nano-
prodrugs (Fig. 2). As a result, we have found that
our anti-cancer nano-prodrugs themselves could be
delivered even within the cells
of the tumor tissue, and this
strategy was applicable for the
other drugs such as eye drops
and so on. We are aiming at
practical application of this na-
no-prodrugs in the near future.

Fig.2 100 nm I FDF+/
7OKZvJDSEMBE
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EREAM S RME DT

Inorganic Crystal Structural Materials Chemistry

REEEM M CERR D B

Environmental Inorganic Materials Chemistry

EEMBRIRT O+ AMRSF

Design of Advanced Inorganic Materials

IIIRA =

YAMANE Lab

Bt A=

YIN Lab

LR =E

KAKIHANA Lab

OHR L TRERERYERREBERTH X
[0 il Aot pli

OEEEREFALULIERIDRESIVIAD
FRER T OEADRR

OZTRZMB LOBRIIERADIRE

OZTRERELEMEMRELZRBEMHD
R

[ISynthesis, crystal structure analysis, and charac-
terization of new multinary inorganic compounds

['IDevelopment of thermoelectric materials based
on multinary intermetallic 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

EIRBAERRET D 5

Metallurgical Design for Material Functions

SMA=E

TSAI Lab

OERBRATDER EERBRDH Mg A2 D1IE
£

OEEREBEE D HERM BRI
OBEIC LB EFIHEE L AIRTREE DO HIH
OEAHERMACIC KB IRERED A
OERBELAMZRERAE LMIEERDORE
IR

['ISynthesis of quasicrystals and preparation of
quasicrystal reinforced Mg alloys

["IMathematical analysis for structures of quasic-
rystals

["JAdjusting electronic structure and controlling
catalytic function in terms of alloying

["ICreating new catalytic function by tailoring com-
posite structure

["Origin of activity of Raney metals prepared from
intermetallic precursors

promotion of research for exploration of new inorganic materials in

ORBICELVTOEAICKL DM R R O
ik

OEE7 AV USRENRANELREDOE
BRENIVFHREEM DRI

OERERIMR FHMRER R O SERAEE MR
DFIFE

O BEEHA AR UBRE DR
OFEHRT /MR DOH ALY — R
O BREBAD DT/ IEEFIECAREENFFE

[“IDevelopment of inorganic functional materials by
environmental friendly processes

[ ISynthesis of mixed-anion type high sensitive
visible light responsive photocatalysts and their
multifunctionality

["IDevelopment of inorganic ultraviolet / infrared
light shielding and transparent electric conduc-
tive thin films

[_IDevelopment of automobile exhaust gas purifica-
tion catalysts

["IGas sensing property characterization of semi-
conductor nanomaterials

[“INanostructure control and functionality develop-
ment of nitrides / oxynitrides

074 hMeFIvIAFEHRZBRE LHMESRK

O LINF—THROI D OBENELHMBOME

OBFRE=NALEEHET+ MEIIVIAD
AR

OHEEEEREADOT IDNTY (>

OLEHEAZFAL/NT Ty RIFR ORISR
B KO REHIEH

["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

and outside the country.
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Inorganic Crystal
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YAMANE
Lab

= EPE - F—T— |
EHBELS BAMEHMLZE S IV IR MHER
mmm SPECIALIZED FIELD - KEY WORD mmm

inorganic structural chemistry ./ solid state materials chemistry ./ ceramics ./
materials synthesis

EHRERTHERMRS T

IWRMARE

yamane@tagen.tohoku.ac.jp

SERREFALLSTRNAEREEVO SR RBELE

SHREOMBE BSOS EHAL AN SRBEONER N
S, BROMEIC A A OME N A TS TTREM
K5, UHRETHEMEEOBENS, FASTREEILAY
DREBE. 85NN EOMBRITPBMIHEE T, Zh50HLL
529 AFMEL DT EERL T B, FRNEORENE
BRI U DT LR . R RIOME T B
RSN BTRED 51, SRR TERTSWEOREE RO
FEBIOICT BT LI, ASORRIIRCHEN-ADEREOVE
SEERB, B UFRE T, 45307 AEMOMEMELT—
B EAIRISAICNA. 2EFRUY A (Na) 5ED R BREE R

BT BB AR S EAMIEL, RETRA RN ERARHAT P TE—— 36'30 3:30 700
DRI AR, STE AT OB AR, H1h Temperature, T/ K

HEEE B T3 T73Iv I ARMORHAEEZEIEL V12, IBHER S FILERIRICHEHICERE L 72 Na BRE a0 T ML Ok &S
EERBI X F—THRIEN

'y
(&)1

| Thermoelectric propertieso, --0
| (High-ZT values) 5 -7

- GalS
o [ o /~ Gorming a0

-
Pig framework structure)

<«—— Na atoms
= (disordered
in tunnels)

Dimensionless figure-of-merit, ZT
=
[6)]
|

o
o

Synthesis and crystal structure analysis of oxides, suboxides,
nitrides, and Zintl compounds

We are searching new inorganic compounds, ana- vanced ceramic materials using active metals
lyzing their crystal structures and characterizing

their properties. The novel methods developed for

the synthesis of the new compounds are applied

to the preparation of conventional ceramics and

inorganic materials in order to improve their quali-

ties and performances.

@ Synthesis of oxides, suboxides, and nitrides by

the solid state reaction and flux methods

e
@ Crystal structure analysis and characterization Titanium
atom
of new inorganic compounds
@® Development of thermoelectric materials based Oxygen e-TiO

atom
on multinary intermetallic compounds

@® Development of novel synthetic routes for ad- Synthesis of a new polymorph & -TiO by using a Bi flux.

ZTMEARI LR
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SPECIALIZED FIELD - KEY WORD

quasicrystal / catalysis ./ lattice defect

aptsai@tagen.tohoku.ac.jp

valence electronic structure

Metallurgical Design
for Material Functions

TSAI
Lab

EREBERIHRS T

EMA=E

RO DR EBERN 5 LU S BRICE S s

ERBREEEAEMBELTELERMRBLUOMHFERET-T
WEY, EREROMEICHNT, HEXRESCHEERROEHR. %
EROBERT LU TOBEHEE ECERM AL ERBREAER
MEETIMECERR S BUCLIERE Mg &2 8 EDMHIRRE
FITLTEDTVET, RIATIE. EFEREFRUBRIBEET TS Al
Pd-Cr-Fe ST {UiER DI EEFZEANLEL 1,

—7. EENEFEESSUHMBEBKOFIHE 2 BFHE
FEICEBHLVE1 T OMBEMHORREDToTVET, FIZIE 1)
HEr RSN EEBEROABE 2L, MEFHEEHEICEL
BHLVWEEMBEDREZED THY), —BORICICHNT CuNi &
2(24% Pd DMEHEEDRIHICHKIIL TWET, 2.) HEREI#ELAL
B&IC)—FTBLIBRIE—ETEREL “ BEF /BRI L " ¥
ETMEEDR EERSH LW ESMERN T O IDRREETT-

TWEY,

B ROEE Au-Sn-Yb #4585

Al-Pd-Cr-FeB&NEiE

Mackay cluster Bergman cluster
Acta Cryst. (2013) A69, 322-340

SEIH FRElHT V8 —>

Synthesis of quasicrystals and their structure analysis,
and designing catalysts in terms of metallurgy

Our research is focused on quasicrystal (QC) and
designing alloys for catalysis by controlling electronic
structure and microstructure. Fundamental stud-
ies on QCs range over different aspects, including
search for new alloy, structure analysis and structure
description by means of geometrical mathematic. In
the application part, QC-reinforced high-strength Mg
alloys and QC catalysts have been developed. We
propose a new paradigm for designing catalysts in
terms of metallurgy: 1) control of electronic structure
by alloying to adjust the catalytic function, aiming
at replacement for precious metals, 2) tailoring na-
noarchtectures through self-organization processes
generated by leaching or redox treatments for devel-

oping new processes for catalysts.

Design of Alloy for Catalysis

Like Electronic
Structure, Like
Catalysis

DOS & Catalysis:

CuNi = Pd
Pdzn = Cu

J. Chem. Phys.. (2013)
138, 14470

Design of Microstructure for Catalysis

Lamella (Fe;O, + Pt)
creates new catalysis

Catal. Lett., (2015) 145,
2457-2463
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Environmental Inorganic Materials
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Shu YIN, Professor

Chemistry Eﬁ .

E BN w =

Yusuke ASAKURA, Assistant Professor

YIN

Lab

REEHMMCEMRS T

BMAZE

mm FRAEH - F—7— N mm

BT ZFMEEH VIR Y—<ILTOER €53y I AOMESE,BRIEGEEEE
mmm SPECIALIZED FIELD - KEY WORD mmm
Mixed Anion Compounds ./ Solvothermal Process . Morphological Control of Ceramics
/" Environmental Responsive Functionality

shuyin@tagen.tohoku.ac.jp

VIVRY—TIVRIGICLBIRE

T RERIMRTRE A IRIBICE ML B S /MR ORIBHETI XX —XIR
BICREL S SRR MR E T oL\ D, EICREBICELLWWYINT
SHVFHEICELBMHERET V. HICERKRIKBEEFIETS
VILEY —TIVRISE DB R
EZRISERAV. BE7=
MEEMDERPETFIEE
HEHETI, BEICELVR
ISR TRIEICE &S/
MRORRE - ERILE-E&R
- HFH A X DR %
7o, BRI - TRILX—0
SREFA - TAR LR
BICL BRI E S DR

RS IS N ABR L A3
Oxides with various morphologies

ZEMEEEST/ T UTILORIS

BEMHIORIS R UHREME S ERIRICEI T MR EERL TL\5,

NIR Laser | Red LED |Green LED | Blue LED | UVLED
980 nm 627ﬂm 530 nm 445 nm 390 nm
n_off n_o on off on off n_off
1.0 Mg :

E

o l'"

2 0.9 h

= |

o i

p=} '

< 0.84

=1

c

8

2 0.74

8 ;

< |—€ma, | |

O 0.6+ 1 2 o -

=z —{1:1)@(Yb, Er)-NaYF JC-TiD,
——(Yb, Br)-NaYF :

0.5 { t ) -
0 10 0 10 0 10 0 10 0 10 0
Time / min

FYTAVN=I3VENAR (UP) /C-TiO2 JVARIYRDES - IR RV
FOMRIREHIC LD deNOx SEARIEEE
UV, visible and NIR lights induced photocatalytic deNOx activity of
up-conversion phosphors coupled C-TiOz composites.

Creation of Environmental Responsive Inorganic Nanomaterials

by Solvothermal Reaction

The development of environmentally responsive in-
organic nanomaterials with controllable morpholo-
gies and their advanced functionalities related with
energy and environment is carried out. Environ-
mentally friendly soft chemical processes, espe-
cially solution process consisted of solvothermal
reaction using water and non-agueous solvents
at elevated temperatures, are mainly used for the
synthesis of mixed anion compounds and the con-
trol of their electronic structures. The precise
control of morphology, crystalline phase, crystal-
linity and particle size of environmental respon-
sive inorganic nanomaterials is carried out under
environmental friendly conditions. The creation

ZTMEARI LR

of environmental responsive inorganic functional
materials with novel applications on environmental
harmony, high-efficiency energy utilization, and
responsivity related to photon and chemicals is
carried out.

9.68%102Q-cm

Growth
solution

A seed
substrate

(—

Before N, treatment

Heating

After N, treatment

yoS¥BEESBIBE

,aiijl:ltlt..ézéﬁar"l MBI E R OAR
Preparation of oriented transparent conductive thin film by solution process
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chemical process / exploration of new materials
chemical design of metal complexes / photoceramics

kakihana@tagen.tohoku.ac.jp

Design of Advanced Inorganic
Materials

KAKIHANA
Lab

ERMBART O AMRIF

IBIEMAE

74 b EIIv 7 RACHITDIMERELSHEEL

WRRRE Tl IO KA EHABEER DT+ 2T IV T RIS
DVNTHMEDBIR S EToTVET, TASTAMETIvY
ZDHEREIL. MEITHRUETEL TV BT END, SHRABMORN AP
SR MR B ET B SN E DRRY EB L BEL -
TVET, YRETH, B
4. FRittn. Bz={t. v
CEBIERESHEETIVIR
EMRELT, £5390R%
BT 3 TROBECER ||» I
T B ETHLVYE
DEIREBIELTVET, &
7= BRID 74 ETIvT R l

- n=c CazSiS4 n=4 (CaxSr1-x)sSisS1s
(CDWTH, FEEEDHERD (known material) X=0.03-0.1

New materials in (Cai-xSrx)z2nSin+1San+2 system

J casisz
& Layer ™

Cazn-1SinSan
layer

LIt LEBIEL T e b2 702 EF AL R FEDL
IMEMHALIZDREFZIToTVET, S5 BRI ST OERIE
BT RTREIC T 22 BB RIS DOWTT I T Y1 OE =D
SHRETOTVET,

Improvement of photocatalytic activity of SrTiO4
by flux treatment

KCl-treated SrTiO,

n=3 (CaxSri1-x)3Si2S7
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

10nm

100 nm 20 nm

69 70

=R\ RS S EEE TR

[e]
m
P-4
=
m
e
T
o
D
m
x
b}
I
o
sl
3
o
=z
o
m
z
m
=
=
o
)
[
>
=
o
=
3
m
B
>
[
w




ZtCAF

TAGEN CAF (TAGEN CENTRAL ANALYTICAL FACILITY)

ZTHERFMZERT Central Analytical Facility (B&#5: 2t CAF) 3. EFIEMEEX. X EOMEE. %k
S[EBAHTEE (NMR), L—Y—2X N MEELEARBEREELHV(SEMBOSHEHMEEZEL T&/H
BONKEBREE, ST/ MERRE2—-DX SIS /77/00 -BOMEHEEZBNEL T, RFHOLEE
REEREBAICKYEIMEIN=F /T ZHNTHREREL. 2010 FEICRELEL/, %t CAF Tld, IRILVHR
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 thiRE

B. 3 FiuERITRKE

Apparatuses for ultimate analyses

Apparatuses for molecular structure analyses

OTFTEDITER (RF K BRHITEE BEMITEE BE-N
O > ahEE)
Elemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer)
O ICP #ADITRE
Inductively coupled plasma emission spectrophotometer
(ICP-AES)
OM/NEBEE X AT RE
Electron probe micro analyzer (EPMA)
O BRIV AINERE X BABFHREE)

Multi-functional material analyzer (X-ray photoelectron
spectrometer: XPS)

ORATRREE R AV EEDTRE

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

OJ0—RERENTRE

Glow discharge mass spectrometer (GDMS)

XPS

RLKRZE ZTMENEMER

OGRS EEEE (Ga%A NMR400/500/600MHZ)
NMR 400/500/600 MHz

OF)TINARAF 2 BAF IV AGHARE
(El{AF NMR400/600MHz)
Nano device ion dynamics analyzer (Solid-state NMR spec-
trometer)

OBREMBRERAL —Y—HR
High-speed relaxation phenomenon measurement laser light
source

O B§fE - 2B RRAEZARRERRIT S AT s
The time and space resolution precision state analysis sys-
tem (Laser Raman)

OBERR SR AT L
Super-high-speed reaction analysis system (Laser flash
spectrometer)

OBFREREHRBRE

Electron paramagnetic resonance spectrometer (EPR)

EPR
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C. EHEmRRRE

Apparatuses for crystal structure and microstructure analyses

OFE @D ETFIRME
Transmission electron
microscope (TEM)

EFHRE TR SR

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

OED R ERRETE
EFIEME
High resolution field emis-
sion type electron micro-
scope
(High resolution FE-SEM)

ORBHEANEEEFE TEM

Environmental scanning electron microscope (E-SEM)
OF/TVT R AT L

Nano area analysis device
OFFR7/O-—TBWE

Atomic force microscope (AFM,SNOM)
O2B8HHMR X REFFE

Automatic powder X-ray diffraction devices (XRD)
OHBXIRRE

X-ray diffraction devices

1. RINT-V

2. RINT-H

3. /NEBRELERE

Small angle scatter-

ing device
4. X'Pert
OHBFERBHXRBE
FRITRE

Single-crystal auto-
matic X-rays structure
analyzer
OZRFTIYAIVOAN VA X #RERIS AT L
X-ray microarea three-dimensional stress measuring system
OEX X ROHFE
Fluorescence X-rays analyzer (XRF)
OL—Y—AFUMLEEDEE (MALDI-TOF/MS)
Laser desorption ionization mass spectrometer
OAF Ny TREERIEKE (ESI-TOF/MS)
lon trap mass spectrometer
O @ Ree 7 — ) IEBFND HHEET FTIR)

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

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

RINT-V

OBATERE

Thermal analysis devices

1. BEBREERRES
Super high temperature differential scanning calorimeter
(DSC)

2. B ARET

Thermomechanical analyzer (TMA)

O TP Re BRI

Autograph

OFNATRD AN EE

UV-Vis spectrophotometer

Ob—Y—EIXHESHAERE

Laser diffraction particle size analyzer

D. B 855 i

Base facilities

ORGBERMEIG AT

Liquid nitrogen supply system

O LA ABYNEE

Helium gas recovery device
OV—"mRR B R ERERE

Zone melting type single crystal growth device
OF— U BRIF

Arc melting furnace

OBFIRHEERE

Electron beam drawing device

Nz supply system

71172
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TECHNICAL SERVICE SECTION

FEMERH60ZNDRZ2y T THERL. MREDEBICICATIZSELFMEFVERLAN SERMRE
YR-—PLTWET, MEELPSBFINIRMIIERISETHY . BER RN EeEDP L TZDEFBICICAB D,

BIAH BB E LTORM AR LICEDTVET,

B I

FKRFE EXWEREMER

B TH Tk, MEEDEKRICICUA-EER
KBORET . MEORBOUELEE
FHEFKEELTVWET, Rt =Kkt CAD
AT LX CNC TIEH#EWEIEREALT
HEOSEEELEN DRI, ABRIME

EELRBREEVWRNE IRZATIIET
HA2BEXRICICAOND LS8~ [#E (£/)
D ICBIHATVET,

SPEHBNO—RELTS [HEHUREES]-
(BRI L EES ] e BERELT

R OLERICBOTOEY, £ HSBEREBEL TREPHEERSHFRIESDOZ T ANDITOTVET,

BHE20ZTEOHEN TEELTVETH. ZOIIISLNBEERTFOINIEFHEETIHEIRIZ
ENICHFENE YFRFIDEEDVEDIZESTVET,

JeREWIMN T EPITIR. MEEDOEKRICICU/ B L TE - BRE - REFE. BHELZIPTIILD
HERVERPHEARMBOUMMEXRBREToTVET, EEED RO OREHESNV/NSVERA

RAZZABERTREAHREL—F—F %
STCRIELEPSIIIL. @mHEA 50- @
S (WYKO #tIFEmREM KA EEE
TOPO2D {#MH)rms0.1nmZETV\E T, M-
MESEORETIE, EHS rms0.1 ~ 0.3nm
DIFEIBOL T, EREBMOBREDDEN
HOEMEY) EIF R EHF-TOET,
SECHE - TE /MR ABRICEREL TH
REDHFIISA, SSITHLWRITEEET
ZBLOICHABDTVET,
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HIZATIG TRMREDSEBEIN - EBRREPHREEHEL TVE
To FEAEDKREMIETRMIKDBD TH V02T RBE TR 72 E
ETRETEL. MREDBMNICRORCEIIICTRENREELRLD
SEELTVET,

HRBINAL YV RE ARELEDHTRENARINTESN T R NERE,
WEIEE. CIRTE L EIC 2N TERY) T AP SR MICIE LT ET,

¥120BDREyTHMRETAY T 7MDTIRICHEDY, SIRERMEREL. MEEOERLIEICE K
{ETBEEBICHRAMDE LICEBDTVET, X2y 7I3EFEER, BeEZE. XHRES - KEORE R
BITE - FIEV T 7R, BRER. ERME. ER2D. LY 2T L &Y - N FRERMN S
EDEMBRERFS. 1 A1 ARITA—MIENBHDZEETICETSLDOIEHBICICATOET, %
fo. FEDODRBRIBEPR YT - BEICHEDY, MEMMSFOERICEBML TVET,

FHEO— B

if

EERTHERE

LEHUFI LT
OIEMEFHTRAIE
(kB 7 /S R B
i

JO—TRYIART
LER)FULENE
TERLTOBHRTF

FHEDO— B

METASTI7D1
DTHB[F /91X
BE—RMER OB
EENDAZER | DB
XIREVTEER KR
BiffeBFRIVIZ
T1EBRMELFHBD
F /YA XA T
ICTEREL TV,

BNy NOEEBTFEMBG FEMEDE—REERNY bOXFIRMBFE G, BHRERBROTIC
R MEIZH 60nm BNy hERTUREREEAS MM TIN T2,

73174
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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.

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 ZWEREMER
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BOEDEIRRR

MAIN ACHIEVEMENTS

TR28FE RFEMR

W K mxs
AN T L= 4eiR AR E CE T O EROERICKT)
(H28.6.7)

B EERE N mx=
Zn0 OA—F 1V HIC K BBIERENT U 5 DBIFEICRTD
(H28.6.8)

[l B HE=E
X 8 EREFL— Y — DB/ LA TURMBIEES FHhD
BREETOEEETHRL !

(H28.6.17)
NREE Emxz

BEM - HRMICENE AREBAR DRSS T OR
FICKIH (H28.7.14)

N RE BXmx=
BRI DN IS NEEE—TEIR DA D= X % HERR
(H28.9.30)

Wik = mEx
ALV HEEIREEIC B BRIERE TR F— s
(H28.10.3)

B #HR EX mxrx
S ey A Ny YN OV U |- oy - trtd=: | A =
FLORRIME~ B EFEIE (H28.11.24)

| B MEE
BEFOEADPYHOLEICBFERETS!
(H28.12.5)

| NG| 8 mE=E
B CABRLELNY S A7 O—F+/5 DRI HKTH
(H28.12.12)

B EH B HMEE
RELBAFVHERDBEFOEF &+ rvF & JJ—R |
(H29.1.31)

NEE Enxz
BEEMDOBIEE T A A Bt # 5
(H29.2.21)

BEH Hexs

T /R F RIREOFAFECRARERANDGA
(H29.3.14)

TH28FE R BH

B FA IEC mus
XERFAKERESE  RIEEATE [BARIEF]
Wi At sus
CNERIZFAEREZE RIS [MEREEM]
WS 2 e
- XEHRFEAREREZE
WL B— s
BRIEAEREZE
NER EE gz
-EREFIRE
WO B s
‘BRTFES BN TFHRRERE
W&l Bz s
-JJAP 2016 Spotlights
W A IEMS e
-BAERERFESEFRHE
B AR HEZ oy
- ARZERSMFRERE
W FI ERA s
BEREIIVIAHE F2RMEI VRIS LEFES
HKRE
B EH EE s
-BAERFES FMEME
W28 P pmme
-BAERFES RABMHHE
M B i 6
-Rare Earth Resource Utilization Research Award
W&l #2 sue
ALFETHE RTEPSE
W HR OEE yum
- 2016 FEXLE
B RE IEF oz
-BABEYEZES RBHE
W Bhk AEF e
-BAREYEF S RBHE
W Bhk F e
-BAHKMRS ENRE
Wk g
-BAYESS E22RHE
W ER ETE iz
-BATFERE [RIFEF]
L= 1B Bh%
-BASKMRS MFREME
W Bhk AEF e
-BAHKMERS HEMKRE (LRE)
WA #Z s
-ICAPST2017 Invited Lectureship Award

FRipE

i
il

FRSE

i
il
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FRITIHTE

ACADEMIC EXCHANGE AGREEMENTS

19814

19915
1993%
1995%
19964

19974

1998%

19994

20004

20014

20024

2003%

20044

2005%

R TR GRIERILKF)

(&R, hE) [11A23B#HE] [KZHEiHE:1983F8A5R#HHE]
Northeastern University (Shenyang.China)
DAL (SN BE) [ASMIHE 115128/, 201256 56HE#H
Chonbuk National University (Jeonju,Korea)
OY7RETH7TI—BEFIEFMER (£277.007) 11051 B
P.N.Lebedev Physics Institute of Russian Academy of Sciences (Moscow,Russia)
aAOVEPXRECER (Z2—3—2. K@) [11 78 22B%#E]
Department of Chemistry,Columbia University (New York,USA)
REVY—F AV INHRRAEEE L — AR

(T EE) [108 18#5#E]
Daresbury Laboratory,Council for the Central Laboratory of the Research Coun-
cils (Warrington,UK)
NIV BERAFHIBER (L)Y RY) [1183EH#]
Department of Physics,Free University of Berlin (Berlin,Germany)

AR TRRZRFEMIZMER (MA2S. 0> 7) 11281 B
Nuclear Physics Institute, Tomsk Polytechnic University (Tomsk,Russia)
OV EF7RFIBTZERHIK - 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/HERMMA 2 —
(=R, @) (11 A5B#EHE] [KFRIHE 1999% 117 10B##HE. 2009F 11
A108%#]
Center for Nanoscale Science and Technology Peking
University (Beijing, China)
AZKRFEBIER (VINL12. KE) [117815B%#]

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

YENAREERTOEAMAE 42—

(EXNIA = HFH) [11B30B84#HHE]
McGill Metal Processing Center,McGill University (Montreal, Canada)
FOVIKRZERE - HEEIER (O 574 11278 185

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

RIVM LYV R IRIRS
(IR L I RAY) TREREIHRE 3 A 2B, 201453 A 28%H
TU Dortmund University (Dortmund,Germany)
A1I7F - 7V—K)vk - F—KZEFWIERERR
(A TF-RAY) [7TR27BfH#E]
Institute fur Festkoérperphsik, Freidrich-Schiller-Universitat Jena (Jena,Germany)
FIVESRLAS
(FIVE. 75> R) [10RAB#EE] [XFRIBE20065F9R 128##HE.
201149H 12854
Ecole des Mines d'Albi-Carmaux (Albi,France)
FRAE GLR. hE) [AZMIBE 117 108/ 20144117 108F4H)

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

OYTHETHTI-LAT7WEMRR (E277. 02 7) [TA21Bf##E]
P. N. Lebedev Physics Institute of Russian Academy of Sciences (Moscow,Russia)

hERFERREEC AR WIEMZER EHa. +E) [128268#H ]

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

ERAZFMBRZIESR @EARM. RE) [6 A 5B##]
College of Material Science and Engineering, Huagiao University(Quanzhou,Fujian,China)
BEEAY (BB, FE) [X¥MIBET A 4BF#E 2011578 48FH]
Chongaing University (Chongaing, China)
BILXFR
(KER. 8 E) [AF™iRE A 28##E. 2012598 20F#]
Kyungpook National University (Deagu, Korea)
BEAKXZNA Ty MR
(KH. BE) M A178%#E]

Institute of Hybrid Materials for Information and Biotechnology, Hannam University
(Daejeon,Korea)

WL 18y b IRIKE

(B Ly agyb M) [REEIGE 4R 30B#H#E. 2013F4A308FEH ]

Darmstadt University of Technology (Darmstadt,Germany)

BRI ERBERANHEEEM AU IERRE 52—
(Vv EE) [6AOBHHE] [XF/HBE 2012437 158FHE]

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

BMXFMH ISR CImd. $E) [6 7 16 B

College of Materials Engineering, Zhengzhou University (Zhengzhou,China)

VKRR (UL, E) [7 A8 A RIHE201 347 ABEEH
Seoul National University (Seoul,Korea)
771 FELTIEXRS

(FI7.99747F) [KZBIBE 6 A28 20096 A 2HF# |
National Technical University of Ukraine (Kyiv,Ukraine)
FRIVR—FE—KF

(BZVA T2 A) [REBBE7 A 28 Bif#s. 201057 A 28 BE#]
University of Bordeaux 1 (Talence.France)
OY7RZETHTI-ERZBESHIEH 7O ARKR

(T2 AMvo. 02 7) 121 BffE ] [KFEH201251 A 238#H4]

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

RLKRZE ZTMENZMER

2006%

2007%

20084

2009%

2010%

20115

2012%

2013%

20145

2015%

20174

L= = T5X7 - WG MIRE L MR
(FALAM == Z7) [8A4B#HE]

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

MRBIFERENMENR (FT7. 7050F) [9A20BF#]

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

TERBRIAFER (NLU> R1Y) [108 17 Bk ]

Institute for Crystal Growth (Berlin,Germany)

JA—E—I—K%F

(T74—2—I—HF ) [ KZEHEI0A308##5.2011410 5 30EHEH ]
University of Waterloo (Waterloo,Canada)

FIRFR (V. BE) [KFHBE: 28 2 B8f#]

Sogang University (Seoul,Korea)

BIMAZE (M. RE) [KFEMBE 48178, 201244817 BE#H)
Lanzhou University (Lanzhou,China)

AMELKFR (AN, BE) [XFEiBE:7HA298. 201257H29
=ES

Kongju National University (Kongju,Korea)

M) I AT REDEHFEFR

(ZLybZ) (NIRRT A4U7) [8 A 29 B#H#5. 2013F8 A 1 HEHJ
Sincrotrone Trieste,S.C.p.A (Trieste,ltaly)

JEREHEAE

(LR, $E) [KEMIHE:6 A6EEH. 201256 A 6 BE#
University of Science and Technology Beijing (Beijing, China)

SR RINIWVKE (DTHA TIXXLT) [RERBE A 8 Bk,
201341 A8HFE# ]

Universidad Simon Bolivar (Caracas,Venezuela)

FIovAKE

(Fxr~A. 1) [6ROBHH] [K¥MIBE 201244 A 10 BfFH]

Chiang Mai University (Chiang Mai ,Thailand)

BMAE (BM. PE) [AZREHES A 20 BfFfE. 201346 A 20 AFE#]

Yangzhou University (Yangzhou,China)

BEIEEMRESR (B@ER. 873) 11827 8fH#]

ITRI South, Industrial Technology Research Institute
\' Tainann,T a\\,"\ldﬂ\/

VY RT T TIBRRE R

UNATIANIYT  RAY) T12B 2487 ]
MPIK, Max-Planck-Institut fir Kernphysik (Heidelberg, Germany)
ARIFXRZE LR, FE) [KZEHBE: 108 16 BfF#HE. 2015510
A 16E%3]
Beijing University of Technology (Beijing, China)
H=IAN—IIHKE

(H—IWRI—T. RY) [KREZHEBE: 1A 18 B
Karlsruhe Institute of Technology (Karlsruhe, Germany)
Fazara-rxF

N>y, &A1) [KZEIHBE2 A 3B#HHH. 20162 A 3BE#H]
Chulalongkorn University (Bangkok, Thailand)
N TRV KE

NATIANIVY . RAY) TREZBIRE: 2A2BFHE]
Ruprecht-Karls-University Heidelberg (Heidelberg, Germany)
FHRUKE (FRU. 12U7) [XZRHE:3 A 28 BfFE]
University of Naples Federico I (Napoli, Italy)
JFFEKRE (T8 ARAY) [KRERBIBE:9 A 27 Bf# ]
University of Granada (Granada , Spain)
77 1—MERRERR (U7z—k o71—N) [28 18 B#H#E]
Kuwait Institute for Scientific Research (Kuwait, Kuwait)
TRV=R- 77/ T RFCEE (IR —R. AX1>) [6 A 26 BfffE]
Chemistry Department of the Universidad Auténoma de Madrid (Madrid, Spain)
BEHREHERR LA L (b= T5VR) [6 A 27 Bt
Synchrotron SOLEIL (Saint-Aubin, France)
OY7RETHTI—HIREE - SR LMK

(ER&7. O>7) [9R 2B##HE]
Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian
Academy of Sciences (Moscow, Russia)
TRV IEIAREE (ER07. OP7) 98 28H#]
Department of Chemistry, Lomonosov Moscow State University (Moscow, Russia)
TVAYTREMBRER (FUD> 7. AX1Y) [2 821 B
Materials Institute of Universidad de Alicante (Alicante, Spain)

3220V KEMHBZE T EMAR

(X2220Y. N\NYAU-) T6 B19B#FHE]
Faculty of Materials Science and EngineeringUniversity of Miskolc(Miskolc,Hungary)
FUMREMBRER (F b 7522) [12 A 8 B
Institute of Materials Jean Rouxel,University of Nantes (Nantes,France)
RIVERIWDKEFE KIAFRI>, F—ANSUT)

[RZMIHBE 1187 B##E. 2016511 B 108E#H]
The University of Melbourne (Melbourne, Australia)
YYF1—ty ) IRAFEFIEMRBRUVA /OO AT LEITHER
(r>7Vyo. PAUDERE) [1 A9 BHE]

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

BEAZME- T2 F—2E (. FE) [3A22B#H#]

Faculty of Materials and Energy, Southwest University (Chongaing,China)
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E

Professors

HEHIR

46

Associate Professors

-

32 5

Bh¥ - BhF

Senior Assistant Professors | Assistant Professors

71

AR

Technical Staffs

E2d]

Administrative Staffs

*159

*228

e )1 B

Part-Time Staffs

120 361

Total

Eﬁ%ﬁ;& RESEARCHERS (FY 2016 )

*1 BEAKE (7T4) 28T,
*2 BREAKE (14)28T.

MAREMREGEL) | MRAAEMREEFN | BEMAE FZEMAE FIRFFHIMA R B
\rv:,\ te Research Students I e Research Students Visiting Researchers Contract Researchers JSPS postdoctoral fellows Total
11 0 4 1 17 33
%ig& STUDENTS ( as of October 1, 2016 )
k\iﬁi Graduate Students i%ﬂiﬂi E
ﬁfj,ﬁﬁ?%ﬁ vS ?ﬁ,ﬁﬁé%ﬁ PhD Under Graduate Students | Total
199 72 70 341
RABEH  ANNUAL REVENUE and EXPENSE
FHERAR XHAR
Revenue for FY 2015 Expense in FY 2015
2.0%
7.2%
38.1% 39.2%
17.7% : ’
54.4%
7.9% 150
2% _
10.8% &t o 7.5% ’ &t Tou

BEARMNE
HEMRERDE
T OB EEF
ZEEMRE
HEMAE
&

4,723

[millions of yen]

Operational Grants
Grants -in-Aids for Scientific Research
Subsidy

Com

Joint Res

Donations

TH-EBY) L AND and BUILDINGS (a6 of apri 1, 2017)

BEARNEAGH
BEERNENGE
HNEBEEAME
NEREEMHE

4,723

[millions of yen]

Operational Grants Personnel
Operational Grants Non-Personnel
Research Funds Personal

Subsidy for Facilities & Equipment Maintenance

+ i‘@. Land

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

38.333m?

77178
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Access to Sendai station
1. Train "Tohoku Shinkansen (Bullet train)" From Tokyo to Sendai: 1Th40m
2. Flight Sendai Airport has international flights from many East Asisn cities and domestic flights.

From Seoul: 2h20m / From Beijing: 6h / From Tokyo-Narita: 1h
From Sendai Airport to Sendai st. by railway: 30 minutes.
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