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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 alliated 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 15 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-
Agueous 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.
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. The Materials Solution Center was founded on 2014 on the
purpose of an industry-academia collaboration research. Our institute wishes to
continue to collaborate with the other departments, School of Science, School
of Engineering, Graduate School of Life Sciences, and Graduate School of
Environmental Studies.

Five 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 Project with ERATO (Exploratory Research for Advanced Technology) program sponsored by JST
(Japan Science and Technology Agency)
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PROMOTION OF TOHOKU INNOVATIVE MATERIALS TECHNOLOGY INITIATIVES FOR RECONSTRUCTION THROUGH THE
CREATION OF NEW RESEARCH HUBS FOR NANOTECHNOLOGY AND MATERIAL SCIENCE BASED ON GOVERNMENT-INDUSTRY-
ACADEMIA COLLABORATION, AND BY DEVELOPING CUTTING-EDGE MATERIALS AND WORLD-LEADING TECHNOLOGY
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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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Development of functional oligonucleotides for
artificial regulation of gene expression
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Development of external stimuli responsible arti-
ficial nucleic acids

Creation of intra-cellular environment change
responsible functional molecules

Creation 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 0 CDO Detection
Method for Analysis of Supramolecular Dynamics
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Electronic Structure of Short-lived Paramagnetic
Intermediates

Electronic Structure of Electronic Excited States
Spin Dynamics in Electron and/or Energy Transfer
Processes

Spin Manipulation and Observation in Confined
Environments
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Structure, mechanism, and physiological function
of the protein disulfide bond formation/cleavage
network involved in protein quality control
Structure, mechanism, and physiological function
of membrane transporters involved in the metal
ion homeostasis in cells
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Development of fluorescent sensor imaging bio-
logical activity

Development of protein-small molecule hybrid
materials to investigate diseases and biology
Development of technology to control biomlecu-
lar activity by light

Development of light resistant fluorophores for
strong laser-based microscopy
Structure-function relationships of metalloen-
zymes involved in catabolism of biological pig-
ments
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Biological and Molecular Dynamics

guoobogad

TAKAHASHI S. Lab
goooo0oOoOo0oOo0oOooooboooooo
ooOooooooboo
00000000 ps30bDNAOOOOOOO
goo0oooooooooooooooooo
goooooo

Dynamics of protein folding based on single mol-
ecule fluorescence spectroscopy

Sliding motion of a tumor suppressor p53 along
DNA

Development of a new strategy of protein design
based on single molecule sorting device
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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.
achievement of highly efficient cross-linking re-
action with specificity toward cytosine at the

Recent progress in our group includes

target site. We have applied the new cross-link-
ing agent to antisense inhibition of gene expres-
sion in cell. Now, we study about higher func-

tional intelligent molecules for regulation of

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

Thymine Selective Cross-linking Agents
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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.

pooooooooooooo

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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pin-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-

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

2

\ Charge Separation (CS)

Controlied
Charge recombination (CR)

CS State




OO000UOpooo

Kenji INABA, Professor

TIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

OO0000Opooo

Hiroshi KADOKURA, Associate Professor

OO0000Opooo

Satoshi WATANABE, Assistant Professor

Biomolecular Structure

INABA

Lab

ODOoOooooooodoad

EmOQ000000C0C0OD0 -
Xooooooooooooooooooooooooooooooooooooobooo
HEN SPECIALIZED FIELDOKEY WORD

X-ray crystal structure analysis O cellular homeostasis O protein quality control O
redox [J calcium ion

oooCcoooooo

gooog

kinaba@tagen.tohoku.ac.jp

dogooobotuoboooouoobodboobobgoonbood

ooooobooooooOo0booOoooooboobooooo
goooboboooOoooooooooOobbobobobooboo
oo0ooboooooooboboooooobooOobooon
goboboooOobOooooooboooooobooooboo
ooooooooooooooooobooobooooo o
gooOoooooOoooOoOooooooboooooooo
gooomoooobobooooboboooooooooo
ooooooooooooooooobooboooooooa
OoOoobobooooooooooobooooobOoooo
goobbooooobooboooooooobooooobooo mmﬂ#

ﬂ]EbmJL-TI?JﬁE‘.

Ta4=Ely 7|

gooooooooooo

Toward elucidation of cellular mechanisms underlying
protein and metal ion homeostasis

The biological kingdoms have evolved elaborate by impairment of these cellular quality control

systems to maintain the cellular homeostasis. systems.
Employing structural, biochemical, prot-
eomic and cell biological approaches, we
aim at deep understanding of mechanisms
by which protein quality and metal ion
concentration are controlled in living
cells. In particular, we focus on the pro-
tein disulfide bond formation network and
calcium ion transporters present in the

endoplasmic reticulum. Structural and
mechanistic insights gained in this work
will provide molecular views about how
neurodegenerative diseases are caused
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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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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-

quence, 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 EE—DFEHES SR
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Establishment of materials design base using
metastable states

Thermodynamic analysis on heterogeneous struc-
tures in metals

Study on thermodynamic properties of alloy lig-
uids

Investigation on theoretical phase diagrams based
on the genetic algorithm

Theoretical study on phase transformations in
alloys by the Monte Carlo simulations
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Microstructural Control of Functional Materials
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Local chemical analysis of advanced materials by
several surface analytical methods
Characterization and control of the local structure
of various iron oxides

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

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

Antiferromagnetism and superconductivity in itin-
erant electron systems

Ordering and dynamics in aperiodic spin systems
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Nanoscale Magnetism and Devices
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Size ellect on crystal phase of nanomagnets
Development of highly sensitive magnetic detec-
tion method

Nanostructuring technique using scanning probe
microscope

Physical properties & spin dynamics of single
nanomagnet

Designing & development of new materials with
giant magnetic anisotropy

Development of new technology for ultra high
density memory devices
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Synthesis of group-Ill 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
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High-temperature Physical Chemistry of Materials
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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 chem-
ical reaction fields

Thermophysical property measurements of ultra-
high temperature materials

Fabrication of ferromagnetic shape memory alloy
films and development of microactuator
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DIVISION OF INORGANIC MATERIAL RESEARCH

Division of inorganic material research consists of laboratories of computational materials thermodynamics, microstructural
control of functional materials, quantum spin physics, nanoscale magnetism and devices, chemical reaction engineering, and

high-temperature physical chemistry of materials.
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Construction of theoretical phase diagrams and development
of new materials based on electronic theory

A remarkable development of electronic theory
calculation has made it possible to reproduce
thermodynamic properties of materials in simula-
tions. In our division, we are conducting studies
on theoretical phase diagrams of materials based
on computation of free energies of solids, physical
properties of heterogeneous structures in crystals,
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. These studies are
certainly expected to provide quite useful tools for
predicting new promising materials for a structure
or function, and hence make an enormous contri-

ooooooooo

bution to the materials science.
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Velocity density of states in liquid alloy calculated by first-
principles molecular dynamics
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Microstructural Control
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Lab
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Fig. 1

Microstructural characterization and control of

functional alloys and oxides

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

microstructure of a deformed shape memory alloy,
in which a part of matrix is transformed to the
martensitic phase (see Fig.2).
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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.1l 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-

H=l T=3K

Such a singlet state cannot be detected by static
magnetic tools.
ing, we measure dynamics of excited triplets from
the singlet ground state, with which we uniquely

Using neutron inelastic scatter-

determine the ground-state singlet configuration.

GPTAS (LA

magnetic singlet ground state is formed.
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Physical properties and spin dynamics of
nanomagnets and their application to magnetic memory devices

Rapid progress toward information society has and (5) new media and technology for ultrahigh
aroused much attention to magnetic memory de- density recording.
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
elects, such as surface and quantum size ellects
and thermal agitation of spins, appear and hamper ™

further advance in device performance. It is indis- S

. . . ) L1, FePt (001) dot
pensable to elucidate various physical properties (150xt1o nmd)

of nanosized magnets. Under this circumstance, (a) 400nm

" (b)
our intensive elort is focused on (1) size eJect on " hkoy "

crystal phase of magnets, (2) highly sensitive mag- . . I o

. . . : . (a) L1,FePt (001)Hifk i R b ifllE H S E Hal A1 E 7 /3
netic detection technique, (3) magnetic behavior AR, (b)IREE T= 10,300 KIZ5UF % (a)DFePt K k OFHE
of single nanomagnets, (4) new SPM lithography, HifRE.
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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 CO,(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 scCO./ionic liquids.
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High-temperature processes and measurements of materials

Fukuyama laboratory studies novel material pro-
cessing based on chemical thermodynamics with
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

melts, utilizing electromagnetic levitation in a dc
magnetic field.
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Design of highly elcient steel refining process
through the study on the formation of metal emul-
sion by rising bubble and the dissolution rate of
solid oxide into molten slag
Separation and recovery of valuable metals from
steelmaking slag by the recovery of manganese
using sulfidation and the separation of phosphorus
using leaching
Quality control for clean steel production by the
simulation model of inclusion composition change
and the study on the change in oxide composition
during heat treatment

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

es from biomass and plastic wastes activated by
using mechanochemical method
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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
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Supercritical Fluid and Hybrid Nano Technologies
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Synthesis of organic inorganic hybrid nano build-
ing blocks under supercritical conditions
Thermodynamics of nano fluids.

Fabrication of novel nano devices

Biomass conversion in supercritical water and
chemical synthesis

Revolutionary catalysis: chemical route for low
temperature heat recovery.
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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
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Hybrid Nano-particle
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Preparation of organic-inorganic hybrid nano-particles
Development of nano-sized metallic particle and
application to functional materials

Partial sulfurization of metal oxides for visible
light-active photocatalysts

Synthesis of multi-layered films by laser ablation
Fabrication of new structures of nano-porous
materials

ooooooooooooao
Energy System
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Solid state and solution chemistry of actinide elements
Research for front and back end chemistry on
nuclear fuel cycle

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

Development of green process for rare metal re-
sources coexisted with radioactive materials
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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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Picture of steelmaking slag after the leaching which shows that the
phase containing phosphorus dissolved selectively.

New development of steelmaking process

The steelmaking process has an extremely
important role in supporting the development
of an eco-friendly society and it becomes to an
age of technical innovation. For the research
and development of this field, we have to
consider the following points on four diller-
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
to produce high-quality steel.
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Powder Processing for
Functional Materials
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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
elects which are obtained in the grinding process.
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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 developing.
of new materials, and the present energy, envi-

ronmental and resource issues are expected to be Thin-film Solar Cell '“‘E'MEEIE"I'I'P*“WM
1 )
i,

' Eectrochemical

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

a

R . . a5 1 15 2
intermediate temperatures and narrow gap oxide Ky b ey [ WV gt "G

5 » ¥y 300 ¥
semiconductors applicable in visible and NIR re- 'a';“’_" ol
gions have been recently developed. Simple and L= S
safe synthesis routes to cadmium-free quantum dot Light-emitting and harvesting  © <=2

r —
phosphors and colloidal indium arsenide quantum B E‘KH_
dots for solar cells were also found out. Thin-film '*tﬁh.
) o ) CulnS,-based T I T BT B TR E]

solar cells, fuel cells and light-emitting devices Qb-Phasphors Qs far Solar Calls W0 K
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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-

20 40 60 wt%

sors, and nano reactors
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Multidisciplinary research of photonics
and material science

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

ested in the following tow topics. The first
is the synthesis of single nano-particles
of diamond-like-carbon and noble metals
by using an intense optical field, which

is generated by tightly focused femto-

second laser pulses in liquid and can be pularizatic-n phEISE pattern vector beam
regarded as a novel non-equilibrium, non-

linear and ultrafast process. The next is The vector beam under study shows a synegetic aspect
the investigation of vector beams, which of polarization, phase and pattern of a light beam.
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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-

ST EFEIFETE "WERRAS Uy EEREUT="

(3) precise control in particle synthesis mode.
Namely, the physico-chemical theory for the sta-
bility of collee 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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ples, (1) strict separation
of nucleation and particle
growth, (2) perfect inhibi-
tion against aggregation,
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Development of green rare metal chemistry for
sustainable cycle

Since nuclear energy is one of the most impor- elements is studied to perform more reliable safety
tant energy resource of our modern society, it assessment of radioactive waste ground disposal.
is strongly demanded to make nuclear fuel cycle

more rellable.-AIso recovery fr(-)m t-he reactor dam- BEE—ERNEBHFERAOTE

ages and environment contamination by the Fuku-

shima NPP severe accident, is urgent problem. e o kit

Pressure Vessel

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
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Electron and Molecular Dynamics

0000000o0oo
Structural Physics and Crystal Physics
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Surface Physics and Processing

EpIPENEAm|
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TAKAKUWA Lab
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[_|Quantum interference and entanglement in reactions

[_IElectron and molecular dynamics of photo-excited spices

[_ITaking molecular movies and catching electron motion
for tracing reactions

[ IDeveloping photoelectron spectroscopy and mul-
ti-particle spectroscopy for molecular imaging, mo-
lecular movies, and catching electron motion, using
short-pulse optical lasers, synchrotron radiation
sources, and X-ray free-electron lasers

oooooooooo

Quantum Electron Science

godoodon

TAKAHASHI M. Lab
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["IMolecular orbital imaging by molecular frame electron
momentum spectroscopy

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

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

[_IDevelopment and application of X-ray phase imaging
system

[ _IDynamical X-ray imaging for functional imaging

["IX-ray phase microscopy/tomography

[ IJUSAXS imaging based on decoherence
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[ IDevelopment of the 4-circle neutron dilractometer

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

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

|_|Electron 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

[_limaging of 3d-electron-orbital
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Nano/Micro Chemical Measurements
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HIBARA Lab
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| [Easy and automated chemical analysis utilizing nano/
microfluidic device.

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

[llmaging microscopies and detection methods for mi-
crospace.

[_IStructure-function relationship of biological molecular
systems studied by high power pulsed ESR.
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Polymer Physics and Chemistry
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| IDevelopment of novel "multi-dimensional” electron to-
mography

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

['I3D observation and analysis of block copolymer self-
assembled structures

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

[[13D Structural observation of energy-related materials
O e.g., fuel cell electrodel
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["IDevelopment of chemical vapor deposition processes
for nanocarbon materials

[_|Analysis and control of the growth mechanism of insula-
tor thin films for gate stacks of advanced CMOS

[ _|Analysis and control of the surface reaction mecha-
nism on functional metal oxide surfaces

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

["IDevelopment of the new methods for spin arrangement
and ultrafast phenomenon on surface
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Quantum Optoelectronics
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CHICHIBU Lab
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[JA new concept coherent light source based on light-mat-
ter coupling in environment-friendly (Al,In,Ga)N and
[0 Mg,Zn)O wide bandgap semiconductor microcavities

[ISpatio-time-resolved spectroscopy in semiconductor
materials,

["IDesign and fabrication of (Al,In,Ga)N gquantum 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

[ | i

DIVISION OF MEASUREMENTS

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

Quantum interference based on wave nature of mat-
ters makes quantum processes completely dilerent

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 techniques that allow us to catch the atomic
and electron motion. To trigger, probe, and control the

processes, we use new-generation light sources such o
0

as ultrafast optical laser pulses, ultrahigh resolution P,/ au
soft x-ray synchrotron radiation, and ultra-short wave- N

Photoelectron angular distributions of rare gas atoms (Xe and Ar) and
|ength free-electron lasers that have jUSt constructed. diatomic molecules (0, and N,) irradiated by intense laser pulses
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molecular science O collision physics 0 multiparameter coincidence spectroscopy O

momentum space wave function

masahiko@tagen.tohoku.ac.jp

Quantum Electron Science

TAKAHASHI M.
Lab
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Visualization of electron motion in matter
by means of electron compton scattering

Properties of matter, such as reactivity and func-
tionality, are determined by the motion of the
constituent electrons. For this reason we aim at
developing new spectroscopic methods, by using
electron Compton scattering, that would visualize
the electron motion for stable species and most
importantly the change of electron motion in tran-
sient species, which is the driving force behind
any chemical reactions;

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

(2)developments of multiparameter coincidence

techniques for studies on stereo-dynamics in
electron-molecule collisions,

(3)development of time-resolved electron mo-
mentum spectroscopy for visualization of the
change of electron motion in transient species.
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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-

-
At e Gy =

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

ooooooooo

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 O
Development of neutron and X-ray dillractometers 0 Magnetic ferroelectrics 0

Hydrogen-bonded dielectrics
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and Crystal Physics
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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
dilractometer for structure analysis “SENJU” in
J-PARC.

Cyclowdal structure of Mn*

* spin

Electric

| fk\.p-nl Ariration
AU b

-

Magnetic structure of YMn0. magnetic ferroelectnics
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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 technologies,
fundamental chemistry such as chemical
reaction and phase transfer in a confined
space should be revealed in detail. We

ODoo0o0ooo

Nanofluidic / microfluidic device

study unique advanced measurement tools such as
microscopic imaging, laser microscopy, and elec-
tron spin resonancel] ESR spectroscopy.

High power pulsed ESR for protein folding analysis
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Fig.1. 3D reconstruction of Pt nano-particled NPOnetwork
0000000000000 0O0O0O00O0Oo0oooOooonoooooOon superstructure in Terpolymer metal NP hybrid compositions and
comparison with Self Consistent Field Theoryd SCFTOresults.
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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-dimensiond 3D[ is essen-

I o o o

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 ) o )
. . . Fig.2[0 al3D of the ordered bicontinuous double diamond] OBDDL]

observe 3D structures in various environmental structure in a block copolymer. The image shown ir(] bOreveals the 3D

and dynamical processes in soft materials. thinned image of the unit cell of the OBDD structure.
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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-

. i . DI Surtsca
py using synchrotron radiation and Lastyg
rare gas resonance lines for moni- ~ ®*¥® ‘g’

'

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- £} .l

tures (Fig.2). Based on the observed Becing Enengy V) L..........

chemical and solid phase reaction Fig.1. Time evolution of photoelectron  Fig.2. Patterson map (inset) and structure
. ) ) spectra taken during exposing model of Si(111) v 3x v 3-Ag surface obtained
kinetics at surfaces and interfaces,  Si(001) surface with O,. by Weissenberg RHEED.
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Design and creation of wide bandgap semiconductor quantum
nanostructures and spatio-time-resolved spectroscopy

Research objectives of the laboratory are to de-
sign and create quantum nanostructures desirable
for new functional optoelectronic devices work-
able in deep ultraviolet, visible, and optical commu-
nication wavelengths using planet-conscious wide
bandgap semiconductors, namely (Al,In,Ga)

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.

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-

BANDGAP ENERGY (aV)

&=

nostructures are studied by time-resolved
spectroscopy using a femtosecond laser,

0732 35 a0 44 48
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Schematic model of
potential pockets

6. F.Chichabu er al, Kawre Mates §, 510 (2004}
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Metallurgy and Recycling System for Metal Resources Circulation

gooad

HONMA Lab
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|_|High power and high energy lithium-ion batteries

__Design of high energy capacitor

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

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

| Spectroscopic analysis of green devices using
synchrotron radiation
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Solid State lonic Devices
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AMEZAWA Lab
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| 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
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| Degradation diagnosis of lithium batteries

| Development and analysis of thin film lithium bat-
teries

|_Proton dynamics of fuel cell materials

_lon dynamics in supercooled liquid and glasses
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Environmental-Conscious Materials Processing
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| Reaction process simulator for material produc-
tion

| Development of energy recovery, conversion
and storage

| Boundary 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
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| _Solidification mechanism of metallic and oxide
super-cooled liquids

|_ISolution growth of SiC crystal

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

|_|Structure of solidified metal halides

| Reduction process of magnesium oxide
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| 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

| IRecycling technologies of copper smelter slag
for iron resource

[ IRemoval reaction of hydrogen chloride under
simulated bag filter conditions

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

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

By Ea | [ ERE R
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RESEARCH CENTER FOR SUSTAINABLE SCIENCE & ENGINEERING

The research center has been organized to promote studies essential for the protection of global environment and the creation
of sustainable society and carries out researches to improve the energy ellciency of various metal production and recycle
processes and to develop new devices and materials for renewable energy creation and its e(lcient conversion.
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Energy technology innovations via frontier nanotechnology and

nanoscience

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

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

These advanced materials and techniques can be applied to

ooooooooo

develop lithium ion secondary batteries with extremely high
energy/power density, super capacitors for future smart
grids, and compound semiconductor solar cells achieving
both high conversion e[lciency and low environmental load.
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Toward the development of
environmental-friendly energy conversion devices

Scientists and engineers in the 21st century have analytical techniques for solid-state ionic devices.
a great responsibility to solve environmental and

energy problems for achieving a sustainable so-

ciety. Our laboratory contributes to solve above- .!9

mentioned problems throughout fundamental and 8 ? .}!

application researches on environmental-friendly P y ‘ :
energy-conversion devices, such as fuel cells and P{ §Gj % 0, * % H,0 'é }_.
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 “z

materials and to improve performance/reliability ?‘

of the energy conversion devices. We are also

working for the development of advanced in situ 000000000000000000000000000000000000
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Solid-state ion physics bring innovation to our life

We investigate ion dynamics in solid by elec- g fiter MITO5E0P2
. . ) 1| _
trical, optical and nuclear magnetic reso- o] - Prism
nance (NMR) techniques to develop new ionic Prism Les .
Half mirror
conductors and solid state ionic devices. 'Blandp!,h,,,,er I _—

Recent research subjects are; 1. degrada-

DPSS laser Cell
(532 nm)

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
liguid and glasses.

We use the following techniques; 1. Laser

optics (PLD for lithium ion battery, Raman

3% 35 40 45 50 85 60
1000 (UK)

spectroscopy, optical- Kerr, etc.), 2. NMR

(relaxation, dilusion, micro- imaging), 3. HEIEEHD AE—F U RENMRIZES
Electrical Measurements (impedance, elec- In situBRI S <> 2 L BIE A FAFIUREE
trochemistry).
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High-performance heat exchanger with boundary layer control
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Physicochemical approach to interfacial phenomena at high
temperature for high efficiency materials processing

Recyc.llng, refl.nlng and solldlflca.tlon.process.es of 1:48:32 810° C
materials are important to sustain high edciency
process for manufacturing products. Each material LIQUId
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 eldciency pro-
cesses for materials separation as well as crystal
growth by means of in-situ observation and meas-
urements especially at high temperature.

5 mm

Crystallization of lithium silicate on the molybdenum substrate
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Metallurgy and Recycling System
for Metal Resources Circulation

SHIBATA E.
Lab
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Establishment of Metal Resources Circulation System Based

on Non-ferrous Metallurgy

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

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

technologies for secondary resources and stabiliza-
tion of environmental load elements will be conducted
in order to achieve the metal resources circulation
system.

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

Scorodite faceted particles

(Consisted with Fe(I1I))

—

Middle and Final stages — Scorodite particles
(Scordite, FeAsO,-2H,0)

Initial stage - Gel-like precursors
(Iron Arsenate chemical structure)

Synthesizing
technology of
scorodite particles for
stabilization of arsenic
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Synchrotron Radiation Soft X-ray Microscopy

00000000o0oo

Electron Interference Measurement

00000000000000

Advanced Scanning Probe Microscopy
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["IDevelopment and application of wide-field-of-view
and high-resolution soft X-ray microscope

[[JAt-wavelength observation of extreme-ultraviolet
lithography masks

[ISoft X-ray spectromicroscopic observation of
biological samples

["IDevelopment of high-throughput soft X-ray mul-
tilayer mirrors
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Electron -Crystallography and -Spectroscopy

[E] CiREL T

TERAUCHI Lab
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e 0000 EELSOODOOOOOOOOOO
e 00000 SXESOOOOOODOO

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

[“lidentification of electronic excitations by angle-
resolved EELS

[IDevelopment of SXES instrument for electron
microscopy
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[‘JAnalysis of atomic arrangements at surfaces and
interfaces by high-resolution electron microscopy

[limage processing of digitized electron microscope
images on atomic scale

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

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

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

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

[Jinterface 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

m
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CENTER FOR ADVANCED MICROSCOPY AND SPECTROSCOPY

This center aims for original developments of measurement methods and instruments, and return those to societies. At present,
four groups of 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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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 dillraction-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 technique combined with SLiT-J.
Our final goal is to create a master concept, Nano
info -Graphy, for nano visualization of three elemen-

ODo0o0O0ooo

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
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Development and Applications of nm-scale Crystallography and
Spectroscopies

Our lab develops accurate nanometer scale obtained by using a developed SXES instrument
characterization methods of crystal structures attached to a transmission electron microscope.
by convergent-beam electron dillraction (CBED)

and electronic structures by electron energy-loss e, O e Té,.rﬁ_

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

(syun -que) Aysuau)

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 Phaton Energy (eV)
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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 technique
to visualize electromagnetic fields.

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

Special ellorts 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

ooooooooo

nanometer scale

In situ observations of t
to ferromagnetic

:-L'm". s
he antiferromagnetic (A
(FM) phase transformation

in
Lag 44Sry5MnO,. 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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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

LA
'- fk'l- ar

ESR-STM, has a large advantage due to its
compatibility with solid devices and atom-
scale spatial resolution. We successfully I
developed ESR-STM instrument which can
detect the single spin in SiO layers. In ad- s A
dition, for the realization of the molecular-
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spintronics, single molecule magnet (SMM) is one of
the most promising material. We investigated the spin
of SMM by detecting Kondo states. We found that the
Kondo peak intensity shows a clear variation with
the conformational change of the molecule; namely
the azimuthal rotational angle of the Pc planes.
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Single Molecule Magnet
Magnet contral by rotation
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| 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
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|_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

| IPlasmon and polariton behaviors in organic semi-
conductor thin film

The mission of PHyM Ce
electronics, photonics, €

aiming to promotion of t
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| Hydrogen storage based on nanocarbon materials

| INanoelectronic devices using graphene elec-
trodes

| High performance electrochemical capacitors by
nanographene-network structure

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

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

| Development of Si-based high capacity anodes
for lithium-ion batteries
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_Ferroelectric, pyroelectric, and thermal conduct-
ing materials from supramolecular rotators

. Molecular-assembly devices based on
charge-transfer interactions

_Novel molecular conductors and magnets

| Molecular devices based on organic-inorganic
hybrid nanostructures

| Device application of gigantic polyoxometalates

POLYMERIHYB
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[lInnovative photo-reactive organic monolayers

| /Advanced organic polymer materials for nanoim-
print lithography

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

| Development of materials to enable environmental
remediation
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|_IFabrication of size-controlled organic nanopar-
ticles

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

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

[ ISynthesis of drug compounds by using bio-pro-
cess
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Flexible design of polymer hybrid nanomaterials

The research objective of our group involves de- nodevice applications.
veloping well-defined hybrid assemblies organized
with wide variety of nanomaterials e.g., polymer,
metal/semiconductor nanoparticles, nanoclusters,
and inorganic nanomaterials through bottom-up
techniques. Ultrathin polymer films such as poly-

mer nanosheets prepared by the Langmuir-Blodg-

ett technique serve as key materials to assemble G <t

nanomaterials in a desired way, controlling the '_"""f E"‘“ {
distance and the layer structure at the nanom- Tidwe dmbem  \ o |

eter scale. Bottom-up design of hybrid polymer as- ok | 5& |

semblies allows us to create new function (mainly —_—-:_JI‘!:::!“..%;:: ||I

related to photonics and electronics) and to eluci- e Ot M - EOWEOM N — .:clk“ .
date the mechanism in terms of structure-property Wavslangth (nm)
relationship. These approaches will open up new Spontanecus emission control of CdSe/ZnS Nps
exciting opportunities for soft optoelectronic na- using hybrid polymer nanoassemblies
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Polydiacetylene
hybridized nanocrystals fabricated by visible-
light-driven photocatalytic reduction method.
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£ A

Directed-assembled structure consisted of PS
microspheres on a patterned substrate, and
schematic illustration of coupled-resonator-
optical-waveguide and optical switch.

(core) ) - silver (shell)

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

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

Aiming to develop photonic device
materials, our research group has
extensively studied on mass-pro-
duction of well-defined organic
nanocrystals, design of organic-
inorganic hetero nano-interface h

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.
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idi H i ~ TEM images of (left) polydiacetylene (core) — Pt
and hybrldlzatlon methOd’ direct (shell) hybridized nanocrystals, and (right) poly(3-

octylthiophene) (core) - Pt (shell) hybridized

the tapered cell method on a patterned substrate: (left)
Kagome structure of PS microspheres and (right)

ed-assembled nanostructure-con- encapsulated ZnS nanoparticles.
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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 coating of the entire surface of mesoporous silica
materials together with their hybrids by controlling with graphene layers. We are trying to apply these
the reaction nano-fields for the syntheses of these unique nanomaterials to electronic device, electro-
materials. One example is fully tailored carbon na- chemical capacitors, lithium-ion batteries, hydrogen
notubes with uniform diameter and length. Another storage, biosensors and capsules for drug and gene
noteworthy material is zeolite-templated carbon delivery.

which has struc-
ture regularity
like zeolite and a

A

surprisingly large “ubular

carbon /

surface area up
to 4000 m?/g. In

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

it current
addition, we have SRS || collector - Application - = aar fem
recen tIy devel- | ; —: electrolyte solution Enzymatic faraate e
electrode for a d LAGy e
oped a method Electrode of zeolite-templated carbon for high- biofuel cell e e
f | performance electric double layer capacitor (EDLC)
or a complete Carbon-coated anodic aluminum oxide (CAAO) film

ooooooooo
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Fabrications of multifunctional molecular materials

Multifunctional molecular-assemblies and hybrid or- The researches will be essential for future molecular

e e e o o

ganic - inorganic materials are examined from the electronics.

viewpoint of structural freedom of organic _
Inorganic Hyvbrids

. . O rganic-
molecules. The spin and electronic states of “

®
molecular-assemblies are designed in terms
of electrical conductivity, magnetism, and - "k‘
ferroelectricity. For example, the designs 4

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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Advanced photo-functional materials for nanoimprint

Nakagawa group has dedicated to pursue scien-

tific principles for molecular control of interface

function occurring at polymer/other material
interfaces and to put them into practice in
nanoimprint lithography promising as a next
generation nanofabrication tool. We are de-
veloping advanced photo-functional materi-
als such as sticking molecular layers for “fix
by light”, UV-curable resins and antisticking
molecular layers for “preparation by light”,
fluorescent resist materials for “inspection
by light”, and hybrid optical materials “avail-
able to light” and new research tools such as
mechanical measurement systems to evalu-
ate release property of UV-curable resins.
Our research aims at creating new devices

ooooooooo

to control photon, electron, and magnetism.
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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 elect.
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 dilJused 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-

Fig.2 100 nmO 0000
ooooooo seMmOonO

no-prodrugs in the near future.
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|_ISynthesis crystal structure analysis, and charac-
terization of new multinary inorganic compounds

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

|_ISynthesis of nitrides, carbides and silicides us-
ing a Na flux
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Metallurgical Design for Material Functions
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TSAI Lab

e J0000O0O0OO0ODOOODOOMgOOODO
O

oooooOoooooon
OOoo0o0O00O0O000o0O0o0O0o00o0
oooo0ooooOooOooooo
000000000000000O0000O0
0oag

[ ISynthesis of quasicrystals and preparation of
quasicrystal reinforced Mg alloys

[ IMathematical analysis for structures of quasic-
rystals

[ |Adjusting electronic structure and controlling
catalytic function in terms of alloying

[ ICreating new catalytic function by tailoring com-
posite structure

[ lorigin of activity of Raney metals prepared from
intermetallic precursors

Center for Exploration ¢
ating new multidisciplin

promotion of research f

NO00000o000000cC
000000000000
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|_IDevelopment of inorganic functional materials by
environmental friendly processes.

[ ISynthesis and environmental clean-up perfor-
mance of high-sensitive visible light responsive
photocatalysts

|_IDevelopment of inorganic UV/IR-shielding materi-
als and transparent electric conductive materials.

| IDevelopment of automobile exhaust gas purifica-
tion catalysts

| |Gas sensing properties characterization of semi-
conductors nanomaterials

[ ICreation of multifunctional inorganic nano-ma-
terials

rials (CENIM) was foun
S. The center is organiz

inorganic materials in a

00000000000
oo0ooooooooo
ooooooooooo

ooooooo

[_|[Exploration of new materials aiming at develop-
ment of new photoceramics

|_IConstruction of highly active photocatalysts aim-
ing at energy conversion

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

[IChemical design of new metal complexes

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

We are searching new multinary inorganic com- advanced ceramic materials using active metals
pounds, analyzing their crystal structures and
characterizing their properties. The novel
methods developed for the synthesis of the £

new compounds are applied to the prepara-

tion of conventional ceramics and inorganic E.; E i
materials in order to improve their qualities g || |1

and performances.

e Synthesis of multinary oxides by solid et

. ™
state reaction

. o ) . 2D-honeycomb katt
e Synthesis of nitrides, carbides, and sili- 2_[{Mg-Sn)#]
cides by using a Na flux

e Synthesis, crystal structure analysis and

F

e
|+
]
B ™

c
characterization of new multinary inor- J"h
ganic compounds q
e Development of novel synthetic routes for Schematic drawing of the crystal structure of Na-Mgsn.
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Acta Cryst. (2013) A69, 322-340
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Synthesis of quasicrystals and their structure analysis,
and designing catalysts in terms of metallurgy

Our research is focused on quasicrystalll QCO and
designing alloys for catalysis by controlling electronic
structure and microstructure.dJ Fundamental stud-
ies on QCs range over dilerent 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[0control 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

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

Catal. Lett., (2015) 145,
2457-2463

OnPE CHON €O 3, N, = 50.8 Aitmol

CH,ON _* N0+ CO, ¢ 4, BN,,, * 49.4 Kol
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URC-THR Composites
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Oxides with various morphologies nopnooooonooo
P 9 The possible mechanism of UV, visible and NIR lights induced photocatalysis
of up-conversion phosphors coupled C-TiO, composites.

Creation of Environmental Responsive Ceramic Materials by
Solvothermal Reaction

The morphological control and characterization of with novel applications on environmental harmony,

environmental responsive ceramic materials are high-eciency energy utilization, and responsivity

investigated in order to improve their advanced related to photon and chemicals are carried out.

functionality related with energy and environment.

Environmentally friendly solution reac- . | e
H R e ] 10 1 ight an I bghi o7
tions such as solvothermal reactions b [T p—
) 25 e :‘:. 0.8 s WO,
using elevated temperature water and < o —— A ey
) 1“ - 1Lk - o <
nonaqueous solvents are mainly used E - - 2
. . . 11 _.-‘ ; 0n.74
as reaction media for the synthesis B Pyt Wi R . can
) . . . F (et = =R
of functional ceramic materials with s ﬂ % sl
. 1" i cine 1
precise control of morphology, crys- r T G o4
Irrudiatisn tme | min 1 20

talline phase, crystallinity and particle

10
Irradiation tkme’ min

size. The creation of environmental re- 0000000000000000000000000000000 deNOxOO

Excellent heat ray shielding elJect and deNOXx activity of the complex-type transparent

sponsive functional ceramic materials multifunctional photocatalyst thin film
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Improvement of photocatalytic activity of SrTiO,
by flux treatment
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Exploration of new photoceramics and improvement of

their performance

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

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

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

Titanium-picolinato hybrid
with lamellar structure

Morphological control of
titanium dioxide particles
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0000000000 Central Analytical Facilityd 0 0000 CAFOO0DO0DOOOXOODODOOOOO
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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 dilraction 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.

o 0o o 0

List of Apparatuses

A.OJO0Oogo B.OUOOOOOOO
Apparatuses for ultimate analyses Apparatuses for molecular structure analyses
oJO0OO0OO00O0O0DOOOOO00DODOO0000D0O0000DOoO o JO0000O00OO0DDOO NMR400/500/600MHz[]
oooooooo NMR 400/500/600 MHz
Elemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer) o JO0UnoOoUnoooooooooooog
o |ICPOOOOOO 0000 NMR400/600MHzO
Inductively coupled plasma emission spectrophotometer Nano device ion dynamics analyzer (Solid-state NMR spec-
(ICP-AES) trometer)

oc0O0O0bOOODbOOoOobOd
High-speed relaxation phenomenon measurement laser light
source

o oo douooobUoobobon
The time and space resolution precision state analysis sys-
tem (Laser Raman)

ocUoOooooooooa

Super-high-speed reaction analysis system (Laser flash

oOOOOOOOOOOO spectrometer)

ogbooou Xgoooo

Electron probe micro analyzer (EPMA)

oJ00000000O0OOXxooooooooo

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

odO00OO0OO0OO0O0O0000O00OO

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

Glow discharge mass spectrometer (GDMS)

ocpgoooooonog

Electron paramagnetic resonance spectrometer (EPR)

0000 ooooooooo
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Apparatuses for crystal structure and microstructure analyses Thermal analysis devices

e}

O Small angle scatter-

dooooooooo
Transmission electron
microscope (TEM)

gooobooon
Scanning electron micro-
scope (SEM)
gooooooogno
Field emission type elec-
tron microscope (FE-SEM)
goboooobooooo
gooooo

High resolution field emis-
sion type electron micro-
scope

(High resolution FE-SEM)

goboooobooboooo

Environmental scanning electron microscope (E-SEM)

ooooooooooo

Nano area analysis device

gooooobooon

Atomic force microscope (AFM,SNOM)

goboob Xooooo

Automatic powder X-ray dilraction devices (XRD)

goxXxooo

X-ray dilJraction devices
1. RINT-V

2. RINT-H
3.000000

ing device

4. X'Pert
gooooooboo
oooo

Single-crystal automatic X-rays structure analyzer

goooOobooooo Xooooooo

X-ray microarea three-dimensional stress measuring system

oo Xooooo

Fluorescence X-rays analyzer (XRF)

Laue OO OO

Laue photograph device

JO00dobobobdlddUoMALDI-TOR/MSO

Laser desorption ionization mass spectrometer

gboobooobdbdddoEsl-TOR/MSD

lon trap mass spectrometer

goooooooboooooo0UoFT-IRO

High-resolution Fourier transform infrared spectrophotom-

eter (FT-IR)

gooobob -0obobobbOf0boTe-DTA/GC-MSO
Thermogravimetry-differential thermoanalysis/mass spec-
trometry simultaneous measurement device (TG-DTA/MASS)

1.0000000000
O Super high temperature dillerential scanning calorimeter
(DSC)

2.0000

0 OThermomechanical analyzer (TMA)
ocgoobooono

Autograph
ooooooogo

UV-Vis spectrophotometer

ocpgbobObOOobOOoOoooboOoboon

Laser dillraction particle size analyzer
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Base facilities

gooooobooo
Liquid nitrogen supply system
o goouobouonogon

Helium gas recovery device

ocfobooooooboooDg

Zone melting type single crystal growth device
ogoooono

Arc melting furnace

oO0OO0O0O0ODODO

Electron beam drawing device

o

N supply sysiem
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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

o000 000000000
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OUTLINE

O O 0 o MEMBERS

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

O O O o FACULTY & STAFF (as of May 1, 2016)

ooo ooo ooo gooooo oooo goooo |
Professors Associate Professors Senior Assistant Professors [ Assistant Professors Technical Staffs Administrative Staffs Part-Time Staffs Total
48 28 6 73 61 29 124 369
pooO0Oo0oosomooag
O O O O 0 RESEARCHERS (FY 2015)
000000 moooo0 00000 Moooo|D0ODOO gooood gooooooo O
Institute Research Students Institute Research Students Visiting Researchers Contract Researchers JSPS postdoctoral fellows Total
(Foreigner) (Japanese)
8 1 5 1 18 33
O O O 0 STUDENTS (as of October 1, 2015)
O 00O Graduate Students ogooo [}
oooog ws oooo eo Under Graduate Students | Total
223 68 65 356
0 000 O 0 ANNUAL REVENUE and EXPENSE
ob00o gooo
Revenue for FY 2014 Expense in FY 2014
2.0%0.1%
&‘
O Totald O Totald
4,803 4,803
[ millions of yen [ millions of yen(
= OOooooo Operational Grants ooooooooog Operational Grants Personnel
» gooooooo Grants -in-Aids for Scientific Research ooogoooooo Operational Grants Non-Personnel
»m JO0O0O0O00oo Subsidy goooooao Research Funds Personal
o gOoooo Commissioned Reserach gooooodg Subsidy for Facilities & Equipment Maintenance
m gOoOooo Joint Reserach ooooooog Subsidy for equipment
= 0Ooad Donations
c gooooogoo Subsidy for equipment
U OO0 O 0 LAND and BUILDINGS (as of April 1, 2016)
00O00Land A Part of Katahira Campus 140,07500 |00 000 O Total Floor Area 38,333m?2
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Access to Sendai station
1.Train  "Tohoku Shinkansen (Bullet train)" From Tokyo to Sendai: 1h40m

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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