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HISTORY
BB# 165 3A #HFE 2685 (BHl) IS K V) EILHFMIAATRE March 1941 Research Institute of Mineral Dressing
and Metallurgy, Tohoku Imperial Univer-
BB 18%F 1A #HTHE 545 (B IC K URIFEHAIRRFRFRE sity was founded.
January 1943 Research Institute for Scientific Measure-
BBF 19 1A #$H5FE 75 (BH) IC KW IFKARICEMFTETER ments, Tohoku Imperial University was
founded.
iBf24% SA Eﬁ?&%&ﬁiﬁt:&'r}i&%ﬁ%ﬁiﬂ%ﬁﬁ\ RIEFETA January 1944 Chemical Research Institute of Non -
MFET. JEKABCEMFERIE. ZhENERIELK Aqueous Solution, Tohoku Imperial Uni-
FHBEMFTME RS, versity was founded.
May 1949 These three Institutes were reorganized
Ek 3F 4R EMAFREEDBIEICKY. IEKARCEMRE as research institutes affiliated to Tohoku
Frid RIS L2 RRAZTPT I BUHE University.
Ve N Pl . B April 1991 Chemical Research Institute of Non -
SER 4% 4R BEMAFHREZEOWIEIC K. BILREMITAIE Aqueous Solution was reorganized as
S T2 AFETOSE Institute for Chemical Reaction Science.
i PR _ April 1992 Research Institute of Mineral Dressing
Erk 13F 48 ENLKFREZFDREICEY . EMIZMERE and Metallurgy was reorganized as Insti-
RFEHAMER ERISMEZME T Z BIRFAES L. tute for Advanced Materials Processing.
ZTUMERFMARE April 2001 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

Two years have passed since the Great East Japan Earthquake on March
11, 2011, which caused a great deal of damage to our Japanese people and
society especially in Tohoku area. Many actions for the recovery from this
disaster are still going on, many colleagues in our institute IMRAM are now
engaging for some projects using their special knowledge for this purpose; ex.
recovery from soil salinity by Tsunami, reduction of radioactive cesium from
rice straw and soil etc. Also, a new big national project "Tohoku Innovative
Materials Technology Initiatives for Reconstruction” started last year in Tohoku
University. Two professors of IMRAM are in charge of the projects: Prof. Kazue
Kurihara "Ultra-low Friction Technology Area" and Prof. Takashi Nakamura
"High Efficiency Rare Elements Extraction Technology Area’".

Institute of Multidisciplinary Research for Advanced Materials (IMRAM), which
is pronounced as TAGEN-BUSSHITU-KAGAKU KENKYUSHO (Tagen-ken) in
Japanese was founded 2001 as the successor of three prestigious research
institutes with about 50 years’ tradition; SENKEN-SOZAIKEN, KAKEN,
HISUIKEN-HANNOUKEN in Tohoku university.

The meaning of TAGEN BUSSHITSU-KAGAKU is not only the science for
multi-sources of materials including organic, inorganic, biological etc., but also
denotes a new concept of material science by fusing different fields of science
and technologies such as, physics, chemistry, biology, process engineering,
environmental science etc., which is well expressed in the English name of
“Multidisciplinary Research.”

The mission of IMRAM is “To promote basic and application of the TAGEN-
BUSSHITSU-KAGAKU, to educate the next generations in this field to bring
up international leading scientists and engineers and to contribute to the global
human communities.

Since the “2nd period of Mid-Term Plan of National University Corporation”
started from 2010, the organization of IMRAM has been rearranged into four
basic divisions (Division of organic- and Bio-materials Research, Division of
Inorganic Material Research, Division of Process and System Engineering,
Division of Measurements) and four priority centers (Research Center for
Sustainable Science & Engineering, Center for Advanced microscopy
and Spectroscopy, Polymer Hybrid Materials Research Center, Center for
Exploration of New Inorganic Materials). The former divisions conserve and
cultivate the core academic bases of IMRAM, on the other hand the latter
centers catch-up and contribute quickly to the global serious and argent
demands. Also, in 2010, the IMRAM started the activity as a member of the
new Network Joint Research Center for Materials and Devise composed of
five national university institutes including RIES (Denshiken) in Hokkaido Univ.,
CRL (Shigennken) in Tokyo Institute of Technology, ISIR (Sanken) in Osaka
Univ., and IMCE (Sendouken) in Kyushu Univ. The network is open to anyone
in Japan including colleges, institutes and private companies, who wishes to
collaborate with the five institutes.

Despite the serious damage by the earthquake, we are now recovering the
activity in scientific research and education. We express sincere thanks again
to all who help us.
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RESEARCH CENTER OF MATERIALS AND DEVICES
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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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Synthesis of Organic Functional Molecules
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[[Design and synthesis of functional molecules for
regulation of gene expression

[[IDevelopment of functional oligonucleotides for
artificial regulation of gene expression
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Functional Photochemistry and Chemical Biology
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[JDevelopment of external stimuli responsible arti-
ficial nucleic acids

[[ICreation of cellular signals responsible intelligent
functional biomaterials

[[INew photochemical paradigm and methods for
the study of chemical biology

[JSupramolecular asymmetric photochirogenesis
with biopolymers and biomolecules as nano-chiral
reaction field/reactor
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Bioinspired Synthetic Chemistry
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[[JDevelopment of Synthetic Molecular Machines

[JDevelopment of Functional Molecules by Chemical
Modification of Biological Molecules

[[IChemical Biology

[JSpin Photochemistry
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Biomolecular Structure
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[JDetermination of high-resolution structures of
molecular chaperones involved in protein qual-
ity control

[JElucidation of the cellular mechanisms underlying
the maintenance of protein homeostasis by cell
biological approaches

[J Elucidation of molecular mechanisms of disulfide
bond formation enzymes by various biochemical
and spectroscopic approaches

[JExtensive analysis of the redox network respon-
sible for disulfide bond formation and cleavage
by proteomic approaches
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Structural Biology and Bioinorganic Chemistry
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[IDetermination of the molecular mechanism of the
heme oxygenase catalysis which is the central
enzyme of oxygen-dependent heme catabolism
and associated CO biosynthesis

[JElucidation of the control mechanism of the en-
zyme action of soluble guanylate cyclase that is
responsible for synthesis of a celluar messenger,
cGMP

[IBiochemical and biophysical characterization of a
new type of heme proteins including heme-
receptor and heme-transporter in bacterial
iron utilization, and a heme protein responsible
for the oxygen dependent erythropoietin gene
expression
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Nano Biophysics
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[IMeasurement of movement of bio molecules at
the single molecule level

[IDevelopments of nano measurement system
based on optical microscope

[JApplication of carbon nanotube to bio-
nano-measurement systems
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Biological and Molecular Dynamics
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[[JDevelopment of the single molecule fluorescence
tracking and the time-resolved small angle X-ray
scattering for the observation of protein dynam-
ics

[] Observation of protein folding and functional
dynamics based on the single molecule and the
ensemble methods

[JDevelopment of theoretical background for the

understanding of protein folding and functions
based on the single-molecule time series
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DIVISION OF ORGANIC- AND BIO-MATERIALS RESEARCH

Research activities of our division include design and synthesis of novel molecules for controlling biomolecular and cellular
function, development of single molecular methods for elucidation of mechanism of biologically relevant macromolecules,
and biochemical and biophysical studies for understanding enzyme mechanisms of physiological significance.
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Fumi NAGATSUGI, Professor
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Takatoshi MATSUMOTO, Assistant Professor

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

WREED T BRI EMERS T

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 crea-
tion of functional molecules that exhibit specific
recognition and reaction to the DNA and RNA.
The functional oligonucleotides incorporating
such intelligent agents would enable chemical
modulation of gene expression with high se-
quence-selectivity at a single nucleoside level.
Recent progress in our group includes achieve-
ment of highly efficient cross-linking reaction
with specificity toward cytosine at the target site.
We have applied the new cross-linking agent to
antisense inhibition of gene expression in cell.
Now, we study about higher functional 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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Biomolecular Chemistry . Oligonucleotide Therapeutics / External Stimuli Responsible
Functional Materials /" High Sensitive and High Time Resolve Circular Dichroism (CD) S HEMELCERESTS

Measurement System
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hiko@tagen.tohoku.ac.jp
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Design and synthesis of artificial nucleic acid and protein for
active control of cellular functions and development of high
sensitive & time resolve CD System

A chemical synthesis and modification of DNA/RNA based on molecular recognition phenomena in
and protein is the fundamental technology and sci-  both ground and electronically excited states; we
ence that has led the molecular biology revolution. are pursuing mechanistic and synthetic studies on
Hence, a chemistry of DNA/RNA and protein not  asymmetric photochemistry with supramolecular
only in vitro but also in vivo expects to open new  biopolymers as chiral reaction fields.
generational stage of bioorganic chemistry and

molecular biology. Thus, focusing our

research interest mostly on the recog-

nition and complexation behavior con-

trol of biopolymers, such as DNA/RNA,

proteins by external factors, toward

the active control of cellular functions.

Another topics are reaction control FINAFES LT H5— SHEIBCFPE LMV E MRS T L
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Bioinspired Synthetic Chemistry

Kazushi KINBARA, Professor
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Kimio AKIYAMA, Associate Professor
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organic chemistry /" biomimetic chemistry /" supramolecular chemistry / protein

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

by biological systems

We focus on the development of synthetic mol-
ecules that are able to mimic or control the func-
tions of biological molecules. Our research inter-
ests cover supramolecular chemistry, biomimetic
chemistry, and chemical biology. We also have
interests in integrating the functions of synthetic
molecules and biomacromolecules through their
chemical modifications to fabricate unique func-
tional materials, which are not accessible by usual
synthetic molecules. Our research activities also
include spin chemistry of photofunctional
materials.
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Biomolecular Structure

INABA
Lab

X-ray crystal structure analysis / protein quality control /" redox . disulfide bond

kinaba@tagen.tohoku.ac.jp
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Toward elucidation of the cellular mechanisms of

protein quality control

The biological kingdoms have evolved elaborate
systems to ensure protein quality control in the
cell. Disulfide bonds formed by two cysteines play
critical roles in folding and functional regulation
of proteins. Many essential biomolecules such
as immunoglobulins, blood coagulation factors,
and insulin contain disulfide bonds. Using struc-
tural, biochemical, proteomic and cell biological
approaches, we aim at the deep understanding
of how the disulfide bond formation and cleav-
age systems cooperate in living cells. Structural
and mechanistic insights gained in this work will
reveal molecular mechanisms underlying the main-
tenance of protein and redox homeostasis and

shed light on neurodegenerative diseases caused
by impairment of the control systems.
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Structural Biology

Masao IKEDA-SAITO, Professor

and Bioinorganic Chemistry
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Eiﬁ Toshitaka MATSUI, Senior Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

bioinorganic chemistry  structural biology . chemical biology ~ heme enzymes /

metalloproteins
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Crystals of heme oxygenase (inset) and the electron density maps and the
structure model of the active site.

Structural biological chemistry of proteins

of physiological significance

Our research endeavor focuses on elucidation
of structure-function relationships of proteins of
physiological significance, such as heme oxyge-
nase and glutamate receptor, at the sub-molecular
level by utilizing the power of advanced biochemi-
cal and biophysical technigues, including protein
engineering, product and reaction analysis, vibra-
tional and magnetic resonance spectroscopy, and
X-ray crystallography. We also aim to discover
new biochemical reactions and design novel rea-
gents for our target proteins with rational strategy
derived from our protein structure and reaction
mechanism investigations.

Heme oxygenase reaction products in the presence (right and center) and
absence of a physiological small molecule.
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Actomyosin motor. Myosin molecules interact with actin filament that is a rail

protein, and generate directed motion. Actomyosin motor

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

In biological system, macromolecules in the na- actomyosin motor, bacteria flagellar motor, signal
nometer scale are key players in various physi- transduction,

ological functions, including movement and signal and so on, by

transduction. However, these mechanisms were novel equip-

not understood well still. In my laboratory, inorder ments being

to understand fundamental principle of mecha- developing in

nism of bio molecules, we are developing single my laboratory.

molecule measurements and
imaging systems that are capa-
ble to measure the movements
of bio molecules at nanometer, _
picoNewto.n seale. Our goa.l is e - ' j\;;);t\/r:%f—a— BICHEARENEERE—
to determine the mechanism - B—DA A DFhERE> T, BEEHETS,

f bi | | f | Chemotaxis system Bacterial flagellar motor. Rotary motor embed-
0 I0 molecules, Tor exampie, FELERE AT L Chemotaxis system ded in membrane rotates using flow of ions.

RIFYTAABRE—F—




BiE BB ous

Satoshi TAKAHASHI, Professor

Biological
and Molecular Dynamics
TAKAHASH I S 1EJ: 1'§ ;E%'Gg Hiroshi SAGAMI, Associate Professor
L} JZE
ﬁﬁg /B A B % Kiyoto KAMAGATA, Assistant Professor

Lab

ERDFEA T IV AR H

a5 (8) A=

st@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=34

mm FRAEH - F—7— N mm

BYINGBEDTA—NTA 2T/ —DFEAR A FIJA

mmm SPECIALIZED FIELD - KEY WORD mmm

protein folding ./ single molecule fluorescence detection / dynamics
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Single molecule and ensemble observation
on protein folding and functional dynamics

Proteins fold from the fully unfolded state to the
functional native state based on the information
coded in the amino acid sequences. To
understand the physical principles of
protein folding, we aim at observing the
dynamic processes of protein folding
based on the original technigues such
as time-resolved small angle X-ray scat-
tering and single molecule fluorescence
tracking. Furthermore, to understand
protein functions, we aim at observing
the functional processes such as the
protein-ligand recognition process. To
fully exploit the information obtained by
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the single molecule and time resolved methods,
we are developing new strategies of data analysis.
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Computational Materials Thermodynamics
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[Theoretical analysis for thermodynamic proper-
ties of Fe-based interstitial alloys

[JExploration for new magnetic materials based on
the electronic theory

[JPreparation and evaluation of high purity metals
and materials

[JTheoretical calculation of thermodynamic proper-
ties of molten alloys

[JStudy on formation mechanism of the LPSO Mg
alloys
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Microstructural Control of Functional Materials
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[JLocal chemical analysis of advanced materials by
several surface analytical methods

[JCharacterization and control of the local struc-
ture of various iron oxides

[JPreparation of high-performance iron-based ma-
terials by controlling local deformation

[JDevelopment of high-quality metallic alloys and
composites by controlling microscopic chemical
composition

[JResearch on materials for sustainable resource
and clean energy
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Quantum Spin Physics
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[IDevelopment of neutron inelastic spectroscopy
[[IDevelopment of analysis methods for spin excita-
tion spectra obtained in neutron spectroscopy
[INovel macroscopic quantum phenomena in quan-
tum magnets

[JAntiferromagnetism and superconductivity in itin-
erant electron systems

[JOrdering and dynamics in aperiodic spin systems
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Nanoscale Magnetism and Devices
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[ISize effect on crystal phase of nanomagnets

[JDevelopment of highly sensitive magnetic detec-
tion method

[INanostructuring technique using scanning probe
microscope

[JPhysical properties & spin dynamics of single
nanomagnet

[[IDesigning & development of new materials with
giant magnetic anisotropy

[IDevelopment of new technology for ultra high
density memory devices
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Chemical Reaction Engineering
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[IDevelopment of ionic liquids and its application to
green chemical processes

[[JReaction processes based on green solvents such
as supercritical carbon dioxide and ionic liquid

[JSolubility of inorganic compounds in supercriti-
cal ammonia

[ICrystal growth of proteins under high pressure
Measurements and prediction of thermophysical
properties of fluids under high pressure

[JDevelopment of high efficient dye sensitized
solar cell
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High-temperature Physical Chemistry of Materials
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[ICrystal growth and physical chemistry of nitride
semiconductors

[IDevelopment of high-temperature thermophysical
property measurement system

[[IMaterial processing using high-temperature chem-
ical reaction fields

[JFabrication 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 high purity materials, metallurgical design for material
functions, environmental inorganic materials chemistry, microstructural control of functional materials, design of advanced
inorganic materials, correlated-electron solid-state physics, nanoscale magnetism and devices.
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CALPHAD / first-principles theory  high-purity materials
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Development of new materials based on the calculation of
thermodynamic properties through electronic theory

The remarkable development of electronic theo-
ry calculation based on quantum mechanics has
made it possible to reproduce the thermodynam-
ic properties of materials in simulations. In our
division, we are conducting studies on comput-
ing the free energies of materials; the structures
and physical properties of grain boundaries and
stacking faults; and the thermodynamic properties
of the liquid and glassy phases by coupling first-
principles calculations and cluster variation meth-
ods, as well as quantum molecular dynamics. Fur-
thermore, the world’s highest-purity materials are
produced through a combination of chemical and
physical refining methods to confirm the calculat-

ed thermodynamic properties with high accuracy
and to develop new materials such as magnetic
materials, semiconductors, and lightweight materi-
als.

P F LS ES
4 &

(a) Calculated charge density of the LPSO-type Mg alloys and (b) Spinodal
temperature of the Mg-Zn-Y system based on the cluster variation method
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functional materials " alloys / oxides .,/ environmental materials
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Microstructural Control
of Functional Materials
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Lab
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Microstructural characterization and control of

functional alloys and oxides

Characterization and control of microscopic com-
position and structure are important in improve-
ment of performances of advanced alloys and
oxides having superior properties. In this labora-
tory, various analytical methods using photons,
electrons and ions are applied for characteriz-
ing the microscopic chemical composition and
structure of the advanced materials. Technologi-
cal processes for improving performances of the
advanced materials are designed on the basis of
the results. Main subjects are characterization
and control of the structure of various metal par-
ticles and iron oxides using advanced methods,
control of microstructure and texture in novel al-

loys. Figure 1 shows microstructure of a deformed
shape memory alloy, in which a part of matrix is
transformed to the martensitic phase (see Fig.2).
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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
quantum fluctuation often dominates low-tem-
perature properties of spin systems, giving rise
to novel nonmagnetic ground states. A tool that
can observe spin dynamics is indispensable to
elucidate mechanism realizing such a
nonmagnetic state. Fig.1 shows spin ex- am,
citation spectra in the quantum kagome
antiferromagnet Rb,Cu,SnF, . Strong
quantum fluctuations, enhanced by the
geometrical frustration, prohibit spins to
order even at the base temperature, and

H=0 T=3K

state is formed. Such a singlet state cannot be
detected by static magnetic tools. Using neutron
inelastic scattering, we measure dynamics of ex-
cited triplets from the singlet ground state, with
which we uniquely determine the ground-state
singlet configuration.

GPTAS (LR)

instead a nonmagnetic singlet ground

18 2 22 24
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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
devices because of their nonvolatility, high data
density, low cost, high-speed accessibility. With
reducing 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 indispensable to elucidate various physical
properties of nanosized magnets. Under this cir-
cumstance, our intensive effort is focused on (1)
size effect on crystal phase of magnets, (2) highly
sensitive magnetic detection technique, (3) masg-
netic behavior of single nanomagnets, (4) new SPM

lithography, and (5) new media and technology for
ultrahigh density recording.
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Reaction process using supercritical fluid

or ionic liquid

In our laboratory, major research interests fo-
cus on thermophysical properties investigations,
such as measurement and development of pre-
diction method for a given compound or system
regarding its thermophysical properties, as well
as explorations of the applications of supercriti-
cal CO2(scCO2) and ionic liquids as novel reaction
media in green chemistry, aim-

Lo
Tonic liq

Current Research Contents

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

2.Continuous reaction/separation process on the
basis of the combination of scCOz/ionic liquids.

3.Measurement and correlation of transport prop-
erties for ionic liquid + CO2 mixtures

ing for providing fundamental

data for chemical engineering
and development of sustainable

R\N® R Q

PFy

NO, CE805°

BF,

Organic Synthesis Processes T

chemical process with the aid
of scCOz/ionic liquids and other
methodologies available.

(Fime tuming)
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High-temperature processes and measurements of materials

Fukuyama laboratory studies novel material
processing based on chemical thermodynamics
with high-temperature thermophysical property
measurements. Currently, we are developing new
crystal growth processes to bring a breakthrough
in nitride-semiconductor devices, which are prom-
ising 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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Base Materials Processing

EHAA=E

KITAMURA Lab
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[Design of highly efficient steel refining process
through the study on the formation of metal emul-
sion by rising bubble and the dissolution rate of
solid oxide into molten slag.

[JSeparation and recovery of valuable metals from
steelmaking slag by the recovery of manganese
using sulfidation and the separation of phosphorus
using leaching.

[JQuality 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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KANO Lab
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[JOptimum design of powder processing by com-
puter simulation

[[IDevelopment of simulation model for grinding pro-
cesses of fine particles

[JDevelopment of simulation model for multiphase
flow

[[ISynthesis of functional powder materials and re-
covery of rare metals by using mechanochemical
method

[JDevelopment of new hydrogen generation process-

es from biomass and plastic wastes activated by
using mechanochemical method

EREET / MHBIRMR S T

Nanostructure/Nanointerface Design and Control
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TANAKA Lab
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[[IBottom-up synthesis of novel and nonequilibrium
nanostructures under the excited reaction fields,
and their superior functions

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

[[ICreation and application of hyper functionalized
materials based on low-dimensional nano-struc-
turalization

[Design and functionalization of ceramic-based
nano-structured and nanocomposite materials

[JAnalysis and control of dynamic atomistic reac-
tions at the material interface

[[JResidual stress tensor measurement in the local-
ized area

BERRT/ IEHESE

Supercritical Fluid and Hybrid Nano Technologies
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[JSynthesis of organic- inorganic hybrid nano build-
ing blocks under supercritical conditions

[JThermodynamical properties of hybrid nano-
materials

[[JFabrication of superhybrid polymer: Left handed
materials, electromagnetic materials, optical
device

[JFabrication of novel nano devices: high perform-
ance thermo-electric devices, high speed optical
devices, nano sensor, nano reactor (catalysts)

[[IMedical application of hybrid nanoparticles:
Molecular bio-imaging, super DDS and cancer
therapy

[Biomass conversion in supercritical water and
chemical synthesis
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Laser Applied Material Science
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[[INano-particles synthesis using an intense optical
field generated by strong focusing of femto-
second laser pulses

[JApplication of atom optics to material science

[Vector beam science and its application to nano-imaging

[IDevelopment of optical trapping using a radially
polarized laser beam
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Hybrid Nano-particle
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[JPreparation of organic-inorganic hybrid nano-particles

[Development of nano-sized metallic particle and
application to functional materials

[[JPartial sulfurization of metal oxides for visible
light-active photocatalysts

[JSynthesis of multi-layered films by laser ablation

[JFabrication of new structures of nano-porous
materials
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[JSolid state and solution chemistry of actinide ele-
ments

[JResearch for front and back end chemistry on
nuclear fuel cycle

[[JResearch for radioactive waste management and
environmental recoverability on NPP accident

[JDevelopment of hydrogen producing desulfuriza-
tion process from wastes

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

TOtASATLATEMERAIS. BERFM 7Oty 27, BEeEATO A, SEET/ MHEIKR. BIRFT/ T2 XWERZE. N(TVUyY
FI/HF. TRVF—2ATLORRHZMETBHAITHY . RRMEZERMICKELTOETY. ROIFMIET/LANIHSTIOLANILE
TEESIHRTID, BRELDFMHISMIELE. BEIFE. TOEATHEHETY,



jt*q 1%'& S Shin-ya KITAMURA, Professor

Base Materials Processing

KITAMURA j’..ﬁ-'k] 1$5¥ By Nobuhiro MARUOKA, Assistant Professor
Lab

mm FRAE - F—7— 8 mm
R0 SREIAESR RS RIGRE UYL UL
mmm SPECIALIZED FIELD - KEY WORD mmm
steelmaking ./ ferrous metallurgy .~ chemical equilibrium /" reaction kinetics ./
material recycling
2 w3, FERZE 4
EERH IO LY IV IWANT kitamura@tagen.tohoku.ac.jp

jt*tj‘ﬁﬁ%i http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=50

M O XD EE

SREBICAREININ-ZA2VEET AL R, NEREDREE
FTASEBRMELT BIERVIIGICH DY, BERMMSICH
G TH - ERMEEORENZTOEY, CONBFERMHIE UT
DADD|B( =) B LEThEE) A OMBRD 51572
EREFEV, HIRICELWT Ot X Tt §3[Giga Scale]. @K
ICEE(VT72—) ORHR - HEEXBIRE TE®H 5 [Mega Scale].
ORIGRE. MAEHEXE T2 MENLZHNERDERR [Micro
Scale] . @R O R R R E ORITE. MR [Nano
Scale]lo ANFARAHFTld. SKMEETOEXHWTSHEEESRSEH
HMEME)RATITELDIEEE] £3RIC. BREE(CED RERM y
BT7O€X0RFR, TOLRLI2L—Y a3 ETIVORE. ERIEF ¥ 1800 10om
RIEDREERIVIAE. SRSk £ X 2 2E A LM DR B WERSIEREULER. BESCHEMBRIICERLLRT

_ e . L Picture of steelmaking slag after the leaching which shows that the
FREICELT BIED 4 DDR AL AR ET-oTOE T, 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 re-
search 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, Mi-
cro scale = ldentify the controlling factors of
the reaction rate and Nano scale = Control
the mass transfer of molecules. At Kitamu-
ra laboratory, the researches based on the

above four points are being carried out in the

field of Steeh’naking which is a core process B GRETHKUIKBICEAR SV EALRER. MPRIEILIRR
) ’ ) Picture of the paddy field damaged by tsunami showing a good harvest where
used to produce high-quality steel. the steelmaking slag was used as a fertilizer.
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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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Advanced nanostructures and functions based on bottom-up
physically and chemically activated reaction field technologies

We are aiming to create and evolve various hy-
per-functionalized and advanced nanostructures
which would be key-materials for nano-devices in
the next generation. For these purposes, we are
designing and controlling under the “physically
and chemically activated reaction field” such as
novel active energy beam and/or chemical reac-
tion field, and are utilizing them to develop novel
nanostructure, nanohybrids, low-dimensional na-
nomaterials, nanocomposites and hetero-interfac-
es based on the bottom-up design. Further we are
designing superior functions of these advanced
materials based on the structure control. Process-
ing-structures-functions relations are also exten-

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

Our study aims to establish chemical processes for  speed optical devices, nano sensors, and nano
synthesis of hybrid nano building blocks based on reactors (high order structured catalysts).
supercritical fluid technology, nano-hybird technol-

ogy and materials science & en-

gineering. These studies include

synthesis of organic-inorganic

hybrid nano building blocks un-

der supercritical conditions, and

their directed assembly for medi-

cal applications, and metamate-

rials. We also develop novel de-

vices with these self-assembled

structures for high performance

thermo-electric devices, high 60 wt%
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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 in-
terested in the following tow topics. The
first is the synthesis of single nano-par-
ticles 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-equilibri-
um, non-linear and ultrafast process. The
next is the investigation of vector beams,

polarization phase

which have inherent vectorial characteristics of
electromagnetic wave, focusing on its physics, the
development of beam generation, the improvement
of beam quality, and applications such as laser
processing and super-resolution microscopy.

pattern vector beam

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 / energy catalysts

promoted semiconductor nano-dots

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

nano-hybrid materials?

Highly functional materials, such as Fe nanopar-
ticles, ITO nanoink for TCO, niobium-based oxide
particles for lead-free piezoelectric devices, titania,
perovskite metal oxides, semiconductor nanoparti-
cles, organic-inorganic hybrid nanomaterials, fuel
cell, and alloy nanoparticulate cat-
alysts, etc. have been widely pro-
vided. Their production methods
are based on the particle-synthesis
principles, (1) strict separation of
nucleation and particle growth, (2)
perfect inhibition against aggrega-
tion, (3) precise control in particle
synthesis mode. Namely, the phys-

ITO (Indium Ti
as Transpi

ide) nanoparticles

ico-chemical theory for the stability 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.

Nao.5Ko.sNbOs for lead-free piezoelectric devices
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actinide chemistry / nuclear fuel cycle / energy resources ./ rare metal processing /
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radioactive waste management
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Development of green rare metal chemistry for

sustainable cycle

Since nuclear energy is one of the most impor-
tant energy resource of our modern society, it is
strongly demanded to make nuclear fuel cycle more
reliable. Also recovery from the reactor damages
and environment contamination by the Fukushima
NPP severe accident, is urgent problem. To re-
spond these demands, our group develops novel
and unique processes for the spent nuclear fuel
based on the selective sulfurization of fission prod-
ucts. The sulfide process has advantages of less
radioactive waste volume and lower risk of the nu-
clear proliferation comparing with the conventional
wet reprocessing processes like PUREX. Besides,
the basic solution chemistry of actinides elements

is studied to perform more reliable safety assess-
ment of radioactive waste ground disposal.

@ Volatile radioacitve materials and decontamination

@ Fuel debris

@ High activity
water treatment
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Electron and Molecular Dynamics

FHMA=E

UEDA Lab

ORICICHE T BEFTHEEFEDON

ONXNEIREDEF LA ST IVARFEAFTIVA
DFARX=D2T

O FHE BT RREVAIC KB R TIBH & R I

@ /NI AKZFL—Y—- 22Oz gEt - X
BREFL—Y—ZRRELEDFAX—I2T-
AFEE - BT RREAEEELIABFINE:
ZHFEOAIEDFRFE

[JQuantum interference and entanglement in reactions

[JElectron and molecular dynamics of photo-excited spices

[JTaking molecular movies and catching electron motion
for tracing reactions

[IDeveloping photoelectron spectroscopy and multi-par-
ticle spectroscopy for molecular imaging. molecular
movies, and catching electron motion, using short-pulse
optical lasers, synchrotron radiation sources, and
X-ray free electron lasers
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Quantum Electron Science
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[JMolecular orbital imaging by molecular frame electron
momentum spectroscopy

[JDevelopments 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
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Quantum Beam Measurements
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[JX-ray phase measurement methods based on X-ray
interference optics.

[IDevelopment and application of X-ray phase imaging
system

[JDynamical X-ray imaging for functional imaging

[JX-ray phase microscopy/tomography

[JUSAXS imaging based on decoherence
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Structural Physics and Crystal Physics
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[IDevelopment of the 4-circle neutron diffractometer

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

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

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

[JNeutron and X-ray scattering study of structural physics

and magnetism on multiferroic materials
[Jimaging of 3d-electron-orbital
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Spectrochemistry
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[IStructure-function relationships of biological molecular
systems studied by high power pulsed ESR.

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

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

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

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

[CJAnalysis of structures and properties of liquids in confined space

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

[IDirect measurement of interactions involved in
molecular recognition such as protein-DNA
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Surface Physics and Processing
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[IDevelopment of chemical vapor deposition processes
for nanocarbon materials

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

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

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

[JDevelopment of the new methods for spin arrangement
and ultrafast phenomenon on surface

EFXILY bOZY ARRSEH

Quantum Optoelectronics
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[JA 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

[JSpatio-time-resolved spectroscopy in semiconductor
materials

[IDesign and fabrication of (Al,In,Ga)N quantum nanos-
tructures: 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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molecular dynamics ./ electron dynamics  electron spectroscopy ./ coincidence

spectroscopy
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Taking the molecular movie,
catching the electron motion

Quantum interference based on wave nature of matters
makes quantum processes completely different from
classical processes. We analyze, visualize, and control
guantum processes that determine ultrafast electron
and molecular dynamics, such as electronic relaxation,
charge transfer, fragmentation, and rearrangement in
isolated molecules and clusters. For that purpose, we
have been developing cutting-edge spectroscopic tech-
niques 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 syn-
chrotron radiation, and ultra-short wavelength free-
electron lasers that have just constructed.

Ultrafast molecular imaging by laser-induced
rescattering photoelectron spectroscopy
Experiment o, Theory

180 g
160 u

140

Angle (degree)

Angle (degree)

5 25
Momentum (a.u.)

15 2.5
Momentum (a.u.)
Differential cross sections for e-ion elastic scattering
extracted from laser-induced resattering spectra are
compared with theoretical cross sections.
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molecular science  collision physics ./ multiparameter coincidence spectroscopy
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Visualization of electron motion in matter
by means of electron compton scattering

Properties of matter, such as reactivity and func- techniques for studies on stereo-dynamics in

tionality, are determined by the motion of the electron-molecule collisions,

constituent electrons. For this reason we aim at (8)development of time-resolved electron momen-

developing new spectroscopic methods, by using tum spectroscopy for visualization of the change

electron Compton scattering, that would visualize of electron motion in transient species.

the electron motion for stable species and most

importantly the change of electron motion in tran-

sient species, which is the driving force behind Photcaode ype
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

Spitfire Pro XP
trafias Ti:Sapphire Amplifier

Position-sensitive
Detector

Position-sensitive
Dictector
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Imaging ./ X-ray / phase measurement / three-dimensional observation
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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 power-

Multi Slit Phase Grating
Amplitude Grating™
Configuration of X-ray Phase Imaging
—X-ray Talbot-Lau interferometer—

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

X-ray Optical Element
—High Aspect-Ratio Gold Grating—
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Structural Physics
and Crystal Physics
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Precise crystal/magnetic structure analysis under multiple extreme conditions

Development of neutron and X-ray diffractometers / Magnetic ferroelectrics

Hydrogen-bonded dielectrics

kimura@tagen.tohoku.ac.jp
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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 temperature, high magnetic field, and high
pressure. We have also studied struc-

tron 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.

Cycloidal structure of Mn** spin

tural phase transitions to understand

the microscopic 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

Electric
olarization

complex magnetic structure of mag-
netic ferroelectrics derived by neu-

Maanetic structure of YMn,O. maanetic ferroelectrics
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pulsed EPR  multifrequency ESR /" troponin ./ folding ,/ imaging

RNy yre— yohba@tagen.tohoku.ac.jp (X&)
ARACFRRD http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=40
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Development of ESR spectroscopy and studies of structure and
dynamics of large scale molecular systems

Electron spin resonance (ESR) is a useful tool to  systems: a) structure-function relationship of tro-
study molecular systems because an electron  ponin from heart muscle, and b) folding-unfolding
spin is sensitive to its environment. To extract in-  dynamics of model protein BDPA.

formation about structure, electronic states and

dynamics from ESR, separa-

tion of specific interaction is ‘ 2 Merovave
important. Main subjects of Eirame PAR 1}

our group are followings. 1) N et | et : s
Development of ESR tech- » . . = L
niques in both of method- . ; = _ Transion
ology and instrumentation : o | B
especially for high power = . i O e

pL”Sed ESR 2) ADD”Cation B i , ~ l o With Teflon Empty

Resonator

of these methods to protein ; Y = 5 Microwave Electric Field
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Nano-surface Chemistry

KURIHARA
Lab(C)

surface forces measurement / resonance shear measurement / molecular assemblies

/ confined liquid

kurihara@tagen.tohoku.ac.jp
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Surface
Separation

le

0000

Specific interaction

s

DNA, protein Polyelectrolyte brush
EESETaEETTE

1] 11 1]
SEERERRECSEE
Long range attraction,
steric force

e

Structuring of Liquid adsorption at solid-
confined liquids liquid interfaces

Surface

o

I3V I REOREREROKREBEN FIREE L) E LI
SHICHAANECPEBRILFZE B EDEELICHOIMIVBATL
E3 R

Nano-surface chemistry

Our research aims at developing methods, includ-
ing instrumentation, for characterizing surface
(or interface) at the nano-meter level. Most of
our research subjects are related to the
surface forces measurement, which can
directly monitor the interaction between
two surfaces (attraction, repulsion and
adhesion forces). We study phenomena
occurring at the solid-liquid interface
such as adsorption and structuring of
liquids. Self-assembled molecular archi-
tectures and biological interactions are
also studied. We have developed the
resonance shear measurement which
is a sensitive method for evaluating
properties of confined liquid for nano-

rheology and tribology. Twin-path surface forces
apparatus we developed enabled us to study wide
variety of samples such as metals and ceramics.

Development of nano-scale measurement based on SFA
Resonance shear method Twinpath SFA

EC
surface surfaces
separation "

Fixed miTror
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Surface Physics and Processing

TAKAKUWA
Lab
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Tadashi ABUKAWA, Associate Professor
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Shuichi OGAWA, Assistant Professor
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surface physics /" material science / process engineering ./ development of surface
analysis methods with electron and photon probes

REMET O ARESEF
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takakuwa@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=77
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| Development of surface nanoprocesses |-

Electrode

~—— Development of real-time surface analysis methods -—.

l;nmnlm
Sisubstrate Mo clamp  assisted plasma
Photoemission-assisted Ar plasma on 5i substrate

| Synthesis of functional materials [—

Networked nanographite

Synthesis of functional materials and development of
nanoprocesses based on surface reaction mechanisms
we have synthesized functional materials such as

diamond and multilayer graphene, and developed
surface nanoprocesses.

In the research section of surface physics and
processing, we aim to develop various surface
analysis methods with electron and photon probes:

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

Si{001)2x1 Surface
T=53C

Pop = 1.0x107 Torr
hv=2122 eV

02p state

Intensity (arb. units)

-_ |..._‘I\‘ 5 .

Fig.2. Patterso map (inset) and structure
model of Si(111) v/"3 x4/ 3-Ag surface obtained
by Weissenberg RHEED.

Fig.1. Time evolution of photoelectron
spectra taken during exposing
Si(001) surface with Oa.
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Shigefusa F. CHICHIBU, Professor
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Quantum Optoelectronics

CHICHIBU
Lab
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wide bandgap semiconductors / quantum nanostructures / carrier dynamics /

spatio-time-resolved spectroscopy

chichibu@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=64
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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 intentionally create quantum nanostruc-
tures desirable for new functional optoelectronic
devices workable in far ultraviolet, visible, and
optical communication wavelengths using planet
conscious wide bandgap semiconductors,
namely (AlLIn,Ga)N and (Mg,Zn)O systems.

B Environmentally friendly wide k
lll-nitride and |l-oxide semiconductors
B

using a femtosecond laser, and various local car-
rier dynamics are probed by a focused pulsed
electron beam using a home-made, spatio-time-
resolved cathodoluminescence system equipped
with a photoelectron gun.

B Localized in InGaN alloys

We are growing quantum structures by
metalorganic vapor phase epitaxy, mo-
lecular-beam epitaxy, and unique helicon-
wave-excited-plasma sputtering epitaxy
methods. Ultrafast recombination dynam-
ics of excited particles in nanostructures
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S.F.Chichibu eral., Nature Mater 5, 810 (2006).
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Chemistry of Energy Conversion Devices

AEHAAE

HONMA Lab
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[[High power and high energy lithium-ion batter-
ies

[JDesign of high energy capacitor

[JSynthesis of graphene and its applications for
energy devices

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

[[JAdvanced device processings using supercritical
fluids/plasma/laser

B A=V R - TINA ARG EF

Solid State lonic Devices
MZERAE
AMEZAWA Lab
OE AR MEEM ) F I LAF 2R
BhOF ML - HIEEME(L
BRALFZ IR F—FHET /N A AFHED 7=
DEBET DZAFERMORFE
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HERFE
O@FTRE A F = J AMB DRET IR

[Oimprovement of performance and reliability of
solid oxide fuel cells/lithium-ion secondary bat-
teries

[IDevelopment of advanced in situ analytical tech-
niques for electrochemical energy conversion
devices.

[JBasic research on electrochemical phenomena
at hetero-interfaces

[Design and synthesis of novel solid state ionic
conductors

Bl 7 > IEMAR S

Solid State lon Physics
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[[JDegradation diagnosis of lithium batteries

[JDevelopment and analysis of thin film lithium bat-
teries

[JProton dynamics of fuel cell materials
[lon dynamics in supercooled liquid and glasses

RBEBEFM 7O AMEFE

Environmental-Conscious Materials Processing
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[JDevelopment of the advanced mathematical
model of blast furnace

[JUtilization of new material like biomass and im-
provement of reduction rate with high reactive
burden

[ONew sequestration process of carbon dioxide
from ironmaking

[JUtilization of slag and recycling of wastes from
cities in the integrated steel works

MRS T O AMESE

Materials Separation Processing

SFEMRE

SHIBATA Lab
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[IMechanism of heat transfer in molten silicates

[JRelationship between network structure and vis-
cosity of molten silicates

[JKinetics of peritectic reaction and transformation
of Fe-based alloys

[[IMechanism of solid state reaction between oxides
and alloys

[[IMechanism of recycling and solidification of rare
metals

ERERBIRY AT LHRSE

Metallurgy and Recycling System for Metal Resources Circulation

AR E

NAKAMURA Lab
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[J*Artificial mineral deposit~Reserve to Stock~"

[JTechnology of decreasing indium in ITO transpar-
ent electrode

[JThermal decomposition of brominated flame
retardant plastics and bromination of metallic
oxides

[JSynthesis of Scorodite by oxidation of ferrous
sulfate solution

[JSeparate dissolution of copper and arsenic from
copper smelting dusts

[JSynthesis of nanocarbon materials by an elec-
tric plasma in the ultrasonic cavitation field of
organic solutions

[Froth separation technology using microbubbles
controlled by ultrasonic irradiation

[IDevelopment of new cleaning technology using
high-speed motion of microbubbles under ultra-
sonic irradiation

[JFormation mechanisms of oxyhalogen com-
pounds

[[JResource recovery treatment of CRT glass cullet
utilizing the lead smelting process

[JPyrometallurgical treatment of hydrothermal ore
deposits

[JRecovery of metallic tantalum from the waste
tantalum condensers

[[IMaterial flow of platinum for automobile
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renewable energy  nanotechnology  lithium ion secondary battery  solar cells
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Energy technology innovations via frontier nanotechnology

and nanoscience

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

In particular, we focus on researches on fine
chemistry of energy devices employing advanced
nanomaterials and nanochemistry such as mono-
atomiclayered electrode graphene, nanocrystalline
electrodes, nanosheet materials, ionic liquids, inter-
facial nanofilms. these advanced materials can be
applied to develop high energy density electrodes,

high ion conductive electrolytes of all solid state lith-
ium ion secondary battery, super capacitors, which
are fundamental energy storage devices for electric
vehicles, smart grids, solar cells backups for build-
ing next generation renewable energy systems.
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Solid State lonic Devices

AMEZAWA
Lab
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solid state ionics ./ energy conversion / in situ analytical technique / interfacial electrochemistry
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Toward the development of

environmental-friendly energy conversion devices

Scientists and engineers in the 21st century have
a great responsibility to solve environmental and
energy problems for achieving a sustainable so-
ciety. Our laboratory contributes to solve above-
mentioned problems throughout fundamental and
application researches on environmental-friendly
energy-conversion devices, such as solid oxide
fuel cells and lithium ion secondary batteries. In
particular, focusing on solid-state ion-conducting
materials, we are challenging to establish an aca-
demic discipline on “solid-state ionics”, and apply-
ing this to develop novel materials and to improve
performance/reliability of the energy conversion
devices. We are also working for the develop-

ment of advanced in situ analytical techniques
for solid-state ionic devices.
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Solid-state ion physics bring innovation to our life

We investigate ion dynamics in solid by elec- g fier MICTOS20PE
. . . | - | .
trical, optical and nuclear magnetic reso- and i Prism

CccD Lens

nance (NMR) techniques to develop new ionic Prism

Lepis Half mirror
conductors and solid state ionic devices. Island,,!mﬁ.m, ' —

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

DPSS laser Cell
(532 nm) Potentiostat

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
spectroscopy, optical- Kerr, etc.), 2. NMR
(relaxation, diffusion, micro- imaging), 3. FEEE D AE—S U ZENMRIZES
Electrical Measurements (impedance, elec- In situFEM S < > 72 FBIE A FAFZHREHE
trochemistry).
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global warming ./ ironmaking  steelworks  mathematical modeling

ryo@tagen.tohoku.ac.jp (3#Lt)
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Environmental-Conscious
Materials Processing

RIEESHFM 7O AMASH

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=54
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Environmental-conscious materials processing
and development of advanced mathematical model

A variety of environmental-related problems in the
social systems like global warming and wastes have
been exposed. From this background, in our labo-
ratory, new process for decreasing CO2 emissions
from the integrated steel works are studied on
the basis of new burden design for low
carbon blast furnace and the advanced

Discrete Element Method with Computational Fluid
Dynamics is developed to improve a blast furnace
capability. Moreover, novel absorbent material for
CO: sequestration is actively studied by application
of first-principle calculation.

Blast furnace

=R\ A REEHE S UHNIN G
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mathematical model. Moreover, effective ‘

utilization of wastes from the steel works :
Modeling and Steel
optimization — e cts
Effective carbon use g

and carbon neutral materials such as bio-
ﬁ

mass has been pursued for the global en-
vironment and co-existence with regional
society. In particular, a new hybrid mathe-
matical model of blast furnace combining (L wgstonof o, emesions }

Modeling of blast furnace
by DEM+CFD
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solidification process ./ refining process  silicates / thermophysical property

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

Recycling, refining and solidification pro-

cesses of materials are important to sustain

high efficiency process for manufacturing

products. Each materials separation pro-

cess is governed by many chemical and

thermophysical properties of materials and

interfaces between materials. Functions of In-situ Observation
the materials should be clarified from micro and Mec
mechanism of each phenomenon to devel- X

op high efficiency processes for materials

separation by means of in-situ observation

and measurements especially at high tem-

perature.
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metal resources circulation ./ nonferrous metallurgy ./ waste treatment
social system for recycling
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Metallurgy and recycling system for metal resources circulation

Our aim is to develop the process technologies and e — Collectionand fisid survey
social systems for metal recycling, waste detoxifica- ' '
tion and energy recovery based on the nonferrous
metal smelting industries.
[IThermal and hydro processing for metal recycling
and wastes treatment (Chemical Thermodynamics)
[ISocial system for sustainable society (Reduce,
Reuse and Recycling of wastes and materials)
[ INew solution plasma process to synthesize metal-
carbon nanocomposites (Environmental Material)
[IPhysical separation and washing technology using
microbubbles and ultrasound (Physical Treatment)
With this background, our research project, “high-
efficiency rare element extraction technology” has
been started to find a new screening method and
new smelting technology for rare elements. Research and development field
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Soft X-ray Microscopy

PRI =

YANAGIHARA Lab

OLBE - BRI X ARBEMER OB L ISH
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QLMK DI X IR IR HEREE
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[[JDevelopment and application of wide-field-of-view
and high-resolution soft X-ray microscope

[JAt-wavelength observation of extreme-ultraviolet
lithography masks

[JSoft X-ray spectromicroscopic observation of
biological samples

[[JDevelopment of high-throughput soft X-ray mul-
tilayer mirrors

BT AT - PAEHARE ST

Electron -Crystallography and -Spectroscopy

FAMR=E

TERAUCHI Lab
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[JElectronic structures of boron compounds and
nano-network materials

[[ICrystal and electronic structures of ferro-electric
materials, transition-metal oxides and quasicrys-
tals

[Development and application of nm-scale crystal
structure refinement method by CBED

[JDevelopment and application of high energy-
resolution EELS and SXES microscopes

EBFRTSHAMED T

Electron Interference Measurement

S I

HEEMAE

SHINDO Lab
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[JAnalysis of atomic arrangements at surfaces and
interfaces by high-resolution electron microscopy

[‘Jimage processing of digitized electron microscope
images on atomic scale

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

[JStudy of phase transformations by in situ ob-
servations with an energy-filtered transmission
electron microscope

[JElectric field analysis of electric battery materials by
electron holography utilizing plural microprobes.

EE7O—7HARNMES F

Advanced Scanning Probe Microscopy

KEMARE

KOMEDA Lab
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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

[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

umat Al

X X—

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
Microscopy and Soft X-ray Microscopy are in action, under collaborations with Technical Service Section and companies.
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Soft X-ray Microscopy

Mihiro YANAGIHARA, Professor

YANAGIHARA
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Takeo EJIMA, Associate Professor

Lab PRES ]
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Tadashi HATANO, Assistant Professor
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Mitsunori TOYODA, Assistant Professor

mm FPAEH - F—7— N mm

WMXHRZEBEI 7— SR mo R LR
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soft X-ray ./ multilayer mirror / microscope ./ high resolution ./ wide field of view

R X RIRHEHARRR 2

m.yanagi@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=43
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" Reflection
LPP light source Multilayer
with illumination Objective

optics

Development and applications of a wide-field-of-view and
high-resolution soft X-ray microscope

Soft X-ray (SX) microscopy based on a multilayer-
mirror objective is promising to observe biological
samples with 30-nm spatial resolution and high
contrast, which originate from the short wave-
length of SX and the difference in SX transmit-
tance among the light elements, respectively (Fig.
1). It also enables us to make super-hierarchical
observation from organelles to biological tissues
due to the wide field of view as an optical micro-
scope. Recently, we have succeeded in demon-
strating the wide field of view and high resolution
by at-wavelength observation for extreme ultravi-
olet lithography masks (Fig. 2). In order to develop
the SX microscope, we also study SX multilayer

fabrication with laterally-graded period thickness,
accurate alignment for an objective system using
interferometric measurement, and novel SX objec-
tive systems insensitive to external disturbance.
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Masami TERAUCHI, Professor
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Electron -Crystallography
and -Spectroscopy

TERAUCHI
Lab

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

energy-loss spectroscopy / X-ray emission spectroscopy

terauchi@tagen.tohoku.ac.jp

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

Our lab develops accurate nanometer scale
characterization methods of crystal structures
by convergent-beam electron diffraction (CBED)
and electronic structures by electron energy-
loss spectroscopy (EELS) and X-ray emission
spectroscopy (XES) for analyses of new func-
tional materials. For the purpose, a new Q-filter
electron microscope and a refinement software
for crystal structure analysis and a high ener-
gy-resolution EELS microscope and XES instru-
ments for electronic structure analysis were
developed. Fig.1 shows a visualization of the
electrostatic potential distribution of sps bonding
change of Si determined by our crystal structure

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

Particle |

\ Fig2 @

Intensity (arb.units)

Energy Loss (aV)
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Electron Interference

Daisuke SHINDO, Professor

Measurement
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Yasukazu MURAKAMI, Associate Professor
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Zentaro AKASE, Assistant Professor
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electron holography .~ transmission electron microscopy ./ microstructure / conductiv-
ity /" electromagnetic field
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shindo@tagen.tohoku.ac.jp
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Multidisciplinary research for structure,
conductivity and electromagnetic field in nanometer-scaled area

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

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

Special efforts are made to develop unique tools
that are combined with electron holography: e.g.,
a magnetic-shielded pole piece dedicated to mag-
netic domain observations, and a special equip-
ment to move microprobes inside the transmission
electron microscope. These techniques enable si-
multaneous measurements of the electromagnetic
fields, conductivity, structure, as well as composi-

tion in nanometer-scaled area.

In situ observatlons of the antlferromagnetlc (AFM)
to ferromagnetic (FM) phase transformation in
Lag 44Srg56MnO,. The FM phase nucleates near 202
K a¢ 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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Advanced Scanning
Probe Microscopy

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

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

for molecule-spintronics

The detection of a single spin is demanded for va-
riety of applications, e.g., for reading and manipula-
tion of isolated spins for spintronics and quantum
computation. We are developing instrumentation of
the detection of a single spin using scanning tun-
neling microscope (STM). Especially, a method that
detects the Larmor precession by monitor-
ing a variation of tunneling current, called
ESR-STM, has a large advantage due to its
compatibility with solid devices and atom-
scale spatial resolution. We successfully

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.

iV (arb. unit)

stuam [, G ]
developed ESR-STM instrument which can - _l'r’»’c_*s‘f'i'mcse kl |/’
detect the single spin in SiO layers. In ad- s T S MowcueMeanst

dition, for the realization of the molecular-

Magnet control by rotation
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Polymer Hybrid Nanomaterials
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[JBottom-up design of nanomaterial assembly

[[IControl of polymer orientation in soft nanostruc-
tures

[JSoft surface and inferface

[Nanoelectronics and Nanophotonics
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Organic and Hybridized Nanocrystals
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[JFabrication of well-defined organic and polymer
nanocrystals, and their optical properties

[IDevelopments of novel fabrication processes
for organic-inorganic hybridized nanocrystals,
their characterization, and evaluation of physi-
cal properties

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

[[IMutual interaction between exciton and localized
surface plasmon on nano-level

[JPlasmon and polariton behaviors in organic semi-
conductor thin film

[[INanocrystallization of bio-related materials

N Ty RRFET / MRERSE

Hybrid Carbon Nanomaterials
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[[JHydrogen storage based on nanocarbon materials

[INanoelectronic devices using graphene elec-
trodes

[JHigh performance electrochemical capacitors by
nanographene-network structure

[IDevelopment of highly ordered carbon-coated
mesoporous materials for fuel cell and biosensor

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

[JDevelopment of Si-based high capacity anodes
for lithium-ion batteries

N Ty RHH RIS

Hybrid Material Fabrication
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[JFerroelectric, pyroelectric, and thermal conduct-
ing materials from supramolecular rotators

[OMolecular-assembly devices based on
charge-transfer interactions

[[INovel molecular conductors and magnets

[[IMolecular devices based on organic-inorganic
hybrid nanostructures

[JDevice application of gigantic polyoxometalates
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Photo-Functional Material Chemistry
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[Innovative photo-reactive organic monolayers

[JAdvanced organic polymer materials for nanoim-
print lithography

[IMethods for controlling single nanostructures
and their application to optical and magnetic
devices

[JDevelopment of materials to enable environmental
remediation
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Organized Polymer Materials
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[JPreparation of hierarchically structured soft ma-
terials by self-organization

[IPreparation and application of metallized honey-
comb-patterned polymer films

[[JPolymer nano-particles having hierarchical mi-
cro-phase separation structures and their metal
hybrids

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

[JBiomimetic engineering based on self-organiza-
tion
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Polymer Hybrid Nanomaterials
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polymer nanosheet / optoelectronic device / hybrid nanomaterial
surface and interface
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Flexible design of polymer hybrid nanomaterials

The research objective of our group involves de-
veloping well-defined hybrid assemblies organized
with wide variety of nanomaterials such as polymer,
metal/semiconductor nanoparticles, nanocarbons,
nanocrystals, and inorganic nanomaterials through
bottom-up techniques. Ultrathin polymer films such
as polymer nanosheets by Langmuir-Blodgett tech-
nigue serve as key materials to assemble nano-
materials, controlling the distance and the layer
structure at the nanometer scale. Bottom-up design
of hybrid polymer assemblies allows us to create
new function (mainly related to photonics and elec-
tronics) and to elucidate the mechanism in terms of
structure-property relationship. These approaches : : 50
will open up new exciting opportunities for soft Spontaneous emission control of CdSe Nps
optoelectronic nanodevice applications. using hybrid polymer nanoassemblies
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organic nanocrystals  hybridized nanocrystals / directed-assembled nano-

structure control / photonic materials
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il Directed-assembled structure consisted of PS

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

optical-waveguide and optical switch.

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

In current material science, hybridized nanoma-
terials are expected to exhibit the peculiar op-
toelectronic and photonic properties, which are
strongly dependent on combination of organic
and inorganic components, size and shape, inner
structure, and interface interaction.
Aiming to develop photonic device
materials, our research group has
extensively studied on mass-pro-
duction of well-defined organic
nanocrystals, design of organic-
inorganic hetero nano-interface
and hybridization method, direct-
ed-assembled nanostructure-con-

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

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

the tapered cell method on a patterned substrate: (left)
Kagome structure of PS microspheres and (right)
encapsulated ZnS nanoparticles.
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nanocarbons  carbon coating ./ energy storage ./ nanobiotechnology
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Y—EH EEFERETDIH—R T/ HTENEEDT /A
TAHNOFAHEELTAREED TV B,
Carbon-coated mesoporous silica film

mesoporous silica
(space group: Fmmm)

[ 20—,

application to 3D
porous electrode film

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

enzymatic electrode
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.

carbon nano-test tubes

-

soaking into
DNA solution

to 4000 m2/g. In
addition, we have
recently devel-

electrode &
material ™’
current
collector

electrolyte solution

encapsulation of DNA
in the interspace
pH reactive

magnetic
polymer

nanoparticle

oped a method
for a complete

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

transport for cell

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

Multifunctional molecular-assemblies and hybrid or-  The researches will be essential for future molecu-
ganic - inorganic materials are examined from the lar 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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material chemistry  macromolecular science ~ monolayer engineering ./ nanoimprint
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Advanced photo-functional materials for nanoimprint

Nakagawa group has dedicated to pursue sci- research aims at creating new devices to control
entific principles for molecular control of inter- photon, electron, and magnetism.
face function occurring at polymer/other

o : Fix by light, Control light Fabrication by light,
material interfaces and to put them into y g Anehoring pyg Visualize by light
practice in nanoimprint lithography prom- “ photo-reactive monolayer || Flyorescent photo-curable resin

ising as a next generation nanofabrication L Fine tuning of s Mﬁ
tool. We are developing advanced photo-
functional materials such as sticking mo-
lecular layers for “fix by light”, UV-curable Application to™

. L transparent conductive films ﬂuorescencemspecnon
resins and antisticking molecular layers

“ ; : » . Fabrication by light, Control light
fgr prepa.ratlon b.y light ,. fluore§oent re Control light .
sist materials for “inspection by light”, and Multilayer films
. . . . . . . for telecommunication
hybrid optical materials “available to light
and new research tools such as mechani- —

oriented nanorods
for polarizing materials
cal measurement systems to evaluate re- | - - - ) o
. Development of composite materials Liquid crystalline polymer inducing
lease property of UV-curable resins. Our with various refractive indices functional nanostructures
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Design and preparation of hierarchically structured materials
based on nanotechnology and biomimetics

The research group aims at creating novel func-
tional materials having hierarchically organized
structure ranging from nanometer to millimeter
scale by using molecular self-assembly and self-
organization based on the spatiotemporal non-
equilibrium dynamics. Nano- and micro-
patterns can be fabricated by using the
spatiotemporal phenomena emersging in the
evaporation process of polymer solutions.
We are now focusing to prepare novel tissue
culture devices, biomimetic materials, phot-
onic materials, etc. based on regular polymer
patterns prepared by dissipative dewetting
processes, “Honeycomb-patterned polymer

films” and novel polymer nano-particles having
hierarchical inner nano-structures especially from
block copolymers. Preparation of nano- and micro-
structured metal materials based on inorganic-
polymer hybrids is another research issue.

Nano-structured polymer nano-particles
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[ISynthesis crystal structure analysis, and charac-
terization of new multinary inorganic compounds

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

[JSynthesis of nitrides, carbides and silicides us-
ing a Na flux
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Metallurgical Design for Material Functions
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[[JFabrication of quasicrystals and investigation of
their structures and physical properties

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

[Developing quasicrystalline catalysts and quasic-
rystal-reinforced Mg alloy

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

[Designing catalysts by controlling electronic
structures and microstructures of alloys
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Environmental Inorganic Materials Chemistry
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[JSynthesis and environmental cleanup perfor-
mance of visible light responsive photocatalysts

[[IDevelopment of inorganic UV-shielding materials

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

[[JDevelopment of automobile effluent gas purifica-
tion catalysts

[IDevelopment of lead-free piezoelectric materials

[ISynthesis of phosphor nanoparticles for bio-
imaging application

EHEMBRIR T O 2MESH

Design of Advanced Inorganic Materials
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[JExploration of new materials aiming at develop-
ment of new photoceramics

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

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

[JChemical design of new metal complexes

[JFabrication 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- for advanced ceramic materials using active
pounds, analyzing their crystal structures and metals

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

materials in order to improve their qualities

and performances.

@® Synthesis of multinary oxides by solid
state reaction

@® Synthesis of nitrides, carbides, and sili-
cides by using a Na flux

@ Synthesis, crystal structure analysis and
characterization of new multinary inor-
ganic compounds

@® Development of novel synthetic routes

n “_ b 4
Scanning electron micrograph of NaBsC bulk ceramics prepared at 800°C.
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Fabrication of quasicrystals

and designing new metallic catalysts in terms of metallurgy

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

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

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

Leaching for a eutectic structure

Leaching of Al
——

With NaOH aq.

Fine dual nanoporous structure

AlLAu/AlFe/Al,Au/Al,Fe Au/Fe;0,/Au/Fe;0,
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environmental harmony inorganic materials ./ soft chemical process
morphological control of ceramics / photochemical properties
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1. PRSI E MM D &R CIR TR LiERE

2. ERERIHNRERFIDRIR
3. EHEFRIMR(BIR) A A DRI R
4. BB EHEH RS LAIE ORISR
5. FESREBHH ORISR
6. NAFAAX=T >
JHRF/ HFH
SR DBIR

165° (b) 0°

idispcmd water dmpi

VLIRS —T LRSI & BBIRK IS L URBH K EZn OB R O # il E

Microstructure of super bic and superhydrophilic ZnO film prepared

by the solvothermal reactions

Panoscopic assembling of advanced ceramic materials by

solvothermal reaction

The panoscopic control of the mico-, meso- and
macro-structures and characterization of ceramic
materials are investigated in order to improve the
functionality of ceramic materials related with ener-
gy, environment and human health. Environmentally
friendly solution reactions such as solvothermal reac-
tions using elevated temperature water and nonaque-
ous solvents are mainly used as reaction media for
the synthesis of functional ceramic materials.
1.Synthesis and environmental clean-up performance
of visible light responsive photocatalysts
2.Development of inorganic UV-shielding materials
3.Development of inorganic IR-shielding materials
and transparent electric conductors

4.Development of automobile effluent gas purifica-
tion catalysts

5.Development of lead-free piezoelectric materials

6.Synthesis of phosphor nanoparticles for bio-imag-
ing application

BT AT IO XD BN RERER S

Excellent thermal shielding effect of the tungsten bronze.
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Design of Advanced Inorganic
Materials
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mmm SPECIALIZED FIELD - KEY WORD mmm
chemical process  exploration of new materials ./
chemical design of metal complexes ./ photoceramics

kakihana@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=38
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74 b 2IIv 7 ACH T DI MERELSHEEL

UREE T, BB M DT 1 kT3
ROV THMEDBIR PEHREALET TV E T, A5k
£33y ADMEER. MECRUKELTN B N5, SHLKE
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BELREEL>TOET,
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1w, By, U B
HhEZEHEEIIVIRE
HERELT, £539 2%
RT3 =OEERER
HETEZETHLLY o :
HOBMREEELTVET, oo 2% X

_ - n=« CazSiSs n=4 (CaxSr1-x)sSisS1s
T BMOT7ARETIY (known material) X=0.03-0.1

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

n=3 (CaxSr1-x)3Si2S7

TAZDOWTH, HIBEDRRS LCIIEHAELZBIEL T 4%
L2702 EFIALAEERFED L JEMREBORF£1T5T
WET, E5IC, BRIEMST ORRE M P REFIE£FIREICT 3
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Improvement of photocatalytic activity of SrTiO,
by flux treatment
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KCl-treated SrTiO,4 2
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Surface area / m2 g-!

Rate of evolution / mmol

0 None LiCl NaCl KCI SrCI2o
Flux reagent

X=0.3

Exploration of new photoceramics and improvement of
their performance

Our research interest is focused on exploration of
new photo-functional materials, which are called
as “photoceramics”, such as phosphors and pho-
tocatalysts. Exploration of new materials is an
important assignment for construction of photoce-
ramics with desired properties because their per-
formance 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 control 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 morphology control by fluxing and etch-
ing. 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
LN e

1.6 nm
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ZItCAF

TAGEN CAF (TAGEN CENTRAL ANALYTICAL FACILITY)

ZTERZMZEFR Central Analytical Facility (B&%5: %t CAF) 13, EFIEMEX. XBEOMESE. %K
SEBAHHEENMR), LV -2 IMBEELEAVEREELHAVTSEMBOSMEFMELELTE L
HEPHBRETE, EXxFH/MEMR L 2—DXHESLVF/77/00 —4BFOMEHELENE LT &#F
HOEREEREANCLYEEILINZF/ T IZHIVTRERE L. 2010 FEICRRELE L. ZTCAFTIL, 1R
EWMHBEAROMAZEEERIIC. RFHEO/TFMAEEEOER - EE2THoTVET,

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 devic-
es, nuclear magnetic resonance analyzer, laser spectroscopy devices, etc., and Nanotechnical Laboratory, which
supported the researches in Hybrid Nano-Materials Research Center on nanotechnology using the latest special

devices. Tagen CAF is supporting the researches on the development of various materials using advanced analyti-
cal apparatuses.

List of Apparatuses

A. MRS thiRE

B. 3 FiERITERE

Apparatuses for ultimate analyses

Apparatuses for molecular structure analyses

OTFTEDITER (RF- K BRHMTEE BEITEE BE-N
O > ahEE)
Elemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer)
O ICP #ADIRE
Inductively coupled plasma emission spectrophotometer
(ICP-AES)
OM/NREE X AONEE
Electron probe micro analyzer (EPMA)
O ZHEERZMAINERE X BABFHREE)

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

ORATRFREEL RS 4 EEANHRE

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

OJO—REHENTRE

Glow discharge mass spectrometer (GDMS)

RLKRZE ZTMENZMER

ORISR HESRE Ga%A NMR400/600MHz)
NMR 400/600 MHz

OFTRINMR RE (FRAZHZNMR)
Digital NMR (Liguid NMR spectrometer)

OFI/TFINARAF D BAF IV AGHRIERE (B NMR)
Nano device ion dynamics analyzer (Solid-state NMR spec-
trometer)

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

OB - EHE DRI AT L
The time and space resolution precision state analysis sys-
tem (Laser Raman)

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

EFRRELGERE

Electron paramagnetic resonance spectrometer (EPR)
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C. EHERRTRE

Apparatuses for crystal structure and microstructure analyses

OFEBSTEFRMER
Transmission electron
microscope (TEM)

OEBEWEFHEMER
Scanning electron micro-
scope (SEM)

OBRBHHEFRMER

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

OEP e ERmEEE
BEETHEME
High resolution field emis-
sion type electron micro-

scope
(High resolution FE-SEM)

OREHHNEESFEME
Environmental scanning electron microscope (E-SEM)
OF/ITVT7ERIAT L
Nano area analysis device
OFFWNT7/O—-TBEHE
Atomic force microscope (AFM,SNOM)
O 28R X REHEE
Automatic powder X-ray diffraction devices (XRD)
OHBXIREE
X-ray diffraction devices
1. RINT-V
2. RINT-H
3. MAERELRE

Small angle scatter-

ing device

4. X'Pert A

5. $HER MK -4 8 -
EiFEE RINJEV

k-4 axis diffraction device for single crystals

6. BfE@mA IP XE&
IP device for single crystals

O BiERBEEXIREERITRE

Single-crystal automatic X-rays structure analyzer
OZRFTTYAI7OAN VA X #RERS AT L

X-ray microarea three-dimensional stress measuring system
OB X RAREE

Fluorescence X-rays analyzer (XRF)
OlLaue BERE

Laue photograph device
Ob—Y—AFAMCEESEE (MALDI-TOF/MS)

Laser desorption ionization mass spectrometer
OAFY Ty TG ERRE (ESI-TOF/MS)

lon trap mass spectrometer
OEaiRee 7 — ) IXZBFRND A EET FT-IR)

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

ORERKI - HEAMFERAERE (TG-DTA/GC-MS)

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

OBIMEE
Thermal analysis devices

1. REBRKFT

Thermogravimetry-differential thermal analyzer (TD-DTA)

2. BEBREEERER
Super high temperature differential scanning calorimeter
(DSC)

3. BfaRat

Thermomechanical analyzer (TMA)

4. N EIVFR S R BEREETHES
Triple cell type high temperature high precision differen-
tial scanning calorimeter

O¥EEm P Re BRI

Autograph

OB AN EE

UV-Vis spectrophotometer

OLb—Y—RIrRNEIRRAERE

Laser diffraction particle size analyzer

D. &85
. AX
Base facilities
ORBEREIE AT
Liquid nitrogen supply system

ONYI LA ABEYERE

Helium gas recovery device
OV—"RRR B R ERRE

Zone melting type single crystal growth device
OF— U BRIF

Arc smelting furnace

BFREERE
Electron beam drawing device
O FHREXIE =1
AT
Molecular design sup-
port system

oli'ﬂ

oA

B supbly dyetein
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TECHNICAL SERVICE SECTION

FEMERH60ZNDRZ2y T THERL. MREDERBICICATIESIELFMEFVERBLAN SERMRE
YR-—FLTWET, MEELPSBFINIRMIIFERISETHY . BER RN EeEPLTZDEFBICICAB 20,
BIAH BV E L TORMAE EICBDTVES,

BHITIHETE. MREDERICICU KR
REBEOHGF-HE RFEOERBENRELLE
FHEHELTVET, ZRT- =K% CAD
AT L% CNC TEHMEIEREA LT
EOSHAELENS L HIC. AFERTEDEETERRES L
RTEIEATIIETHRAAERICICZASN 3L OB~ [EE
(BE/)DLENICBNBATVET,

FEHFO—RBEL TR MEMAENEES] [HETERS
FEBES| tBEREL TRINOERICEHTOET, /-,
HEBEMBEELTI 2= v T THEEDRITANDITH
TVWET,

R T35

RE20LEOHMENEELTVETH COLIICEOBEERFOMIRFBEHETIMBETHELENICOEIE 4
MEMDEFEDVEDICEL>TVWET,

SRR TERFI T3 MIREFDOEKRICIHE U /R 4 FiE - 3K
- REE. BREL XX T ) X LDORIERUTER %M
HOYIMMEEZET-oCVEY, ARENRI(PDOREMES
PNSVBRBEERAFRERTCRRAMREL - —F 5T
BIELEPSINTIL., EHEEA - 50-EHES (WYKO 13
REMIKAEZE TOPO2D #FH) rmsO.1nm 2B TVWET,
M- MEEORETIE. @mHEE rms0.1 ~ 0.3nm DFEEICED
PT. EREBOBREDVLEVEDEMEYN LIF 3R 2E-T
WET,

SETHE S TE LR ERARICEEL THEE QRIS Bale: . o
A, EBIHLVEMEEETESLICHABHTOET, R e B

Canon

FIKRFE EXWEREMERN



INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

HIZATHTIEMREDP SKFESN-ER
EBCYHREFHMELTVET, BEALEDIK
BREMBEEROBDOTE W - FERMET
MREE+A#EL. HEOEMNICRHBREL
EOFIICTIREAREERLENSRELTVET,

BRIENALy I RE ARELEDHIXENRIIT E
Ho e, WMEIHE. DRELEICLIMIEBIZELNDS
SEREICEETET,

HZALH

208D 2y TPMRTAS 7 MOXEICHEDY, ZSRERMEREL. MREOEEELIIREIC
BHRMET2EEBICHMDPEICEOTNET, X2yT7FEFOEK. BeEZE, RS -REOHRE-
BREE-HHMY T b TRE. BREK. ERE. tF5h. L—F -7 L EW-N1FE
ERMEEDHMEREES A A ARI T+ —MIIWEROZEEITIZETELOZEAFIUCISA
TWETY, Tk FAEOEREECPZLYUEF-EEICHEDLY. MEALAEORERICEMLTVET,

EHoO—H: 7—'_75’§§¥'XF2F54:U7"U‘y’/“7‘/iﬁ’<’rﬁﬁb\f: ﬁ/ Ene
EREM (ThZThSHER. BiER) OER

TILEFEDIF

w\ e
(REE)

™~ mEH 3 -
BRFREOHBR(E) LV T Iy I UIRE)

EBO—GHARTOI 7D DTHB[F/ 91 XE—HMER Y NOBKEEDFER| ORIM T EE L TEER AR
HiffEBEFRI VI 71 eBRELABOFT/ YA MM TICREE LTV B,
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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, biotechnologies 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 researchers. Staff introduce advanced
facilities and also make effort to hand
down the highly skills to next generation.
Additionally, our staff hold training
courses of mechanical drawing and
machine tools operation for students.
The Machine shop is one of the unique
characteristics of our institute.

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.

o

YAG laser cutting process

FIKRFE EXWEREMERN
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BT DERRR

MAIN ACHIEVEMENTS

FR23FE

BET &a s
ER23FEERZFMAPEF ORI FAERERFHME
WE L ens
BN TESER222FERHE
N/hE FH oz mU B2 zis
Measurement Science and Technology 2010

Outstanding Paper Award(Sensors and Sensing
Systems)

WL B %
BTRRFERMEHR EFRHE
M hndh  with ez
MAEILFERE 52— ZMEHE
WFR BT my- MEE X @
=% - #EMRE-E{E BA g
BN EIERT (AT LIEREE (IMID 2011) XILVE
WLRA ERE s
EREFAL HBYR

Wi R s
- BEEYS60AEIAYHY
(B Z) = SN R —
BRAZE

HEE BE mmemse
BALSES LERiahE

BUKR B— mmsma
BALBY S WREASE

WEE FH ExE
FrL 23 FEM—F U RAEMIREAE MR RS

W LiR A gz
BAtZ3Ivo A% Journal of the Ceramic
Society of Japan, The Editor-in-Chief Award of
Distinguished Reviewer in 2011

WA 3 eng
BAEKMHs PS8 (FEl

RAAF—HE

F16E YA 7ILES

CRE)

anl

TR24%FE

BET &4z
KiEEE
BATHE TR 23EESH) FRIEAEY

R 2 B
RZRCRMMFREE

WHERE EE e
-JSPS ¥ 23 EEHAIMEESHELEMEE
& (ZEED) OXY

MER E—8 mz
‘BRERZER FMEHE

NiEE F #ms
- AFRIEE H5ED TRISZ RS

WEF #Hug
-BABEHTER Wiley (71U—) &

Witk 12 sz
‘BRERE R FEE

WKE 85h %
JSPS ¥ 24 FERFMAERER (RIAHE)
BEEZBORE

NEE Fam
-ESEPAE

WFR X %
IR 24 FEETIHR MHBZMESE
A0t/ FEDEGAEKPIERT /HFEHREZRFE
(H24.2.9 f4&Ft5e#fi)

WiEfE EA s
‘BEGAEE LED ADSBISHETE DBy
RFEEIAAERIF (H24.5.18 (AR EHE
EFER)

WARE 8 sz
LPXENT ) —DEREBHRERNE)F L
{4 BMAERF (H24.6.1 3 (HEAREHM)

WE R um
- ERTHREEFELRV Y DERMEREEROIER
IZF3 (Nature,2012.7.19)

BEH 15 sz
REOF /HHERAVTHRASAZE [SN-38] OF
JHEAICTH (H24.9.1 2 (BT TE508)

WhF Roame TR R s
FEMMAEEZ AT
[RACRFMEMEE IO IO Fv 74T
RO LEFRE (H24.10.3 (BRI E#HEH)

75176



FRI T E

ACADEMIC EXCHANGE AGREEMENTS

1981%F

19914

1993%

1995%

19964

19974

1998%

1999%

20004

2001%

2003%

WAL THBR(RTE  RILKEF)

(&R, FE) [11 8 23 Bfffs] [XZMHE 19834 8 A 5 AfF##]
Northeastern University (Shenyang,China)

2txE

(&M, BE) [KEZBHBE 11 A128#HE. 2012FE6 A6 BF#]
Chonbuk National University (Jeonju,Korea)
OY7HRETHT I—BHRMIERRAR

(EAZ7.027) [1081B##]

P.N.Lebedev Physics Institute of Russian Academy of Sci-
ences (Moscow,Russia)

AOYE7PREEE(=1—3—2. K@) [11 522 B
Department of Chemistry,Columbia University (New York,USA)
REAVY—FhI O INhRAREB I —ANURAER
(T b @) 108 1847

Daresbury Laboratory,Council for the Central Laboratory of
the Research Councils (Warrington,UK)

NIV v ERXFEMIEFER

(NI RqY) T11 A 3 B8]

Department of Physics,Free University of Berlin (Berlin,Germany)
MARY TRAXZRFRMIEMAR

(haRY. OY7) [12 A1 B##]

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

OV E7RFETHEBHIK - RETER

(Z2—3—2. KE) [10A 15 B

Department of Earth and Environmental Engineering,Fu Foun-
dation School of Engineerig and Applied Science,Columbia
University (Newyork,USA)

RKZF/ BERTME L 42—

(LR, FE) M1BSEH#E I T KFZEBE 1999F 11 B10 B #HfE.
2009 %38 13HE#]

Center for Nanoscale Science and Technology Peking
University (Beijing, China)

ARKRZRBIERCILNL A2 KE) [11 815 Bf#E]
Department of Metallurgical Engineering,University of
Utah (Utah,USA)

TENAKEERTOEARRE 24—

(B NUA—=IL. BFA) [11 B30 BfF#E]

McGill Metal Processing Center,McGill University (Montreal, Canada)
;OYMRZERE - MRBEER(NOY N HFH) [12 51 BF#)
Department of Metallurgy and Materials Science,University of
Toronto (Toronto,Canada)

RIVRLY PRE

(RIVRLY B RY) [XZERE:2 A 15 BfifE. 2009 F 9B 14 BE#H ]
University of Dortmund (Dortmund,Germany)

11} -7V—=FIvk- - F—KZEHMEMAR

(ATF - NY) [7TR27 BfFfE]

Institute fur Festkorperphsik, Freidrich-Schiller-Universitat
Jena (Jena,Germany)

FIVERRILKEE

(FZIVE.T7Z>2R) [10 B 4 Bt TKZBIH%E 2006 £ 9 A 12 BfF#E.
20134 1A 30B8%F#]

Ecole des Mines d’Albi-Carmaux (Albi,France)

ERKF

JAt=. RE) KZEEHE: 11 A10 BfFF#E. 2009F10A 14 HEH
Changchun Institute of Optics, Fine Mechanics and Physics
(Changchun,Jilin,China)

OYT7HRETHTI—LAT TWIEMERR

(ERZD.0Y7) [7RH21 8]

P. N. Lebedev Physics Institute of Russian Academy of Sci-
ences (Moscow,Russia)

hERFRRE AR IE R

(FMA. FE) [12 A 26 BfF#]

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

EFREMRBRIRERR

(FBRERM. hE) [6 B 58]

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

BEAZNA Ty MR

(KHE. 8BE) [1 817 8]

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

RLKRZE ZTMENZMER

2004%F

2005%

2006%F

20074%

2008%F

2009%

2010%

20114

2012%

L1 8y bKE

(BB 1%y R1Y) [XZEHE 4 B30 Bf#5.2009 510 A5 BE#H ]
Darmstadt University of Technology (Darmstadt,Germany)
REREXFEREERAMEERERMROIEME 24—
(Vv 88E ) [6 B OB##E]

Advanced Materials & Process Research Center for IT, Sungk-
yunkwan University (Soeul,Korea)

B KM LIRS BRCAEE. £E) [6 A 16 BFF#E]

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

VKRR

(Vv 8E) (7B 8 B#E#E) (KZMBE:2008E7 A 29 HE)
Seoul National University (Seoul,Korea)

VI FAFELIEKRS

(FI7. 70547 [REBHE 6 A 2B##E. 2009%F7 831 BE#H]
National Technical University of Ukraine (Kyiv,Ukraine)
RIWR—E—KZ

(BZVAT7ZVR) [REBBE:7 A28 BfE. 2011 FE11 A29HFE ]
University of Bordeaux 1 (Talence,France)
OY7RET7HTI-BRIBEBDHEH 7O R
(7ZTAANy o, OY7) [12 A1 Bff]

Institute of Automation and Control Processes, Far Eastern
Branch of the Russian Academy of Sciences (Vladivostok,Russia)
L—Y— - TS5X7 - Bt HEBEII MK

(FHLAN W—<=7) [8 A4 Bf#E]

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

HHBZEBEIMRACGETT. V2 517) [9A 20 BHi#E]
Institute for Problems of Materials Science, National Academy
of Science of Ukraine (Kyiv,Ukraine)

EEREMERILYS. K1) 10817 Bfi#E]

Institute for Crystal Growth (Berlin,Germany)

I F—B—I—KZ (Tr—&—I—  HF4) [KFEiHE: 10A308%
#E. 2012 4R 58F#]

University of Waterloo (Waterloo,Canada)

FIRFERC/ )b, 8E) TRERBE 2 A 2 B

Sogang University (Seoul,Korea)

BN AZEN. hE) [A¥RBE 48178, 2012475198
Lanzhou University (Lanzhou,China)

AMELKZRAM. BE) (K2R E 7H298]

Kongju National University (Kongju,Korea)
BENMERTL Y b3) (RUIZF. 12U7) [8 B 29 Bfif]
Sincrotrone Trieste,S.C.p.A (Trieste,ltaly)

AFEREHEKRRALR. FE) TAFZMHE 6 A6AEH. 20124686
BHE#]

University of Science and Technology Beijing (Beijing, China)
SRV RIVNIVKEDSHA, T2 XTT) [K¥HiBE: 1 A8H]
Universidad Simon Bolivar (Caracas,Venezuela)
FIVIARBEF VYA &) [6 A9BH#H [KFHiHE: 2012
FA4R10B#H#E]

Chiang Mai University (Chiang Mai ,Thailand)

BMAFCEEM. FE) [X$RIBE: 6 A 20 B

Yangzhou University (Yangzhou,China)
BEIXEMRESREER. &3 111827 B

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

RYIRT TV MEMARR

(INAFINIVI. RAY) [12 B 24 BfEfE]

MPIK, Max-Planck-Institut fur Kernphysik (Heidelberg, Germany)
AERIEKRPCCR. FE) [KSREHE 10 516 BFiE]

Beijing University of Technology (Beijing, China)
H—=IAN—TIRKE

(A=A —TI. RAY) [RZEBE: 187 BFHE]

University Karlsruhe (Karlsruhe, Germany)

N TNV KE

INAFTIWARIG. RAY) TRERIBE : 2 8 2B
Ruprecht-Karls-University Heidelberg (Heidelberg, Germany)
FRYKZF R, 12)7) [KEBIHE: 3 A 28 Bt ]

University of Naples Federico I (Napoli, Italy)
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HEHIR - B % E21] e )1 &
Associate Professors S sistant Professors Administrative Staffs Part-Time Staffs Total
*43 29 4 56 23 127 *339
Xgﬁﬁﬁg%)ﬁﬂﬁﬂ
Eﬁ%ﬁ;& RESEARCHERS (FY 2012) *BEMAMR (64)288.
MAREMREGEL) | MRAAEMREEFN | BEMAE FZEMAE FIRWFHIMAR &t
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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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