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HISTORY
BBf0 165 3A #1555 2685 (BH) (K V) BILEFMAFTHRE March 1941 Research Institute of Mineral Dressing
and Metallurgy, Tohoku Imperial Univer-
BB# 18%F 18 #HTHE 545 (B IC K URIFEHAIRAFRFRE sity was founded.
January 1943 Research Institute for Scientific Measure-
BB 19%F 1A #$5HE 75 (BH) ICKYIEKARICEMTERE ments, Tohoku Imperial University was
founded.
245 5A Eﬁ?&%&ﬁiﬁt:;bjiﬁﬁ?éﬁiﬂ%ﬁﬁ\ R January 1944 Chemical Research Institute of Non -
M. IEKBRICEMERIE. ThZENERILK Aqueous Solution, Tohoku Imperial Uni-
FHBEMFTE RS, versity was founded.
B May 1949 These three Institutes were reorganized
Ek 3F 4R EMAFREEDBIEICKY. IFKARCEMRE as research institutes affiliated to Tohoku
Frid RIS L2 RAZTPT I BUE University.
. -l . N April 1991 Chemical Research Institute of Non -
TR 4% 48 EUAFHREEOWEICKY . EILRFEMAFIE Aqueous Solution was reorganized as
S T2 AFETOSE Institute for Chemical Reaction Science.
Al S _ April 1992 Research Institute of Mineral Dressing
Erk 13F 48 ENLKFREZEDREICEY . EMIZMERE and Metallurgy was reorganized as Insti-
RFEHAMER ERISMEZMEFTZ2 BIRFES L. tute for Advanced Materials Processins.
ZTTMERIFMARE 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

The Tohoku earthquake on March 11, 2011, which triggered the devastating Tsunami
and the accident in Fukushima nuclear power plants, has tremendously damaged to
Tohoku and Kanto regions of Japan, including our campus of Tohoku university.

No victims or serious injuries are reported among our institute members, although
many of them have lost their family members and their houses. No serious damage
is found in the buildings of IMRAM, however the various equipments and devices are
broken and many valuable samples are found to be lost.

We greatly appreciate many colleagues in Japan and all over the world, who have
offered us various helps and encourages after the disaster.

Institute of Multidisciplinary Research for Advanced Materials (IMRAM), which
is pronounced as TAGEN-BUSSHITSU-KAGAKU KENKYUSHO (Tagen-ken)
in Japanese was founded 10 years ago on April 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 in to 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 Advanced Nitride Technology). 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 any people in Japan including colleges,
institutes and private companies, who wish to collaborate with the five institutes.

After the earthquake in Tohoku, we have struggled to reconstruct our institute as well
as our home and local communities. Now, the life-line of Sendai is mostly recovered
and the scientific research and education have already started in IMRAM.

We express sincere thanks to all who help us and we promise to reestablish our
institute swiftly and steadily up to much higher levels than before.

May, 25, 2011
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PROMOTION OF NETWORK-TYPE COOPERATIVE RESEARCH AMONG 5 RESEARCH INSTITUTES BASED UPON THE JOINT
RESEARCH CENTER OF MATERIALS AND DEVICES
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Synthesis of Organic Functional Molecules
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NAGATSUGI Lab
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[IDesign and synthesis of functional molecules for
regulation of gene expression

[[IDevelopment of functional oligonucleotides for
artificial regulation of gene expression
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Functional Photochemistry and Chemical Biology
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WADA Lab
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[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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OEH AL LB FALF IS U 7zHrtkee
ME DR

QLD F DR EZEFIA L 7R BE MBI DRI %
OMIE - (LEHRBIC KU BER L ERITH
REEME DA
OFWEHMEDER ERIEX D=L

@ LIREEM B D A B> HALE TR

[[JDevelopment of Synthetic Molecular Machines

[IDevelopment of Functional Molecules by Chemical
Modification of Biological Molecules

[JChemical Biology

[JSpin Photochemistry
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Biopolymer Chemistry
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SHIMIZU Lab
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[JStructure-function relationships of heme-sensor
enzymes/proteins including heme-regulated
phosphodiesterase,heme-regulated kinase,
heme-regulated transcription factor and heme
transporter protein

[ICrystallography, recombinant DNA technique
and spectroscopies are used to analyze their
functions

[JThe application of redesigned heme enzyme/
protein with novel functions to bio../material, bio-
medical and bioremedial fields

B2 ING RRERRIT IR 5 5F

Structural Biology and Bioinorganic Chemistry.
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IKEDA-SAITO Lab
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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

[JBiochemical 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 nano tube to bio-
nano-measurement systems
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Biological and Molecular Dynamics
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TAKAHASHI S. Lab
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[IDevelopment 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.




Synthesis of Organic Functional
Molecules
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Lab

RN T SRS TRAT
KRAKE

R

KR E S Fumi NAGATSUGI. Professor

%KJ'% 1$'& By Shinya HAGIHARA, Assistant Professor
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Kaname SASAKI, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

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

nagatugi@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=37
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Development of intelligent molecules for the regulation of
gene expression in cells

Our research activities have
focused on the creation of func-
tional molecules that exhibit spe-
cific recognition and reaction to
the DNA and RNA. The func-
tional oligonucleotides incorpo-
rating such intelligent agents
would enable chemical modu-
lation of gene expression with
high sequence-selectivity at a
single nucleoside level. Recent
progress in our group includes
achievement of highly efficient
cross-linking reaction with spe-

STMERIZ IR

expanded to “In Cell Chemistry”
in future.

cificity toward cytosine at the
target site. We have applied
the new cross-link-
ing agent to anti-
sense inhibition of
gene expression
in cell. Now, we
study about higher
functional intelli-
gent molecules for
regulation of gene
expression. We
expect that our
research can be

Thymine Selective Cross-linking Agents
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mmm SPECIALIZED FIELD - KEY WORD mmm

biomolecular chemistry /" gene therapeutic oligonucleotide / external function control-
lable material / CD measurement system with high sensitivity and high time resolution

hiko@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/labo/wada/index-j.html

Functional Photochemistry
and Chemical Biology

WADA
Lab
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Design and synthesis of artificial nucleic acid and non-natural
protein for active control of cellular function and development of CD
measurement system with high sensitive & high time resolution

A chemical synthesis and modifi-
cation of DNA/RNA and protein is
the fundamental technology and
science that has led the molecular
biology revolution. Hence, a chem-
istry of DNA/RNA and protein not
only in vitro but also in vivo ex-
pects to open new generational
stage of bioorganic chemistry and
molecular biology. Thus, focusing
our research interest mostly on
the recognition and complexation
behavior control of biopolymers,

such as DNA/RNA, proteins by
external factors, toward the ac-
tive control of cellular functions.

Another topic reaction control
based on molecular recognition
phenomena in both ground and

AC dimer
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electronically excited states; we
are pursuing mechanistic and syn-
thetic studies on asymmetric pho-
tochemistry with supramolecular
biopolymers as chiral reaction
fields.
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Bioinspired Synthetic Chemistry

KINBARA
Lab

LR EMRS T

EEMAE

EFE W aus=

Kazushi KINBARA, Professor
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*qﬁﬂ =1 By # Takahiro MURAOKA., Assistant Professor
3 %*E\ Bh gl Mihoko Ul, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

organic chemistry ./ biomimetic chemistry ./ supramolecular chemistry / protein
engineering

kinbara@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=11
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Development of functional molecules inspired

by biological systems

We focus on the development
of synthetic molecules that are
able to mimic or control the func-
tions of biological molecules.
Our research interests cover
supramolecular chemistry, bio-
mimetic chemistry, and chemical
biology. We also have interests
in integrating the functions of
synthetic molecules and bi-
omacromolecules through their
chemical modifications to fabri-
cate unique functional materi-
als, which are not accessible by

STMERIZ IR

usual synthetic molecules. Our
research activities also include
spin chemistry of
photofunctional
materials.
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(ferrocene)
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Toru SHIMIZU, Professor

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANGED MATERIALS
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mmm SPECIALIZED FIELD - KEY WORD mmm

heme-based gas-sensor ~ phosphodiesterase / protein kinase ./ body clock gene

shimizu@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=36

Biopolymer Chemistry

SHIMIZU
Lab
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LEEEMELT. ThZThOEREDEEEIC

Fig. 1: Gas-sensing of Ec DOS
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Gas binding to the heme in the sensor domain of Ec DOS causes structural changes, leading to
intramolecular signal transduction and its function is switched on/off in response to gas availability.

Structure-function relationships of heme-based

gas-sensor proteins

In an attempt to understand the
structure-function relationships of
heme-based gas-sensor proteins,
[1]: Heme-regulated phosphodi-
esterase toward c-di-GMP, Ec
DOS, [2]: Heme-regulated kinase
involved in protein synthesis, HRI,
and [3]: Heme-bound transcrip-
tional factor associated with circa-
dian rhythms, NPAS2, and Period,
we are using genetic and protein
engineering techniques, spectro-
scopies, and X-ray crystallography.
Functions of those heme proteins

are switched on/off in response to
gas (02, CO, NO) availability. Our
goal is to redesign the proteins
and enzymes and construct modi-
fier versions with novel functions

useful for biomaterials, biomedical
and bioremedial applications.

Fig. 3: Heme transfer in transcription.
Heme transfer from NPAS2 to Per2 regulates
transcription associated with circadian rhythms.

BMAL1 NPAS S %
ﬂ I_/ﬁ/\'l’/ri/m{aﬁon
| E-on | |—..
' Transcription

Fig. 2: Heme-sensing of HRI.

Heme inhibits the HRI activity under normal conditions
by blocking the active site (upper). However, under
heme shortage conditions, heme dissociates from the
active site and its kinase function is elicited (lower).
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Structural Biology
and Bioinorganic Chemistry

IKEDA-SAITO
Lab
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Masao IKEDA-SAITO, Professor

Toshitaka MATSUI, Senior Assistant Professor
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bioinorganic chemistry  structural biology  chemical biology / heme enzymes /
metalloproteins

mis2@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=61
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Crystals of heme oxygenase
(inset) and the electron den-
sity maps and the structure
model of the active site.
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Structural biological chemistry of proteins
of physiological significance

Our research endeavor focuses
on elucidation of structure-func-
tion relationships of proteins
of physiological significance,
such as heme oxygenase 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,
vibrational and magnetic reso-
nance spectroscopy, and X-ray
crystallography. We also aim to

STMERIZ IR

Heme oxygenase reaction
products in the presence (right
and center) and absence of a
physiological small molecule.

discover new biochemical reac-
tions and design novel reagents
for our target
proteins with
rational strat-
egy derived
from our pro-
tein structure
and reaction
mechanism
investiga-
tions.
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actomyosin / bacteria / flagellar motor  chemotaxis

=}
=
«
o
z
o
m
o
o)
o
>
4
)
>
Z
o
@
)
<
=
m
2
>
=
w
)
m
(2]
m
>
o)
Q
=

ishijima@tagen.tohoku.ac.jp
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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, macro-
molecules in the nanometer
scale are key players in various
physiological functions, includ-
ing movement and signal trans-
duction. However, these mecha-
nisms were not understood well
still. In my laboratory, in order
to understand fundamental prin-
ciple of mechanism of bio mol-
ecules, we are developing single
molecule measurements and im-
aging systems that are capable
to measure the movements of

bio molecules at nanometer, pi-
coNewton scale. Our goal is to
determine the mechanism of bio
molecules, for example, actomy-
osin motor, bacteria flagellar mo-
tor, signal transduction, and so
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Chemotaxis system

ELHEEE S AT L Chemotaxis system

on, by novel equipments being
developing in my laboratory.

Bacteria flagellar motor
NITYTFRAFE—E—. BICHAAEN/ZEEHRE—
B—DAF > ORNEE>T. BEmEEHEITD.
Bacterial flagellar motor. Rotary motor embed-
ded in membrane rotates using flow of ions.

14



Biological
and Molecular Dynamics

TAKAHASHI S.
Lab
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Satoshi TAKAHASHI, Professor
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Hiroshi SAGAMI, Associate Professor
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Kiyoto KAMAGATA, Assistant Professor
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protein folding ./ single molecule fluorescence detection / dynamics

st@tagen.tohoku.ac.jp

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

EM-CCD

optical

shutter

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 infor-
mation coded in the amino acid
sequences. To understand
the physical principles of pro-
tein folding, we aim at observ-
ing the dynamic processes of
protein folding based on the
original techniques such as
time-resolved small angle X-ray
scattering and single molecule
fluorescence tracking. Fur-
thermore, to understand protein

ZTMERIZ IR

functions, we aim at observing
the functional processes such
as the protein-ligand recognition
process. To fully exploit the in-
formation obtained by the sin-

gle molecule and time resolved
methods, we are developing new
strategies of data analysis.
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High Purity Materials.
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ISSHIKI Lab
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[JPurification of transition metals by various chemi-
cal and physical refining methods and characteri-
zation of high purity metals

[[JCharacterization of high-quality metal thin films,
prepared by MBE and lon Beam Deposition

[JBulk growth and characterization of high-quality
II-IV compound single crystals

[IGrowth and characterization of high-quality II-1V
compound epitaxial layers

[JSurface oxidation and surface stabilization of
high-purity metals

BRI S 5

Metallurgical Design for Material Functions
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TSAIl Lab
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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

[[JDeveloping quasicrystalline catalysts and qua-
sicrystal-reinforced Mg alloy

[[IDeveloping new processes for preparation of al-
loy catalysts in terms of metallurgy

[IDesigning catalysts by controlling electronic
structures and microstructures of alloys

IREEMBHCEMED T

Environmental Inorganic Materials Chemistry
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[JSolvothermal synthesis and characterization of
ceramic fine crystals and/or films

[JSynthesis and photochemical properties of lay-
ered compound nanocomposites

[IDevelopment of advanced visible light responsive
photocatalysts for environmental purification

[[JSynthesis of ceramic/metal nanocomposites and
environmetal purification functions

[JStrengthening and toughening of dielectric ce-
ramic materials and their application on the bar-
rier discharge plasma reaction for environmental
purification

[[IMorphological control of ceramics nanoparticles
and the UV-shielding, IR-shielding and emission
of light characteristics

[ISynthesis of nitride based phosphors and their
application on Light-Emitting Diodes(LEDs)
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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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Design of Advanced Inorganic Materials
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[CIDevelopment of "green" processes based on solution chemistry

[JChemical design of new metal complexes

[IMorphology control of photoceramics

[JSearch for new phosphor materials employing
parallel synthesis

[[IDevelopment of non-oxide photoceramic materials

[JSynthesis of high activity photocatalysts by
solution-based methods

[JAnalysis of materials average and local structures
by diffraction and spectroscopic methods

R E G IEME D T

Correlated-electron Solid-state Physics
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[IMaterial design of magnetoelectrics

[JControl of charge/orbital ordering in strongly-cor-
related electron systems

[INovel magneto-optic in non-centrosymmetric magnets
[‘JObservation of interface magnetism by using x-ray or laser

T/ AT —IVBRT N AR E

Nanoscale Magnetism and Devices
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[ISize effect on crystal phase of nanomagnets
[IDevelopment of highly sensitive magnetic detection method
[INanostructuring technique using scanning probe microscope
[JPhysical properties & spin dynamics of single nanomagnet
[IDesigning & development of new materials with giant
magnetic anisotropy

[JDevelopment of new technology for ultra high density
memory devices

MR I FTER P

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.




High Purity Materials
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Minoru ISSHIKI, Professor
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Kouji MIMURA, Associate Professor
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Masahito UCHIKOSHI, Assistant Professor
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SPECIALIZED FIELD - KEY WORD

high purity metals /" chemical and physical refining methods ./ characterization of high
purity materials ~ compound semiconductor single crystals

isshiki@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=24
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Preparation and characterization of high purity materials

for advanced devices

Demands for high purity materials
have grown in advanced technology
fields. In our division, novel proc-
esses to prepare high-purity metals,
high quality compound semiconduc-
tor single crystals and high quality
metal thin films have been developed
and the influences of impurities and
defects on their various properties
are examined.

For purification of metals, combina-
tion of chemical and physical refining
methods (ion exchange, hydrogen
plasma arc melting, zone melting and

SZTMERZ IR

sublimation etc.) have been applied
and we have purified successfully
many transition metals.

High quality compound single crys-
tals and high quality thin films have

10 mm

High purity Fe (>99.9998 mass% ), the highest level
in the world, refined by a novel purification method

been fabricated by “chemical vapor
transport method” and “ion beam
deposition method”, respectively,
using the high purity starting mate-
rials.

Plasma torch

J Ml Hydrogen
Melted metal plasma arc

Water-cooled

Cu crucible
Melting and refining of the melted metal by
hydrogen plasma arc
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Nobuhisa FUJITA, Assistant Professor

= EPSE - F—7— K
EER/ GEME BTEE RS
SPECIALIZED FIELD - KEY WORD

quasicrystal / alloy catalyst / electronic structure / microstructure control

aptsai@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=26

Metallurgical Design
for Material Functions

TSAI
Lab
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Fabrication of quasicrystals
and designing new metallic catalysts in terms of metallurgy

The research of the labora-
tory is focused on quasicrystals
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 expected 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-rein-
forced high-strength magnesium
alloys and quasicrystalline cata-
lysts are being developed.

On the other hand, we propose a
new paradigm for cata-
lyst design in terms of
metallurgy: 1.) control
of electronic structure
by alloying to adjust
the catalytic function,
aiming at replacement
of precious metals,

2.) tailoring nanoarchtectures
through self-organization proc-
esses generated by leaching or
redox treatments for developing
new processes for preparing alloy
catalysts.

Leaching for a eutectic structure
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>
Leaching of Al
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Fine duai nanoporous structure
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Environmental Inorganic Materials
Chemistry

SATO T.
Lab
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environmental harmony inorganic materials / soft chemical process  morphological
control of ceramics / photochemical properties

tsusato@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=45
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Microstructure of superhydrophobi
by the solvothermal reactions

and superhydrophilic ZnO film prepared

Panoscopic assembling of advanced ceramic materials
by solvothermal reaction

The panoscopic control of the
mico-, meso- and macro-struc-
tures and characterization of ce-
ramic materials are investigated in
order to improve the functionality
of ceramic materials related with
energy, environment and human
health.

Environmentally friendly solution
reactions such as solvothermal
reactions using elevated tem-
perature water and nonagueous
solvents are mainly used as re-
action media for the synthesis of

SZTMERZ IR

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 trans-
parent electric conductors
4.Development of automobile efflu-
ent gas purification catalysts
5.Development of lead-free piezo-
electric materials
6.Development of nitride based

on , off | on off | on | off | on

11 Red%LED Green%LED Blue%LED UV LED;
E (627nm,1.98ev) 530nm, 2.34eV) |(445nm, 2.79eV) (390nm,
a 10 J W : 3.18eV)
o
5 o9f | ; ]
£ o8}
c
S o7 :
§ ——p25 ‘
o 06 -ﬁTIOZXNy/Pt
b4 0 ‘

05 Blank

o 10 0 10 o0 10 O 10

Time / min
LEDT U T (2 LB ARG Bt S kL ) S 1

Lt raatong. o Resporilve Phtocstabis by 1£D
phosphors for white LED ap-
plication

7.Synthesis of phosphor nano-
particles for bio-imaging appli-
cation



B Ku=

Shigeru SUZUKI, Professor

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

fEH BLE s

Kozo SHINODA, Associate Professor

55

B » %

Shun FUJIEDA, Assistant Professor

= HFSEH - F—T7— K
EEMMEBE B REME

mmm SPECIALIZED FIELD - KEY WORD mmm

functional materials /" alloys / oxides ./ environmental materials

ssuzuki@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=33

Microstructural Control
of Functional Materials

SUZUKI
Lab
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Microstructural characterization and control of
functional alloys and oxides

Microstructural characteriza-
tion and control are important
in development of advanced al-
loys and oxides having superior
properties. In this laboratory,
various analytical methods us-
ing photons, electrons and ions
are applied for characterizing
the microscopic chemical com-
position and structure of these
materials. Processes for improv-
ing performances of the ad-
vanced materials are designed
on the basis of the results. Main

subjects are characterization
and control of the structure of
various metal particles and iron
oxides using advanced
methods, and control of
microstructure and tex-

transformation preferentially
occurs in grains with specific
orientation.

ture in novel alloys. Fig.1
shows a microstructure of
a deformed shape memory
alloy, in which a part (blue
color) of the fcc structure
was transformed to the
hcp structure (orientation
relationship in Fig.2). The
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Design of Advanced Inorganic
Materials
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Lab
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SPECIALIZED FIELD - KEY WORD

development of “green” processes based on solution chemistry  chemical design of
new metal complexes / synthesis of high performance photoceramics by solution-

based method

kakihana@tagen.tohoku.ac.jp

morphology control of photoceramics

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=38
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High-performance nano-photoceramics

via green processes

The main objective of our re-
search is to acquire profound
understanding of “synthesis-
structure-properties” relation-
ship for modern inorganic mate-
rials and to apply this knowledge
for development of new materi-
als with improved performance.
Two important classes of mod-
ern materials such as nano-pho-
toceramics and functional metal
complexes are in the focus of
our activities. The special at-
tention is paid to design of pho-

SZTMERZ IR

tocatalysts with visible light re-
sponse and phosphors for white
LED within oxide, oxynitride,
sulfide and oxysulfide systems.

KB R REE

The utilization of “green” solu-
tion processing towards these
nano-photoceramic materials is
the paradigm of our group.

Pt/SrTiO;:Rh
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strongly correlated electron system / symmetry breaking / novel functionality ,/ syn-
chrotron x-ray / neutron scattering
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Development of novel physical properties
in transition-metal oxide compounds

We study magnetic, electric, optical anisotropy by an elec- induce ferroelectric polarization
and optical properties of materi-  tric field, and 5) magnetic shape depending on its helicity.
als, which simultaneously host memory effect.
some magnetic order and fer- We also carry
roelectricity or ferroelasticity, out neutron and
to explore novel physical prop- x-ray scattering

0%, (CuNi)B,O,
% 15K

erties. measurements to 1oF
. . . . 20+ 5
Major accomplishments are elucidate the ori- ok

Magnetization direction (degree)
=3
T

1) reversal of electric polariza-  gin of the novel T T B R S O R )

tion by a rotating magnetic field, functionalities.

2) rotation of magnetization di- We have also . » Sy
HamAO a” — How

rection by an electric field, 3) clarified that = i\ﬂ as;-ﬂ;ﬁ\

optical directional dichroism/ some helimag- f\_.g \\JJ
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Nanoscale Magnetism
and Devices
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Lab
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nanomagnet / size effect / magnetic memory  spin dynamics

kitakami@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=30
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Physical properties and spin dynamics of
nanomagnets and their application to magnetic memory devices

Rapid progress toward informa-
tion society has aroused much
attention to magnetic memory
devices because of their non-
volatility, high data density, low
cost, high-speed accessibility.
With reducing their constitu-
ent size down to 10 nm, various
effects, such as surface and
quantum size effects and ther-
mal agitation of spins, appear
and hamper further advance in
device performance. It is indis-
pensable to elucidate various

SZTMERZ IR

(4) new SPM lithography, and (5)
new media and technology for
ultrahigh density recording.

—- 300K -xf‘—f*-‘-"‘\r\
s~ 10K %
’

physical properties of nanosized
magnets. Under this circum-
stance, our intensive effort is
focused on (1)
size effect on
crystal phase
of magnets, (2)
highly sensi-
tive magnetic
detection tech-
nique, (3) mag-

netic behavior

of single na- (a) L1, FePt (001)Hifkdh K+ B JIIE A %5 Hallzh Sl & 7 /8
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Base Materials Processing
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[Design of highly efficient reactors by enlargement
of reaction interface

[JProcess simulation model for dephosporization
using multi-phase flux

[JRecovery of valuable elements from steelmak-
ing slag

[CInclusion design using the change in its composi-
tion by heat treatment

[IMeasurement of thermal property of various
materials

HEEERMA T O AMA R E

Mechanochemical Operation and Nano-coating
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[JSynthesis of functional powder materials by a
mechanochemical (MC) method

[JRecovery of valuable materials from civil and
industrial wastes by a MC method

[[INon-thermal processes for dehalogenation of
organic compounds by a MC method

[[JOptimum design and condition of mill devices by
a computer simulation technique

[JProduction of hydrogen from biomass and plastic
wastes by a MC method
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Nanostructure/Nanointerface Design and Control
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[[JBottom-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

[JDesign 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

BERFR T/ IEMRSH

Supercritical Fluid and Hybrid Nano Technologies
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[ISynthesis 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

[JBiomass 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

[[JDevelopment of optical trapping using a radially
polarized laser beam

N TV RF ) TFRESE

Hybrid Nano-particle
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MURAMATSU Lab
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[JPreparation of organic-inorganic hybrid nano-
particles

[[JDevelopment 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

IXNF—2 AT LIRS
Energy System
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[JSolid state and solution chemistry of actinide
elements

[[IMaterials processing for the advanced nuclear cycle

[JSulfide reprocessing process for spent nuclear fuel

[[JResearch for the safety assessment of radio
active waste underground disposal

[JDevelopment of hydrogen producing desulfuriza-
tion process from wastes

[JRecovery of rare-metals by dry halogenation
processes y

JOCAATLIE
FLERPY

DIVISION OF PROCESS AND SYSTEM ENGINEERING

Division of Process-System Engineering contains Base-materials processing, Functional powder processing, High-function
nanomaterial creation, Supercritical nano-engineering, Photo-material science, Hybrid nanoparticles, and Energy system
so that we focus our investigation on the practical application of highly-functional materials. Common basic academic
fields are physical-chemistry, inorganic engineering, and process technology.




Base Materials Processing
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steelmaking / ferrous metallurgy .~ chemical equilibrium /" reaction kinetics ./
material recycling
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New development of steelmaking process

The steelmaking process has
an extremely important role in
supporting the development of
an eco-friendly society and it
becomes to an age of technical
innovation. For the research and
development of this field, we
have to consider the following
points on four different scales:
Giga scale = Consider the global
impact of the extraction proc-
ess, Mega scale = Enhance the
performance of reactors, Micro
scale = ldentify the controlling

ZTMERIZ IR

factors of the reaction rate and
Nano scale = Control the mass
transfer of
molecules. At
Kitamura lab-
oratory, the
researches
based on the

a core process used to produce
high-quality steel.

Simulation model of BOF by Multi-phase Slag
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Heat balance
Mass balance

of steelmak-
ing, which is
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powder technology ./ grinding ./ recycle / mechano chemical reation / hydrogen ./

rare metal / simulation

saito@tagen.tohoku.ac.jp
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Mechanochemical Operation
and Nano-coating
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Lab
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Creation of a new chemical reaction through mechanochemical
phenomena and its optimization by computer simulation

Mechanochemical phenomena are
generally induced during ball milling
for producing fine powders. Not only
size reduction and shape change of
the particles but also disorder and/or
transformation of the crystal of solid
materials are often observed dur-
ing ball grinding. The latter is called
mechanochemical phenomena, and
disordered solid materials have a high
potential to react with gas, liquid and
other solid materials. These phenome-
na could synthesize functional powder
materials, decompose ground materi-

als at low temperature and generate
useful gases from the milled sample in
subsequent heating operation.

The research in this group is cat-
egorized into four subjects: The first
is the development of new mechanical
refining processes and recycling of
valuable materials from wastes, the
second is synthesis of functional pow-
der materials with an aid of mechan-
ochemical effects and reactions, the
third is production of hydrogen from
biomass and plastic wastes, and the
fourth is development of DEM (Dis-

crete Element Method) simulation
method for the prediction of grinding
and mechanochemical reaction and
their optimizations in milling/mechano-
chemical operations.
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Nanostructure/Nanointerface
Design and Control

TANAKA
Lab
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Shun-lchiro TANAKA, Professor
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%E} m }ﬁﬁl?ﬁ Tohru SEKINO, Associate Professor
s
1E Eﬂu"b‘ Bj *ﬂ Satoshi TSUKUDA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

excited reaction fields /

low-dimensional nanostructure / nanotube  nanowire ./

joined interface / residual stress tensor measurement

sitanaka@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=29
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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 hyper-function-
alized and advanced nanostruc-
tures which would be key-mate-
rials for nano-devices in the next
generation. For these purposes,
we are designing and controlling
under the “physically and chemi-
cally activated reaction field”
such as novel active energy
beam and/or chemical reaction
field, and are utilizing them to
develop novel nanostructure,
nanohybrids, low-dimensional

ZTMERIZ IR

nanomaterials, nanocomposites
and hetero-interfaces based on

the bottom-up de-
sign. Further we are
designing superior
functions of these
advanced materi-
als based on the
structure control.
Processing-struc-
tures-functions rela-
tions are also exten-
sively investigated
by utilizing various

materials/devices analysis tech-
nologies.
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Tadafumi ADSCHIRI, Professor
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IE]% pﬁﬁ EBIR Seiichi TAKAMI, Associate Professor
ﬁ E ﬁjﬁ By # Toshihiko ARITA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

supercritical water / super hybrid / nanomaterials / process engineering

ajiri@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=49

Supercritical Fluid
and Hybrid Nano Technologies

ADSCHIRI
Lab
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Supercritical fluid for nano-hybrid technologies

Our study aims to establish
chemical processes for syn-
thesis of hybrid nano building
blocks based on supercritical
fluid technology, nano-hybird
technology and materials sci-
ence & engineering. These
studies include synthesis of
organic- inorganic hybrid nano
building blocks under super-
critical conditions, and their
directed assembly for medical
applications, and metamaterials.
We also develop novel devices

with these self-assembled struc-
tures for high performance ther-
mo-electric devices, high speed

optical devices, nano sensors,
and nano reactors (high order
structured catalysts).
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Laser Applied Material Science

SATO S.
Lab

AMERIEMRS T

{EiE (2) fiR=

e
1&% 1& S Shunichi SATO. Professor
=8 rfm
I:FI*?_I' Bh B % Takahiro NAKAMURA, Assistant Professor
NE R
Vi Bh *Sl Yuichi KOZAWA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

laser / photonics / nano-particle / vector beam

sato@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=31
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Multidisciplinary research of photonics

and material science

We are intentionally and inten-
sively trying to make the best
use of the excellent properties
of lasers for the advancement
of material science. The state-
of the-art photonics technolo-
gies are our useful and essential
tools. At present, we are espe-
cially interested in the following
tow topics. The first is the syn-
thesis of single nano-particles of
diamond-like-carbon and noble
metals by using an intense opti-
cal field, which is generated by

ZTMERIZ IR

tightly focused femto-second la-
ser pulses in liquid and can be
regarded as a novel non-equi-
librium, non-linear and ultrafast
process. The next is the investi-
gation of vector
beams, which
have inherent
vectorial char-
acteristics of

development of beam genera-
tion, the improvement of beam
quality, and applications such
as laser processing and super-
resolution microscopy.

11

electromasg-
netic wave,
focusing on its
physics, the

polarization phase 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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mmm SPECIALIZED FIELD - KEY WORD =
organic-inorganic nano-hybrid material ,/ semiconductor

photocatalysts ./ fuel cell
nano-dots, nanocomposites

mura@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=15

Hybrid Nano-particle

MURAMATSU
Lab
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Why don’t you order us tailor-made,
well-identified, nano-hybrid materials?

Highly functional materials,
such as Fe nanoparticles, ITO
nanoink for TCO, niobium-based
oxide particles for lead-free
piezoelectric devices, titania,
perovskite metal oxides, semi-
conductor nanoparticles, or-
ganic-inorganic hybrid nano-
materials, fuel cell, and alloy
nanoparticulate catalysts, etc.
have been widely provided.
Their production methods are
based on the particle-synthesis
principles, (1) strict separation of

nucleation and particle growth,
(2) perfect inhibition against
aggregation, (3) precise con-
trol in particle synthesis mode.
Namely, the physico-chemical
theory for the stability of coffee
or milk, and the very good foams
of beer, is similar to the forma-
tion of nanoparticles precisely
controlled in size and shape.
What kind of nanomaterials do
you need? We'll make it.

ITO (Indi
as Trans)

ide) nanoparticles
uctlve Oxide
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Energy System
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Junichiro MIZUSAKI, Professor

Nobuaki SATO, Associate Professor

Akira KIRISHIMA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

solid state and solution chemistry of actinide elements / materials processing for the advanced nuclear cycle
/ sulfide reprocessing process for spent nuclear fuel research for the safety assessment of radioactive
waste underground disposal ./ development of hydrogen producing desulfurization process from wastes /
recovery of rare-metals by dry halogenation processes

dragon@tagen.tohoku.ac.jp ({£#)
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=51
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Development of green nuclear chemistry
for sustainable fuel cycle

Nuclear energy is one of the
most important energy resource
of our modern society, therefore,
it is strongly demanded to make
nuclear fuel cycle more reliable
and sustainable for longer fu-
ture. To respond this demand,
our group develops novel and
unique reprocessing processes
of the spent nuclear fuel based
on the selective sulfurization
of fission products. The sulfide
process has advantages of less
radioactive waste volume and

ZTMERIZ IR

lower risk of the nuclear pro-
liferation comparing with the
conventional wet reprocessing
processes like PUREX. Besides,
the basic solution chemistry of

Spent Fuel T
l Separation
[
U0, => U,04

actinides elements is studied to
perform more reliable safety as-
sessment of radioactive waste
ground disposal.

Selective

Dissolution
Selective uo,
Sulfurizaton l. Pu0

U305 = UO,

R,0, = RS.R,S;

Metal - Alloy

N

RS, R,S, R,0,S
» PgSge Nga
€S, (g)

Flow sheet of the sulfide reprocessing process
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Electron and Molecular Dynamics

FHMEE

UEDA Lab
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[JQuantum interference and entanglement in
reactions

[[JElectron and molecular dynamics of photo-excited
spices

[JTaking molecular movies and catching electron
motion for tracing reactions

[Developing photoelectron spectroscopy and mul-
ti-particle spectroscopy for molecular imaging.
molecular movies, and catching electron motion,

using short-pulse optical lasers, synchrotron
radiation, and an X-ray free electron laser

EFETHEMEST

Quantum Electron Science
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[[IMolecular orbital imaging by molecular frame
electron momentum spectroscopy

[JDevelopments of multidimensional coincidence
techniques and their applications to studies on
stereodynamics in electron-molecule collisions

[[JDevelopment of time-resolved electron momentum
spectroscopy for visualization of the change of
electron motion in transient species

BEMHMEME DT

Structural Physics and Crystal Physics
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NODA Lab
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[JDevelopment of the 4-circle neutron diffractom-
eter

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

[JDevelopment of the method for structure analy-
sis under multiple extreme conditions (high field,
high pressure, high temperature and low tem-
perature)

[[IDevelopment of the high sensitive low-tempera-
ture X-ray photographic equipment

[Jimaging of 3d-electron-orbital

[JElectron density distribution and proton density
distribution of hydrogen-bonded compounds

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

[JStructural studies for various phase transitions in
low dimensional organic conductors using X-ray
and synchrotron radiation

[JStudy for structural phase transitions in various
materials
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Spectrochemistry
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YAMAUCHI Lab
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[[JAnalyses and controls of excited triplet state
properties of metal complexes

[OStructural analyses of troponin protein to clarify
arole of Ca2+ ion in muscles

[IMechanisms of charge separation in the Photo
-systems | and Il by W-band EPR

[IDevelopment of advanced EPR apparatus in cw
and pulsed microwave modes
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Nano-surface Chemistry
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[INovelinstrumentation:surface foreces Apparatus(SFA),
resonance shear measurement(RSM) system. etc

[JStudy of molecular macrocluster formation and its
application for the material designning

[JAnalysis of structures and properties of liquids
in confined space

[ICharacterization of cpmplex systems: polyelectro-
lyte and polymer brush layers

[IDirect measurement of interactions involved in
molecular recognition such as protein-DNA

REWIE 7O ARESEF

Surface Physics and Processing
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[IDevelopment of chemical vapor deposition proc-
esses for nanocarbon materials

[JAnalysis and control of the growth mechanism of
insulator thin films for gate stacks of advanced
CMOS

[JAnalysis and control of the surface reaction
mechanism on functional metal oxide surfaces

[JDetermination of surface structures by electron
diffraction and its application

[IDevelopment of the new methods for spin arrange-
ment and ultrafast phenomenon on surface
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Electron
and Molecular Dynamics

UEDA
Lab

BEF P TFHNEMESE

FHMAE

N
J:E ;;g E Kiyoshi UEDA, Professor
Eﬂﬁ&é g By # Misaki OKUNISHI, Assistant Professor
E:; s
*EI 58 B #H Hironobu FUKUZAWA, Assistant Professor

 EPISEH - F—7— K .

DFHNFEBFEHNFE EFIAL RS

SPECIALIZED FIELD - KEY WORD

molecular dynamics  electron dynamics ./ electron spectroscopy ./ coincidence

spectroscopy

ueda@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=44
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Aolecular
beam

Electron detector
Particle size: 10-50 nm

‘ /| Cluster source
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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 proc-
esses. We analyze, visualize,
and control quantum processes
that determine ultrafast elec-
tron and molecular dynamics,
such as electronic relaxation,
charge transfer, fragmentation,
and rearrangement in isolated
molecules and clusters. For that
purpose, we have been develop-
ing cutting-edge spectroscopic

SZTMERZ IR

techniques that allow
us to catch the atomic
and electron motion.
To trigger, probe, and
control the processes,
we use new-generation
light sources such as
ultrafast optical laser
pulses, ultrahigh-reso-
lution soft x-ray syn-
chrotron radiation, and
ultra-short wavelength

Angle (degree]

Angla [degree)

Ultrafast molecular imaging by laser-induced
rescattering photoelectron spectroscopy
Experiment 0,

Theory

168 2 258 & 1 {18 2 28 3§
Momentum (a.u.) Momentum (a.u.)

Differential cross sections for e-ion elastic scattering
extracted from laser-induced resattering spectra are

compared with theoretical cross sections.

free-electron lasers
that have just constructed.
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SPECIALIZED FIELD - KEY WORD

molecular science . collision physics ./ multiparameter coincidence spectroscopy /

momentum space wave function

masahiko@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=42

Quantum Electron Science

TAKAHASHI M.
Lab
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Time correlation

“Triple Cepictilence Counts

Visualization of electron motion in matter
by means of electron compton scattering

Properties of matter, such as
reactivity and functionality, are
determined by the motion of the
constituent electrons. For this
reason we aim at developing
new spectroscopic methods,
by using electron Compton scat-
tering, that would visualize the
electron motion for stable spe-
cies and most importantly the
change of electron motion in
transient species, which is the
driving force behind any chemi-
cal reactions;

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

(2)developments of
multiparameter coin-
cidence techniques
for studies on stereo-
dynamics in electron-
molecule collisions,

(3)development of time-
resolved electron

Photocathode-type
Electron Gun

Detector

momentum spectroscopy for
visualization of the change of
electron motion in transient
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Structural Physics
and Crystal Physics

NODA
Lab

BEMHMERR I T

FHMAE

FH *3 x =

Yukio NODA, Professor
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SPECIALIZED FIELD - KEY WORD

precise crystal /" magnetic structure analysis under multiple extreme conditions
development of neutron and X-ray diffractometers / magnetic ferroelectrics ./

hydrogen-bonded dielectrics

ynoda@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=41
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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, Synchro-
tron radiation and Neutron beam
under extreme conditions such
as low temperature, high mag-
netic field, and high pressure.
We have also studied structural
phase transitions to understand
the microscopic origins of func-
tional properties in solid - state
materials based on the accurate
distribution analyses of the elec-
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tron as well as nuclear densi-
ties. Figure shows the complex
magnetic structure of magnetic
ferroelectrics derived by neu-
tron magnetic structure analy-
sis. 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

Electric

N
olarization

Magnetic structure of YMn,O5 magnetic ferroelectrics
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high frequency EPR  pulsed EPR / excited state ./ photosystem  troponin

yamauchi@tagen.tohoku.ac.jp PRIy s g
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Spin chemistry in composite systems including proteins

Correlations between structural type resonator are developed tosystems | and Il, a troponin
& dynamic properties and func- in our laboratory. Our target mo- protein, and blue light receptor
tions of composite molecules in- lecular systems involve the Pt proteins.
cluding excited states of metal and Rh metal complexes, Pho-
complexes and biological
systems(proteins) have
been studied by means
of various advanced EPR
and optical spectrosco-
py. The technigues such 3 - ] i
as pulsed high field and : - = P
highly time-resolved EPR, N0
high MW power pulsed
EPR, two-dimensional
EPR, and high field EPR
having a Fabry-Perot-
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Nano-surface Chemistry

KURIHARA
Lab
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Kazue KURIHARA, Professor

Masashi MIZUKAMI, Senior Assistant Professor

Motohiro KASUYA, Assistant Professor
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surface force measurement / resonance shear measurement / molecular assemblies
/ confined liquid

kurihara@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=60
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Nano-surface chemistry

Our research aims at develop-
ing methods, including instru-
mentation, for characterizing
surface (or interface) at the
nano-meter level. Most of our
research subjects are related
to the surface forces measure-
ment, which can directly moni-
tor the interaction between two
surfaces (attraction, repulsion
and adhesion forces). We study
phenomena occurring at the sol-
id-liguid interface such as ad-
sorption and structuring of lig-

STMERZ IR

study wide variety of samples
such as metals and ceramics.

uids. Self-assembled molecular
architectures and biological in-
teractions are also studied. We
have developed the resonance
shear measurement
which is a sensitive
method for evalu-
ating properties of
confined liquid for
nano-rheology and
tribology. Twin-path
surface forces ap-
paratus we devel-
oped enabled us to

Development of nano-scale measurement based on SFA

-Resonance Shear Method Twmnath SFA
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surface physics / material science / process engineering ./ development of surface
analysis methods with electron and photon probes

takakuwa@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=77

Surface Physics and Processing

TAKAKUWA
Lab
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Princighe of reflection high enargy slectron diffraction
combinad with Augar electron spectroscopy

/ Photosmission-
Sisubstale Moclemp  assisted plasma

Photoemission-assisted Ar plasma on 5i substrate

| Sttt

Motworked nanographite

Si0, substrate

DONBFHIET

Catabyst-free growth of
networked nanographite on S0, substrate

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

In the research section of sur-
face physics and processing,
we aim to develop various sur-
face analysis methods with
electron and photon probes:
Real-time photoelectron spec-
troscopy using synchrotron ra-
diation and rare gas resonance
lines for monitoring in situ sur-
face chemical compositions and
bonding states under a reactive
gas atmosphere (Fig.1), and
Weissenberg RHEED for deter-
mining unambiguously surface

structures (Fig.2). Based on the
observed chemical and solid
phase reaction kinetics at sur-
faces and interfaces, we have

S5i{001)2x1 Surface
T=539C

Py = 1.0x107 Torr
hv=2122eV

0 2p state

—

Fig.1. Time
evolution of
valence band
photoelectron
spectra taken
in situ during
oxidizing
Si(001)2 x 1
surface with
Oa.

1

IS
Binding Energy (eV)

Intensity (arb. units)

ar

synthesized functional materials
such as diamond and multilayer
graphene, and developed sur-
face nanoprocesses.

[

o ‘s aia |
xe‘@ Fig.2. Patterson map (inset)
S and Structure model of
& Si(111)+/ 3x+/ 3-Ag surface:
Ag (pink spheres) and Si (
blue spheres) obtained by
Weissenberg RHEED.
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Production of Bulk Nitride-crystals

ARMAE

ISHIGURO Lab
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[[JResearch and development of ammonothermal
technology for bulk nitride (GaN AIN, InN) growth

[JResearch and development of solvothermal tech-
nology and high pressure vessel

[[INedo project of strategic development for energy
conservation technology
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Production of
Bulk Nitride-crystals
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Lab
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nitrides / crystal growth / ammonothermal / supercritical ammonia

ishiguro@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=66
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Group-III nitrides

by ammonothermal synthesis

Fundamental research on
thermodynamics, kinetics, and
chemistry of solution of group-Il
nitrides for the growth of large
single crystals as substrate in
nitride electronics and optoelec-
tronics.

Main research topics:

(a) Investigation on the corrosion
of alloys under supercritical
ammonothermal conditions.

(b)Effect of ammonothermal con-
ditions on crystal growth,such
as precursors, mineralizers,

STMERZ IR

temperature, pressure, am-
monia cracking.
(c) Bulk crystal growth of non-

polar, semi-polar group-lll
nitrides
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Chemistry of Energy Conversion Devices
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[[IHigh power and high energy lithium-ion batter-
ies

[JDesign of high energy capacitor

[JSynthesis of graphene and its applications for
energy devices

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

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

BE#EA TV A - TINA AIREDEF

Solid State lonic Devices
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[[IDevelopment of materials and technologies for
solid oxide fuel cells, high temperature water
electrolyzers, and gas sensors

[IDevelopment of new solid state ionic
devices("chemical potential micro probe", "solid
state high temperature stress sensor" etc.)

[[IBasic research on defect equilibrium, transport in
the bulk and boundaries, and mechanical proper-
ties of solid oxides

[IDevelopment of electrodics in solid state electro-
chemical systems

[JResearch on the electrochemically induced
chemical and mechanical properties
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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
[Jlon dynamics in supercooled liquid and glasses
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Environmental-Conscious Materials Processing
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ARIYAMA Lab
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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

[INew sequestration process of carbon dioxide
from ironmaking

[JUtilization of slag and recycling of wastes from
cities in the integrated steel works
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Metallurgy and Recycling System for Metal Resources Circulation

R RRE

NAKAMURA Lab

@ A\ T$iK~ Reserve to Stock ~ ] L ()
RV YA ZILADE A

@FATIRENT 1 > Py LAMEREEHARR

OEFREMBIIE DRASBNIER S VICERRE
EAEMDEFCRIGICET ST

OB FE—SHKARDERICEKZAIOK1 D
£S5 VICHERRER

Q@RFIEIRHD S DM EMFDEERHEICET
2 ERERRZE

OEHWARTDBERF Y ET—>3 VD
T—IRBICK DT ) H—R M DIER

QOBEZ R TEHFB LA~ 7ONTIICEDS
BEFE LSBT O ADRRICET AME

Q@EBFHBHICKDTA /7ONTILOERES)
AR U 7Z5Rss 7 0t A%

@A FN\OT MLEMDEMRICET DERER
i

QREFTIERENALLT SV ERISAHD
Ly MOER{CAIE T O+ AICEET 2%

@;BEHIKSLR DE R BYSHC E V7= B RER IR ET

@Z > AINAVT Y DEBIIBICKDZERE
> ZIVOFRMEENR 7 O A DRF

Q@EHEICAHITZIEELOY T 77O~

[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

[[ISeparate 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

[IFroth 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

ERSRFLVUFLEROBFER7 O ADI RIVF —3hRm ELARRFL. EFNLRMUY AN RATLAOBEPEELREEMAIET O+
AICE T B RATFARICIA . BERRI RN F—ORIHEZOBNEZREFBADIZHOHL LT/ APHHOREL L, HKBRIRDREL K
UYRT T 7N SOBRICTAIREMAEZRRE. BMEHICHELET,



Chemistry of
Energy Conversion Devices

HONMA
Lab
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renewable energy / nanotechnology ./ lithium ion secondary battery ,/ solar cells

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

and nanoscience

Honma laboratory investigates
a frontier nanotechnology and
nanoscience for an advanced
renewable energy technology, in
order to contribute a global sus-
tainability and industrial growth
with low emission and environ-
mental conscience. The concept
would be most important and
challenging issues to scientists
in 21st century.

In particular, we focus on re-
searches on fine chemistry of
energy devices employing ad-

EZrty ) -RRke AT

ergy storage devices for electric
vehicles, smart grids, solar cells
backups for building next genera-
tion renewable energy systems.

vanced nanomaterials and nan-
ochemistry such as monoatomi-
clayered electrode graphene,
nanocrystalline electrodes, na-
nosheet materials, ionic lig-
uids, interfacial nanofilms.
these advanced materials
can be applied to develop
high energy density elec-
trodes, high ion conduc-
tive electrolytes of all solid

FEE(0, f4E) WE(0, =)

(2R HE)
1A CENERE
state lithium ion secondary BiE
battery, super capacitors,
which are fundamental en-

BIRNVF-BEEM: VFILER



IKIGH—ER % =

Junichiro MIZUSAKI, Professor

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS
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Keiji YASHIRO, Senior Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

solid state ionics  diffusion in solid / interface process ./ energy conversion /

mechano-electrochemistry

mizusaki@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=47

Solid State lonic Devices

MIZUSAKI
Lab
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Defect chemistry, mechano-electrochemistry and relaxation
kinetics for novel solid state ionic devices in eco-energy systems

For the achievement of sustain-
able society, we aim to develop
new or improved solid state ionic
devices on the basis of further
understanding on dynamics and
kinetics of ion transport in solids
and high temperature chemical
and mechanical stability of ma-
terials . Typical subjects are;

Development of materials and
technologies for solid oxide fuel
cells, high temperature water
electrolyzers, and gas sensors.

Fundamental researches on de-

fect equilibrium and transport in
the bulk and interfaces of solid
oxides.

Electrodics in high temperature
electrochemical system

Development of in-situ evalu-
ation technigues on solid state
ionic devices.

Development of a new field,
Mechanio-electrochemistry, to
reveal the relationship between
mechanical properties and de-
fect chemistry in solid state
ionic materials.

‘f\ 2e " i
— r !
e H
Interconnect Cathode  Anode 1
Sk i =" Catalyst
:”’ chemistry
HT-Electrodics
Chemical/interfacial Solid state ionics and related
thermodynamics Defect chemistry research fields for SOFC R&D.

0 50 100 150
xiym
Nanohetero-interface design for fast oxygen reduction
reaction (Bright part is the fast reaction zone).

43

44

s
m
[}
m
>
n
Q
I
o
m
z
=
m
o
m
o
b
[7)
c
g
=
z
>
@
-
m
173
(]
m
z
o
m
2
m
z
o}
z
m
m
=
=
[0}

=R\ REEHE SN G




Solid State lon Physics

KAWAMURA
Lab
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LI i B 8  Junichi KAWAMURA. Professor
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.ll:t;} #EE B #  vukio TAKENO, Assistant Professor

% H IEHH B #  Naoaki KUWATA, Assistant Professor

R. BaSkal’an BjJ ?ﬂ Rangasamy Baskaran, Assistant Professor
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Iﬁl*ﬁl ﬁ BY 3  Uunichi TAKAHASHI Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD ===

solid state ionics ./ ion dynamics / nuclear magnetic resonance ./ thin-film rechargeable
battery

kawajun@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=39
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Solid-state ion physics bring innovation

to our life

We investigate ion dynamics in
solid by electrical, optical and
nuclear magnetic resonance
(NMR) techniques to develop
new ionic conductors and solid
state ionic devices.

Recent research subjects are;
1.degradation mechanism of lith-
iumion batteries, 2.development
and analysis of thin-film lithium
batteries, 3.proton dynamics of
fuel cell materials, 4.ion dynam-
ics in supercooled liquid and
glasses.

STMERIZ IR

We use the following tech-
nigues;

1.Laser optics
(PLD for lithium
ion battery, Ra-
man spectrosco-
py, optical- Kerr,
etc.), 2.NMR (re-
laxation, diffu-
sion, micro- imasg-
ing), 3.Electrical
Measurements
(impedance, elec-
trochemistry).

Thin Film

Technology

Field GradientNMR &
MRI of Lithium Battery

Thin-film Lithium battery
fabricated by PLD
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SPECIALIZED FIELD - KEY WORD

global warming ./ ironmaking / steelworks / mathematical modeling

ariyama@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=54

Environmental-Conscious
Materials Processing

ARIYAMA
Lab

RIEESHFM 7Ot AMRSH

BILMAR=E

RIEEDHAMEBRLLHLOEMTOEZIDER

EMEEONRTHIHMIK N EEX
ABBEGABREETTHY HEKIRIERE.
Wi DHEEDVEMEDL SKELEREK
HOENTVET, HMRETEHKM I O
AR THIEFLEERTOLIERHR
(2. REM. I>E1—4—Y3aL—23
L BHEEE,L BRFRHE IO,
BRAMSEREBEULARERRALT
WET, SFOEFRRCEALTE. 5
FARZIERR T 318« DRFEENRRTH E]EE
LB ERADEM) 2HWT BFRT
DEADPSHRETESHEEICYI2L—h
L. EHAFETIVCFD) EDFERIZLHT.

5. B8, RAAR OB EER, TxIL¥—
BE tFRISERBTEIHLVENE
FILOREETV., SEOERKFERHKTO
TADREZEKRKLTVWET, S5 N1F
YXEMBENICHAL - BRRESFRR

BFEOETIE #EERH

Bl ZEB bR TSR I [REE T & 2 WA

ET B S TR AETROBEEL. X
SITDOHMEL E BB AED SIRIEHR
MEOH LV T OEXOEREEIEL
TWET,

CO2 =& 53 B
IRiF

|

25T OFME

DEM+CFDIZ & 2B FDET ILAL

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 ex-
posed. From this background,
in our laboratory, 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
mathematical model. Moreover,
effective utilization of wastes
from the steel works and car-

bon neutral materials such as
biomass has been pursued for
the global environment and co-
existence with regional society.
In particular, a new hybrid math-
ematical model
of blast furnace
combining Dis-
crete Element
Method with
Computational

Advanced
mathematical model

I Modeling and
optimization
| Effective carbon use

Blast fumac%

furnace capability. Moreover,
novel absorbent material for
CO2 sequestration is actively
studied by application of first-
principle calculation.

Lvbncipatens] Sequeslranon of CO,

S!ee\
~ products

H H — Reforming
Fluid Dynamics —_— Remlmm,ag
IS d eve l 0 pe d to Mitigation of CO, emissions ] Mgfgg’?ﬂfél;l;s‘ furnace

improve a blast
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Metallurgy and Recycling System
for Metal Resources Circulation

NAKAMURA
Lab
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Takashi NAKAMURA, Professor

Etsuro SHIBATA, Associate Professor

Atsushi lIZUKA, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

metal resources circulation / nonferrous metallurgy / waste treatment /
social system for recycling

ntakashi@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=52
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Metallurgy and recycling system
for metal resources circulation

Our aim is to develop the proc-
ess technologies and social sys-
tems for metal recycling, waste
detoxification and energy re-
covery based on the nonferrous
metal smelting industries.

[ IThermal and hydro process-
ing for metal recycling and
wastes treatment (Chemical
Thermodynamics)

[ISocial system for sustainable
society (Reduce, Reuse and
Recycling of wastes and ma-
terials)

STMERIZ IR

[ INew solution plasma process
to synthesize metal-carbon
nanocomposites (Environmen-
tal Material)

Llinnovative process-
es of physical sepa-
ration and washing
technology using
microbubbles and
ultrasound (Physical
Treatment)
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Soft X-ray Microscopy

PIRFAF =

YANAGIHARA Lab

@ EBHHRXIFEAMREDFIF E EBABBARA
DA

ORXIRAE D EREIMHE S AT LDIFRFFRE

OHEENEHE CRIERTHZFIETEZSE
HARRIZ I 1E 2 R R B E D R FE

OHXIRLBIRAFRFEDY 7 nmiIEERZEDTF
R CRIEEORIS

[[IDevelopment of a transmission-type soft X-ray
microscope and its application to biological
samples

[[High-resolution objective systems for the soft
X-ray microscope

[IMultilayer fabrication with accurate thickness
control over the whole curved substrate enabling
imaging applications

[JAccurate reflection phase measurement and cor-
rection of soft X-ray imaging multilayer mirrors

EFET - FAEHAAE ST

Electron -Crystallography and -Spectroscopy

FAMRE

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

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

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

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

BT RTSHAMED T

Electron Interference Measurement

S ]

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.
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Advanced Scanning Probe Microscopy

KHEMARE

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

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.




Soft X-ray Microscopy

YANAGIHARA
Lab
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Mihiro YANAGIHARA, Professor

Takeo EJIMA, Associate Professor
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SPECIALIZED FIELD - KEY WORD
soft X-ray / multilayer mirror / microscopy ./ biological samples

m.yanagi@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=43
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Development of a wide-field-of-view and high-resolution
soft X-ray microscope and its application to biological samples

A transmission-type soft X-
ray (SX) microscope based on
multilayer mirrors is promising
to observe biological samples
with a 30-nm spatial resolution
and high contrast, which origi-
nate from the short wavelength
of SX and the difference in SX
transmittance 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 (Fig.

ZTMERZ IR

multilayer mirrors, and novel SX
objective systems insensitive to
external disturbance.

4 ADProtein
£

Cell organ '

2). Besides, we can also observe
fine structures in-vivo in a short
period of time required from the
Brownian motion using a
laser-produced plasma
SX source. In order to de-
velop and demonstrate
the SX microscope, we
also study SX multilayer
fabrication with lateral-
ly-graded period thick-
ness, accurate reflec-
tion phase manipulation
and measurement of SX Fig. 2

3
»

Temporal scale

Spatial scale
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#\ W 2 % = Masami TERAUCHI, Professor
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SPECIALIZED FIELD - KEY WORD

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

Electron -Crystallography
and -Spectroscopy

TERAUCHI
Lab
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Development and applications of crystal and electronic structure
analysis methods based on transmission electron microscopy

Our lab develops accurate na-
nometer scale characterization
methods of crystal structures by
convergent-beam electron dif-
fraction (CBED) and electronic
structures by electron energy-
loss spectroscopy (EELS) and X-
ray emission spectroscopy (XES)
for analyses of new functional
materials. For the purpose, a
new Q-filter electron microscope
and a refinement software for
crystal structure analysis and a
high energy-resolution EELS mi-

croscope and XES instruments
for electronic structure analysis
were developed. Fig.1 shows a
visualization of the electro-
static potential distribution of
sps bonding
change of Si de-
termined by our
crystal struc-
ture refinement
method based
on CBED. Fig.2
shows a direct
evaluation of a

heat-shielding property(a reso-
nant peak energy in near infra-
red energy region of a metallic
nano-particle by high energy-
resolution EELS.

\ Fig2

TN

Particle 2

Intensity (arb.units)

Energy Loss (eV)
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Electron Interference
Measurement

SHINDO
Lab
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Daisuke SHIN

DO. Professor
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Yasukazu MU

RAKAMI, Associate Professor
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Zentaro AKASE, Assistant Professor
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SPECIALIZED FIELD - KEY WORD

electron holography ./ transmission electron microscopy ~ microstructure  conductiv-

ity / electromagnetic field

shindo@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=57
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Multidisciplinary research for structure,
conductivity and electromagnetic field in nanometer-scaled area

Electron holography, which is
based on the interference of
electron wave, is a powerful
technigue to visualize electro-
magnetic fields.

We are devoted to precise
measurements of the electro-
magnetic fields in many ad-
vanced materials, both in hard
and soft matters.

Special efforts are made to
develop unique tools that are
combined with electron holosg-
raphy: e.g., a magnetic-shielded

ZTMERZ IR

pole piece dedicated to magnet-
ic domain observations, and a
special equipment
to move micro-
probes inside the
transmission elec-
tron microscope.
These techniques
enable simultane-
ous measurements
of the electromasg-
netic fields, con-
ductivity, structure,
as well as composi-

increases
lines) is

of the magnetic phase separation.
the direction of magnetic flux.

tion in nanometer-scaled area.

to ferromagnetic (FM) phase transformation in
Lag 44Sry56MnO,. The FM phase nucleates near 202
K as shown by the arrowhead in (a) and its volume

with heating. The magnetic flux (white
closed inside the FM phase at any stages
Arrows indicate



INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS

NV

*E %% B B Tadahiro KOMEDA. Professor

—_

= e

=) Iﬂ %I'xl: E- ) Tsuyoshi TAKAOKA, Senior Assistant Professor

BHERZ » &

Yasuyuki SAINOO, Assistant Professor

 ERSEH - F—7— K

EET/O—TJBME BFAE1—% AEYIL Y hOZJ R ESR-STM

SPECIALIZED FIELD - KEY WORD

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

komeda@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=58

Advanced Scanning
Probe Microscopy

KOMEDA
Lab
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ESR-STMDEE

Single spin detection and manipulation
for molecule-spintronics

The detection of a single spin
is demanded for variety of ap-
plications, e.g., for reading and
manipulation of isolated spins
for spintronics and quantum
computation. We are developing
instrumentation of the detection
of a single spin using scanning
tunneling microscope (STM). Es-
pecially, a method that detects
the Larmor precession by moni-
toring a variation of tunneling
current, called ESR-STM, has a
large advantage due to its com-

patibility with solid devices and
atom-scale spatial resolution.
We successfully developed ESR-
STM instrument which can de-
tect the single spin in SiO layers.
In addition, for the realization of
the molecular-spintronics, sin-
gle molecule
magnet (SMM)
is one of the
most promis-
ing material.
We investigat-
ed 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 azi-
muthal rotational angle of the Pc
planes.

.

%

II\\__ - J
/" Single Molecule Magnet

Magnet control by rotation
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Polymer Hybrid Nanomaterials

= FMARE

MIYASHITA Lab
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[JPolymer nanosheet assembly for the "film elec-
tronics" materials

[JStudies on near-field coupling between localized
surface plasmons and polymer nanosheet films

[[JElectric and electrochemical behavior in highly
organized polymer nanosheet films

[[Micro-nano size electric circuit fabrication using
laser induced pyrolysis (LIP) process

[JDynamic interface for nano-actuator and na-
no-sensor

BHENA Ty RT/ ERMHRESE

Organic and Hybridized Nanocrystals
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OIKAWA Lab
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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

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

[JMutual interaction between exciton and localized
surface plasom on nano-level

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

[[INanocrystallization of bio-related materials
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Hybrid Carbon Nanomaterials

REMAE

KYOTANI Lab
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[[JUse of zeolite templated carbon as energy stor-
age media for hydrogen storage

[JSynthesis of large-area single graphenes for
electronic device

[Template synthesis of ordered nanocarbons hav-
ing single graphene sheets with negative Gaus-
sian curvature

[JDevelopment of highly ordered carbon-coated
mesoporous materials for fuel cell and biosen-
sor

[JUse of water-dispersible carbon nano-test-tubes
as a capsule for drug and gene delivery system

[[JIDevelopment of silicon/carbon nanocomposite
for Li-ion battery

N TV RHBISMESE

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

[[IMolecular-assembly devices based on
charge-transfer interactions

[Novel molecular conductors and magnets

[OMolecular devices based on organic-inorganic
hybrid nanostructures

[IDevice application of gigantic polyoxometalates

HREEM B EAR DT

Photo-Functional Material Chemistry
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NAKAGAWA Lab
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[JDevelopment of advanced organic monolayers
showing adhesive or antisticking property for
thermal and UV nanoimprint lithography

[Development of ultrathin polymer resists for na-
noimprint lithography and metal wet etching

[IFabrication of nano/micro patterned metal thin
films and their applications to optical and elec-
tronic devices

[JFabrication of magnetic micro/nano materials and
properties of their polymer composites

[JFabrication of hybrid polymer materials dispersing
inorganic nanoparticles and their applications to
optical devices
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Organized Polymer Materials
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SHIMOMURA Lab
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[JPreparation of hierarchically structured soft ma-
terials by self-organization

[JPreparation 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

[IBiomimetic engineering based on self-organiza-
tion

LRMRE - [E8F N TUYRREEDOIL Y OAZIAREH., 74 NI AGEH. TXNF—SF. BHRIHF. R0F/T//09—%
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Polymer Hybrid Nanomaterials

MIYASHITA
Lab
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mmm SPECIALIZED FIELD - KEY WORD
polymer nanosheet / optoelectronic device / hybrid material / nanomateria

Tokuji MIYASHITA, Professor

Akira WATANABE. Associate Professor

Masaya MITSUISHI, Associate Professor

Jun MATSUI, Assistant Professor

miya@tagen.tohoku.ac.jp
http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=59
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Tailor-made fabrication of
polymer hybrid nanomaterials

The research objective of our
group involves developing well-
defined hybrid assemblies or-
ganized with wide variety of
nanomaterials such as polymer,
metal/semiconductor nanoparti-
cles, nanocarbon, nanocrystal,
and silicon/germanium com-
pounds. Polymer nanosheets
prepared by Langmuir-Blodgett
technique serve as key materi-
als to assemble nanomaterials,
controlling the distance and the
layer structure at the nanometer

STMERIZ IR

scale. Bottom-up design of hy-
brid polymer assemblies allows
us to create new

flexible optoelectronic nanode-
vice applications.

function (mainly re- payes

. 438 B8 = Hetero-Deposited
lated to photonics — £ % Palymer Nanoassemblies

) = =" wlecironenargy
and electronics) ﬁ = fow conirol
and to elucidate HORIR gy —

. . | d ymer

the mechanism in i%ﬁ w:‘_b'_:s
terms of structure- i AT feaneatEronery).

property relation-
ship. These ap-
proaches will open
up new exciting
opportunities for
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organic nanocrystals ./ hybridized nanocrystals / directed-assembled nano-

structure control / photonic materials

oikawah@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=35

Organic
and Hybridized Nanocrystals

OIKAWA
Lab
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Polydiacetylene (core) — silver (shell) hybridized
nanocrystals fabricated by visible-light-driven
photocatalytic reduction method.

ERHHEERLARBSIXECMEE
ERISDREE. 7+ 703y 7HEXE
FRREEADFT/FERIL. FEA/N—ILEHA
BEen FEELEOMAERROE TV
£

lated polymer
crystal

Assembled nanostructure for photonics

Directed-assembled hetero nanostructure control
consisted of encapsulated organic nanocrystals
and semiconductor nanoparticles, and PS
microspheres.

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

In current material science,
hybridized nanomaterials are
expected to exhibit the pecu-
liar optoelectronic and photonic
properties, which are strongly
dependent on combination of or-
ganic 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-production of well-
defined organic nanocrystals,

design of organic-inorganic
hetero nano-interface and hy-
bridization method, directed-as-
sembled nanostructure-control,
and evaluation of optoelectronic
and photonic functions. In addi-
tion, surface plasmon-assisted

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

nanocrystals.

(core) -

multi-photon polymerization,
nanocrystallization of photo-
chromic materials and charge-
transfer complex, and polymer
thin films having inverse-opal
periodic structure are also now
in progress.

e, .a-c:-k:é:a:ai-i
Cegesesssds

Piteh: e, 1.5 pm
E-#nS: ca TT0 nm

Directed-assembled nanostructure control produced by
the tapered cell method on a patterned substrate: (left)
Kagome structure of PS microspheres and (right)
encapsulated ZnS nanoparticles.
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Hybrid Carbon Nanomaterials

KYOTANI
Lab
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nanocarbon  carbon coating ./ hydrogen storage ./ electrode materials

kyotani@tagen.tohoku.ac.jp

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

L. &I xIL¥—
TINNARELTISHE
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BNNAF P —XE
Bl BEFEEXTD
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EDFINAAREA
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after coating

before coating ~

bl

o comprised only 1-2
% graphene sheets.

for biosensor 7

mesoporous silica
(space group: Fmmm)

application to 3D
porous electrode film

/ enzyme
“-..| immobilization,

Thin carbon layer
enzymatic electrode

Synthesis of novel nanocarbon-materials
and their nano-hybrids

We are designing and develop-
ing 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 nanotubes with
uniform diameter and length.
Another noteworthy material is
zeolite-templated carbon which
has structure regularity like
zeolite and a surprisingly large
surface area up to 4000 m%/g.
In addition, we have recently de-

STMERIZ IR

veloped a method for a complete
coating of the entire surface of
mesoporous silica with graph-
ene layers. We are trying to ap-
ply these unique nanomaterials

electrode &
material ™
current
collector

electrolyte solution

EDLC

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

to electronic device, electro-
chemical capacitors, lithiumion
batteries, hydrogen storage, bio-
sensors and capsules for drug
and gene delivery.

encapsulation of DNA
in the interspace

gin
magnetic pH reactive
nanoparticle Q/\;lycf\/\f
DNA transport for cell

Application of carbon nano-test tube for gene delivery
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mmm SPECIALIZED FIELD - KEY WORD mmm

organic electronic materials ~ molecular conductors / molecular magnets ~ molecular

electronics

akuta@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=75
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Fabrications of

multifunctional molecular materials

Multifunctional molecular-as-
semblies and hybrid organic - in-
organic materials are examined
from the viewpoint of structural
freedom of organic molecules.
The spin and electronic states
of molecular-assemblies are
designed in terms of electrical
conductivity, magnetism, and fer-
roelectricity. For example, the
designs of flip-flop motions and
dipole inversions in the crystals
realized the ferroelectric prop-
erties. The hybrid assemblies

with the supramolecular rotators
and magnetic anions formed the
multifunctional
ferroelectric - fer-
romagnetic mate-
rials. Diverse mo-
lecular assemblies
from single crys-
tal, plastic crystal,
liquid crystal, gel,
to Langmuir-Blod-
gett film are our
research targets.

The researches

N Ty RHHEISRMES T

FNHRE

will be essential for future mo-
lecular electronics.

Qrgrani 1nic Hybrids
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Photo-Functional
Material Chemistry

NAKAGAWA
Lab
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mmm SPECIALIZED FIELD - KEY WORD mmm

material chemistry / macromolecular science / monolayer engineering ./ nanoimprint

nakagawa@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=13
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Advanced photo-functional materials
for nanoimprint lithography

Nakagawa group has dedicated
to pursue scientific principles for
molecular control of interface
function occurring at polymer/
other material interfaces and
to put them into practice in na-
noimprint lithography promising
as a next generation nanofab-
rication tool. We are develop-
ing advanced photo-functional
materials such as sticking mo-
lecular layers for “fix by light”,
UV-curable resins and antistick-
ing molecular layers for “prepa-

STMERIZ IR

ration by light”, fluorescent re-
sist materials for “inspection by
light”, and hybrid
optical materials

new devices to control photon,
electron, and magnetism.

‘available to light” | Fx.by light

and new research W
tools such as me-
chanical measure-
ment systems to

Preparation by light
Photo-curable resin

evaluate release _i} Inspe
property of UV- W -
curable resins. i |5
Our research

aims at creating

ction by lig

Intens

ht
>

o =~ distance
Quick inspection by
fluorescence microscopy
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SPECIALIZED FIELD - KEY WORD

biomimetics / self-organization /" honeycomb-films  polymer nanoparticles

shimo@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=27

Organized Polymer Materials

SHIMOMURA
Lab
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Design and preparation of hierarchically structured materials

based on nanotechnology and biomimetics

The research group aims at cre-
ating novel functional materials
having hierarchically organized
structure ranging from nanom-
eter to millimeter scale by us-
ing molecular self-assembly and
self-organization based on the
spatiotemporal non-equilibrium
dynamics. Nano- and micro-pat-
terns can be fabricated by using
the spatiotemporal phenomena
emerging in the evaporation
process of polymer solutions.
We are now focusing to prepare

novel tissue culture devices,
biomimetic materials, photonic
materials, etc. based on regu-
lar polymer patterns prepared
by dissipative dewetting proc-
esses, “Honeycomb-patterned
polymer films”
and novel poly-
mer nano-parti-
cles having hi-
erarchical inner
nano-structures
especially from
block copoly-

mers. Preparation of nano- and
micro-structured metal materi-
als based on inorganic-polymer
hybrids is another research is-
sue.

Nano-structured polymer nano-particles
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Chemical Reaction Engineering

BILTRAR =

YOKOYAMA Lab

@HIRA 7 > RIAAIE DAL E IR RSN DS

@1 7 VRAEBIRFA _BRILKFERANZ{LE
TOE A0

@D S DERLFRHDEET O ADRK

O~ JUEMEAZFALZFEHER7OEA
DEFFE

QEERR 7V E=T7HRA\DILAEYFEHRDBREE

OEMREZAR LT VEZTAROEMME

[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

[JCrystal 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

RIS - SRR D T

Solid State Structural and Synthetic Chemistry

IIIRA =

YAMANE Lab
@Rt T IV I ADHMMBAIRR CIEER
id KOTERACFEIRAZ

OE TR T IV I ARKEDRREFHREK
70t A0

O EHEERENA LRI EII VIR
ER7 Ot XD

ONa 7oV IRAEICELKDSICEIIVIARE
FULBHEILENDIKES

[JSynthesis, crystal structure analysis, and
characterization of new multinary inorganic
compounds

[JDevelopment of novel synthetic routes for
advanced ceramic materials using active metals

[JSynthesis of nitrides, carbides, and silicides
using a Na flux

={tWmr/-L

BTGBk - 7/ AFHEMES T

Device Design and Engineering Physics

BRI RZE

CHICHIBU Lab
ORFEICELL) (AlnGa)N & KV (MgZn)0 %
TA RINY RF vy THBEHMNRE & B
WVe, BT EXDBEMERICESIH LY
Jke—L > MEROWFE
O@UVILMNL—YERKVOT T L MDEFIRE
ALz (AlinGa)N & & U (MgZn)0O R T K
NV RF vy THERETF T/ BEORHEZ
BRBANY hOAOE—
OEHERMUFTHIELF—BRKUFFR
IERFS—I2&B (AlInGa)N REF T /18
R & RERIMR ~ RIRRFEN T /N A AR
@ (MgZn) O REALMFEHEDAY IV IKH
BT ZAYA/NY BIERF I —EHREMER
LSRR B

[JA new concept coherent light source based on
light-matter coupling in environment-friendly
(AlinGa)N and (MgZn)O wide bandgap semicon-
ductor microcavities

[JSpatio-time-resolved spectroscopy in semicon-
ductor materials

[IDesign and fabrication of (Al.In,Ga)N gquantum
nanostructures: epitaxial growths by metalor-
ganic vapor phase epitaxy and molecular-beam
epitaxy

[JHelicon-wave-excited-plasma sputtering epitaxy
of ll-oxide semiconductor (MgZn)O and fabrica-
tion of multifunctional oxide thin films

RFERISHIE - BIRIERMA DT

High-temperature Processes and Measurements

IR =E
FUKUYAMA Lab

OZ M BHEDERKRR E MBI

Q= REMMETRIS AT LD

O RLZERISHICH T HMH 7Ot RIS

@M IR EAEDEE{LEYr /07 S
F1I—RDFEF

[ICrystal growth and physical chemistry of nitride
semiconductors

[[JDevelopment of high-temperature thermophysical
property measurement system

[OMaterial processing using high-temperature
chemical reaction fields

[JFabrication of ferromagnetic shape memory alloy
films and development of microactuator

LY7MAZOA

MERFE 22—

CENTER FOR ADVANCED NITRIDE TECHNOLOGY

Center for Advanced Nitride Technology (CANTech) develops and promotes collaborative, interdisciplinary research in
the science and engineering of nitrides and nitride-related materials. The main research is about crystal growth and
characterization of gallium nitride (GaN) and aluminum nitride (AIN) for the substrates of nitride semiconductor devices.




Chemical Reaction Engineering

YOKOYAMA
Lab
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Chiaki YOKOYAMA, Professor
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Qiao KUN, Assistant Professor
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Daisuke TOMITA Assistant Professor
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SPECIALIZED FIELD - KEY WORD

supercritical fluid / nitride semiconductor ./ ionic liquid ./ immobilized catalyst

chiaki@tagen.tohoku.ac.jp

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

or ionic liquid

In our laboratory, major re-
search interests focus on ther-
mophysical properties investi-
gations, such as measurement
and development of prediction
method for a given compound
or system regarding its thermo-
physical properties, as well as
explorations of the applications
of supercritical CO2(scCO2) and
ionic liquids as novel reaction
media in green chemistry, aim-
ing for providing fundamental
data for chemical engineering

STMERIZ IR

Hsc@/(‘lﬂ;)ﬁso,ﬂ CF80;

and development of sustainable
chemical process with the aid
of scCOz/ionic liquids and other
methodologies available.
Current Research Contents
1.Measurement of thermophysi-
cal properties related to the
single crystal growth process

ER DB
17V RIED
BRIA
Ionic liquids
Organic Synthesis Processes
RO AN R @ PF;  BE;
Y “\: NO; CF,SOy
|:||:| Solvent = Catalyst >

of GaN.

2.Continuous reaction/separa-
tion process on the basis of
the combination of scCOz/ion-
ic liquids.

3.Measurement and correlation
of transport properties for
ionic liquid + CO2 mixtures
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Takahiro YAMADA, Associate Professor
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Haruhiko MORITO, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD =
inorganic structural chemistry / solid state materials chemistry ./ ceramics / materials

synthesis

yamane@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=16

Solid State Structural
and Synthetic Chemistry

YAMANE
Lab
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Synthesis of multinary inorganic compounds

by using a Na flux

We are searching new multi-
nary inorganic compounds, ana-
lyzing their crystal structures
and characterizing their prop-
erties.

The novel methods developed
for the synthesis of the new
compounds are applied to the
preparation of conventional ce-
ramics and inorganic materials
in order to improve their quali-
ties and performances.
@Synthesis of multinary oxides

by solid state reaction

@®Synthesis of ni-
trides, carbides, and
silicides by using a
Na flux

@®Synthesis, crystal
structure analysis
and characterization
of new multinary in-
organic compounds

@®Development of nov-
el synthetic routes
for advanced ce-
ramic materials us-
ing active metals

Double-helical silicon microtubes prepared
by evaporation of Na from NaSi at 800°C.
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Device Design
and Engineering Physics

CHICHIBU
Lab

BTREEYR/ BR - 7/ AFEHESEF

BR#AR=E

MR BX g =
PE #HE »
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Shigefusa F. CHICHIBU, Professor

Kouji HAZU, Assistant Professor

Masamitsu HAEMORI, Assistant Professor
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mmm SPECIALIZED FIELD - KEY WORD mmm

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

VAR vy THEGT/BEEREHEEPEINT FOXOE-

HFRE#E) EEFRBHET) D
BERMEEERTIEFHEET/ N1 XL EIHE
ELT KR 200nm & DREKIMED 5
FARETLEVEREBEHN-TBHE
HlmEEH D RIBICHOABEBICHEL
WZZxy ka2 v X%) AN, GaN,
INN FEDMEZEL+BH4EP Zn0, MgO
ZDNRBRILMFEBE, BICIETI0FED
2EBIEMFEMERICZRY b1 MEYT,
AHREBEFREIE2X Y —E 5FiR
IESFY AL T BFELANILTE
BAERE - REEFOFEERS/ BEREP
BEDIEZX Y vIILREEITVET, £

oo ZMBXAJZRAEY Y- F
JIEED T T L MY IV
REFIRBEICLDIERE 22
BRI A EEA S EIT V. iR
HEFICBIBHETFHR -2
FHRFAUTLE1FIVR

B TARNUFF ey TR - BICHEEEK- T/ EEDTELX S v LR

BRFEBLANTFREALEERE - REFHIC& 5BHEERR
B Iz AMP~EIB/ LRARREFREAVEDARNAURF vy T HED

PERMBEDHERELE) DY
BICEWET, £/ 205
ERWER-BEFTNAR(E
SHR- PSSR ERL —
Y- R EREFOERKT
NAR, BRBRINI TR
2%) OWRETVET,

B - ZRSBRARIMORIE—IC&BF /BB F T F 4TSV REHA

ORBESUTHA+I52
1
Eus

LI

0 %0 80 S0 X
mE ()

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

Research objectives of the
laboratory are to design and in-
tentionally create quantum na-
nostructures desirable for new
functional optoelectronic devices
workable in far ultraviolet, visible,
and optical communication wave-
lengths using planet conscious
wide bandgap semiconductors,
namely (AlIn,Ga)N and (Mg,Zn)O
systems. We are growing quantum
structures by metalorganic vapor
phase epitaxy, molecular-beam
epitaxy, and unique helicon-wave-

STMERIZ IR

excited-plasma sputtering epitaxy
methods. Ultrafast recombination
dynamics of excited particles in
nanostructures are studied by
time-resolved spectroscopy us-
ing a femto-second laser, and

W Environmentally friendly wide bandgap
lll-nitride and ll-oxide semiconductors
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B Localized excitons in InGaN alloys

very local carrier dynamics are
proved by focused pulsed elec-
tron beams using a home-made,
spatio-time-resolved cathodolumi-
nescence system equipped with
a photo-electron-gun.

(G N alloy

model of
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mmm SPECIALIZED FIELD - KEY WORD mmm

materials processes ./ chemical thermodynamics / thermophysical properties of

high-temperature melts / crystal growth

fukuyama@tagen.tohoku.ac.jp

http://www.tagen.tohoku.ac.jp/modules/laboratory/index.php?laboid=17

High-temperature Processes
and Measurements

FUKUYAMA
Lab
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High-temperature processes
and measurements of materials

Fukuyama laboratory studies
novel material processing based
on chemical thermodynamics
with high-temperature thermo-
physical property measurements.
As examples, we are developing
new crystal growth processes to
bring a breakthrough in nitride-
semiconductor devices, which
are promising materials for next-
generation optical devices ap-
plied in environmental, medical,
bio and information technolo-
gies fields. Database of thermo-

physical properties of materi-
als is needed for modeling heat

and mass transports in
materials processes.
A new thermophysical
property measurement
system is currently un-
der development, which
enables accurate meas-
urements of heat capac-
ity, thermal conductiv-
ity, emissivity, density
and surface tension of
high-temperature melts,

BEEAAS —
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utilizing electromagnetic levita-
tion in a dc magnetic field.
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ZItCAF

TAGEN CAF (TAGEN CENTRAL ANALYTICAL FACILITY)

ZTMERZMZEFR Central Analytical Facility (B&%5: %t CAF) 13, EFIEMEX. XBEOMES. %K
SEBAHHEENMR), LV -2 IMBEELEAVEREELZHVTSEMB O MELELTE L
HEPHBREE, EXFH/MEMR L 2—DXHESLVF/77/00 —4BFOMEHELENE LT &
HOEREEREANCLYEEILINZF/TIZHIVTRERE L. 2010 FEICRELE L. ZTCAFTIL, 1R
EWMHBEAROMAZEEERIC. RFHO /T MAEEEOER - EE2TH>TVET,

Central Analytical Facility in Institute of Multidisciplinary Research for Advanced Materials (Designated as Tagen
CAF) was established in 2010, by combining Common Analytical Facility, which supported the analysis and charac-
terizaition of various materials using special equipments, such as the electron microscope, X-ray diffraction 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 FEERITRE

Apparatuses for ultimate analyses

Apparatuses for molecular structure analyses

OTEEDEE (RHE KR BHRBRITEE. BR BRHNES.
R - REDERE)
Elemental analyzer (C-H-N-O analyzer, O-N analyzer, C-S ana-
lyzer)

O ICP #XATEE
Inductively coupled plasma emission spectrophotometer
(ICP-AES)

OMNBEE X IRDORE
Electron probe micro analyzer (EPMA)

O ZHEETIRMONTEE X BABTFHHERE)

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

ORITEEREZRAA >V EEDHERE
Time of Flight secondary ion mass spectrometer (TOF-SIMS)

OJO0—REEEMNRE

Glow discharge mass spectrometer (GDMS)

RLKRZE ZTMENEZMER

OB RHESRE 3%A NMR400/600MHz)
NMR 400/600 MHz

OFTRINMR RE (FRAZ%NMR)
Digital NMR (Liguid NMR spectrometer)

OF/TFINARALF D BAF IV AGHRIERE (B4R NMR)
Nano device ion dynamics analyzer (Solid-state NMR spec-
trometer)

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

O B¥fe - ZRE DS RIRERET 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)

EFERHELGERE

Electron paramagnetic resonance spectrometer (EPR)
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C. EHERRRE

Apparatuses for crystal structure and microstructure analyses

OEBRSTEFRME
Transmission electron
microscope (TEM)

OEBEWEFHEMER
Scanning electron micro-
scope (SEM)

OBRBHEEFRMER

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

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

scope
(High resolution FE-SEM)

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

Small angle scatter-

ing device
4. X'Pert :
5. B#ESMK-4 8 '
EiFEE RINJEV

k-4 axis diffraction device for single crystals

6. BifmA IP R&

IP device for single crystals

O BfERBB X ERmRE

Single-crystal automatic X-rays structure analyzer

OZRFTIAYVOANA X GEIFEE

Three-dimensional micro stress analyzer

OEA X BATRE

Fluorescence X-rays analyzer (XRF)
OlLaue BERE

Laue photograph device

OL—Y—AAALERHTER MALDLTOF/MS)

Laser desorption ionization mass spectrometer

OAF > Ny TREEDEE (ESI-TOF/MS)

lon trap mass spectrometer

ORI T — U TERFAD KL FTIR

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. N7 EIVER S R BEREETHES
Triple cell type high temperature high precision differen-
tial scanning calorimeter

O¥EEmPReR BRI

Autograph

ONATRD AN EE

UV-Vis spectrophotometer

OL—Y—RIrRNHEIRAERE

Laser diffraction particle size analyzer

=n
D. E#85%
Base facilities
ORBEREIE AT
Liguid nitrogen supply system

ONYI LA ABEYERE

Helium gas recovery device
OV—"mRR B RERERE

Zone melting type single crystal growth device
OF— U BRIF

Arc smelting furnace

BFREERE

Electron beam drawing device
ORFRELE =T

AT

Molecular design sup-

port system

OIHH

!
§iE'E

B supbly Sheten

67 168
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TECHNICAL SERVICE SECTION
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TECHNICAL SERVICE SECTION

Workshops

® Machine shop

® Optical finishing workshop
® Glass-blowing workshop

Electron microscope section

® Nano-area analysis system

® Scanning electron microscope

® Transmission electron microscope

® Spectroscopic transmission electron
microscope LEO-912

® High resolution scanning electron
microscope LEO-982

X-ray analysis section

® X-ray diffractometer

® X-ray fluorescene analyzer

® Electron probe microanalyzer

® Powder X-ray diffractometer

® Powder X-ray diffractometer for high

® X-ray diffractometer X'-pert for thin film

Glass lathe machine

Main work is preparation of non-commercially avail-
able apparatus, which are designed by researchers
with advice of highly skilled glass blowers and machin-
ists. In the glass shop, a variety of vacuum apparatus
and pressure-stable vessels are made by lathes and
other machines. In the machine shop, various reaction
vessels are prepared by lathes, milling machines, and
precision.

FKRFE ZXWERLMER

Others

® Inductively coupled plasma spectrometry

® Multi-functional surface analysis instrument

® High-temperature and precision differential
scanning calorimeter

® Femto second laser system

® Nuclear magnetic resonance

® Surface analysis system

® Elemental analysis system

Multi-tasking machine

For the efficient use of instruments, the room is sav-
ing to maintain several precise instruments. The in-
struments under service are TEM, SEM, SIMS, NMR,
ultra fast reaction analysis system, system of computer
aided molecular design, time- and space-resolved Ra-
man and IR spectrometers for fine analyses of materi-
als and so on.
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ACADEMIC EXCHANGE AGREEMENTS

19815

19934

1995%

1996%

19974

19984

1999%

20004

20014

2003%F

WAL THBR(RTE  RALKF)

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

O 7RET7HT I—EFMEZMER

(EAZ7.0>7) 108 18##]

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

aAOYE7XRFFER(C2—3—2, KE) (11822 B##)
Department of Chemistry,Columbia University (New York,USA)

REVY—FHI N RRIAREET—ANYREFR
(T b EE) 10 B 1 B

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

NIV BRXEDIEER

(NI RAY) T11 A3 B##]

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

(bARZ. OY7) 12 A 1B###E]

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

aAOYE7RFET MR- RETEHR

(Z2—3—7. KE) [10A 15 Bf#fE]

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

ERKFEF/ HERTREE 42—

(dtm. RE) MM ASEMHEHEI[XZEBE 1999F 11 B 10 BfF #4.
2009 % 3 A 13HE#]

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

AAKRFLEBIFRILNL A2 KE) (11815 Bf#E]
Department of Metallurgical Engineering,University of
Utah (Utah,USA)

Y¥INKRESR 7O AMA L 42—

(B NUAF—=IL. BFA) [11 B 30 BfF#E]

McGill Metal Processing Center,McGill University (Montreal, Canada)
pOY PREERE - HEBEER(NOY N HF4) [12 51 B
Department of Metallurgy and Materials Science,University of
Toronto (Toronto,Canada)

RIVR LY bKE

(RILRLY b RAY) [REZEHBE:2 B 15 Bf###E. 2009 F£9 A 14 BF#
University of Dortmund (Dortmund,Germany)

1IF - T7U—KYvk Y F—KEBHENERER

(ATF- KY) [7R 27 Bf#fE]

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

FIVESRILXS

(FZIVE.T7S2A) [10 B 4 Bff#E ] [ XZEHE 2006 F 9 A 12 B ]
Ecole des Mines d’Albi-Carmaux (Albi,France)

tRmKZF

LR, hE) [KZEMHBE: 11 A10 BfF#E. 2009410 14 HE#
Changchun Institute of Optics, Fine Mechanics and Physics
(Changchun,Jilin,China)
OYPHETHT I—LAF 7HIEHER

(ERZD.0>7) [7H21 8]

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

hEREZRRELFFERMIDIEMER

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

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

EFREMHBEIRESR

(REARM. hE) [6 A 5B

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

BEXZENA TV Y MBI

(KH. BE) [1 17 BfF#E]

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

RLKRZE ZTMENZMER

2004%

2005%

2006%F

2007%

2008%

20094

20104

SFIL 1By MK

(B 18y b RAY) [KZREHE:4 B 30 BfFE. 200910 A5 HE#]
Darmstadt University of Technology (Darmstadt,Germany)
BREXFERBERAMEEEREMROIEMA L 24—
(Vv &E) [6 B O Bl

Advanced Materials & Process Research Center for IT, Sung-
kyunkwan University (Soeul,Korea)

BB RSB TIRFRCIES. E) (68 16 B

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

JIIVKER

(V). 8E) (7B 8 Bff#E) (KFMEBE: 2008 F7 A 29 HE3)
Seoul National University (Seoul,Korea)

VI IM4FELIEKRTR

(FI7. o747 [KREMBHE:6 A 2B##E. 200947 A 31 BE#
National Technical University of Ukraine (Kyiv,Ukraine)
OY7HRET7HTI—BRIMBEBHE 7O ARREH
(524X Ny . O>7) [12 B 1 BffE]

Institute of Automation and Control Processes, Far Eastern
Branch of the Russian Academy of Sciences (Vladivostok,Russia)
L—H— - TS5X7 - Wat R E LR

(FHLAN W—<=7) [8 A4 Bf#E]

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

HRRFEREIMAER T 77517) [9A 20 B
Institute for Problems of Materials Science, National Academy
of Science of Ukraine (Kyiv,Ukraine)

EEREMERIYS, K0Y) 10817 Bf#E]

Institute for Crystal Growth (Berlin,Germany)

A —Z—I—KF

(V%4 —=8—b—, HF &) [RZEHBE: 10 A 30 B

University of Waterloo (Waterloo,Canada)

IRV VL. BE) [K2EHE: 2 A 2 Bf]

Sogang University (Seoul,Korea)

BAMAZGEN. FE) [X¥MiBE:4817H]

Lanzhou University (Lanzhou,China)

AMEKZRAN. BE) [X3MEiHE: 78298

Kongju National University (Kongju,Korea)
BHAMER(TL Y b3) (RUTRF. 12Y7) [8 B 29 Bfif ]
Sincrotrone Trieste,S.C.p.A (Trieste,lItaly)

IRBHEKRPGECR. FE) [AZRHE: 656 BE#H]

University of Science and Technology Beijing (Beijing, China)
SEY-RVINIVKFEHTHA, TIRAIT) [R¥EEHE:1A8A]
Universidad Simon Bolivar (Caracas,Venezuela)
FIVRAKFGFTOVA. 21) [6A9BHH#]

Chiang Mai University (Chiang Mai ,Thailand)

BHAZRGEM. chE) [XSRHE 6 A 20 B

Yangzhou University (Yangzhou,China)
BEIRBMREASRGEER. 83) (1827 Bk

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

TYYIRT IV REMAFR

(INAFTINIVT. RAY) [12 B 24 BffE]

MPIK, Max-Planck-Institut fur Kernphysik (Heidelberg, Germany)
AERIEXRFCR. FE) [KZREHE 10 516 BFf

Beijing University of Technology (Beijing, China)
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OUTLINE

BRE vrveers (as of 2011, 5)

ﬁ%ﬁ%{ FACULTY & STAFF

H ® IR # ED B % Bl E EHHE EEEHE B
Professors Associate Professors | Senior Assistant Professors | Assistant Professors Technical Staffs Administrative Staffs Part-Time Staffs Total
*41 29 5 62 *58 24 106 *325
HEBHIR (48) 2L
Eﬁ%ﬁ;& BESEARCHERS * BEARR(6R) 258,
MEREMREGEN) | MRAEAREEAN) | FEMRE ZEEMERE FIREFRIMEER H
Institute Researc! nstitute Research Students Visiting Researchers Contract Researchers JSPS postdoctoral fellows Total

(For

%i@ STUDENTS

k‘il‘%i Graduate Students igﬂii E
ﬁﬁ,%q%%*% MS ?ﬁ,ﬁﬁé%ﬁ PhD Under Graduate Students | Total

205 76 47 328

MAEE  ANNUAL REVENUE and EXPENSE

FR22FEMAAR FR22FEFZHAR

Revenue for FY 2010 Expense in FY 2010
2%
9%

19% " 38%
500, 44

%
? E‘I’ Total %‘I’ Total

LRI 4,942 [ 4,942

[millions of yen] [millions of yen]
4%
EEBER IS Operational Grants EEERXNEANGE Operational Grants Personnel
ﬂi‘f.ﬁﬂ;"{,ﬁﬁﬁj}ﬁ ts -in-Aids for Scientific Research ﬁﬁgﬁ{ﬂ’%%ﬁ-% Operational Grants Non-Personnel

MERMRRREES
ZEMEE

%ﬁm%% Joint Res
§|}ﬁ$ Donations

cience & Technology etc ﬂgﬂg%)\ﬁ-g Research Funds Personal
ﬂgﬂgﬁ%{#% Subsidy for Facilities & Equipment Maintenance

TH -2 anDanaBUILDINGS (as of 2011. 5)

+ # Lend A Part of Katahira Campus 140,075 | B¥#AEETE Total Floor Area 38.217m?

73174
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Chemical Reaction Science Building (CRSB)
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Laboratories for Advanced Materials Research (LAMR)
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SMB-N CRSB-2 Administrative Office
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ACCESS
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Access to Sendai station
1. Train

2. Flight Sendai Airport has international flights from many East Asisn cities and domestic flights.
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Narita International Airport

"Tohoku Shinkansen (Bullet train)" From Tokyo to Sendai: 1Th40m

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