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Research Institute of Mineral Dressing
and Metallurgy, Tohoku Imperial Universi-
ty was founded.

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

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

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

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

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

Research Institute for Scientific Measure-
ments, Institute for Chemical Reaction
Science, and Institute for Advanced
Materials Processing were restructured
and consolidated as Institute of Multidisci-
plinary Research for Advanced Materials
(IMRAM) .




INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

Y
E/A

FTERIRES  DIRECTORS MESSAGE -+ttt 3
FEFEEX] 7 ORGANIZATION GHART rr-r+++--cseeeese11meeee e 5
B - L PIERATEEBFT  DIVISION OF ORGANIC: AND BIO-MATERIALS RESEARCH v v 11
AR IIFFTEERFT  DIVISION OF INORGANIC MATERIAL RESEARGL e 19
TOE A AT LT EFRZZERFY  DIVISION OF PROCESS AND SYSTEM ENGINEERING -ttt 27
EHBIRAZEEBFT . DIVISION OF MEASUREMENTS wetteereeeessesseere e 35
IEKEBREIRIZRIFIMFEBFT  coLLABORATIVE RESEARCH DIVISION OF NON-FERROUS METALLURGY AND ENVIRONMENTAL SCIENGE - 45
ERBER 7O AMA L B — . CENTER FOR MINERAL PROCESSING AND METALLURGY vt 47
FeimEtAIBAFEE > R —  CENTER FOR ADVANGED MICROSCOPY AND SPECTROSCOPY v 57
BRF-NATV)Y RMBATEE > B — . POLYMER: HYBRID MATERIALS RESEARCH CENTER vttt 63
TSRS E IR FRMF 2> R —  CENTER FOR EXPLORATION OF NEW INORGANIC MATERIALS vt 71
ZZTC CAF  TAGEN CENTRAL ANALYTICAL FACILITY ettt eeereetsset et 77
FEMTER  TEGHNIOAL SERVIGE SEGTION vt 79
BRSEDZE R BRER  MAIN AGHIEVEMENTS oo 82
BAGEESTITE  ACADENIC EXGHANGE AGREEMENTS. e 83
BBE BB QUITLINE rvvreeeeeeereeseese s 84
FEMNEEIAIR] - IMRAM BUILDING MAP oo 85




RIEKRZE ZTMERZEMARR

GREETING

HLVED

RiLKE
ETMERZ AR
MEmME

M EE

Institute of Multidisciplinary Research
for Advanced Materials
Tohoku University

Director
Atsushi MURAMATSU

ZIMERFMRERR (LT, ZTh) IR 25 1 7TENBEEU A, TERDEKRFIXPHIC
ESHhEW ME. MHEET. H503“bD " STWICHIR T 5. FFEHIMERREL
T2001 FARICHEL, ZLT [ ZTMERZ | I—RHRICORBISREL DDHVET,
ZOBEE. BISZ1941 FLIRZ F D N B, BELBURIATTRR (RM T %R . BHEFE
BIRRZTRR. FEKBRACEIR R (RITIEZEMZERR) DAEU YA THY, £ CB0FZL A
$OETBARMDNE, VLOLERELE T, K ALEPTIRWTELSLDMRESEFE.
EALWRRRDY . RhaZ ekl STMICEIZMA N TEN BEDPSREN DR
HOP T MRFFDHEEIE5T, BHEEBATHEL (VKRER B EN TEET,

Zhi, 2EAREBER 7O ADME., H5VIBFIEMEEME. TL THEEREN
1TVYRMBDN RO TT, EREDHIRVELERNICEATVEDY S, BEVRRR TH
B, BIR CEREMERH DBEN FIRETH 72 ENFEVLTVET,

OULTE T TS BRPOREWmMABETOEEAM., 2L TEME, B N1F5E
HEOZMEMKEETCKFEAROEmEEE, /N1T)YRICHN-LT= AR TEHHFH L
RRED MEATHONTVWET, ZOLEMRD—iE. K [ SE] TRALTVET,
INGINZENR=V %D BN S, BT TR, “HD"H. “ N bNATUyREL>T MEM
B RICTEEL TV B EEBRL THTLEEN, ok, ZTMOERITZETEEN
TEBHZETLED,

2010FDSta% o7, BRIV G RN — VR EIR IR THS [1E -7/ A8
HREMZEH R | (ZTHOM, ALBERFEFRFEMER. RRIEXRFEFEGT
FIRERR. KBRAZEERFZRRER. AMNKZEBYECARERN) Tld, AHIZ7<
SADHEEREHL THY, —FEFEEDS 3 ST BEAREBICE > TVET, S5,
BEWVNCEDRAPHRBMEELED TR T [N RIEEMEE DL/ N—V 324l
HEAFIVT-TIAT LR B FEBICRHZFERIC, HD, EIRAICHEESh TOET,

—A T SEEIRERDERLH X IR EED, RIBRDORALS S SLIT-J #
EOEMREFBEL T —HEEELSEBAVICASIC SLIT-J DEEMEEAML. XF-5
HEZLTRIEBERABEEREEDIC BB TEEL e REEN—RIVEBALS, E
WICENF TE2ILEL TWET,

ST 2011 ESANDEAXKEX »OSTENRBLEL 20 STMISMEMFICE TS
RIUABEAOERE BADEBREERREEEIMERROEZLMREDELE. 5
BOHIEEAYHESTOEET, RBICHVELD | ERA D2 DIRBEECREL DL
AT EBRL EIF2EEIC. SHED. BDOMITREBIFTSOELCHBREVLAELET,

Fr30F4R MZFIR FNER



INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

Our institute, Institute of Multidisciplinary Research for Advanced Materials,
IMRAM, is called TAGEN-KEN in Japanese. It takes 17 years from its
foundation, April 2001. Nowadays, it will be widely known, since the research
in our institute has been carried out over "Multidisciplinary" fields of science
and engineering for materials. Our basis unfailingly is in the successor of
three prestigious research institutes of Tohoku university: SENKEN (Research
Institute of Mineral Dressing and Metallurgy)-SOZAIKEN (Institute for
Advanced Materials Processing), KAKEN (Research Institute for Scientific
Measurements) and HISUIKEN (Chemical Research Institute of Non - Aqueous
Solution-) -HANNOUKEN (Institute for Chemical Reaction Science). SENKEN
was established in 1941, KAKEN was in 1943 and HISUIKEN was in 1944.
So, 77 years have passed since the foundation of the former three institutes.
Their research spirit will be passed down to us so that the knowledge and
experience integrated from prestigious institutes allow us to establish so many
collaborations between members of our institute so that a plenty of noticeable
research results have been achieved. The projects are exemplified by Metal
Resources Engineering and Metallurgy, Transmission Electron Microscopy, and
Organic-Inorganic Hybrid Materials. You can notice not only the hybridization of
materials but also that of researchers in our institute so that they must promote
our activities surprisingly. You may absorb yourself in such a TAGEN-ken world
through pages you see.

Our institute has started the activity as a member of the new Network Joint
Research Center for Materials and Devise from 2010, composed of five
national university institutes, Research Institute of Electronic Science (RIES,
Denshiken) in Hokkaido Univ., Laboratory for Chemistry and Life Science (CLS,
Kaseiken) in Tokyo Institute of Technology, Institute of Science and Industrial
Research (ISIR, Sanken) in Osaka Univ., and Institute for Materials Chemistry
and Engineering (IMCE, Sendouken) in Kyushu Univ. This network is open
to anyone in Japan and the world including colleges, institutes and private
companies, who wishes to collaborate with the institutes. Based on these
five institutes, the "Dynamic Alliance for Open Innovation Bridging Human,
Environment and Materials" was also founded as a unique 6-year national
project starting form 2016 fiscal year.

Tohoku Univ. is now promoting the SLiT-J project, which focuses on the soft
X-Ray region of the spectrum where its performance is optimized. This spectral
range covers the K edges of the light elements including for example Li as well
as C, N, and O which are all critical to current technological challenges. Since
our institute is the main base of this project, we have been making our best
effort on the realization in the near future.

Seven years have passed since the Great East Japan Earthquake on March
11, 2011. We contribute our efforts to attain the reconstruction through
material science and technology as well as to produce researchers and
engineers useful to the nation. We will proceed further advance in the field of
Multidisciplinary Research for Advanced Materials.
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Promotion of Quantum Beam Phase Imaging Research & Development among 6 research institutes with the leadership of IMRAM
based on the ERATO (Exploratory Research for Advanced Technology) program sponsored by JST (Japan Science and Technology
Agency)
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Joint Research Center of Materials and Devices
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DIVISION OF ORGANIC- AND BIO-MATERIALS RESEARCH
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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.

# ¥ Professor

KR 58

Fumi NAGATSUGI

Takehiko WADA

A B2

BIRFRBEOCZHEIHERIEL A ERDRRE

Development of the strategy for the control of gene expression

#HPR LK

Hiroshi KUMIGASHIRA

MEARLZ £ t2EERALES
ISROEIR

Chemical Biology and Functional Photochemistry

I

BEDTEBEHIE B FAF LR

Kenji INABA

ISTHEHAIC RSB L ABE DI

Design of novel functionalities in oxide nanostructures based on synchrotron analysis

KE

Shin MIZUKAMI

HRADS I ERBEERY ZT LD FEE

Molecular basis of the protein quality control systems in cells

B i Satoshi TAKAHASHI

HEBEME D FEXEHC L B MBBRE D AT AR LI

Imaging and regulation of cellular functions with functional molecule design
BBHI® Visiting Professor

FiE #=

Kohzo ITO

—DFEABRICLDLINTEDTH—IVT 1T ERERED R

Dynamics of proteins based on single molecule fluorescence detection
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Development of new circular dichroism spectroscopy and its ap-
plication to the conformational change dynamics of biomolecules

Yasuyuki ARAKI
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Structure-function relationships and novel reactions of metallopro-
teins

Toshitaka MATSUI

% FA@ Senior Assistant Professor

%iﬁ.l. T@K Hirofumi KUROKAWA
TIPS —ICEDHIE D F RS DRZER

Novel Molecular Recognition Mechanism by Chemical Sensors

o

By # Assistant Professor

R Takatoshi MATSUMOTO
In silico (C& 2R - B IR B L HE AR I S SR DERETRASE
Design and development of high sensitive and selective functional
reagent in silico

N e
pre-miRNA & & 5 FDRIHE

Development of new molecules binding to pre-miRNA

Hirotaka MURASE

5)3 I:ZIEB Hl%\\ Satoshi WATANABE
ERBAFIEEMES NV EREEREIBOBEEYF

Structural biology of metal ion homeostasis and protein quality
control

HLE &
INBARIZ BB PV LELR YT ZD
TER MRS OREER

Structural basis of the calcium- and redox-homeostasis in the en-
doplasmic reticulum

Michio INOUE

B B Kiyoto KAMAGATA
2L INTEDIE G HERES (1 F IV DB FEHBI R DR

Development of single-molecule measurements for protein dynam-
ics

FIE Ik
THILENM AR BB IEIC BB
BUINTEDOT TR IEE TS
Mechanisms of protein disulfide bond formation in the ER of mam-
malian cells

Hiroshi KADOKURA

Kazumitsu ONIZUKA

BIFE A

RNA EAZHIC LR LY — IV DS

Development of novel chemical tools targeting RNA

Fals B Masaki NISHIJIMA
HICEBFF)T 1 — DRI ERIEEFB A F XTI

Supramolecular photochirogenesis using chiral biomolecular me-
dia

%E {EX Yuta AMAGAI
IR EN L5 1 T S EE BB OB

Molecular mechanisms of protein quality control systems via vesi-
cle trafficking

NFOE BT Toshiyuki KOWADA
HEEEM /D FE BV REEED R IR L EHIE

Visualization and manipulation of biological functions using func-
tional small molecules

NI Hiroyuki OIKAWA
—DFEIEDHECLDERD FOSRSAFITIADEH

Tracking of fast dynamics of biomolecules by single-molecule fluo-
rescence spectroscopy
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NAGATSUGI Lab
Synthesis of Organic Functional Molecules

FRRH-F—T—F | BEFRREME HEEATRER IO AU R HiEEE RNA

SPECIALIZED ‘ control of the gene expression “intelligent artificial nucleic acid.” cross-linking
FIELD-KEY WORD agents,/non-coding RNA

O NATVEAE =3 B AL RISIC & BB PIE I FAERERIE 5 E DR R

© DNA%$RET 2 RISEF L2748 8H DNAKE S 5 FOFFARRIEDFHR

0 2K DNAEEDFIHZBIEL -2 FE—2—DERK

® Design and synthesis of functional molecules for regulation of gene expression

® Development of functional oligonucleotides for artificial regulation of gene expression

KR B omom

Fumi NAGATSUGI, Professor

fumi.nagatsugi.b8@tohoku.ac.jp

mAR 5F m n

Takatoshi MATSUMOTO, Assistant Professor

BIZE M » %

Kazumitsu ONIZUKA, Assistant Professor

NE B8 v x

Hirotaka MURASE, Assistant Professor
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Development of intelligent molecules for the regulation of gene expression in cells

Our research activities have focused on the creation of
functional molecules that exhibit specific recognition and
reaction to the DNA and RNA. The functional oligonu-
cleotides incorporating such intelligent agents would
enable chemical modulation of gene expression with high
sequence-selectivity at a single nucleoside level. Recent
progress in our group includes achievement of highly
efficient cross-linking reaction with specificity toward
cytosine at the target site. We have applied the new
cross-linking agent to antisense inhibition of gene ex-
pression in cell. Now, we study about higher functional
intelligent molecules for regulation of gene expression.
We expect that our research can be expanded to “In Cell
Chemistry” in future.

Thymine Selective Cross-linking Agents
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Functional Photochemistry and Chemical Biology °
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m DDevelopment of external stimuli responsible artificial nucleic acids
m Creation of intra-cellular environment change responsible functional molecules

Yasuyuki ARAKI, Associate Professor

2 B @@

Hirofumi KUROKAWA, Senior Assistant Professor

m Creation of cancer cell specific oligonucleotide therapeutic molecules ﬁm’% Ez*ﬁ‘]‘ B %
® Supramolecular Asymmetric Photochirogenesis with biopolymers and bio-molecules as a nano-chiral reac- "
tion media Masaki NISHIJIMA, Assistant Professor

m Development of High Sensitive and High Time-Resolve Circular Dichroism (CD) Detection Method for Anal-
ysis of Supramolecular Dynamic
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Design and Synthesis of Artificial Nucleic Acid and Protein for Active Control of Cellular
Function and Development of High Sensitive & Time Resolve CD System

A chemical synthesis and modification of DNA/RNA and nition phenomena in both the ground and electronically
proteins is the fundamental science and technology that excited states; we are pursuing mechanistic and syn-
has led the molecular biology revolution. Hence, a chem- thetic studies on asymmetric photochemistry with supra-
istry of DNA/RNA and protein not only in vitro but also molecular biopolymers as chiral reaction fields.

in vivo expects to open new generational

stage of bioorganic chemistry and molecular A
biology. Therefore, focusing our research
interest mostly on the recognition and com-
plexation behavior control of functional bio-
polymers, such as DNA/RNA, proteins and
their derivatives by external factors, toward
the active control of cellular functions.

Another research topics of Wada Lab. are FIAARTIT 5~ MBI CB%EL SR SHEAROETS
reaction control based on molecular recog- CDEIFELE
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KUMIGASHIRA Lab

Nano Physical Chemistry

FMAH-F—T7—F | el /YE BAHILIMOZIR RE- REYE S MEAEFINK "‘
SPECIALIZED F_unct\onal nanorﬂ_ater\'als Oxide electronics,”Surface and interface physical proper- _
FIELD-KEY WORD ties,”Photoemission spectroscopy %EEE J-E,_'II:,:\ w5 B

Hiroshi KUMIGASHIRA, Professor

© B LM S RSB RS- 511 e _
© B LAABIB SIS 51T SRR ORISR E 9T 5/ N 1 DBI%E kumigashira@tohoku.ac.jp
o RE-REICHI BB T HBEORIRE
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® Control and design of novel functionalities of oxide nanostructures

® Exploration of multi-functionalities based on oxide nanostructures and application to novel devices

m Characterization of electronic, magnetic, and orbital structures at the surface and heterointerface using
synchrotron-radiation analysis

® Development and application of photoemission spectroscopy and x-ray absorption spectroscopy

U B/ WErEECRE ARL. LA RIS T B,
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Control and design of novel functionalities in oxide nanostructures

Our goal is to control and design the novel functionalities
appearing in the nanostructure of transition metal oxides Oxide NanoStructures
by the best possible combination of the sophisticated ox- RHEED

ide growth techniques using molecular beam epitaxy and
advanced analysis technigues using synchrotron radia-

Substrate

OZ
tion. The wide range of properties exhibited by the oxide ————— - inlet
nanostructures makes them one of the most interesting ; J fPlune
groups of functional materials. The novel physical prop- Ceramic_-" |

. . . . . Target
erties arise from the interface region between two differ- <

ent oxides. Thus, in order to control the novel functional-

ities, it is desired to obtain the knowledge of the interfacial

electronic, magnetic, and orbital structures. For this pur- sion spectroscopy and dichroic X-ray absorption
pose, in our laboratory, we utilize state-of-the-art spec- spectroscopy using synchrotron radiation, which enable
troscopic techniques, such as angle-resolved photoemis- us to probe these structures in the nm-scale region.
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® Structure, mechanism, and physiological function of the protein disulfide bond formation/cleavage network Fﬂ‘é‘ r.L_\ RS
involved in protein quality control . K .
® Structure, mechanism, and physiological function of membrane transporters involved in the metal ion homeo- Hiroshi KADOKURA, Associate Professor
stasis in cells ;FZF-EB H{ﬁ By %
Satoshi WATANABE, Assistant Professor
X X » %
Yuta AMAGAI, Assistant Professor
HE EiE » %

Michio INOUE, Assistant Professor
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F-TO7AIVX-MREMENF AEEREL, BFRAT
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VLA REERET RN VAR CERED
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Toward elucidation of cellular mechanisms underlying protein and metal ion homeostasis

The biological kingdoms have evolved elaborate
systems to maintain the cellular homeostasis. -
Employing structural, biochemical, proteomic and
cell biological approaches, we aim at deep un-
derstanding of mechanisms by which protein

wR oth

TRPP2

guality and metal ion concentration are con- chae

trolled in living cells. In particular, we focus on “ =T o
the protein disulfide bond formation network and ER wmen

calcium ion transporters present in the endoplas- [ [y =
mic reticulum. Structural and mechanistic in- & =
sights gained in this work will provide molecular - . )

views about how neurodegenerative diseases
are caused by impairment of these cellular qual-
ity control systems.
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Cell Functional Molecular Chemistry
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Shin MIZUKAMI, Professor
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® Development of fluorescent sensor imaging biological activity

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

® Development of technology to control biomlecular activity by light

® Development of light resistant fluorophores for strong laser-based microscopy

m Structure-function relationships of metalloenzymes involved in catabolism of biological pigments

NFIBEIT B %

Toshiyuki KOWADA, Assistant Professor

{LEZAICED VMR RE DRI R 1L & 18D

EHABECEMBATE, BAE- B BECORCER  BEE(LASIXBI TS —IMESH 74O S LS ER L
SENEEMALENSEELTOET, ThEDERATFORD  LBELSRAOEHBRFOBRRAEETVET, 250
BRGNS BITIE, ABOEEN FEOWEIEANRANRIE. NS TR AMAEE A S DB BT UL, EEH
FRDBESRRETENS ORI MEABET 22N BETYT,  RICHIBEMES TOMEECEBISHORETICEYET,
LUHRE T, LR EH

ey SREAPEABE X Seakl - b
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BICHRE T BRI TO-T X, BhE e % 7= IR HE T D 4 TR
HEBEHC Lo THEE DYIRT MR D7D DI 7 v — ThiFE

Development of functional molecules to image and regulate biomolecules in living samples

In a living body and cell, various biomolecules NAFA A= PRAOEIR
such as proteins, nucleic acids, and sugars func- R i
tion by interacting with each other. To understand
their precise biological functions occurring within ; L Ll BRI

. . . o el T/ HER
a cell, it is important to investigate the activities EELTYRBNT BEEEEEO 4 mpiMet o = SEHE

. . WEMEASEEAT D IDTEE  wpqA—v s | L. R ERAT
or behaviors of these target molecules in living BFOAA—DY s A A—Dv s bt 1]
systems, where all of these interactions with oth- RS T O YE AL AT D BT R
er biomolecules are maintained. Using organic % —
chemistry, macromolecular chemistry, and protein 3 Home g
H,N-FVQWFSKFLGRIL-CONH, %}

chemistry, we design and synthesize functional
molecules, apply them to image behaviors or ac-
tivities of target biomolecules, and then regulate

T RIS DR
BEOLEORA

EBBEEDERE l.....

the functions of these targets by utilizing light. ’TU;;@Z%;’»’ PRSI
SR BERER VR BORTERA
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® Dynamics of protein folding based on single molecule fluorescence spectroscopy Kiyoto KAMAGATA, Assistant Professor
® Sliding motion of a tumor suppressor p53 along DNA o
® Development of a new strategy of protein design based on single molecule sorting device /J\#J | I}nz By #

Hiroyuki OIKAWA, Assistant Professor
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Dynamics of protein folding and function based on single molecule fluorescence
spectroscopy

Proteins are natural machines that perform various func- protein folding and function, we are developing a new
tions that sustain our lives. To be biologically active, strategy to design artificial proteins.

proteins, linear chains of amino acids, need to form com-
pact three dimensional structures in the process called
protein folding. The folded structures of proteins are
determined by the primary sequence of amino acids.
However, it is still extremely difficult to understand the
relationships among the amino acid sequence, the folded
structure, and the function of proteins. In our laborato-
ry, we develop now single molecule fluorescence spec-
troscopy and observe the rapid process of protein fold-
ing directly. In addition, we observe the functional
dynamics, a sliding motion along DNA, of a tumor sup-
pressor p53. Furthermore, based on the knowledge of
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Development of porous adsorbing materials to remove toxic ele-
ments from water

5}3\@ HE Akira WATANABE
LERHSIVEEFRROTRIOVIICLD

S EFHHELUTOER

Optical and electrical materials and processing based on elemen-
tal blocks of metals and semiconductors

Bh # Assistant Professor

3 *E* H%?Iﬁ Masanori ENOKI
SRR EERLHAM AR

Development of new materials based on computational science

;clf_\*d- i%% Rayko SIMURA
MERRTREMBITROREFRABEDF AL
HEREMEM B DRI

X-ray crystal site analysis of elements for developing the functional
materials

%Bi& *u?‘A: Kazuhiro NAWA
FEFRELEBOFHIL VBRI RS DR R

Exploring new magnetic orders and excitations using neutron
scattering technique

'EEE; E *iﬁ Daisuke TOMIDA
BERFRAE A A BRI E R TOEXDRREE
EAMESTR

Development of material synthesis process using supercritical flu-
ids — ionic liquids and measurement of thermophysical properties

I\a‘r 7)[/\/77_)[/ DORAI Arunkumar
NMR % =B E D EURIE

Diffusion measurement of electrolytes using NMR

] |¥]$ i Satoshi OKAMOTO
BMEARDENMFIEEZ ORISR TR

Study on magnetization dynamics and its controllability

=M EH Naoaki KUWATA
SERRYF ) LB AR O R TE

Basic research for thin-film lithium battery materials

ﬁ*ﬁ {2 Shun FUJIEDA
2B -5 & BRIMOBIFORETIH
BLUEBEMEM B DISH

Multiple control of metal, alloy and oxide nanoparticles for func-
tional material applications

5@[].] *Eﬁ Daisuke OKUYAMA
i FRELZ AV R B WIS T R R DI R

Study on exotic magnetic materials with anomalous properties by
neutron scattering

%5‘&‘! 1¢Eﬂ Nobuaki KIKUCHI

AT /IS ORI B E S 1 F 302

Magnetization process/dynamics of nanostructured magnets

%*ﬁ ﬂ_ Junichi TAKAHASHI
FAERE M R DIRB A IERTME

Research and characteristic evaluation of new functional materials

HOHVIS3Y TVIHILYIN OINVOHONI 40 NOISIAIQ
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OHTANI Lab
Computational Materials Thermodynamics
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m Establishment of base for materials design through metastable states

B Thermodynamic analysis on heterogeneous structures in metals and alloys
m Study on thermodynamic properties of liquid alloys

m |nvestigation on theoretical phase diagrams using the genetic algorithm
® Theoretical study on phase transformations in alloys by the Monte Carlo simulations

CALPHAD first-principles calculations,”materials design.”electronic theory

XA

Hiroshi OHTANI, Professor

#7E % =

hiroshi.otani.c4@tohoku.ac.jp

BAR BE » %

Masanori ENOKI, Assistant Professor
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Construction of theoretical phase diagrams and development of new materials based

on electronic theory

A remarkable development of electronic theory calcula-
tion has made it possible to reproduce thermodynamic
properties of materials in simulations. In our division, we
are conducting studies on theoretical phase diagrams of
materials based on computing free energies of solids,
physical properties of heterogeneous structures in crys-
tals, and thermodynamic properties of liquid and glassy
phases by coupling the first-principles calculations and
the cluster variation methods, as well as the quantum
molecular dynamics. Furthermore, the obtained results
are clarified by means of experimental methods. These
studies are certainly expected to provide quite useful
tools for predicting new promising materials for struc-
tures and functions, and hence make an enormous con-

tribution to the materials science.
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BCT-Fe,C W 1 carbide ‘0 °

Transition behavior from BCT-Fe,C to n carbide suggested by the generalized
solidstate nudged elastic band method.
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SUZUKI Lab
Microstructural Control of Functional Materials

FRISH-F—T7—K | HEEEMR S8 B RIEREMH

gEEgl-ﬁlé%EVEORD ‘ functional materials,“alloys.”oxides.energy harvesting materials %7'( &
iige) £
PN o, N M =p y Shigeru SUZUKI, Professor
o HEEM A S ORIRIIER - S T — ORI _ _ _
0 RIBDIC BT BENRS BRI LY DI E LTI shigeru.suzuki.e6@tohoku.ac.jp
© IXIVF—EHAA T AZBBDRFLANIEETHE TR ANE s
@ QEéﬁd‘/ﬂ%ﬂ)ﬁﬁiiﬁﬁ@ﬂ%&%ﬁ%ﬂiﬂ Kozo SHINODA, Associate Professor
© BERIBE B R ICE T - E DO EIREE D FITH kL i®
m | ocal chemical analysis of advanced materials by several surface analytical methods k_ B %
m Characterization and control of the local structure of various iron oxides Shun FUJIEDA, Assistant Professor
m Preparation of high-performance iron-based materials by controlling local deformation =% A
® Development of high-quality metallic alloys and composites by controlling microscopic chemical composition ":’\*T IT“? B %
m Research on materials for sustainable resource and clean energy Rayko SHIMURA, Assistant Professor
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RSOOSR A S

BNIFEEL DEEPRILMED
ERERMFIOFFMER E(CI3, MIRAY &
LR PEBE DM CHI N ER
TYo HIARETIE. T4 EF. A
AL EERWERALFETINOD
MFOMARAVHER PIEEZ L. 5
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37Ot ADEHEHEHEEICOVWTIHZR
LTWEY, EHFREEL T BHEE
IZL22 B B2 PBIEMIC LML TF
DERCEE FFEHE, K270t
AEHBEL TERL AHEREE S DM
RSB GELP HVET, RUSIIFIEL T WiBICLZFe £l MREEEEOHEEROEL(FEOTILT Y IMIDERK
FELHBROBKBEDEIL, BHEWPMBICLEIFet  CHM)ERLTVET,

Figl LT

Microstructural characterization and property control of functional inorganic materials

Characterization and control of microscopic composition under applying different magnetic fields, and the micro-
and structure are important in improvement of perfor- structure of a deformed shape memory alloy, in which a
mances of advanced alloys and oxides having superior part of matrix is transformed to the martensitic phase.
properties. In this laboratory, various analytical methods
using photons, electrons and ions are applied for char-
acterizing the microscopic chemical composition and
structure of the advanced materials. Technological pro-
cesses for improving performance of the advanced ma-
terials are designed on the basis of the results. Main
subjects are characterization and control of the struc-
ture of nano-particles of various metal and oxides using
advanced methods and the microstructure and texture
in novel alloys. Figures exemplify the magnetic domain - +
structure of a magnetostrictive iron alloy single crystal Fig.2 Trtisle idaralisml
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SATO T.J. Lab

Quantum Spin Physics

FRNH-F—T—F | PEFIHFREEEPETFHESHEL BFAELVR BEETHMECBEE

SPECIALIZED ‘ neutron inelastic scattering,/neutron magnetic scattering,/quantum magnets
FIELD-KEY WORD itinerant electron magnetism and superconductivity 1&% $ %

Taku J SATO, Professor

o it F IR REL A AR DFRR

o chivE T RIS SR BEL NS MU R ORISR {aku@ronoku.acjp
° BFAECRICHETZERNBETFRROMRE Bl KE By ox
0E}E%?%t:tiwé}iﬁﬁﬁﬁtﬁﬁﬁﬁﬂﬁﬁ% Daisuke OKUYAMA, Assistant Professor

O HERAHRELRICH IR RFEES A FITRDIME

m Development of neutron inelastic spectroscopy

m Development of analysis methods for spin excitation spectra obtained in neutron spectroscopy
® Novel macroscopic quantum phenomena in quantum magnets

m Antiferromagnetism and superconductivity in itinerant electron systems

® QOrdering and dynamics in aperiodic spin systems

Mg ME o %

Kazuhiro NAWA, Assistant Professor

R FIFR M RELE U Ve EFAE VR HETBEERDAE Y B IV AR

BeDTN—TTRAE> DEEEEZEBRATEIHETFIHEE  SERARMEFCABNEHO T, Ri#ik— 7 (x=0.06)
MEEERAVRARET>TVEY, BEBICARINILOIEE  TEEIBEEA(T=6K<Tc) TIREVWIARMERESEN RS
ROEEFRRERROCARMRTIY, ZORBEHAICESE  hxd, BERESIHINABRIN-T (x=0.24) ¥ TIERGAK
1TV CEHREDBEEBRAN RIAEELA, B EhEFIFE  MHESEARIIHALEY, COBRBBEHEAEARSE BIC
MERELIC S BITE SNk REBIZ B4 Ba(Fel+Cox2Asz (CHBIF B FEEEDEEEREL TWET,

BRAHME R E
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Neutron inelastic scattering study on spin dynamics in quantum magnets and novel
superconductors

Neutron inelastic scattering is a powerful tool for observ- tected by static magnetic tools. Using neutron inelastic
ing spin dynamics in solids. Enhanced quantum fluctua- scattering, we measure dynamics of excited triplets from
tion often dominates low-temperature properties of spin the singlet ground state, with which we uniquely deter-
systems, giving rise to novel nonmagnetic ground states. mine the ground-state singlet configuration.

A tool that can observe spin dynamics is
indispensable to elucidate mechanism real- a
izing such a nonmagnetic state. Fig.1 shows Ly
spin excitation spectra in the quantum kasg-

ome antiferromagnet Rb2CusSnFi2. Strong .
guantum fluctuations, enhanced by the geo-
metrical frustration, prohibit spins to order
even at the base temperature, and instead
a nonmasgnetic singlet ground state is o ’ 9 -

. 1 13 ] 15 I iq 1 11 F | [ & S & N
formed. Such a singlet state cannot be de- H A0 O ) Bt Pl o B e |

H&l T=31K GPFTASILA)
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KITAKAMI Lab
Nanoscale Magnetism and Devices

b

BRISH-F—T7—K | TR YA TR BEAE) - AEVEAFITA
SPECIALIZED

. nanomagnet,size effect.”magnetic memory./spin dynamics

FIELD-KEY WORD ‘ :":J: 1@ ﬁ( ;ﬁ

0 F /B R F Ot RIBR T Osamu KITAKAMI, Professor
.i_l—:@/#ﬁ1t*ﬁﬂdﬁ1ﬁsﬁ‘% osamu.kitakami.c7@tohoku.ac.jp

° TO- TR LB/ N Hil = o

© B ST OMME-IELLAFITR SEZ;E OKAMOHTZ;)\. A;i?:i Professor
0 BERESKEAMEMBORET FBRE N

o IEE B AT — A ORE B EnR L

Nobuaki KIKUCHI, Assistant Professor
m Size effect on crystal phase of nanomagnets

® Development of highly sensitive magnetic detection method

® Nanostructuring technique using scanning probe microscope

® Physical properties & spin dynamics of single nanomagnet

m Designing & development of new materials with giant magnetic anisotropy
® Development of new technology for ultra high density memory devices

HOHVIS3Y TVIHILVYIN OINVOHONI 40 NOISIAIQ

L B—F R RO Y DRI L SRR X T — TN ANDER

BR T RIEUDET BREATIE, TER, STE, £aX 1.0 S 6’08 %
b EEEEOHEEAL. BECFREPECSRAHEICENT » ol o S?-;-,-,,,-,,,-,;;-;;;,O
HTDEEMREHL CVOET, BE TNOOF/ A REHH TS 5 Q &<
BMHO V(X omBR ICHM{EEn, BREDR. BFH  © 06 % -8
R MESELEF /YA XBEOBALRENBE(LLDOH) : ol o
£T, BIA, BANEMELL T, EOLIBETFEIINF /51 a :
TR BV TEELRDD, $1 X RICEN LT ERRL DY B o2k i
BABNBON, SHCRAMBPMNL THK BtcEDL5s O : 25""’"BT69 o A

RESOD, ZaPHIET, NORANERIEERRT BN, 0.0 ——>0-03 4 5 6
HB I E 1 T TSRO 71 RBIREED T TR

BETT, PILEEBEREEL WEOREI L —T T, F/4

AR FDIERERE M. B—F/fTOWE-RELE1FIT X, L1, FePOki -0 HLEIEE ORI -4 4 RIETEVE. KViks TIREAZE M
AN TR ONE, FALEBEAT)—RORE, LV FRAKB R 225 Ol S =2
RRBEICHBATOET,

Particle size d (nm)

/ Physical properties and spin dynamics of hanomagnets and their application to magnetic
memory devices

Rapid progress toward information society has aroused
much attention to magnetic memory devices because of
their nonvolatility, high data density, low cost, high-speed
accessibility. With reducing their constituent size down
to 10 nm, various effects, such as surface and quantum
size effects and thermal agitation of spins, appear and ol
hamper further advance in device performance. It is in-
dispensable to elucidate various physical properties of
nanosized magnets. Under this circumstance, our inten- .
sive effort is focused on (1) size effect on crystal phase (a)

L1, FePt (001) dot
(#50%t10 nm?)

400nm

[ (]
of magnets, (2) highly sensitive magnetic detection tech- H (kOe)
nigue, (3) magnetic behavior of single nanomagnets, (4) (a)Ll FePt (001) Kk it ¥ MEIJ/E% HrHal ) Bl <
new SPM lithography, and (5) new media and technology (b) IELEE T=10,300 KIZ331F Z)(a)ODFePt INORND) (4
for ultrahigh density recording. Eﬁﬂﬁ.
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YOKOYAMA Lab
Chemical Reaction Engineering

FRSNH-F—T—F | BERFRGBOMEEG A F R BECAE

EEEL%I_AKléiEVEORD ‘ supercritical fluids/nitride semiconductors.“ionic liquids,/immobilized catalyst

L T % =

° T:E/'U'—V)l/";ff:cté |||B‘§§1t%®éﬁ£ Chiaki YOKOYAMA, Professor

o BREERRLETEZTIRRO BN chiaki.yokoyama.al@tohoku.ac.jp
O 1F L RAEE LA DR F =

o (AR IR AR T O 2 DB SH K® o =
o 2 y0-F/ FAOHEEYME

® Synthesis of group-IIl nitrides by the ammonothermal method

B Thermophysical properties of ammonia solution dissolving electrolyte
® Development of immobilized ionic liquid catalyst

® Development of the environment-conscious process using ionic liquids
B Transport properties of micro-nano fluids

Daisuke TOMIDA Assistant Professor

174> REEBEFRAERVARER 7Ot

AFEADFHFTlE. GaN NIV BERERED—DOTH38BR  EXOERLICEATAMRET->TWET, BEDOHMEZIERE
RT7LEZTEBWELETE/ Y —VIVEICBWTRERAIRE  (CHIZZEEHERELTEHRNATOEIDREEZBIEL TVET,
SR EEEUTICBIIERELS
PIERITE (CEDE, 7R/ H—<IVEAIC . . B
B GaN B RIERE O RE(LER 1A BRORE »
BLTVWET, /o RICR#EAICHIS H O . (CH)-
NEROBHRRELE T 20T {Oh "o crs0; _

B - AR
ICEWBI T3S, TRILVF—X
HEKIRIBEREEARIR T B7-H DIRIER
B OFHRI -2 rIANTALID
BHREICEATIMRET>TVET, 1£F
TOERIHIIROEANEERER

HREHTOER

BERFRE

SETOtEXR

I CHBEEEL. BERAHD o+ S HIED ER R
1A R EOFAEIRER 70 B

Reaction process using
supercritical fluid or ionic liquid

In our laboratory, major research interests focus on ther-

mophysical properties investigations, such as measure- :.w.
ment and development of prediction method for a given T
compound or system regarding its thermophysical prop- (]
erties, as well as explorations of the applications of su- :ﬂ
percritical CO2(scCO2) and ionic liquids as novel reaction
media in green chemistry, aiming for providing funda-
mental data for chemical engineering and development
of sustainable chemical process with the aid of scCO./ = - W 1“"",: () - -
ionic liguids and other methodologies available.

2. Syntheses of ionic liquids based copolymers and their
Current Research Contents use as novel solid support in synthetic chemistry.
1. Measurement of thermophysical properties related to 3. Continuous reaction/separation process on the basis

the single crystal growth process of GaN. of the combination of scCO./ionic liquids.
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KAWAMURA Lab

Solid State lon Physics

FRIRH-F—T7—K | BRAF VR AF 2 EAF IV R/ EKHBI I EGEZRER

SPECIALIZED solid state ionics.ion dynamics,/nuclear magnetic resonance.thin-film rechargeable
FIELD-KEY WORD batt N _
o AR f— % o=

N i = - Junichi KAWAMURA, Professor

0 UF I LEDHI LRI FE - soionok
® == N junichi.kawamura.a8@tohoku.ac.j
o Y F o LB OB RE A BRI ! P
S oR== ®) B 7o SHEY

0 HZRBEHBEDAF L HA4F3I7 X5 Akira WATANABE, Associate Professor
B Degradation diagnosis of lithium batteries .
® Development and analysis of thin film lithium batteries %E EEH /E?Sﬂg
m Proton dynamics of fuel cell materials Naoaki KUWATA, Associate Professor

B [on dynamics in supercooled liquid and glasses —_
=iE #— o=
Junichi TAKAHASHI, Assistant Professor
S = ~
NSA FILIR—IL o %

Arunkumar DORAI, Assistant Professor

BERTEIEH

HOHVIS3Y TVIHILVYIN OINVOHONI 40 NOISIAIQ

EA1 7R E AUVERE - @RI F—HEDORR

FAMMRETIE. BFROIAOEEEL—¥—

LT.7
P R B (NVR) £V THIEL. SiE oL
IR PIE T3 —FEOMRICOAF 5L 4E
BLTWET,

Pt-coated
Si0, substrate

BEDELGMRET—~ELTEI N UFTLERDZ
D5 (in situ) BILB RO, 2. £EFFEY
F LEMOFS. 3. BEERMEIOT O BEhE
BOME. 4. 572 BABEDIFLEZ1FIVZ
MREEDPETOSNET,

ZFDEHOMRFEELT A L—Y=HZ2(L—H—
RiEE. TV RIEL S Y IR RE(SFG) AE. K
Kerr $h R ). 2. 4% 508 (NMR) (EF Z 1% NMR.

HHEH 142 7) SBRBMECA AT |y gt L RS DENMREE &
TR, Bt BRULEAE) RCERAVTOET, IS F L E; T B DLIA AT
Solid-state ion physics e g M
bring innovation to our life o1 A prsm
Prism Lens
We investigate ion dynamics in solid by electri- W
cal, optical and nuclear magnetic resonance
(NMR) techniques to develop new ionic conduc- DPSS laser cel

(532 nm)

tors and solid state ionic devices.

Recent research subjects are; 1. degradation
mechanism of lithium-ion batteries, 2. develop-
ment and analysis of thin-film lithium batteries,
3. proton dynamics of fuel cell materials, 4. ion
dynamics in supercooled liquid and glasses.
We use the following techniques; 1. Laser optics
(PLD for lithium ion battery, Raman spectrosco-
py, optical- Kerr, etc.), 2. NMR (relaxation, diffu-
sion, micro- imaging), 3. Electrical Measurements HREEMD AE—F 2 ZAENMRIZL D
(impedance, electrochemistry). In situBB S < > 72 SLRIE AFXFAFZHRETHA

30 35 4o 45 5o 85 60
10007 (UK) [ ——
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HEHI®  Associate Professor

Ir gE _I%HH Takaaki TOMAI
HWIFNE—TNARETIMHTOERET IR

Materials processing for advanced energy devices

Bk Sohei SUKENAGA
TABERSERASIUOH I IO LEHME L MiEE
Relation between micro-structure and physico-chemical properties
for silicate melts and glasses

By # Assistant Professor

£ #HE
AU RELHIES S 25 LOBIRLZOGH

Development of self-resonating optical cavity system and its appli-
cations

Yuuki UESUGIHI

**‘T %7& Yuta KIMURA
SMBICEBTINK B T/ A RO
Tuning the properties of the materials for the energy storage/con-
version devices with an external field

NN BF Sakiko KAWANISHI
RERTARF vy THEBHED ) H—INRDIFRER

Solution growth of silicon carbide

NE thTh Yuichi KOZAWA
L—H =K DiEE my- AN ZEFIEF EDRREECA

Development of methods to control the spatial distribution of in-
tensity, polarization, and phase of laser beams and its application

I:P*q. ::-J_ia Takashi NAKAMURA
TRE—F 15 AR ORRE N S TURHE ORRER

Elucidation of the electrochemical properties of energy conversion
devices

j-l:ﬁl {$5$ Nobuhiro MARUOKA

RO XEEE T BRI RES X T LDRR
Development of sustainable system based on the high tempera-
ture process

ONIHIINIONT WILSAS ANV SS300Hd 40 NOISIAI
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ADSCHIRI Lab (C:AIMR)

Supercritical Fluid and Hybrid Nano Technologies

BMRH-F—T—K | BIRFKBNAT VY R/ F/ M 7Ot ATE
SPECIALIZED

FIELD-KEY WORD ‘ supercritical water,“super hybrid,”“nanomaterials,”process engineering

o BEEFISTONIT )R F /R TR

© F/TNARDEN T (BH FAEER B -1EE Eh-$E5E %)
0 BNLT)YRMHAIR (RU~— /N TR F/HETF)
CERBRIRILX AR

m Synthesis of organic inorganic hybrid nano building blocks under supercritical conditions

B Thermodynamics of nano fluids.

® Fabrication of novel nano devices

B Biomass conversion in supercritical water and chemical synthesis

® Revolutionary catalysis: chemical route for low temperature heat recovery.

PR X # #

Tadafumi ADSCHIRI, Professor

tadafumi.ajiri.b1@tohoku.ac.jp

EE = s

Takaaki TOMAI, Associate Professor

BTy NN EIS - T O RO

LUIARE TlE. BERKERCBEETINAFTIER-73
HNIH LTI -BEER-F/RTFEAR-ERNE - MiEE V-7
BALFRTOEIDOREREESD. ZOWOPIFBRICERIELT
W7, RIA T BRREFISEEFIAT52ET. BHL T B
D F /AP —IVTREL 7 [BNATUVRF/HF | 28]
BLTVWET, BE. ZOAREBORALED
BEEHIC ZOBHEHIEAE. S/ EEED
FRBEERR OV S ICAMELED TVET,
COBNATUYRF /I FEBEAICEEE R
BEEBZEICHRINLTHY, 2DF/TIM1R%E
1278330 TV T 1T A DICREED T
¥9, Fo COF /R FaEE R FEF/A—NLF—
A THEEIEE LB ET. BN FEERMFI DA
IR RIRHC SRS B [#B/N\1 Ty Ri#

PESIHBEEEL ORI TR LTIV (TN T 107 153U R)
DRIELEATVWET, COBEREF/HTHHROEEE)
FREEMREEN I DOVWTIE, SETERP+RICRELTETHEST.
AR OBIRICHREL TVET,

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 technolo-
gy, nano-hybird technology and mate-
rials science & engineering. These
studies include synthesis of organic-in-
organic hybrid nano building blocks
under supercritical conditions. We also
develop novel devices or nanofluids
with the nano building blocks for high
performance thermo-electric devices,
high speed optical devices, nano sen-
sors, and nano reactors (high order
structured catalysts).

| me" diri Lo b ool | 1!!*1‘-1-
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SATO S. Lab
Laser Applied Material Science

FRISH-F—T7—K | L—Y— /T3 NIRRT/ HTF N MIVE—L

SPECIALIZED .
laser./photonics./nano-particle /vector beam

FIELD-KEY WORD kg B8— % =
.g;ﬁg%@i;z:m%mggmjutz Shunichi SATO, Professor

o BN DIBI BB TR shunichi.sato.b8@tohoku.ac.jp

O NTMVE—LDFEEE — LIS DRRAR 7]\ ;

O WU —H =Ry DTSR EFAEL —H — I TEDRIS Y{mliozfvﬁl_-isofaﬁigofesscr

ONIMVE=LERW = I AA=T2T

® Material conversion process in intense optical field

B Nano-particle synthesis in intense optical field

B Generation and analysis of vector beams

m Creation of small laser spot and its application for novel laser processing
® Nano-imaging by vector beams

¥ HE » n

Yuuki UESUGI, Assistant Professor

SRR emENSORATE

L—H—%hihET RERDTHM = XF T BREL T, & DWW, ZOMEBH M EEIRIEEBIC. E—LRBEZDRERLE—
MBEDHEEERDMEEED. FUL R ORI PHEEEDFIR, LmBEOUREICRVBA NS, L—Y—IN TP EIEMELE
TOEXDREREEEEREEEBELTVWET, BEEFNIED ANDICAMREREERIED TVET,
TVWBELZMRT—~ I, EREL—¥—
BICEDL IS SR TFAESE, NTMVE—
LICET 2 EMEIMRTT, AiElL £
LT LML —H— L RS K> TR E
N2V DHZEFH LV IETFE - FELEHS - 88
SRTOEIDZFELTHAL. 2 FDOHEE
ICESTRETEIVHILRRIES FHEIC
ST FIVENRBEH— R ELBTER
DY TIF I RFEEET>TVET, &
NEHUTRER. K (BRI OXROE  2LEQOEET /HHFOSER. EHSBEICHTTRORIEN
B THINTMEERESFATMLE—L(C @z TNB,

BERFEHSNINENFON

ONIHIINIONT WILSAS ANV SS3004Hd 40 NOISIAI

/ Multidisciplinary research of photonics and material science

We are intentionally and intensively trying to make the acteristics of electromagnetic wave, focusing on its
best use of the excellent properties of lasers for the physics, the development of beam generation, the im-
advancement of material science. The state-of the-art provement of beam quality, and applications such as
photonics technologies are our useful and essential tools. laser processing and super-resolution microscopy.

At present, we are especially interested in
the following tow topics. The first is the syn-
thesis of single nano-particles of dia-
mond-like-carbon and noble metals by using
an intense optical field, which is generated
by tightly focused femto-second laser pulses

in liquid and can be regarded as a novel ﬂﬂlﬂfi!ﬂﬂﬂﬂ phﬂ-_'S.E pattern vector beam
non-equilibrium, non-linear and ultrafast pro-

cess. The next is the investigation of vector The vector beam under study shows a synegetic aspect
beams, which have inherent vectorial char- of polarization, phase and pattern of a light beam.
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AMEZAWA Lab
Solid State lonic Devices

BFSH-F—T—K | BEEAAZOR S TRVF—EH S FRSY N B L
SPECIALIZED . .
FIELD-KEY WORD solid state ionics.“energy conversio.~operando analysiselectrochemistry “ e
WE AL z z
o b N N e = Koji AMEZAWA, Professor

o BB EEROBIAE L SEEEL o o
0 BELEIXNE—BHTNA ZTHAD D DEEA RS R SR DRI R koji.amezawa.b3@tohoku.ac.jp
ONTOREICHIIZBRLFRRICET HERINE i =T m %

- R u -
© MREAA A =T AMHDOHE AR Takashi NAKAMURA, Assistant Professor
® Improvement of performance and reliability of fuel cells and rechargeable batteries
® Development of advanced operando analytical techniques for electrochemical energy conversion devices. 7k$;.l- %j& B #
B Basic research on electrochemical phenomena at hetero-interfaces Yuta KIMURA, Assistant Professor

® Design and synthesis of novel solid state ionic conductors

RIBICP S LV IR F—FHT/NA ADREER - ERICEITT

IRIBMIFE,. TRLX—REEARR
L. Bl gEt REERTHI 803,
21T OB ZE - RilTE (ICREDS
hi-KELFEBETYT, HL2DMR
EFTI INSDOREDRRIZET
3. MRIEMPEEMALE, RIBIC
PEILVIRIVF—FH]TINAZD
RE-ERDHDOEBREEIT-
TVET, 45 B THYENDZ
DFREAA LD ZRIEENTED“E
FAF =0 MHFHIEBL. BRICE 1A Enx, RARG. WS %ET/N\A ZEERIET COANXT R PITERIREE TS
REBIEEICDWTOZIEEIRRTBEHEIC, ZHUICEDHERERRET. BESTARMOREDT-TWET, LLEOHREEL. B+
MBRAREToTVWET, Eo BRAA 0T N1 RHI3ME,. Z7ZMRAEFAUARBRME T X - T\ ( XD
RICICEADZEBEFREILIN TR/ HEFES @EEE  SUICEMR - SEEELICERVEATHET,

SRRETHEA NS R 7AXIRRIR S KR ELEE FRFUNREICLZE B EMBERICO3D FIR1E

Toward the development of environmental-friendly energy conversion devices

Scientists and engineers in the 21st century have a great '

responsibility to solve environmental and energy prob-

lems for achieving a sustainable society. Our laboratory " ‘.é }..

contributes to solve above-mentioned problems through- ? g ?

out fundamental and application researches on environ- [ ,, a ‘ ;
mental-friendly energy-conversion devices, such as fuel E{ ¥ - Oy tHHO B }"l

cells and rechargeable batteries. In particular, focusing
on solid-state ion-conducting materials, we are challeng- 1

. . S o [ 2 [ )
ing to establish an academic discipline on “solid-state ey
ionics”, and applying this to develop novel materials and a

to improve performance/reliability of the energy conver- ] }"
sion devices. We are also working for the development

of advanced operando analytical techniques for sol-
id-state ionic devices. H— RIS EIC L% LA BIEIC BB TONAZEDREEET )L
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nogami@tohoku.ac.jp

RISBNHZ BRI KD EFAIRM 7O ADFFE

FIMICARSNIBZIBEBMBORETO LR, ZOHEE  F-ARSSVEET7OCAOREDEDTOET,
DEREHS, BRI F—DHEEDFE AT, ThoEIIFIL,
BRUEMSDERICETILODEEN KDOSNTVET, ZTD
HRELT BIT7OLROEHE/L, BIERICORIE, ZHAYT
AEXDRAFELEY HY, ZTOERRDHICIE, TOEINEBTEL
BMRPEHDORICIFEEIRREL, HALTOEREHEL TV
PENHNET, ARARAPHF TR REFESROTORFSREIC
BT, SERMERHOWIEEPRICHFEORNF #TF B
BRRFHORICTFLEEDFAICI B, EMBETOEXIC
K RONZRBARBREDAKNZ. BHUEIFLEDTFEIC
LBEELETV. ChODHR B EZBIERFHEP MPS &, BEEY
BREL ERIEDRENEN FiEE B BRI ERAT DR A
HMAATZET, SERMBEET O ADHED 12— 3 Hilf
DFAFEETEEFHE-BHEHCRBATVWEY, T Fi GBI A=5U =R NORFGRE SR

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

For the reduction of energy and material resources con- storage of thermal energy.
sumption in base metals production, improvement of
process efficiency, enhancement of flexibility to raw ma-
terial resources and development of novel processes
are required. One of our approaches for this issue is
numerical process simulation to reproduce and evaluate
the materials production processes, based on the theo-
ries of multiphase fluid dynamics, reaction kinetics, ther-
modynamics, thermal fluid engineering, transport phe-
nomena, powder technology, and so on. Using the results
of the process analysis and the fruits obtained through
the modeling of unit operations, we are trying to develop
novel material production technology. Additionally we
are trying to develop new processes for recovery and High-performance heat exchanger with boundary layer control
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SHIBATA H. Lab
Materials Separation Processing

BMRH-F—TU—K | SARE B BERRRERBRIOER T4 RF¥ vy TG

SPECIALIZED . . . .
FIELD-KEY WORD silicates,”thermophysical property . solidification process.refining process

e SH
EH EE o=
Hiroyuki SHIBATA, Professor

° £ BBLUVEBRLMBSENRIFDEBEAH =X L

O RHAMELN) A H—INIRDERRE hiroyuki.shibata.e8@tohoku.ac.jp
o TABIERA S LUH T ZDOMIBLZHME AR E Bhik HE s

o v /
.QE/\F!?—/1I:%®*%_EQ Sohei SUKENAGA, Associate Professor
CBIET T2 LDBETTOER IfE BT
m Solidification mechanism of metallic and oxide super-cooled liquids ﬂ Bj] ?5(
m Solution growth of SiC crystal Sakiko KAWANISHI, Assistant Professor
m Structure and physicochemical properties of silicate melts and glasses

m Structure of solidified metal halides
B Reduction process of magnesium oxide

ENERMEET O ADHOEEREMIER{LE

FMOBFETOLZ, WETOER VYA
INTOEREDFEIERIERFTZICIE. B8
B LY. ¥IRR BRI & FE R (CIR AR
TRILENHNET, ThHO BT OIS
EHEOFREICHIBIFEICERINATOE
To oo ZNETRDOEDILFRY. HIRRIME
BT ORZDHMERICICERLTWET, &
DOEOLETOEREERICEVWTETEIND
. BRICHIIEEMEELEETY, i
ZISTARERIEC 2 BRIADHZER DIV LTINS A BIEHSZD? Al NMR
M SRRSO A TS TEE L ANTMUCRIZTBRIED ) LR INDRE
WHELET, ZhEOMMERZONEDEECHBALETT IS RIDIBORBET>TOET, ZhEOERRRERI
DT, MEORBEBENE DB ELOBE,SHEATIMRE EREORMBEET O ANERER/LPH MR 7O DR FICE)
ToTWET, o, MBOSBTOEX PR RICEDIRE FHATWET,

Physicochemical approach to interfacial phenomena at high temperature for high efficiency
materials processing

. - e 1:48:32 s8i10*C
Recycling, refining and solidification processes of mate-
rials are important to sustain high efficiency process for - {
manufacturing products. Each material separation pro- LIC]UId
cess is governed by many chemical and thermophysical
properties of materials and interfaces among materials.
Functions of the materials should be clarified from mi-
cromechanism of each phenomenon to develop high ef-
ficiency processes for materials separation as well as
crystal growth by means of in-situ observation and mea-
surements especially at high temperature.

Crystallization of lithium silicate on

the molybdenum substrate 5 m m
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DIVISION OF MEASUREMENTS
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Aiming at new high-performance materials, advanced measurements and analyses methods

are developed using various particles such as electrons and neutrons, lasers, electromagnetic
waves, and synchrotron radiation. Including interpretation of the underlying mechanisms of
functioning, we will achieve a new development of the research areas of atomic and molecular

#® ¥ Professor

EH p: 4 Kiyoshi UEDA
SRR EIRE FEMELI-EF R FH1FIVAMBEEFHIME

Investigating and controlling electron and molecular dynamics with novel light sources
BE =
XIGALARA A—J T F E DR

Development of X-ray phase imaging

A
KR #FH
F/-AIOREERVB R T INA RERUINRIED S A LZF
Analytical device utilizing nano-microfluidics, and spectroscopy for nano-microchemistry
R -
EAREEINDBIZDY 7L 2 LREEHAIDRESE LA

Development of real-time surface measurements for dynamics on the solid surfaces

Atsushi MOMOSE

Akihide HIBARA

Yuji TAKAKUWA

FHERUR
hE i

Specially Appointed Professor

Asao NAKANO

spectroscopy, surface science, nterfacial nano-science, and condensed matter physics.

e EZ
BFEREA B BLUBHH FHE

Molecular science using electron collisions from the static to the time-resolved regime
7k$§|' 7'32 Hiroyuki KIMURA
T B -X SROIBHEF B IC L DHEEEE M B OISR

Structural science of materials by a complementally use of neutron, SOR, and X-ray

R &R
BFHENET ST R A TR T TP L O TR SRR

Analysis of nano-structures in soft materials by electron tomography

MR OB®R O siesononsy
TARNRF vy TEBREFF/HEERIR BB A X T AZaE—

Exploration of wide bandgap group llI-nitride and group ll-oxide semiconductor quan-
tum structures and spatio-time-resolved spectroscopy

Masahiko TAKAHASHI

Hiroshi JINNAI

ZBHI® Visiting Professor

:”:%'7'? Takehiko KITAMORI

B2
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HEXIE  Associate Professor

N N=I
lglﬁ 951' Noboru WATANABE
BEFHEL S KEAV-D FASTEEDHRR

Investigation of electronic motions in molecules using electron
scattering spectroscopy

KE 8E
ZETFEBBEPRICLINOR=Z NS
HEREDIBRIDIR

A study of structure-function relationships of troponin by DQC
EPR

/J\% _{E Kazunobu KOJIMA
EHENEENREMILTIFENT /M ZADEIE

Creation of novel optical devices establishing both high output
power and high efficiency

Yasunori OHBA

=i FH
XA§A A= T EOBRRUIEH

Development and application of X-ray imaging

Hidekazu TAKANO

5 BW Senior Assistant Professor

5‘@*’.& 3% E Katsumasa IKEMATSU
LIGA 702X &ALV - XEREBIRF DRSS
XIRALABA A= T DEEA

Development of X-ray transmission gratings using the LIGA pro-
cess and X-ray phase imaging with a novel grating interferometer

Bh # Assistant Professor

£

Misaki OKUNISHI

BHTFBHCOBF HFL1FIv72

Electron and molecular dynamics in intense laser fields

il B—

BFHRIA T BEEFI AL
AR DD ICEDRS

Development of time-resolved spectroscopy using electron Comp-
ton scattering

wE EE
S XARET I B0 BRI

Technical study of single-crystal X-ray diffraction

Masakazu YAMAZAKI

Terutoshi SAKAKURA

ml BER
YA 7OXA—MLH A XDOREEFIAL
HMENITEFIRIEDFRSR

Interface chemistry in micrometer scale for the miniaturization of
analytical systems

s I
TARN R vy TEBHRERN
SMRABEFT/NA DR

Development of high-efficiency optoelectronic devices using wide
bandgap semiconductors

Mao FUKUYAMA

Kohei SHIMA

]

Bh F Research Associate

i A
/B
HI—=RIV IRy ZEICED
TARE by T HBHEDI AR
4 Optical characterization of wide bandgap semiconductors using
r - cathodoluminescence technique

Kiyoshi KIKUCHI

S
Xit- P F DU ABEHAEFIRL A
R AT HEOBIR

Development of new methods using phases of X-rays and neu-
trons

|
KEMERENTE S F 37 ZEHICESC
FRBEREDAINL

Research of new functional surfaces by analyzing structure and
dynamics

Wataru YASHIRO

Tadashi ABUKAWA

YF{EFBAM  Specially Appointed Senior Assistant Professor

BAX B
XEFA A =TT AT X

X-ray imaging, Phase contrast

Koh HASHIMOTO

=N [l —

wmE BE
BHEFL—Y—EMaEmA:
BT HF- o725 HE

Atomic, molecular, and cluster sciences using free-electron laser
and synchrotron radiation

5 i%?%ﬁl: Yanlin WU
B RUERE XEREERVHLVDXIRA A= T

New X-ray phase imaging using synchrotron and laboratory X-ray
source

Hironobu FUKUZAWA

IJ-IK ﬁ Hajime YAMAMOTO
MBS BRILMIRREEFE—LERAVE

HEEY T

Exploration of new transition metal oxides and structural science
of materials by quantum beams

NI E— Shuichi OGAWA
F/RFEMEO CVD R EEEFIREFHEEDR S

Development of CVD process and evaluation methods for na-
no-carbon materials

SLNIW3HNSYIW 40 NOISIANIG
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UEDA Lab
Electron and Molecular Dynamics

FRSH-F—T—F  SFBHEBFHNE BTN RS

SPECIALIZED ‘ molecular dynamics,”electron dynamics,“electron spectroscopy . coincidence

FIELD-KEY WORD spectroscopy

ORICICHIIBEBFTHEETFH DN
O NKFERREDEFLAFIVR-DFLAFIVR-RFAA=TLYT
O P FHEECEFIRREBUAICE B RSB & RISHIE

ORI AKFL—HY—- OOV S Y- XIRBEREFL— Y= XIRELI-D FA A= T - D FEhE

BFEREAIEBEU B FAIE SRFEHAEDRSR
B Quantum interference and entanglement in reactions
B Electron and molecular dynamics of photo excited spices
m Taking molecular movies and catching electron motion for tracing reactions

m Developing photoelectron spectroscopy and multi-particle spectroscopy for molecular imaging, molecular
movies, and catching electron motion, using short pulse optical lasers, synchrotron radiation sources, and X

ray free electron lasers

s

lnd=z R oy @

Kiyoshi UEDA, Professor

kiyoshi.ueda.a2@tohoku.ac.jp

BREAAZE o %

Misaki OKUNISHI, Assistant Professor

BE LE B %

Hironobu FUKUZAWA, Assistant Professor

DFOHE. BEFDEEZHRASD

FEFXnF. F/HBERICH TR 4LEFBIRIINFIEE
LTOMEEHDIEICHRTIEFFHICK) HRIBIEER LS
FREVERLET, COLIERM/NMER TR EBFTHEHITH
DY HFREFITEIENH>THBRE TEHIELA, FHAE. DL
BEFRIEXERTINF. T /77 X2—CH\I B E B St
BFRM-EFEE R (RFEES) SV - BERRGE
AL, fREEL. B3 EEBIEL TV EY, COEMEER
TROICIFMIAL DTV 7 ZXZ—ICBIBETFDEIE, ETFDEE
EHAITBF RN DELLETH ., H2 3B DREIRETRIFMTE
RE-FELTARICELTVWET, T 4L 2 FBEE5 (X
ZU7zh), BERAEL 720 BIBIL A=W § 37212, B8R/ NIV RS FEL—
Y—. HRFE D EEETOGRBS . &RIMDRE/ LIS E X AR
BETHITERBEETFL—Y—FORERNECEREL T M

BEEDTVET,

Detay bne node «
Mrothanrel plates

jon TOF sonctromese

Mhotodode

Qms

..
NMcrachammel plates

* Phosphor screen

. Electron YA specirometer
CCD camera

Taking the molecular movie,
catching the electron motion

Quantum interference based on wave nature of matters
makes quantum processes completely different from
classical processes. We analyze, visualize, and control
guantum processes that determine ultrafast electron and
molecular dynamics, such as electronic relaxation,
charge transfer, fragmentation, and rearrangement in
isolated molecules and clusters. For that purpose, we
have been developing cutting-edge spectroscopic tech-
niques that allow us to catch the atomic and electron
motion. To trigger, probe, and control the processes, we
use new—generation light sources such as ultrafast op-
tical lasers, ultrahigh resolution soft x ray synchrotron

radiations, and ultrafast X-ray free electron lasers.

Photoelectron angular distributions of rare gas atoms (Xe and Ar) and
diatomic molecules (O, and N,) irradiated by intense laser pulses
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TAKAHASHI M. Lab
Quantum Electron Science

l

FRISH-F—T—K | DFREERYESE ZRTERTAS EBEEEIRERK

SPECIALIZED molecular science.collision physics,/multiparameter coincidence spectroscopy ./ mo-
FIELD-KEY WORD i
mentum space wave function E*% IEi% %
N " _ v a N Masahiko TAKAHASHI, Professor
CER[AFOEFESHENDFRRICLSDFEHIEA A>T EBFREMEADISH o takahash c4Bionok
“hy = (=1 nt =43 - = p - N S masahiko.takahashi.c4@tohoku.ac.j
0 ZRTRBEHAIEDFERICLZEF P FERDIULAKS1FIVX e
* BESRETEHE N HOBECLINEATTBHORRIE R B smm
® Molecular orbital imaging by molecular frame electron momentum spectroscopy Noboru WATANABE, Associate Professor
® Developments of multidimensional coincidence techniques and their applications to studies on stereodynam-
ics in electron-molecule collisions U-”"gf @_ B %
® Development of time-resolved electron momentum spectroscopy for visualization of the change of electron Masakazu YAMAZAKI. Assistant Professor

motion in transient species

BV TN BEZFNBLIZMERNEFER DR

MEDFRTIIWAWALIEEDEFI 2 IEELTHY. ZTh
PHEOMEERDTVET,, BMREL. SEE FIREMIER
ETBA T A AW THERBTFOIRIE—LEEEE
BIETBHFL WA RETRIEEFRRL. RIS L EMED
FHOZRUMEDORBEDOEAEEIEL TWET, BHFRIICE. K
TO=ZoDFREERDICHHEEEDTVET,

WA FEEREFEHESNORRICLINFHREDESHE
ZEAA=TLT

(2) ZRTRBEHRAI D K DRREICEZEF- P FERDILAES A

FITADRZR
Q) EFENPHBETEHEN DR ICLDBENLENENETF
BHDOE(LDARL

o =

Visualization of electron motion in matter by means of electron compton scattering g 'EEJ)Q
Properties of matter, such as reactivity and functionality, ~ (3)development of time-resolved electron momentum % FI%
are determined by the motion of the constituent elec- spectroscopy for visualization of the change of elec- g
trons. For this reason we aim at developing new spec- tron motion in transient species. g
troscopic methods, by using electron Compton scatter- [y—
ing, that would visualize the electron motion for stable T T v Ay gy
species and most importantly the change of electron o e T ey L

motion in transient species, which is the driving force

behind any chemical reactions;

(1)development of molecular frame electron momentum
spectroscopy for momentum-space imaging of molec-

KN Dl e

T TR [
ular orbitals in the three-dimensional form, Pa—
(2)developments of multiparameter coincidence tech- ey
niques for studies on stereo-dynamics in electron-mol- o
M

ecule collisions,
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Observation using wave nature of quantum beam

Quantum beams, such as X-rays, are used to visualize
materials structures of the size from atomic scale to
human scale. The use of phase information enhances the
usefulness of quantum beams tremendously. We have
innovated in X-ray imaging technology by developing

AFNERRTPRREERRAE

. Pl e iy 4
'

=
gtk gy =

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

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

X-ray phase measurement, releasing groundbreaking
results beyond conventional expectation. The technique
is powerful for objects consisting of low-Z atoms, such
as polymers and biological materials, and recently its
scope is expanding to metallic materials. Based on quan-

tum beam physics, we are
developing unigue exper-
imental environment and
pioneering advanced im-
aging research. This tech-
nology is attractive prac-
tically, and we are also
conducting various col-
laborations.
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KIMURA Lab

Structural Physics and Crystal Physics

S EBRSKM TRERR BSBERIT PETF XIREITRERSR  HERFEG
KREEUFER
Precise crystal/magnetic structure analysis under multiple extreme conditions 7[(*(]’ ?.L\:Z ?f( }Q

Development of neutron and X-ray diffractometers.“Magnetic ferroelectrics
Hydrogen-bonded dielectrics

BRHH - —T—F ‘

SPECIALIZED

FIELD-KEY WORD Hiroyuki KIMURA, Professor

hiroyuki.kimura.b5@tohoku.ac.jp
o PETFASEIITEEEZDOAEDRE (JAEARE3SIF JRR-3M:T2-2 FONDER) ﬂi«)gr ﬁﬁ% B %
o BEHBARHREAV LB MRPETFRSBEENRBENFRRE (J-PARC BL18: SENJU, BREZ -

HETF HANARO 2D-PSD> Terutoshi SAKAKURA, Assistant Professor

° SEEET (B, BER. BHS. BB 515 X BT HELEEOME LA & o» %
° ;ﬁ%%ﬁs, 6&'&%, 7)"9:7I|:|’rj7%§3;0€%1§§@‘0)*§%t%&5ﬁ% Hajime YAMAMOTO, Assistant Professor

OKFRBERFEMNENEFRESHEREENH

® Development of the 4-circle neutron diffractometer

® Development of the wide-area neutron detector for neutron structure analysis

® Development of ultra high accuracy structure analysis using synchrotron X-ray

B Electron density distribution and proton density distribution of hydrogen-bonded compounds

® Neutron and X-ray scattering study of structural physics and magnetism on multiferroic materials
® |[maging of 3d-electron-orbital

Xig- P FERBEEENICE D1 R FABFIBOTEL

SRR CRHDE - SEHS BE T OSHERERAOT T, X PHEFHERITIC SR FRELAT XIHHERATI= S SR FHEE A
- B P TRV CS A RS RAB ST D72 DEHEA
R, BRLEFREESHDVRFREED S HEEIC
ESEOEEREE RUMEOERERBRORIRICOVTH
RETH>TWV S RUSRT DI, HpikF & XIRIEERATIC L0 AR
LN FRERFERORFREEATE. KRRFICER
UVBTFEEAH THE, BMERTICHENLKFERFAT, |
FREBFOEDMEN TNBEICL) IRFRATERLESR
DB (BFAMBEFR) PELTVEEERL TV D, TOMICH,
HMEFARRICEIPEARETRRIMRICOVT, HEHR-KE
EREMOILIEDSTOMARNEREASMIT IR EDHIT TS,
BICH4 IR, KEERB TR J-PARCICHITS,
BEERPMETEEETEE SENJU OBRICHDEX/N-ELT
#hY, BEBEOBERENTFEORREETTV2, BFRERFROBOLLBEOAL — 1RFAERSE

Ferroelectric polarization induced by magnetic order in magnetic ferroelectrics

We have been developing the methodology for high-res- al is thought to be the origin of electric polarization. We
olution crystal and magnetic structure analysis using also engage the development of novel neutron diffrac-
X-ray, Synchrotron radiation and Neutron beam under tometer for structure analysis “SENJU” in J-PARC.
extreme conditions such as low tempera-

ture, high magnetic field, and high pressure. Cvchmedal whygtigs of Ma'™ wpm
We have also studied structural phase tran- . .
sitions to understand the microscopic ori-
gins of functional properties in solid-state
materials based on the accurate distribution
analyses of the electron as well as nuclear
densities. Figure shows the complex mag-
netic structure of magnetic ferroelectrics

derived by neutron magnetic structure anal-
ysis. Cycloidal spin structure in this materi- himgnetic structre of Yhis 0, magnetic ferrocloetzica

SLNIW3HNSYIW 40 NOISIANIG
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HIBARA Lab
Nano/Micro Chemical Measurements
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SPECIALIZED

FIELD-KEY WORD tron spin resonance

O F/RAIOFET A ZE BB 5 BB LE AT
© RE{CRAICED CRIEEL S B R

0 BHAA—Y LT EBSUT A 7ORBEHE

© B UV ZESRICEBE G D FOIBIECAEEENIERT

B Easy and automated chemical analysis utilizing nano/microfluidic device.

m | jquid-film separation/preconcentration method based on interface chemistry.

B |maging microscopies and detection methods for microspace
m Structure-function relationship of biological molecular systems studied by

nano/micro analytical devices,/imaging microscopy.” optical detection methods,elec-

E-2A
KR EFH s =
Akihide HIBARA, Professor

akihide.hibara.e7@tohoku.ac.jp

AN N
KEE 888 amm
Yasunori OHBA, Associate Professor
Bl BR m %
Mao FUKUYAMA, Assistant Professor
high power pulsed ESR.
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Chemistry in nano/micro space: measurements & applications

We study advanced nano-micro technologies in chemis-
try and biochemistry and their applications to integrated

analytical devices. We investigate easy and au-
tomated analytical technologies for life science,
environmental science, food safety, and indus-
trial process.

We also investigate novel analytical technolo-
gies such as single cell analysis, single molecule
analysis, single event analysis, and molecular
behavior in rapid mixing. For the advanced tech-
nologies, fundamental chemistry such as chem-
ical reaction and phase transition in a confined
space should be revealed in detail. We study
unigue advanced measurement tools such as

41

microscopic imaging, laser microscopy, and electron spin
resonance (ESR) spectroscopy.

Nanofluidic / microfluidic device

High power pulsed ESR for protein folding analysis

Optofluidic devicgle®
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JINNAI Lab

Polymer Physics and Chemistry

.| VIMYE—IE )TN TUT IV OBCHE#IBE BFRNET ST @A TFNAT Y ‘.
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SPECIALIZED ‘ Soft Matter Physics,/Self-Assembling Processes in Soft Materials,”Electron Tomogra- @W 5%%] ﬁ ;g

FIELD-KEY WORD phy./Polymeric Hybrid Materials

Hiroshi JINNAI, Professor

0 “BRTEFIMEEEDEIR hiroshi.jinnai.d4@tohoku.ac.jp
© SR TIBERT E DR (RET DRI E DHERT)

o 7Ry HEEFOACHEBILF /BEDIRTHEEZ DD FHRMEEN

© B EHEN T )RR OIS A DRFER

O ITRIVF—BEEM# (R Bt AE) D3R TERE A IEAZER

® Development of novel “multi-dimensional” electron microscopy

m Development of 3D image analysis methods (e.g., analysis of interfacial curvatures based on geometry)
® 3D observation and analysis of block copolymer self-assembled structures

® 3D Morphological study of nano-composite materials by electron tomography
m 3D Structural observation of energy-related materials (e.g., fuel cell electrode)

V

BRI T TINITUT I DRSS A F I AEED

EBRFHEEDVINITIT IV PHEERICHE-TERNICKE OMARRECEALTVEET,
B2 /iEEI. SRELEEAC S BIEIER
ICAF RN LAT v T TAEAD—DEL TEBLZEI R
7LTWET, £/, 20 &S5 FOBSHEBILBTIED
RIS, MBFTEES [FFRT-FEFERR | ORI
BITBZEIBNET, bl EPFOIEDEMLEF/
&SR THICHRIET BN TES [EFIRNET S
71] &AL ChESHTFOESERBI LT /1BEICICH
TBIET. REGRREH T TEEL

S BTRNET ST 0ICBR B E (L F R - wet
REBE-ZTHLEDOH LW RITEMAZIET. HEBL(
FIVADEBR I EEDwet RYITRTTUT ILD3IR
TIEEBRRLENDREMEBELET, 510, 2DLIEHm

N N . o — Fig.1. 3D reconstruction of Pt nano-particle (NP) network superstructure in Terpolymer metal
A 3z .= Ry 1757
MOBMEEE, TXVX—RESHFOVINTTUT I NP hybrid compositions and comparison with Self Consistent Field Theory (SCFT) results.
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3D observations of nano-structures in soft materials by electron tomography

B

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

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

SLINIW3HNSYIW 40 NOISIAIA

Fig.2. (a) 3D of the ordered bicontinuous double diamond (OBDD) structure in a
block copolymer. The image shown in (b) reveals the 3D thinned image of the unit
cell of the OBDD structure.
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BR OEZ % =
F/REMROSARERTOEADME ; _
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JIBFAREEAILERAESREFER. RUSIE
EREEFH ARG ERAVIREF AL TIERAE
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Synthesis of functional materials and development of nanoprocesses based on surface
reaction mechanisms

In the research section of surface physics and process- and multilayer graphene, and developed surface nano-
ing, we aim to develop various surface analysis methods processes.

with electron and photon probes: Re- ———
al-time photoelectron spectroscopy using i
synchrotron radiation and rare gas reso-
nance lines for monitoring in situ surface
chemical compositions and bonding states
under a reactive gas atmosphere (Fig.1),
and Weissenberg RHEED for determining
unambiguously surface structures (Fig.2).
Based on the observed chemical and sol-
id phase reaction kinetics at surfaces

LR L]

g ey

=) 3
By P W91 |

. : Fig.1. Time evolution of photoelectron  Fig.2. Patterson map (inset) and structure
and mterfaces, \_Ne have synthesmed spectra taken during exposing Si(001)  model of Si(111)+/ 3X+/ 3-Ag surface obtained by
functional materials such as diamond  surface with Oz. Weissenberg RHEED.
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CHICHIBU Lab
Quantum Optoelectronics

FMRH-F—TU—F | R BFEEYRFrUT LTIV BEEES B

SPECIALIZED Wide bandgap semiconductors,”Quantum nanostructures,~Carrier dynamics
FIELD-KEY WORD Spatio-time-resolved spectroscopy ﬁé& E% B B
o BEICELL (ALInGa)N HEU (Mg, Zn)0 R 71K/ SK ¥ vy 7 SR/ SIRB £ A 1o, BIEETE B
SEDAEERICESEH LV IE—L N ERDRRE shigefusa.chichibu.el@tohoku.ac.jp
0TI LML —HBLVT T LMD EFIREA LV (ALIN,Ga)N LUV (Mg,Zn)0 R TARNURFpy T8 INE —E mmus
FEFF/BEOBEEEABER 7 IZIE— . =
N N . azunobu KOJIMA, Associate Professor
CHEBEBIEFERMEIESX D —BLUPFRIESF S —(LLB (ALINGaNREFF /IBET R EFEK -
S~ RHRENT A TR s #F » %
© (Mg, Zn) O RERMEMFBEDAVIVEFIIRR T T XY X/ N2 TESF S — EHEREM R LTS IR AL Kohel SHIMA, Assistant Professor
B A new concept coherent light source based on light-matter coupling in environment-friendly (Al,In,Ga)N and %iﬁl, 5§ By =F

(Mg,Zn)0 wide bandgap semiconductor microcavities

B Spatio-time-resolved spectroscopy in semiconductor materials

® Design and fabrication of (Al,In,Ga)N quantum nanostructures: epitaxial growths by metalorganic vapor
phase epitaxy and molecular-beam epitaxy

m Helicon-wave-excited-plasma sputtering epitaxy of ll-oxide semiconductor (Mg,Zn)O and fabrication of multi-
functional oxide thin films

Kiyoshi KIKUCHI, Research Associate

AR F Y TS SRR E BRI AMRANRS O R —

N\

KFFR(BEEKE) EETFR (BEF) DEEERAEERTIETF B T RE R RRAEE r MBO e L AR
i 2 R T 3,

EET N R T ZBHEIREICHEY T2 KR, 200nm & _ L
DFLENRPSEFRIMEETIREREN/N—L, BIEBEICH ABE =
FICHELW(TS2yhas 2w Z5) AN, GaN, InN EDMEZE/L
B Zn0, Mg0 E D IFEES b F Bk, BICIX TIOZED ."M“:“m“ ) St
BB FEEERICZARINSIMEY T AREBIEZEREIE N N T
2% —k PFRIEEXS—EILE-T BFBLANIVTFIEL A T - L AN P STAR N

T il L e Y E

RE-AEEFOFEF S /BEEPEENDIE X LK E
TUET, /- ZhHXJ OBy 7 - F/IEBEDT T LMY IV ZE
BFIRRRIC &L 2R ZRIRRE AR YTV, RIFEENC
BUIIMETNR - BEF DR (FrUT LA FITIREARMEDH
BA4E) DMIBISEYET, F7- ZFhoEAVER-BFFN1Z (%K
SR T R E AL — Y — PN R T OERE T/ N R,
BRUVRINTVR2E) OMBETVET,

/ -
/ =,

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

>
gl
=

S

|

Research objectives of the laboratory are to design and ~ cused pulsed electron beams using a home-made, spa- g

create quantum nanostructures desirable for new func- tio-time-resolved cathodoluminescence system equipped
tional optoelectronic devices workable in deep ultravio- with a photoelectron-gun.

let, 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, molecu-
lar-beam epitaxy, and unique helicon-wave-ex-
cited-plasma sputtering epitaxy methods. Ultra-
fast recombination dynamics of excited particles
in nanostructures are studied by time-resolved

SLNIW3HNSYIW 40 NOISIANIG
|

spectroscopy using a femtosecond laser, and ST 38 A0 A% id i PEar-: L PR poche
very local carrier dynamics are proved by fo- LATTICE FARAMETER a4} RIS S ——
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COLLABORATIVE RESEARCH DIVISION OF NON-FERROUS METALLURGY AND ENVIRONMENTAL SCIENCE

FHFEBRMBIRIERZMELIE. EBRERT7OEAME L E—EOBRLEFHBROBE. BAFT —2OBREES
CRERRZENET HMRZHOHICIEZ. MFREBLIHEAN. REE- KEREDORBENBB ICEDAMER. JEHE
BRBFEREDESICLDEFEFDREEZRVET,

Division of Environmental Non-ferrous Metallurgy is aimed at cultivation of human resources by practical minded education and
stimulation of non-ferrous metallurgical industry collaborating with industrial society.

8I% (F;E) Professor (o)

Ll & Hiroyuki SHIBATA

HEHIE  Associate Professor BEBHI® Visiting Professor

TR M Wasenio uoHikos SAT TEAE Masaki IMAMURA
M ERARENEEP LSS BRREDWECHRRER

Novel non-ferrous metallurgy based on the technology of ultrahigh
purification
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Collaborative Research Division of Non-ferrous Metallurgy

and Environmental Science

FRISH-F—T—F | FEHRERRE HHILL N BEHERER

SPECIALIZED
FIELD-KEY WORD

© R BHFEMOBRIERICE T O RDEIEL
© AR IC R OB 5

° FEHEBEMICHIIEBNANZFET —ROIRFEEILT
o £ ROBESMEBNEBEHEMHOMIE

m High efficiency of pyro-and hydro-metallurgy based on systematic understanding of fundamentals

® Development of low grade ore smelting

m Verification and expansion of the basic thermodynamic parameters of non-ferrous metallurgy

® Preparation of ultrahigh purity materials and their intrinsic properties

‘ Non-ferrous Metallurgy./Urban Mines.” Thermodynamics,”Ultra High Purification

od

Bl Bz % s

Hiroyuki FUKUYAMA, Professor (C)

hiroyuki.fukuyama.bé@tohoku.ac.jp

N FE sm e

Atsushi MURAMATSU, Professor (C)

el EE sm @

Hiroyuki SHIBATA, Professor (C)

TR T s

Masahito UCHIKOSHI, Associate Professor

SN IEH zams

Masaki IMAMURA, Visiting Professor

FIRRBREDREWFERDIDHIC

HEEBOETHILBERMORERIGD/HICIL, BEFED
RENREN LT, BEAEEER. BNERyZLLZE
WCMAGEEDHBEDLE L. ERMNHRSFOA LS, #LW
RRICESSNTWET, 7. TR, 88, 7IVIZT L BEEBRELE
DEEICEDIIEHEBRERENFHRIICRETS0H121.

1. SEARLESCICHMIEL,SDEMEE DR DE

b
2. EAIyIaALICBY BRIEE R RIEN L ERT 51

BEMEMRIDBARE
3. RIEAILALSDEMEE DRI RO
BEDRBEREFRN LB THY), ZO1ODAMBRBR D€
A,

AERMAEIBME. EBERETO IR L 2—ED
BELBABROBE BHET—2DOBENEECHRE

For Stable Development of
Non-ferrous metallurgical Industry

Stable development of the metallurgical industry is

desired for steady supply of metallic materials

which are the fundamentals of infrastructure for

society. The metallurgical industry is exposed to

severe situation. For sustainable development of

the non-ferrous metallurgical industry, the following

issues must be resolved.

1. Advancement of extraction technology,

2. Development of functional materials utilizing en-
vironmentally unfriendly by-products,

3. Development of efficient extractive metallurgy from
unused ores,

Furthermore, cultivation of human resources involving

in this field is also important.

RERNET DM LR OHMICIEA. MREBLAMSZ A KF
£ REREDEBENBEICLDAMER. FHEBREERE
DEHICLBEEDREEH)ET,

= BN

Promictiomn Educalion

EMAITOCAMRES ¥~
Lentes for Mmeral Processing and Metallurgy

Collaborative Research Division of Non-ferrous Metal-
lurgy and Environmental Science is aimed at cultivation
of human resources by practical minded education and
stimulation of non-ferrous metallurgical industry collab-
orating with industrial society.

BRI i S R D SR

JONTI0S TVLNIWNOHIANT ANV ADHNTIVLIIN SNOHYIS-NON 40 NOISIAIQ HOHVYIS3H JAILYHOaV 1100
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CENTER FOR MINERAL PROCESSING AND METALLURGY

ERERTOCAME L 2—IE. EBROEL-EBEHFITOLAZIEILHELT. EEY
HERETOEA, BRI 70 ERER WE7OEA. ikl 7OeR&E K
LT. dSERET A 2EBOR-BEOREZHEEL. HLLWEEER7OEAD

AREEKRLET,

This center will recreate the expertise of processing and metallurgy that will support social
infrastructure, and pursue new metal resource processing in the future, starting with the
processes of dressing and refining metals, but also including the process of recovering
resources from waste, nuclear fuel processes, resources circulation and disposal processing,

and urban mining processes.

# #® Professor
fmal Bz

Hiroyuki FUKUYAMA

e St

Shin-ya KITAMURA

iR IS5 % B O R RER R DRI R B ST BIIR DRI SE

High-temperature processes and measurements of materials

bﬂ:’ﬁl’! ﬁﬁ'ﬁ'& Junya KANO

YRFFTINAZTI— IR - R T O RDEE

Innovation of Steelmaking Process based on the Sustainable Metallurgy

ki (8% Nobuaki SATO

HEREMEMMA T O RDAIR LS I 2L~ 3l LA T O XD &RET L
Development of New Functional Powder Processing and Optimum Design of Powder
Processing by Numerical Simulation

7N -

Itaru HONMA

BR-IXNX—REEHEUBS ML 7 XV DR T Ot T

Processing of Radioactive Rare Metals based on Resources, Energy and Environment

SeE MRRR

Etsuro SHIBATA

IXVF ]I NAZ-MHFEREE AL EREETE

Advanced Chemical Engineering for Energy Conversion Devices & Materials

R EE

Atsushi MURAMATSU

IS BRE LA B L2 BEIRBIRY AT LOEE

Establishment of Metal Resources Circulation System Based on Non-ferrous Smelting Industry

MR EA

Takahisa OMATA

SRR R S B /TSR EY A X DRI

Highly functional nanoparticle synthesis with precisely controlled size and shape

1A THEF LI RILF - ORI R

Development of inorganic energy conversion materials using ion-exchange

KIBNBEREESFEMTOEAMES H MHPBET O MRS B
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HHIE Associate Professor

j(i% B Makoto OHTSUKA
SHBEMETEBEM A OSHERLEFRT /N XD

Improvement of properties for multi-functional thinfilms and devel-
opment of novel devices

we
IREH A 7L DIy 7 IR
BELUPNORMEETL 7 A 2IVELA DILIE

Backend chemistry in nuclear fuel cycle and Processing of Rare
Metal Source containing NORM

Akira KIRISHIMA

ﬁﬁﬁ ;E Atsushi lIZUKA
S BREWER AL SR E S ORISR

Development of high-efficiency water purification materials

KE HSE
RES - AIRTVATEEREAHILS
F/ RE BALADRADTE

Surface forces and resonance shear measurement study on na-
no-interface and nano-confined liquids

Masashi MIZUKAMI

Bh # Assistant Professor

fE .—LE% Masayoshi ADACHI
Ga-Al 757 &AW BIERZIL TV LOFER R

Liquid phase epitaxial growth of single crystalline AIN using Ga-Al
solution

g IF

High temperature reactions of reactor core materials in gaseous
environments

ZHENG Lichun

Eﬁ E% Shingo ISHIHARA
HFE 2L —2a  lCEBHBDET )T E
AT O REEE

Modeling and Simulation of Particle Breakage and Design of Pow-
der Processing

/AR BABR Hiroaki KOBAYASHI
ZEFLRNYIZARISEF B2 REIER S/ MHEDRIRK

Developments of Nano-Sized Cathode Materials using Multi-Elec-
tron Redox Reactions

~ ~ ~
High energy-density advanced electrodes for next generation re-
chargeable batteries

TRUONG Quang Duc

1A A& Satoshi TSUKUDA
ERF-eBF/MRFNT IR/ T4Y—D
TR EHIE

Formation and control of polymer-metal NPs hybrid nanowires

1
=RME L
High temperature physical chemistry

Shigeru UEDA

ARIA ATV
EREAEMEYI /OB MDOEREZDSH

Development and application of biocompatible microbatteries

Sven STAUSS

gil 5§$ Kiyoshi KANIE
HEREIE BT /R T OV X REHIERAE & e

N Ty RHHFFEANDRR

Size- and Shape-Controlled Synthesis of Functional Inorganic

Nanoparticles and Application to Develop Self-Organized Hybrid
Materials

_I%_ 7@ Xu GAO
ZHBHORMEICLIEBRERTTOFBIEK

Expansion of the utilization of metal-refining slag with the perspec-
tive of disciplines

*i fgﬂﬂ Chuan-ming DU
SRR ZTHEDBRBHICEL BN ADHBECEIIN

Separation and recovery of P from steelmaking slag by selective
leaching

TN
RBEE—RFHRERBHCLVEL:
BRET T DR A5 DR

Study on Fuel Debris Disposal at Fukushima Dai-ichi Nuclear Pow-
er Station

Daisuke AKIYAMA

EFI§ *ﬁj& Yuta NAKAYASU
BEARBEANIRNE—T N ZHHORERME S
>3

Environmentally friendly synthesis of energy device materials using
supercritical fluids

*E‘@‘ %532 Motohiro KASUYA
REDEBEREICUHRHEEDORRE
BACIADR AR DAF MR A DFI B

Development of the novel methods based on surface forces appa-
ratus for the characterization of the confined liquid.

2
FLL B EBEORREMIE DR

Exploration of new oxide semiconductors and analysis of their
physical properties

Issei SUZUKI

ADHNTIVLIN ANV DNISSIO0Hd TVHININ HOd HILN3O
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FUKUYAMA Lab

High-temperature Physical Chemistry of Materials

FMRH-F—TU—K | MRTOEI T ERNZ BT BRRR

al

SPECIALIZED materials processes,”chemical thermodynamics.”thermophysical properties of

FIELD-KEY WORD high-temperature melts “crystal growth

© ZLMFBAEDERR RIS

o BEIRHMIMEEHRIL X T LDRFE

0 SR RICHICH I BMA T O X AR

® =R OB IEETE

© SHEBEMEIEDSAR LEHR T/ 1 DR

m Crystal growth and physical chemistry of nitride semiconductors

® Development of high-temperature thermophysical property measurement system

® Material processing using high-temperature reaction fields

® Thermophysical property measurements of ultra-high temperature materials

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

fmal Bz x =

Hiroyuki FUKUYAMA, Professor
hiroyuki.fukuyama.b6@tohoku.ac.jp

Kix L ommem
Makoto OHTSUKA, Associate Professor
LE IEH B %

Masayoshi ADACHI, Assistant Professor

MM BT O A Y HEHANEDRSE

HMERETE. ALFRNFERBPMEEHESE UV HEEE
MEMRDTOEXRRELRIBLTOET, HIAIE. ZEHFBHIE.
FEPOSSITERDEVEIMEREARFEL T RE ER. N
174 BRAF COMANBEFIATVETH URETIH. 2
{EHFBHOFEFELTOMEER LEL S0, FERERICET
MEBLFR LB EERLLY S, FAHEREARTOEXEE]
BUTWET, F MHATOCRCHTBHECHMNERHRR
E232L—232 9570, BYBEDT —EN-ZLEEHTVE
To BEGFIERECHFUISERASHE T 2 BRBOENLF
BREEZRBEL. MEOHRE. BEER BHE BESLV
KRERNESHEICEHE T 2B ERMMERHAIL X T LORREE
ToTVWET, ZORAMICE- T fERRER. &, BELEKLL
IFAHOICHXRE T BIEEEN (3D 7> %) D%
ICHEB Y BZEICIA T, RADERBMAEFEEYIIHANTOES,

PROSPECT 5uriv m Wouistont Brbedwin

High-speed -

High-temperature processes and
measurements of materials

Fukuyama laboratory studies novel material processing
based on chemical thermodynamics with high-tempera-
ture thermophysical property measurements. Currently,
we are developing new crystal growth processes to bring
a breakthrough in nitride-semiconductor devices, which
are promising materials for next-generation optical de-
vices applied in environmental, medical, bio and informa-
tion technologies fields. Database of thermophysical
properties of materials is needed for modeling heat and
mass transports in materials processes. The world’ first
thermophysical property measurement system has been
developed in our laboratory, which enables accurate
measurements of heat capacity, thermal conductivity,
emissivity, density and surface tension of high-tempera-

LPE-AIN layer
(Al-polar)

Nitrided sapphire layer
(N-polar)

Sapphire

ZLH 771 7 ER L AINROZ > BERTE TEM &

ture melts, utilizing electromagnetic levitation in a dc
magnetic field.
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KITAMURA Lab
Base Materials Processing

FMAH-F—TU—F | R0 HIMEEETE S RIGRE UYL

SPECIALIZED steelmaking ferrous metallurgy . chemical equilibrium,~reaction kinetics,~

FIELD-KEY WORD material recycling :"./,*:J' 1%’& B g

o L RRAICEBAIN I VNI DEREEHBILNOBRMAS T O BRER BT SHRIE ] Sive KITANURA, Professor.
S EREE IO XD shinya.kitamura.e7@tohoku.ac.jp
O G LICE BV AU EINERHICLZBD A BEE AW BSEZ ST DS DE T & B D5 B - it HEE ¥ oemm

O NTEMARREA LD I 2L —S 2> EHIIMC & BB M DI ZA LIRS T BRI E D<) -2 2F )b Shigers UEDA. mesociate Profossor
HED-HDHH RER L -

o RS THKLIKEADSSAR S EFIFAL R = 8 om ox

m Design of highly efficient steel refining process through the study on the formation of metal emulsion by ris- Xu GAQ, Assistant Professor

ing bubble and the dissolution rate of solid oxide into molten slag EB ﬁg B %

® Separation and recovery of valuable metals from steelmaking slag by the recovery of manganese using sulfi-
dation and the separation of phosphorus using leaching

® Quality control for clean steel production by the simulation model of inclusion composition change and the *i 1:§EH B %
study on the change in oxide composition during heat treatment

® Valorization of steelmaking slag for the recovery of rice fields damaged by earthquake and tumani

Lichun ZHENG, Assistant Professor

Chuanming DU, Assistant Professor

—R\/ A SN O\ #E

B 7 O ADFRRA

ADHNTIVLIN ANV DNISSIO0Hd TYHININ HOd HILNIO

SIMICARINBIN—ZAVEET O X, NEHEDRE
EXABEBREMEL T WBELVILIBICHZH ., BRIBEFAMES
ISR THAEGRNEEDRENZITOET, 2OHHER 28
(23 LT D4DDBRE (R —IV) LA Thid ) ERA. O
HWEDSERALEREFEV, HEICELWTOEXTHE T3 ([Giga
Scale]. QRIGEE (V774 —) DR HEELBRETEH DS
[Mega Scale]l. ®RISRE. #¥HEMEE AT 2B LFH
ZRD#REA [Micro Scale]. @t O EBREZENIRE DBITE.
WARFRLE &) FR 45T [Nano Scale], A% A BF Cld. $A5H5E
AERCHVWTEERESK MR & E AT T 4D [ 80 ] &
RIS, BREMBICESCRBERME TOEA0FER, 7O€I31
L—2a b EF VRS, B2 RICOREROME. SHEEE

SR E X 2B ERE LM OREZICEAL T, BIEEND420D BARSTERIEL R, BES O RIRNIBRLHET
L L Picture of steelmaking slag after the leaching which shows that the phase
WA RIL AR ET>TVET, containing phosphorus dissolved selectively.

New development of steelmaking process

The steelmaking process has an extremely important
role in supporting the development of an eco-friendly
society and it becomes to an age of technical innovation.
For the research and development of this field, we have
to consider the following points on four different scales:
Giga scale = Consider the global impact of the extraction
process, Mega scale = Enhance the performance of re-
actors, Micro scale = Identify the controlling factors of
the reaction rate and Nano scale = Control the mass
transfer of molecules. At Kitamura laboratory, the re-
searches based on the above four points are being car-
ried out in the field of steelmaking, which is a core pro-

. . BETHKUIKBICRER TV EBALAER. Tan R<E-72IRR
cess used to produce high-quality steel. Picture of the paddy field damaged by tsunami showing a good harvest where the
steelmaking slag was used as a fertilizer.
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KANO Lab
Powder Processing for Functional Materials

FMRH-F—T—K | MEIZ/ BB XD/ TIANVRIE VAN KRIZNE—/ LTI/ Y3ab—2ay

SPECIALIZED powder technology grinding.”mechanochemical reaction,recycle ~hydrogen.rare

FIELD-KEY WORD metal /simulation

[ D e e R = DA &) U X A m R o (Y=Y -1 o

© KUK FAR 7O AN I 2L~ 3 DAEIK

O K F AT OERI 32— 3 DA

O XN/ IHIVEIC L BHEREMEMADRIR E R/ D £ B DAY

O NI AT REBLVHIEBEENH SNSRI RKFREETOEINDAE] R

® Optimum design of powder processing by computer simulation
® Development of simulation model for grinding processes of fine particles
® Development of simulation model for multiphase flow

® Synthesis of functional powder materials and recovery of rare metals by using mechanochemical method

® Development of new hydrogen generation processes from biomass and plastic waste

il it o=

Junya KANO, Professor

kano@tohoku.ac.jp

AR BEE v %

Shingo ISHIHARA, Assistant Professor

HEEEMMATOEADRIRE S I 2L —2a vl KM T O ADKI#EL

WirxEERL PREAHIVEREHRET ISBEEMMEID
RS- BLEP VWO OBA THD, ZOMEIDIFEIEZDILE
FER 72V T AL MR DR FFRIBEEICH REUREFL. T
FIEIEE AR F O FEPZOH H A EW M-S EEICAZ
{EAIND, LI ->T. BRELIMEDEREEDHET O+
ZEFEBICHIEIL. FRE T2 FEIIEL. P DOFTE T 2L R
REEBDICRECHT. RIE. BEILLEEOMETOEIE
BECHETI2UVEN HD, AARETIE. HATOEREZBTEIC
FERBUICHIE T 27200V —ILELTDII1L—a BN ET-
TWd, KUIL—2a3lldo T METOE e R LT 52
ICEW BIRNF—EREERILER->TVWS, T2 HETOL
ZAD—DTHEMHRIEICS o TRRT 24D/ rIDVHRETE
WA TERL. BHILILULSDEBIY A TR NI AT ZINED
BT XX —ICET A B EERL TS,
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1 ADEMIC&BE il FRIEEEDS 2L -3

Development of new functional powder processing and optimum design of powder

processing by numerical simulation

Development and manufacture of high functional mate-
rials have been actively made, and most of those raw
materials, intermediate products and final products are
particulate materials. The properties of the high func-
tional materials are greatly dependent on the particle
packing structure in the materials as well as those chem-
ical compositions. The particle packing structure is also
highly dependent on the particle properties and charac-
teristics such as particle size and its distribution of the
particles, which depend on their preparation processes.
Therefore, in order to obtain the function desired, first
of all, the preparation process of the particles as a raw
material should be elaborately controlled, and then the
powder processing such as mixing, filling, forming and

composite must be controlled exquisitely.

In our laboratory, we are carrying out development of
computer simulation method for control of powder pro-
cessing. Optimizing the powder processing by the simu-
lation is performed for energy saving and resource sav-
ing. In addition, we are developing processes for
recycling of metals from urban mines and for hydrogen
energy generation from biomass and plastics by using
the mechanochemical effects which are obtained in the
grinding process.
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SATO N. Lab
Energy Resources and Processing

FOFI AR BB A O/ TRNF—&ER /L7 X2T0w> >y /
G BERMAIE A

actinide chemistry /nuclear fuel cycle/energy resources, rare metal processing ﬁﬁ% 1@%; w2
radioactive waste management Nobuaki SATO, Professor

FRI5H-F—T7—K

SPECIALIZED
FIELD-KEY WORD

® 7 F /AN MDE R LB RIEZDIAE nobuaki.sato.c8@tohoku.ac.jp
O IR BIH A 7ILICHFZ 70U ME LU Ny T IR EZ DR *IEJ-% |35l'_ e

o RREHICEHZIRIBBESSUBSEEEY DMNI-AL 7RI T B
O HEHXE NSO EBEILH LV KFERTOEIDFEE "
o BB AR EL 7 AR VERDY )~ T O AR5 il K& m =

Daisuke AKIYAMA, Assistant Professor

Akira KIRISHIMA, Associate Professor

B Solid state and solution chemistry of actinide elements

m Research for front and back end chemistry on nuclear fuel cycle

B Research for radioactive waste management and environmental recoverability on NPP accident
® Development of hydrogen producing desulfurization process from wastes

® Development of green process for rare metal resources coexisted with radioactive materi

=R\’ /A SN O\ kD

BR-IxINF— RIBEEOHEZHIELE FHEE EREMR

PARE L (4=10)
EBIXNX—ELTEFHOFRIEIANFEORREELGTIE
BRATTHD, ZD7HYT0MNY LES GBS DI
SETOCIDREREMERRBREERDE S HER NS LORFIE s
S ENRELENIE-S T OEAFERI KDOONTND, &5 FREEIE l . S
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EMOE
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B 55, KRE T, KERCTR) BT (E30) Ricb L v
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DL EVEBBOVYATIVEER LT AZIVERDT -7 S

At ADREREETIEEDIC, BRERESHICHOIHHMENE BAB g L
DEEEEL . T2 HME-NS TOEXOEEREELEDT -
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RRHHRIHITIRE LS

Development of green rare metal chemistry for sustainable cycle

Since nuclear energy is one of the most important ener- REX. Besides, the basic solution chemistry of actinides
gy resource of our modern society, it is strongly demand- elements is studied to perform more reliable safety as-
ed to make nuclear fuel cycle more reliable. Also recov- sessment of radioactive waste ground disposal.

ery from the reactor damages and
environment contamination by the Fukushi-

ma NPP severe accident, is urgent problem. P
To respond these demands, our group de-
velops novel and unique processes for the
spent nuclear fuel based on the selective
sulfurization of fission products. The sulfide
process has advantages of less radioactive
waste volume and lower risk of the nuclear
proliferation comparing with the conven- [T —

tional wet reprocessing processes like PU- " indprruadng of St ln ns Themes e ol TR R U sl B In T ieonan fenem.
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HONMA Lab
Chemistry of Energy Conversion Devices

FRSH-F—T—K | BEURIXNF—/F/70/09—/UFILAF Bl MHEL KGE

SPECIALIZED ‘ renewable energy.nanotechnology lithium ion secondary battery. fuel cell”solar

FIELD-KEY WORD cell

OSRE - SHARIFILIALE

O KBEX /4

© KEZE ith- KBt OFMAL-Fi 7 /31 XDFAF

o HBEERA R BRI FETOX BV HEE T/~ TUTILDA|R
© )= F N ZD S DI th

® High power and high energy density lithium-ion batteries
B Super capacitor

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

m Advanced device processing using supercritical fluids and electrochemistry
® Spectroscopic analysis of energy conversion devices using synchrotron radiation

AE  ®ox =

Itaru HONMA, Professor

itaru.homma.e8@tohoku.ac.jp

ARTA ATIY gzis

Sven STAUSS, Associate Professor

/MR BLER By %

Hiroaki KOBAYASHI, Assistant Professor

FaOr 772 KTy %

Quang Duc TRUONG, Assistant Professor

& HhK B %

Yuta NAKAYASU, Assistant Professor

T/ 70/ BRRFAIBRICERIED

AEARETIE21 HHIBOMER M RVECREERETH
B BRIFERINT- ERFHRBEOEICF/T7/00—%FAL
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Energy technology innovations via advanced

nanotechnology and nanoscience

Honma laboratory investigates frontier nanotechnology
and nanoscience for innovations on advanced renewable
energy technology, which contribute to a global sustain-
ability and low emission society. The green technology
would be most important issues what scientists challenge
for global sustainability in the 21st century.
Particularly, we focus on studies in fine chemistry of
advanced energy devices employing advanced nano-
technologies; 1. monoatomic-layered materials, 2. Nano-
crystalline electrode materials, 3. organic nanomaterials,
4. high ion conductive solid state electrolyte, 5.
nanoporous/mesoporous materials 6. supercritical fluid
processing, 7. spectroscopy analysis using synchrotron
radiation.

In depth studies on these advanced functional materials
and characterization technigues may result in innova-
tions of lithium ion secondary batteries with high energy
& high power density, low cost fuel cell for future smart
grids, and compound semiconductor solar cells achieving
both high conversion efficiency and environmental friend-
ly.
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SHIBATA E. Lab

Metallurgy and Recycling System for
Metal Resources Circulation

FRISH-F—T—F | FHRESERE SRERBR VYAV BEERMLE

EEE%T(E%E}V)ORD ‘ Non-ferrous Metallurgy /Metal Resources Circulation/Recycling/Waste Treatment

: LH BB x =
O BEIMERNDEXFETOLIDER Etsuro SHIBATA, Professor

© 20041 ME RIS BE RN R EBE LM DR T
OLREHIUM N BEDHDFRZRFI DR )—=27

etsuro.shibata.e3@tohoku.ac.jp

© SHEISRIC 5517 5 R R T A IO EE AR SR T B BB R 7 R F osmum
® ZMfth, £BUY VI X T LDRELICEI - BB E RN FICE T 2R R Atsushi IIZUKA, Associate Professor

o 7M. BB RBERICHIZRBEAF TROEZF DO ZIBRERMFRICHT2ERNR

® Pyro-metallurgical process for ocean floor mineral resources

B Synthesizing technology of scorodite particles for stabilization of arsenic

® Screening for new flotation reagents to separate arsenic minerals

® Fundamental study for copper smelting with high impurities

® Development of component technologies for optimization of metal recycling system

® Development of environmental technologies such as treatments of environmental load elements in metal re-
sources circulation

=R\’ /A SN O\ kD

FERBBREERELERERBERATLOEE

ADHNTIVLI ANV DNISSIO0Hd TVHININ HOd H3LN3O

FHUBRESERBERUMSEAERT L CRPERARO (BT RERRIAR R HIR T O X RRBREE, DI
EETH) 2 BEREROPLEIIET REEEGRTZ  BUHEATHS,
ATREMAERE ST \B, T SHACIIEARE- T BER
EFHROR AN IR EICEINT 32En FA88N S, IEA R EZ BB L UL E B ERBIRS AT AOIBE
LB EREHGI CHERL TUADICI, B2 RS e (G e 201
ERSN TV 52 BEBRFIAL OV LEN 55, BARRSHER G0 Eean ) e Eom

AMERH T RRUARERBELLSRER oo pnsyor 0 IR BRI DUER QRN £ TS
BB 25 OB E 8% T Tu B, 8

N o/ 1 /o N=| [SET-rAE I PED g/ ol
MBS NS Bty (DRI BRI/ RRRIRRSI
SUROBABHEBA TR ET IR LR e e s
BROEHEBBEER S OERETEL T3, 3 e BRI TS (FR)
ROsu5T S BLRESALAE 4L KEBORIL -$8 BT TOER) BRI/ IANIE BRI (1SR
ErL BN, NRRENONE Bany  F T st RRERRECRRRRAR B
FNRELELBEREIRICEI AR MR S EERERS 27 AOBEIE R T TO—F
Establishment of Metal Resources Circulation — cumns
System Based on Non-ferrous Smelting Industry  ©_&==_ ] S T
| Pre-treatments | PoBetc[" " 3 stabilization of 3
Non-ferrous smelting industry is necessary for achievement | et ] ‘E'e““’iy‘““’ o Lljzgz—‘ng’nf—i
of the resource circulation society. In the future, the use - o oon L0ie N\ .0
of various electrical and electronic devices is expected | el L ey g )
to increase with growth of population in the world. To P C) | g | G
secure metal resources continuously, it is necessary to e B e bt o \
recycle metals used in waste products. (Z")Dism.m(m a5 61,17 S9N e
The main research aim is to establish the metal resources Asmun, o) utfion (531020, 5 5,612, ‘
circulation system based on the non-ferrous smelting él{fﬁfiﬁ) - Poag st P0.A0) — ZE;??;':E;
industry. Research activities including non-ferrous metallurgy (Oiteazey | 157 e .55 1, 40,49 Fye—
along with mineral processing beyond the traditional e 20 o EA st S
framework are intended to achieve the high efficiency Linkage among copper, lead and zinc smelters to recover valuable metals

. . . from various type of resources
circulation of metal resources and environmental conser-

vation in the future. Researches for smelting processes by-products and stabilization of environmental load ele-
for primary and secondary resources, treatments of ments, etc. are conducted.

54




RAXZE ZTWENEMMAEHR

N7y RF/RF7atAMESEF

MURAMATSU Lab

Hybrid Nano-particle

AR —TEF T NREE BN\ TVYRF IR NATVYNRE TRIF—
BRER BRSBTS/ NYb

metal-doped zeolite catalysts “organic- inorganic hybrid nano-materials,“hybrid liquid $\'_Hz'_& ;Eﬂ w2
crystal,“energy catalysts,“promoted semiconductor nano-dots Atsushi MURAMATSU. Professor

FRI5H-F—T7—K

SPECIALIZED
FIELD-KEY WORD

© BRE—IERENAT YR F IR FDERK atsushi.muramatsu.d8@tohoku.ac.jp
o $ L &R EHER # IS N N .
02 I NF I HA XL BRI TF DA R EALEEMATRA OIS BT EE ewm

® BBAFRLIC L B AR IS B MMM DR 5
© SRR TTIAC L B HT AR IR

Kiyoshi KANIE, Associate Professor

® Preparation of organic-inorganic hybrid nano-particles 7KJ: HEE ’Eﬂ_ﬁ

m Development of nano-sized metallic particle and application to functional materials Masashi MIZUKAMI, Associate Professor
m Partial sulfurization of metal oxides for visible light-active photocatalysts NAPAN R

® Synthesis of multi-layered films by laser ablation *Hﬁ $/¥ Ejj #

® Fabrication of new structures of nano-porous materials Motohiro KASUYA, Assistant Professor

F—S5—A— ROELBEENF/NA Ty K D2

BHE—ERENAT )R KICBEMND IV ARIVR=T
AN REE, EAEERITO 7/1>7, FRESBRTFH=-F
TEBRNT. KMERF2=7 Be2D~XOTXHIMREIEM.
FEEKF/RF FEPL ?I?*ﬂ'%/‘lﬂﬁﬂ ZREHEICh2E64TS
JEERFRE, FKRADKEREM F /MR EEAHELTWET, %
hoiWThd NTFERDIRETHS. (1) RERERTFRED
D (2 FRTOBREDRALL. (3) FFERRICHHIFED.
BDODBHTEELERIBZZICATRZLICE)EABIA TV
9, D% I—E—FINKE CHo7/N. 7)—-3I-KE-IL

AN TEBNDE, MIRETEP 1RO THREZE ICHIEISh /-, BAE \

WEEE At EEEE S E T T O
F/RFPERINBDIE. ZORKNICEZIEHRIZRCTIL. Fhkz AT AR AN LS R EEE N T LY - T

B3 ZILAEROIOIREERLN D, FLV. L(ESESN j— o “"' “ﬁ
FINATUNRMFEERBLET s BEEDBRLL, F—F—A—RD, Ts RS W
IKEEEINF /NATUIRHBHAITETD?  FBDEIET, :‘:.':.":"‘.‘-’.:'*..“:..':t‘:‘.:: Ry

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

Highly functional materials, such as metal-doped zeolite mode. Namely, the physico-chemical theory for the sta-
catalysts, ITO nanoink for TCO, niobium-based oxide bility of coffee or milk, and the very good foams of beer,
particles for lead-free piezoelectric devices, titania, per- is similar to the formation of nanoparticles precisely con-
ovskite metal oxides, semiconductor nanoparticles, or- trolled in size and shape. What kind of nanomaterials do
ganic-inorganic hybrid nanomaterials, fuel cell, and alloy you need? We'll make it.

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 |5 I '

. . . coon e rracEns AETTI BT matERTET m’

control in particle synthesis T e i e

@ RRT /HMFEIPETD “BREM/\TTUy RFYRUT=" @ XY VEEMAL D 1 yAEEE@?’%‘EZ%‘r RANEEIF
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OMATA Lab
Atomic Site Control in Inorganic Materials

FMAH-F—T7—F | HEEMEEME BRIXNF—FBTNAR/ RFZEEGE (FE—L ‘

SPECIALIZED ‘ inorganic materials/power generation devices using natural energy.“ion-exchange

FIELD-KEY WORD and intercalation,“ion-beam /J\{BEE %7\ H 8

o A IR ONERE C AR T 0L A0SR fekania OWATA, Professer

® FO—F+v T B LY EEIANDEIREREEFDISH takahisa.omata.c2@tohoku.ac.jp

o R TENF T A EDREMH DR F 1H HE B %

° ﬁfﬁfZSE%F\yl\d)igﬁﬁﬁﬁjﬂtxd)Eﬁ% Satoshi TSUKUDA, Assistant Professor
O ST RIF—(FE—LRREHE VI EH T Uy F ST AR T - S

® Design of inorganic materials and development of their synthesis techniques

® Development of narrow-band-gap oxide semiconductors and their application to photoelectric devices
® Development of elemental materials in intermediate temperature fuel cells

® Syntheses of colloidal semiconductor quantum dots

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

Issei SUZUKI, Assistant Professor

=R\’ /A SN O\ kD

RFOEEZERZT YA 2 URIRRMEME - TNA A= EHHT

ADHNTIVLIN ANV DNISSIO0Hd TVHININ HOd HILN3O

AEN ZNETRIRL (RERZLERZRHLVMHOESNE] AIXLBERT ATLAORKELTERMHORREEZDE
ERELOTHY BEEAL CWAIMNY— RIE BRICEAD FEEMELTVET,
BEFRBICHL TH BT ETNSEMRA M

B 55T, EALEDBHICLY, EOHE AIBER FZREFEE a1
S AT TEARELMEELIPHEL SN T

B, STALBIBLL TV BRI S 1 T ERD ° Li*, Na*, K', Cu, Ag’, OF, Fr+«~
SRR CRENC R ESERENE P A5 BRLEHES
BISRLBIE A, TABORRE T, Z0&5% TAVBIR, ﬁl{ffiﬁ‘ﬁﬁ%%

ERENEEMHOF AR E S, RFHET
L= BTk F YA RO R 5
R LENE, HRHMEANROTH 1 OB
BPEACLUAIBL, ZhOEBIEIAL T (X

H*, Cu*, Ag*, Li*, 0%, F, Cl-== -

ENMOREEERELEY

RIGRMEEREAISE

VAT WAL T AREEED TOET, BER, REARLLED
KRR OFEARS B, iR BB, PREBLRRRLLE

Creation of environmentally-conscious

materials based on atomic site designing trmadiata T SR,
Fuel Cedl

Most innovations have been triggered by advent of new
materials, and the present energy, environmental and
resource issues are expected to be solved by new ma-
terials. We focus on to explore new materials and their
synthesis routes using ion-exchange and ionic interca-
lation technigues. Proton conducting phosphate glasses
working at intermediate temperatures and narrow gap
oxide semiconductors applicable in visible and NIR re-
gions have been recently developed. Simple and safe i
synthesis routes to cadmium-free quantum dot phosphors Light-emitting and harvesting
and colloidal indium arsenide quantum dots for solar cells

were also found out. Thin-film solar cells, fuel cells and

light-emitting devices using those materials are now de- el bused '

veloping. O0-Predghoni  QDs for Soler Celly

i bpetres Femscali

g e
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CENTER FOR ADVANCED MICROSCOPY AND SPECTROSCOPY

FinatAlIFFE L 2—3 BFOREZBAL COICATIIERL, BMBEORERFEZITL.
MXIFEPE IR F—ETFR. OISRV BFREZFRL TR mDETHRIHATEE
RZfTOERBRIC. ARLUEFEHOMESADRTZTHIEZBIEELTVEY ., ZDIHH
BOXERFEZERY 57D, ZEX—H—Ofth. /& THUWEMNZESDAMERD
BT = EOEEEREAYICEDH TVET

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

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

# 1 Professor

_I%_ E % E‘T Masaki TAKATA % W IEEI: Masami TERAUCHI
M KIS SMEDB T BEL NN TORM B BEH DM ETFEMBE AL S BT R

Development of Materials Structural Visualization Science via Synchrotron Radiation Electron crystallography and spectroscopy by electron microscope

ﬁﬁ% *ﬁ Daisuke SHINDO %KE ff.l\gi\ Tadahiro KOMEDA
BTRHROT 57— & B BIEME D BRISHEH B SFORECAEEER T R

Analysis of electromagnetic field in various materials by electron holography Development of Devices using Single Molecule Spin Degree of Freedom
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HHIE Associate Professor

51% iﬁﬁ Takeo EJIMA
HXHIRABRITAME DR R L Z DEM M ERZ IS A

Development of Soft X-ray Correlation Spectromicroscopy apply-
ing to Bio-cells

Y¥EHEBIR  Specially Appointed Associate Professor

EE BER
MR- X AR EIHT
Solid State Physics, XRD

Masashi WATANABE

5 Bf Senior Assistant Professor

E T EARR

FiREREFIEMBEEICLD
EAMBOER ISR M DR
B # Assistant Professor
PNLEHF B

Development of advanced transmission electron microscopy for
HXIRZ BRI T — DR

electromagnetic analyses of practical materials
Development of soft X-ray multilayer imaging mirrors

Zentaro AKASE

BIR HRE
BN FIVBMEE A
BRE LD — 5 FRIEORER

Single molecule magnetism on solid surfaces by STM

Noriyuki TSUKAHARA

Tadashi HATANO

EEE #e
AEEC LB RERBRICE DL
REDIEOBIR

Development of vibrational spectroscopy based on real space im-
aging by combined measurements

Yasuyuki SAINOO

1&% B&X Takafumi SATO
BFRAOT 71— LB IEFARE COTEIRR
RU2REBFEEDEN

Analysis of charging phenomena and secondary electrons behav-
ior on the surface of insulating materials by electron holography

EEBHEHIZ Visiting Asociate Professor

SH i

Mitsunori TOYODA

-

ﬁfg J% E'Z Yohei SATO

B S/ TO-TEAVF /T UT VOB BRI
Analysis for dielectric properties of nano-scale materials using nm
electron probe

= %

Tsuyoshi TAKAOKA

ERREICH 20 FOEEEIEDEER

Exploration of mechanism of molecular motion on solid surfaces

77F§J ” *iﬁ Daisuke MORIKAWA

BEFEFEAVRER BREEETFEORECZOICH

Crystal and magnetic structure analysis using electron diffraction

AdOOS0H103dS ANV AdOOSOHOIN A3ONVAQY HO4 HILNIO
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TAKATA Lab

Synchrotron Radiation Soft X-ray Microscopy

FPIREH-F—T7—F | BMERXBLERXIREHE ZEBEIZ— ) AV TH I TT(—
Synchrotron Radiation X-ray Optics/Soft X-ray Microscopy.”multilayer mirror,/Na-

SPECIALIZED

FIELD-KEY WORD no-info-graphy

o [LREF - B S BRRE SRR DR R EIC A
O BEEHN)V T T4 — R RV DERREBT

© MBI DEXIR A I EIER

o YXIFAHE R ESZEEIT - DR

= Development and application of wide-field-of-view and high-resolution soft X-ray microscope

B At-wavelength observation of extreme-ultraviolet lithography masks
m Soft X-ray spectromicroscopic observation of biological samples
m Development of high-throughput soft X-ray multilayer mirrors

—_ =
=H Ef % =

Masaki TAKATA, Professor
masaki.takata.a4@tohoku.ac.jp

I8 X s

Takeo EJIMA, Associate Professor

N N=1 <,

EiE BEY smams

Masashi WATANABE, Specially Appointed Associate Professor

PLH B m %

Tadashi HATANO, Assistant Professor

SH e zmsemum

Mitsunori TOYODA, Visiting Associate Professor

G X #RICK DT/ AR ORREEICH
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Development and Applications of Nano Visualization Technology

based on Synchrotron Radiation X-rays

“SLiT-J” is new 3GeV synchrotron radiation facility proj-
ect in Tohoku. Its ambitious low-emittance light source
design (Fig.1) shall make a progress in soft X-ray imaging
to investigate the nano- and bio-materials. Our lab has
been striving to build a new range of the states of the
art in EUV/X-ray microscopy. Our latest success is a
development of the EUV microscope with diffraction-lim-
ited resolution of 30 nm. The obtained full-field images
of a living tissue and next-generation lithography masks
(Fig.2) are demonstrating great potential for our X-ray
visualization technique combined with SLiT-J. Our final
goal is to create a master concept, Nano info -Graphy,
for nano visualization of three elemental information;
spatial structure, energy state, and chemical state, and

to achieve innovation in the Science and Technology as
well as Industry.

Fig.2 Transmission X-ray Multilayer Mirror Microscope (TXM3)
T.Ejima, M.Toyoda, T.Hatano, M.Yanagihara & M.Yamamoto

High resolution image of
16nm node mask
for EUV lithography

EUV Image of
the cerebral cortex]
of a mouse
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TERAUCHI Lab

Electron -Crystallography and —Spectroscopy

FRISH-F—T—F | BREESYERT BFEME BT IXIF BRI RXREAD A IWRETFEIR

SPECIALIZED ‘ nm-scale physics.~electron microscopy . electron energy-loss spectroscopy.”
FIELD-KEY WORD soft-X-ray emission spectroscopy ./ convergent-beam electron diffraction %W IEE % 1%

" . - Masami TERAUCHI, Professor
© HEREME T/ R F DY REAT oAtk

- - =T N masami.terauchi.c4@tohoku.ac.j

© fEHHEEELS (- LM EHET EORE "
o BT GHIHA SXES BBOMRLICH (ERE B wms
® Functional analysis of nm-scale particles by TEM-EELS Yohei SATO, Associate Professor
m |dentification of electronic excitations by angle-resolved EELS e
® Development of SXES instrument for electron microscopy 7|t;k“| *ﬁ B #

Daisuke MORIKAWA, Assistant Professor

BT RERVVCREFOBE MR FEOREC SR

HERATEEAHROERICY. AER-EIXLEY—T E
L INIMEEHERE T M AR E ORISR LB T,
ZDHITIE, EFBEMBERREEL/2F /R —ILTD
S MR R ORI Z OEAN RAI R T, 2
NETIC, HADBIETHS [/ 27— LSS Wik
W27 LOWE] DEBREBIEL. tHRMOERIEE
ERAA KB BT EME LU IbI 7. BT
FVF—HEREEEELS ETFEME. HRDOMETF I
EANETFBEMBELS, FUSF AT R RBOBRE
ZDORBESHEANDISAETV. MEDRBEFENE _ _
FAMEEIEL TEEL1, B, XTI XX %418 i A 1T R A
B THRREINTWSZES /1T (CdSe/CdS/ZnS
HTF) DG TT, BB THBCASe T (A7) DETFY  SWEDLIERSh3r%, BFEMSBEAEELS Fiklck
1ZXZEN, CAS(1>F—B)-ZnS(7I2—B) DZERHEEIC WA FIRIRASHSPICLEGITHS,

g

Iaaraly (0
Ity {21 )

AdOOS0H103dS ANV AdOOSOHOIN AIONVAQY HO4 HILNIO

G i s s e A . ik . .

Development and Applications of
nm-scale Crystallography and Spectroscopies

Our lab develops accurate nanometer scale characterization
methods of crystal structures by convergent-beam electron
diffraction (CBED) and electronic structures by electron ener-
gy-loss spectroscopy (EELS) and soft-X-ray emission spectros-
copy (SXES) for evaluating new functional materials. For per-
forming crystal structure studies, we developed a new Q-filter
electron microscope and a refinement soft-ware, which can
perform not only atom positions but also electrostatic potential
and charge distributions. For electronic structure studies, a
high-resolution EELS microscope and SXES instruments were By-By ,f" }
developed. Figure shows boron K-emission spectra of metal W '."'."."'.'"‘."“1.":.
hexa-borides obtained by using a developed SXES instrument 170 180 180
attached to a transmission electron microscope.

Phaton Energy (eV)

(snun ‘que) Ausuaiu|
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SHINDO Lab
Electron Interference Measurement

FRSH-F—T—F | BFRAOIST7— SBETFRMEE HMBEE EY ERS

SPECIALIZED

FIELD-KEY WORD ty ~electromagnetic field

 SNMEREEFIRMIRAICLARE RE CORTFETI DR
© BRUGHIECAZBIEFMO/-d DEIENIREHRZIERAMORAF

© O—L VAR IAE B FARAROT 271 — £ B -HEXAE & - B L 73 T DREART

® TRX T a—BFIEMIFE A V-2 DIHERICS AT B DRZER
o BHRIEEALLBFIRAOT Z 71— ICLBBMM B DBISHET

® Analysis of atomic arrangements at surfaces and interfaces by high-resolution electron microscopy

B |mage processing of digitized electron microscope images on atomic scale

® Analysis of magnetic domain structure and magnetization distribution by electron holography
® Study of phase transformations by in situ observations with an energy-filtered transmission electron micro-

scope

m Electric field analysis of electric battery materials by electron holography utilizing plural microprobes.

electron holography transmission electron microscopy.”microstructure ”conductivi-

HERE K % o=

Daisuke SHINDO, Professor

daisuke.shindo.b1@tohoku.ac.jp

TAEENES = &

Zentaro AKASE, Senior Assistant Professor

ki BEX » =

Takafumi SATO, Reseach Associate

T/ RIBTOREE - {mE M - BRSO ST

BEFOKEMEICEELZOFENREFALALEFRAATZ
=& F/ R — IV BB E PRI TE B REHRDRIFIRAM
T, LB FIRAOT 77— & EAL TREMHAN DB
HEEtEE TR AMREIT o TVET, ML XICHS S —
IWREB A BuEBFBBEAEOREETI—A. BFFRILT—
ICHEHDOFREEB AL, ETVEEE)IE

RT3z LI KBRS HIMETIESHI.. BFRMATSI74—0

BRI TOEEMIFTOERBL TV % RBEE
T REAOBT AL S 8

RARSRICIA. MBS RRMETET  miros
BSTHBATERBLTVET, iAol

FHEMBEARSLTDESITT, (1)
EFRAROTZT4—IC&BF /A=)
BGOSR EL, (2) ERIGH

BEERUREO LD OBRENF REHHTORE. (3)EH
RIS B BRR BT OREEHOBBTR. (4) 55—
- TR T/ 2 — VBR BT, (5) B R
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ASTEFREERTD
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Multidisciplinary research for structure,

conductivity and electromagnetic field at nanometer scale

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

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

Special efforts are made to develop unique tools that are
combined with electron holography: e.g., a magnet-
ic-shielded pole piece dedicated to magnetic domain
observations, and a special equipment to move micro-
probes inside the transmission electron microscope.
These technigues enable simultaneous measurements of
the electromagnetic fields, conductivity, structure, as
well as composition at nanometer scale

In situ observations of the antife

to ferromagnetic (FM) phase transformation in
Lag 44Sry56Mn0O,. The FM phase nucleates near 202
K as shown by the arrowhead in (a) and its volume
increases with heating. The magnetic flux (white
lines) is closed inside the FM phase at any stages
of the magnetic phase separation. Arrows indicate
the direction of magnetic flux.
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KOMEDA Lab 2
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Advanced Scanning Probe Microscopy -
+
o]
FISH-+—7—F | EEV/O-TJEMEEBFIE1—4 ALV ILYMAZI R ESR-STM
EEE%I,?(%Z(EVIVJORD ‘ scanning tunneling microscope.”quantum computing.spintronics”ESR-STM

KXH £BEh % &=

Tadahiro KOMEDA, Professor

O FEERIN VISR (STM) £ 2 TEIER - 5HA

O L FILDHEBVESFIRE) XESHRIEEDF S X — AL tadahiro.komeda.al@tohoku.ac.jp
© I TR FENFRFDORE SRS TR EEHAl-HlH = o= o

O XL PAZ Y R-BF L E 1—2—DEBEEL DAL DEIFH
o IRIEAMIE D EREAZER IC M -RE- S THEEFROME

®m QObservation and chemical characterization of single molecule using scanning tunneling microscope (STM)

Tsuyoshi TAKAOKA, Senior Assistant Professor

BE HE & @

m Chemical analysis using molecule vibration and spin detection with an atomic resolution Noriyuki TSUKAHARA, Senior Assistant Professor
® |nterface engineering to combine Si technology and molecule electronics ‘E It

® Spin control for molecule spintronics and quantum computing L*ﬂ% 7N Z ﬁjJ £

= Molecule-surface interaction dynamics for environmental catalysis resear Yasuyuki SAINOO, Assistant Professor

AEY MNAZI ZANEF T E—AE > DR EBRIE

ARRETIE. EERTO-TEMEEPOEL-RBRELE 2RI S3FE. ESR-STMZERHEL. YU BEERDIE

UT. F/BERZFORERELZEHAIFEM P REF A FHlfERME  OEHICKIILTVET,
FIEL. P FORBEENP LR FRREETESOIELET, SR
F.EFAE1—F—PRELNOZVZIADSHADSE—IEY
REPKRHOSNTHY), LB DRHEFEDREE, 2
FOREBHEEIPULEAW S FRELNOZ I ZAZTFOREEED
TVET,

B B OFEEL T ML AE BB FHI KT S
IEERETAET S HEERAWT, BE—2 FRADIE ML
FUro COEBIREIIESBAATIIARL BEUHRDPSELT
WBZEERL. ThEMAL TR FESTMIRE CHERS BB ET
AL DF AT R ResEERLEL

FERELEREC P BIGH CREESEITOEEFI AL, 2D
BHACEEAL b RIVEBRDEALE BRI BT 52 ETAEY

AdOOS0H103dS ANV AdOOSOHIIN A3ONVAQY HO4 HILNID

Single spin detection and manipulation for molecule-spintronics

The detection of a single spin is demanded for variety is one of the most promising material. We investigated
of applications, e.g., for reading and manipulation of iso- the spin of SMM by detecting Kondo states. We found
lated spins for spintronics and quantum computation. We that the Kondo peak intensity shows a clear variation
are developing instrumentation of the detection of a sin- with the conformational change of the molecule; namely
gle spin using scanning tunneling microscope (STM). the azimuthal rotational angle of the Pc planes.
Especially, a method that detects the Larmor
precession by monitoring a variation of tun- i H ‘8 '
neling current, called ESR-STM, has a large

- ]
advantage due to its compatibility with solid - e .
devices and atom-scale spatial resolution. We A e

successfully developed ESR-STM instrument n ol E- "
. . . . . L L&

which can detect the single spin in SiO layers. v g~

In addition, for the realization of the molecu- PO mpe gt

lar-spintronics, single molecule magnet (SMM)
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POLYMER-HYBRID MATERIALS RESEARCH CENTER

MR- [BRF /T VYRREEDILINOZIAR T TANZI AR E.
IXNF—2F. BHRIF. K0T /77./00—FFICH T EHREELES DT /N1
VY RRMHRIROFEEERMEZTOEZER ] ELTHRREL. B O HS6H
AATFTRESN., SRMADTOHE, EFEE. KEREODHE. BLOEFMR

FEOBRICBALTEIET,

The mission of PHyM Center is to promote Polymer and Hybrid Material Science &
Technology applicable to next generation electronics, photonics, energy devices, informatics,
and nanotechnology. This Center is organized by 6 active laboratories, aiming to promotion
of the fields, the collaboration research and the education of graduated students for future.

# ¥ Professor
=VA Ht

Masaya MITSUISHI

BRI =2

Hidetoshi OIKAWA

BRFNTVRF/MBORNLT v TS/ TH A2

Bottom-up Nanodesign of Hybrid Polymer Nanoassemblies

e B

Takashi KYOTANI

BENATVINF /HERDBIRET+D =T BN DRE

Creation of novel organic hybridized nanocrystals toward photonic device materials

I BT

Tomoyuki AKUTAGAWA

REFEF/ NATVIR AR OB BB EHIE T DISH

Precise structural control of hybrid carbon nanomaterials and their applications

I:PJ II H# Masaru NAKAGAWA

SEREMERIIHLVW S FESHORIN

Fabrication of new molecular-assemblies with multi-functional properties

ZH 13

Hitoshi KASAI

F/AC TN FBECHER L R FREHHEICL 21ERR /& 8 EMIEDRE
Study of ultimate nano-figuration and structure-induced property by nanoimprint, di-
rected self-assembly, and atomic layer deposition

RELF /ERH DRI

Creation of new generation nano-drugs
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HHIE Associate Professor

' BRI
HEBEME T/ M ORI ECH

Development of functional nanospace materials and their applica-
& fions

Hirotomo NISHIHARA

B # Assistant Professor

A | LA 22N Shunsuke YAMAMOTO
BAFF /O~ BV E TR R OB R
Development of optoelectronics materials based on polymer na-
no-sheets

FIIF 7Y Ali DEMIRCI
1521 emmt o s —omR
4

Functional Cyclosiloxane Hybrid Polymer Synthesis

ey

:F} ” J%A Yasuto HOSHIKAWA
REF/EEMRER AR TN XDRIR

Development of functional devices by using carbon nanocompos-
ite

IJ.IZI: %m Masanori YAMAMOTO
M/ EEMAHC LI RBEHIHEBORR
Development of new refrigeration using elastic nanostructured
carbon materials

2% TA
EtPNEREEERLE
SIS BIEFORR

Development of multi-functional metal complexes

Norihisa HOSHINO

ﬁii EX@'& Shunya ITO
FEAFRFCEDN:
KFIALTVNIITZTEBF I ER

Nanofabrication by UV nanoimprint lithography based on surface
molecular science

. — o N
A 74 V7 7~
Designing and Modification of Heterogeneous Nanoparticles for

Biosensing Applications. Degradation and Stability of Highly Func-
tional Protein Materials

Anh Thi Ngoc DAO

bt B Takahiro NAKAMURA
BHHL—Y—T Oty I FEERVE
FAREREE M R DRI

Creation of functional materials by innovative laser processing

§E %%ﬁ Huie ZHU
MFAEMES FREREAVE
TLFITIILZAZIR

Ferroelectric Polymer Nanofilms for Flexible Electronics Applica-
tions

NFF fEfE
BT S REERETS
K- BFHHORR

Development of optoelectronic materials based on organic/poly-
mer/complex nanocrystals

Tsunenobu ONODERA

FOTY 'FNXR

Development of materials for sustainable energy and environmen-
tal applications

Mohammed OUZZINE

Fih Ot
NTVYRHBERMERIEICE TS
BREEAHENERIET 2HR

Competent high frequency distributed circuits for dielectric prop-
erties of hybrid materials

Takemitsu KIKUCHI

RE &F
BFEMEETINRBRATFO
BRCHEERR

Syntheses of electronic active m conjugated molecules and investi-
gation their function.

Takashi TAKEDA

N RE Yoshitaka KOSEKI
EHF/RTORIEE
IRV TFUN) =S 2T LOVEEE

Creation of nano drugs toward novel drug delivery system

£H ®BE

HWFHFESEICLS

HEE 77— DIERES S FHROBER
Functional fillers by Polymerization with Particles (PwP) for im-
provement of polymers

Toshihiko ARITA

H3LINIO HOHVYIS3H STVIHILYIN AIHESAH - HIWATOd

=W\ REEX
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BAFNATVYRF JHERESE

MITSUISHI Lab
Polymer Hybrid Nanomaterials

FRSH-F—T—F | BOFEER AEBFHEE/N\(TUYNFT /MR RE-FRE

SPECIALIZED ‘ polymer nanosheet,”optoelectronic device.”hybrid nanomaterial /surface and

FIELD-KEY WORD | interface =VAaAt » =

C EATRHBET L TL—NELLRR LB /T HEDF /NE ORI EIHITER Vasaya MITSUISH, Professor

© T SEHE  \ (T K AR £ BB TR TN 2D masaya.mitsuishi.e6@tohoku.ac.jp

o S /¥R -/ REDEERE A 290 » %

© =4 F R DB [E il ‘ Shunsuke YAMAMOTO, Assistant Professor
O RRLT Y THFEICLIE N F/NAT )RR ORES 4 i g o

® Nanomaterials ordering with ultrathin polymer films
® Nanoelectronics and nanophotonics

® Soft surface and interface —’:)[/ 71

= Control of polymer orientation in soft nanostructures T\ 9: } J B &
= Bottom-up design of hybrid polymer materials Ali DEMIRCI, Assistant Professor

Huie ZHU, Assistant Professor

RELT7 Y TRESRFINA Ty RF/ MR ORIE

BHOF. @BF/RTF. FERF/RF. S/ 6ENE REEBHRLLHZEMOMEREET-oTWS,
AT/ MEEEENBICREV. RRLATYTHIICE

TEETEBRIEL. & BONICRALFELE/ Ty = BT

KF /MR OBIRERIEL TV 3, S FEROESE _

BEBEATF/ o~ MR AT aEE R —— -
K - WE

DEHEFRALLEY S BL2DF / MWEEHFREIL .
k i
ﬁi:‘l‘ WaFNATUwE .
+/#H diall

FadTOyTELTF I A—NLL NIV TR I HE 3
IETBZET. BDEODOF /B R TILEEEREE
BICNNL Ty EL =3 7= B FHERER R B L UZ

DS DBAEEIEL T3, BE -REAFATZ - W i
ETF I AR — L CDEH T ORG-S5

BEIREET B RN LT TMEEEEBL T EHFN ﬁ 2
TR F I RN EB RS /51 RBIR DK 'anBEy

BRIMOBER [RhLT7y T8 F /7789 -0

Flexible design of polymer hybrid nhanomaterials

The research objective of our group involves developing
well-defined hybrid assemblies organized with wide variety
of nanomaterials e.g., polymer, metal/semiconductor
nanoparticles, nanoclusters, and inorganic nanomaterials

through bottom-up techniques. Ultrathin polymer films such - ;_

as polymer nanosheets prepared by the Langmuir-Blodgett TR ‘_‘ |

technique serve as key materials to assemble nanomateri- SR ' ‘ Il

als in a desired way, controlling the distance and the layer T ol l

structure at the nanometer scale. Bottom-up design of hy- S — e 1 I

brid polymer assemblies allows us to create new function . - ' j — "] Pt

(mainly related to photonics and electronics) and to eluci- WE - ;_i;;___* "
date the mechanism in terms of structure-property relation-

ship. These approaches will open up new exciting oppor- Spontanecus emission control of CdSe/ZnS Nps
tunities for soft optoelectronic nanodevice applications. Using hybed polymar nenoasemilies
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OIKAWA Lab
Organic and Hybridized Nanocrystals

FMRH-F—T—K | BERS/ERNAT VYT /GRS ERT I BERHIE 742y o

SPECIALIZED ‘ organic nanocrystals,hybridized nanocrystals.”directed-assembled nano-
FIELD-KEY WORD structure control”photonic materials &J ” ﬁ{ég %

O HHE BT /RO A XTSI S AT Fldetosni OIAWA, Professor

o GBI T YR /IERDFRELADRRE MM hidetoshi.oikawa.e8@tohoku.ac.jp
© fU/IER M TFDHT IV, EFE b /iEEE TSR INEFZFIEE %
o it F—RArERRE T I X EAABEEE DR Tsunenobu ONODERA, Assistant Professor

o HHE L ETEEDRIUNAFE " BFWIE

® Fabrication of well-defined organic and polymer nanocrystals, and their optical properties

®m Developments of novel fabrication processes for organic-inorganic hybridized nanocrystals, their characteri-
zation, and evaluation of physical properties

® Encapsulation of nanocrystals / nanoparticles, ordered array-controlled nanostructures on a patterned sub-
strate and optical function

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

® Polariton and electronic properties in organic semiconductor thin film

BENAT )y R/ HEROBIRET #+ b=y T HAN\DRE

HEZRER - SHTFHECERINE (LB - FEBELE)ED 501 HRF/BEKEHEREL-RETSXEHEES
NTVYRF /NI IE BRDEDSHERAEDE, T1X RISOREE. 748703y 7 BEXERBHEFO ST /IERE.
ik NERIBEEZOREHEEFRISAURELASELY-EF  FANN—LARBES S FEREEOMRERBE>TWET,
R RIS FTAREREDRIBY EFINE T,

LMREPEF CE R T ZIIMFHIE
THIEEBREL T FRA LM TDIAT— )b
R EEN1T)yRF/IERDEIREZD
EfbF/IBERHEICRE T AMREHEL T
WET, ThhE XKEFRLEDALLUSET
ERLERT /ERERFEORSE. FH—&
HAFOF/ REOFHBE. N1TUVNEF
EDORFECERMEREN. B /BRBLV

Directed-assembled structure consisted of PS

N - ° Polydiacetylene  (core) - silver (shell) i
N\ JB JiEB DEFEfE (R0} ydiacety! . S microspheres on a patterned substrate, and
TIVIRT i i_*ﬁ BEE“:? if% hybridized nanocrystals fabricated by visible-  schematic illustration of coupled-resonator-
LY EFYMERBEN I O EEICIEA. light-driven photocatalytic reduction method. optical-waveguide and optical switch.

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

In current material science, hybridized nanomaterials are tions. In addition, surface plasmon-assisted multi-photon
expected to exhibit the peculiar optoelectronic and pho- polymerization, nanocrystallization of photochromic ma-
tonic properties, which are strongly dependent on com- terials and charge-transfer complex, and polymer thin
bination of organic and inorganic components, size and films having inverse-opal periodic structure are also now
shape, inner structure, and interface interaction. in progress.

Aiming to develop photonic device
materials, our research group has
extensively studied on mass-produc-
tion of well-defined organic nanocrys-

H3ILINIO HOHVYIS3H STVIHILVIN AIHEAH - HIWATOd

—RVARFEI 7 SAS NI

L o Pl I L
) .y . e L N -
tals, design of organic-inorganic het- bl.-lé*_‘*_-i & a4
ero nano-interface and hybridization & ] ? ; 1

LS

method, directed-assembled nano- TEM images of (left) polydiacetylene (core) — pt  Directed-assembled nanostructure control produced by

structure-control, and evaluation of  (shell hybridized nanocrystals, and (right) poly(3-  the tapered cell method on a patterned substrate: (left)

. . : 8 g Kagome structure of PS microspheres and (right)
optoelectronic and photonic func- ~ °cbithiophene) (core) - Pt (shel) hybridized encapsulated ZnS nanoparticles.
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KYOTANI Lab

Hybrid Carbon Nanomaterials

BPIREH-F—T—K | FID—ARY S BREE TRINF TR T/ AT TE

SPECIALIZED

FIELD-KEY WORD ‘ nanocarbons,/carbon coating,“energy storagenanobiotechnology

© F/H— R EN—ZELTIKFRETR

©® KFEMH Ly H b DZE A EAEEFIE
O HE T BHBDERETINF B HLVERADISH
© KFREAVR—TAEEREA VR E - N F Y — L EADICH

O KANBMEH—RF /B EER N/

AT

® H—FR AR EFI AL SRR B DR

® Hydrogen storage based on nanocarbon materials Advanced analysis of carbon edge sites and their struc-

ture control

® Synthesis of graphene-based porous materials and their application for energy storage and conversion

= Development of highly ordered carbon-c
® Use of water-dispersible carbon nano-te

oated mesoporous materials for fuel cell and biosensor
st-tubes for biological application

® Development of high-performance rechargeable batteries by using carbon materials

=nae B % =

Takashi KYOTANI, Professor
takashi.kyotani.c6@tohoku.ac.jp

FEIR JERN smum

Hirotomo NISHIHARA, Associate Professor

Fll BA » %

Yasuto HOSHIKAWA, Assistant Professor

P IAY

Mohammed OUZZINE, Assistant Professor

AR T o om

Masanori YAMAMOTO, Assistant Professor

H—LF/ ERERISHELIENAT )Y NF) H—RDEKR

HIMRETE MBERDRICHE S/ A—F—LNIVCHIET

BIETH—FRUMHEELHET B2 DFL L EE

ETDBEEBDERET-> TV, ChETIC, BRERS
PE—THINh—RoF/F1—T EF 1D LOEREN
ELVFLESECHRARADOEREEE LD [EF T
$EIRE| EVW oA 2B F S H— R DERICHTRIC
FEERITTRRIIL TWBIED . AUR—F X his EERES T,
ROBILREET 57120 —MNIUB CREE B T B4l
ERFETILE. F /R DR B THAE)—RUERER
BREEDH TS, £ ThODEE ICEEN SISz
| /2 T)TIIVE BRZEEX v/ ERVFILAF
LB KBEFERLEDAFAICHL. &R RILF—

TIARELTUSARRLTLSIED

PR EETFEEET IR F /AT ENEEDTF

before coating

. ERELN A —

NARFAOFBHEEL THEEED TV,

Carbon-coated mesoporous silica film

Thin carbon layer
comprised only 1-2
graphene sheets.

mesoporous silica
(space group: Fmmm)

O 00 00O
gj@i@i@i@i%

application to 3D
porous electrode film

enzyme
“-..| immobilization

enzymatic electrode
for biosensor 7

Synthesis of novel nanocarbon-materials and their nano-hybrids

We are designing and developing novel nanocarbon mate-

rials together with their hybrid
nano-fields for the syntheses
ample is fully tailored carbon

these unique nanomaterials to electronic device, electro-

s by controlling the reaction chemical capacitors, lithium-ion batteries, hydrogen stor-
of these materials. One ex- age, biosensors and capsules for drug and gene delivery.

nanotubes with uniform di-

ameter and length. Another noteworthy material is zeo-

lite-templated carbon which has
structure regularity like zeolite
and a surprisingly large surface
area up to 4000 m2/g. In addi-
tion, we have recently devel-
oped a method for a complete
coating of the entire surface of
mesoporous silica with graphene

current _—.
collector

electrolyte solution

Electrode of zeolite-templated carbon for high-performance

layers. We are trying to apply electric double layer capacitor (EDLC)

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

- Application - c_AAQ film .
Enzymatic == -
electrode for a | s -
biofuel cell . :
Redox enzyme

Carbon-coated anodic aluminum oxide (CAAO) film
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AKUTAGAWA Lab

Hybrid Material Fabrication

FMRH-F—T—F | BRETHH 2FELG DTG 2FILIMOZIR

%

SPECIALIZED ‘ organic electronic materials,”molecular conductors,”molecular magnets~molecular

FIELD-KEY WORD electronics

® B FA—2—1EEEFBLIEFEE R EER ST BFORS
o ERBE AN FEAKT NMIDMRE

© AL A F IR B ADRS

© HHE—JEENAT VYRR F /IBEER VD FT /A ADFRF

® EARUAFH AL —MEEMDIFHE

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

® Novel molecular conductors and magnets

® Molecular devices based on organic-inorganic hybrid nanostructures

® Device application of gigantic polyoxometalates

N BT % =

Tomoyuki AKUTAGAWA, Professor

tomoyuki.akutagawa.b5@tohoku.ac.jp

Hth B m oz

Takemitsu KIKUCHI, Assistant Professor

EF #A » %

Norihisa HOSHINO, Assistant Professor

BEE &% » %

Takashi TAKEDA, Assistant Professor

ZEWEETH T 50 FHEMHORIR

BHEASTOREHECEBLAD TEESRDO S EHEEDE
EHFIVEEMBEDNAT) YR bERATWET, EEM- 4
EAEEBMDESDS, D TFHEMBDOEF—AEEEEHEL.
DEASREEHETZET. TIFI7o7aF R F MR
DOREFEET->TVET, FlIZIE P FHERAOS TEERICET
2EHEEFETL. 2 FDflip-flop EEEFIRL/-FEFE—*2b
DRENFSERTEET, HF A HOBHFO—2—1EEDE SR
B MR AR A EDBEHE LS. BFBAHDOEZR
B ISERE - MEBGEEDE MDY RETAIREC AVET, T/ B
MHEREE B THT7 A A ybeEDBRAILICKY., MaREME—E
FELEDTINF IT7 a3 F N ERFHEMEORREERLE
MREERALTOET, BiES RHMEER RS TV LBELKE
ZHEDTFESREMENREL, HEDOAFILY/IMOAZIZD
RRICDELEBOEMRER A TVET,

Fabrications of multifunctional molecular materials

Multifunctional molecular-assemblies and hybrid organic -
inorganic 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 ferroelec-
tricity. For example, the designs of flip-flop motions and
dipole inversions in the crystals realized the ferroelectric
properties. The hybrid assemblies with the supramolecular
rotators and magnetic anions formed the multifunctional
ferroelectric - ferromagnetic materials. Diverse molecular
assemblies from single crystal, plastic crystal, liquid crys-
tal, gel, to Langmuir-Blodgett film are our research targets.
The researches will be essential for future molecular elec-
tronics.

0o i i
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NAKAGAWA Lab
Photo-Functional Material Chemistry

BPISEH-F—T7—F | MHBE BAFE BYTFEIEF/ ATV

EIFélE_gl-ﬁ(liEI\Z(E\II\IDORD ‘ Materials chemistry.”macromolecular science /monolayer engineering”nanoimprinting
BRIl B & o=
Az N N g sy - T M NAKAGAWA, Prof
O St /TSN DL S AN DB S — T /5T asary rofessor
o L—H— N T FLARFNRIEDBIF SR LI R DA B RIRI 2 masaru.nakagawa.c5@tohoku.ac.jp
O BT HRICLIBENEESLELTEEL hit 8% e
M V== =\ N
* 2RS/BEROKF BT T/ A AICH Takahiro NAKAMURA, Associate Professor
® Dingle-digid-nanometer figuration by development of resist materials in UV nanoimprint technology 4
® | aser-drilled screen printing for location-selective placement of photo-curable resin liquids ﬁii :%5‘(‘”3 B #
= Alignment and building by fluorescence interference fringes Shunya ITO, Assistant Professor

®m Application of metal nano-structures to optical and electronic devices

FREERED FHIEICED < AREM A DRIH

AR THEATICH VTR DB DI BB iTEL ( aaknE sTrULOEE )| S s R OB h
. . —o1n by — & - Z < =
THHEN TV BF /1 TULNERICEBL TV B, HF é\m’:mm‘i mwwmg e
LNIVTEZBEZHARADS, REEEES THIEDZ ! >--- Lr =) H—
BEBEL. F/1 TN CRATE S R ERN 4 i %k\ THmRE a Loz A
| |
BEMHBORIRET->TW\3, EBEMMEER K- ICHRR AR %
1 Pl 1 M2 .
ZBIELAAIRRICE A2 TUT IV DS, MMAAIRER S KRR 25T
L fopps e R A TELAARIZ & D
RICEUHBEEMBERERIEL T /1T UV AR | o AORTUTANORM | S 42TV T DR DT )
?ﬁ’l‘iﬁ'ﬁﬁ'ftﬁﬁfﬂﬁ@ﬁﬁ‘%\ -&71 5 nm *%EL%;L% 2%@*5[/ ( E*ﬁgj‘éﬁimﬁﬂﬁi%@fﬁﬁiﬁﬁﬂqﬁﬁ N @m*/%ﬁﬂ? M
LAV EIREER S /A TVANEORECESEH | TN | ameeme
ERFEEEERDOMERIRNZR. JTOv/£EEHE s ™ s ™ . ™ " ™| TOOREAGRE
18:0.35 1850 RLT, =RLT,
ORENTAOEBAEIEL B ST 50 | e e ..., || O - o
RET>TVB, ChODMBERL THERBIRILF— B s || REREHE ‘
BRROEHD SEE LS Al,04 gk %= I_._ i'-'-
MERHRERF /18IS T /N1 ANDOREALED T B, ), BEEHE ERAE = RAAS LU
‘ L sub-20 nmO S O /E R )
Advanced photo-functional materials
for nanoimprint  Fix by light, Control light \(Fabrication by light, h
B W m m Anchoringby Visualize by light
Nakagawa group has dedicated to pursue scientific W | Photo-reactive monolayer) | Fluorescent photo-curable resin
. ) . Fi ing of
principles for molecular control of interface function EERR ',Eitzu.“s't':ﬁc‘iures //////////)
occurring at polymer/other material interfaces and to e
pl_Jt them into practice |.n nan0|mpr|n.t Ilthography prom />
ising as a next generation nanofabrication tool. We are |
. . . Application t
developing advanced photo-functional materials such | transparent conductive films U Fluorescence inspection)
as S“Ck_mg molecu_lar Ia.yers for “fix by light", L{V-0ur- ( Formation of Sub-15 nm [ single-Nanometer Figuration
able resins and antisticking molecular layers for “prepa- structures by UV-NIL Directed self-assembly ‘
ration by light”, fluorescent resist materials for “inspec- e mnidSpn, ne with: 50 Blook copolymer tin-fiim m
tion by light”, and hybrid optical materials “available to ! .- e = W
light” and new research tools such as mechanical mea- Atomic layer deposition
surement systems to evaluate release property of - RN PR
UV-curable resins. Our research aims at creating new Leveling of residual layer thicknesses mmsub-zo o scale figuration
devices to control photon, electron, and magnetism. | (RLT) by Print & Nanoimprint LithographyJ| )
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BN T/ MRMESEF

KASAI Lab
Organic- and Bio- Nanomaterials

FMRH-F—T—K | SRR AR T S UEE
SPECIALIZED

FIELD-KEY WORD ‘ Nano Drugs.”Organic Nanoparticles”Anti-cancer Drugs ’_"E# i"] _—
ar =
© A XIS N -5 T /4 T D{ESY H-IYOShIIKASA.I. Professor -
O HI BT YA M NI T/ HHIDRIBEZ DRIBLHR hitoshi kasal.ab@tonoku.acjp
© F/ EREDRIBEZDEITH R B BE m %
N =3 Sz A PN

O N\AATOLREIOHITED LT EEMDER Yoshitaka KOSEKI, Assistant Professor
® Fabrication of size-controlled organic nanoparticles - —_ ~ N
m Creation of new-designed anti-cancer nanodrugs and their pharmacological activities g 7_'- T4 :‘77 7/ By #
® Preparation of nano eye drops and their pharmacological activities Anh Thi Ngoc DAO, Assistant Professor
B Synthesis of drug compounds by using bio-process ﬁ r

H RBE » %

Toshihiko ARITA, Assistant Professor

BKBMEEWDRERDFED 73 FEREHCED HR S/ EHIDEIH

RO ANOREEL T IBINREETHEANAEND el B ouan
BREER BN — BRI TUL E2BH, HP ABBRICAV S %R S —— e
DBE KBIIEEMEBIIHNEST oL, MPBTHR BHPS  aeee T - 8 \ e

fmipw = B3 e

WESNPT L E ERERICHIEL P TV L, £/ 100 nmilE [*e ][ /T'¥ o i-mrump

DYIIOEHDBA I, /AT —JICARSNE, FRICEENS _"“"i'|:' «Vi8) e

ZEFFSRTOET (Fig. 1) .;“'!’—,; (o] "TESCRE
LR AH T, LROREERRT 570, i AEMEE(LEY T 4

ICOLZFO- VR BHE EQRAAM BRI LHIISER/T 5200 ) Ry A

2RIMLAERIET EVIREREGEIDEHREEEITTHZLITHAT, p— t“"_i,;" # rAw

BiF T OB CHIBILEEIET 52EICED, 100 nmL T WoluW

OF/TORT Y (Fig. 2) E1ERT SHATERILE LS, ZDESR, 18 & WAL

BB ORI E THRNER T T 7N TR A TR S /7 .

OKS YT RAIETEBI LR, ARMD AREAEICHBIE SRR AL s 1

EBIEDN BH>TEEL S, EVFRTORBIICHY TEESH TY, Fig. 1 K59 950)5)—OHE

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

For the design of the conventional drug compound, it was are chemically linked. In addition, by utilizing our tech-
common to add a water-soluble substituent to a compound nique of reprecipitation for fabrication of organic nanopar-
having a pharmacological effect. However, in the case ticles, we could establish the method to obtain 100 nm
of anti-cancer drugs, it was reported that the water-sol- or less of the nano-prodrugs (Fig. 2). As a result, we have
uble compounds given by using intravenous administra- found that our anti-cancer
tion were easily filtered from kidney or diffused even in nano-prodrugs themselves
normal tissue. On the other hand, it is known that, when could be delivered even with-

H3ILINIO HOHVYIS3H STVIHILVIN AIHEAH - HIWATOd

—RVARFEI 7 SAS NI

um-sized drugs with more than 100 nm were administrat- in the cells of the tumor tis-
ed in the blood, they tended to be transported to the sue, and this strategy was
liver after macrophages were phagocytosed (Fig. 1). applicable for the other drugs

In our group, in order to overcome the above problems, such as eye drops and so on.
we are designing the novel anti-cancer drugs composed We are aiming at practical
in the dimer or the compounds to which the poorly wa- application of this nano-pro-

) ) ) ; Fig. 2 100 nmT®D
ter-soluble substituent such as a cholesterol derivative drugs in the near future. F/708595 D SEMBE
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CENTER FOR EXPLORATION OF NEW INORGANIC MATERIALS

MR ERYERRMA L 2—3. BIYPERDICEETSROZ TR RERY)
BORFRORIERERIEL . BMRIRIFHRMP®. V7T MR EZBREL L REGEE
DRERVFEBEEZTOEEDIC. TNOHEENE RV CEXSREEDDIE
ZEMELT2012FICHRELELz. B EIIVIARHF TRIRDHDAMEAIEFT
BREN. BERN TOHBEERMERRTMADREZBIEL/EBBRMALET

Center for Exploration of New Inorganic Materials (CENIM) was founded in 2012 for the E” ” i -..i?h -
purpose of discovering and creating new multidisciplinary inorganic materials. The center L e .
is organized by 4 laboratories with the activity which aimes at promotion of research for . .

exploration of new inorganic materials in and outside the country.

# ¥ Professor

IJ.I$E R;ﬂ- Hisanori YAMANE %:-3_ f;lg An-Pang TSAI
RS TR ERLEMDE R EFERIEE R, FIERHE HERBREHIEREEE T2 BMENRSR

Synthesis, structure analysis and characterization of new multinary inorganic compounds Exploration of new quasicrystal and metallic catalysts with new function

Erib f‘l’j Shu YIN iEZE LE;A Masato KAKIHANA
JU=2TOEACEZ LTIV ZADREGESHEBE AL TAMET IV R H BB IRRES B

Creation of environmental responsive functionality of ceramics by green process Exploration of new photoceramics and improvement of their performance
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HHIE  Associate Professor

2,

5]

B # Assistant Professor

u

IJ-I E _lgl’j; Takahiro YAMADA
HRLBEIEENORREBBERMNDIA

Exploration of novel intermetallic compounds for thermoelectric
materials

ﬂﬂﬁ% ﬁﬁi Hideki KATO
ATHAMEEEL LTI — TR OBIS

Development of photocatalysts for energy conversion aiming at
artificial photosynthesis

%E 1$|\-éﬁ Nobuhisa FUJITA
i RBE OB AR AT SBART R
ZCESUBEREMR RO DR

Geometrical modeling of quasicrystals and structure-based stud-
ies on the stability and physical properties of quasicrystals

A
BB B A WD T/ < 7SI
BEUFTHE B ORR

Structure control of inorganic materials at the nano-macro level
and development of organic-inorganic complexes

Makoto KOBAYASHI

- BPN |

=Y I
HELE &L MIEHHORE CAR

Research and development of novel metallic materials for catalysis

Satoshi KAMEOKA

BE A
WIS RERBEL BN EOBE SR

Precise synthesis of inorganic materials on the basis of liquid
phase reactions

Yusuke ASAKURA

Dawei WEN

L
phosphor

SIVIHILYIA DINVOHONI M3N 40 NOILYHO1dX3 HOd YILINIO
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YAMANE Lab
Inorganic Crystal Structural Materials Chemistry

FRNH-F—T—F | EEEELE  BEMIMEE €SIV IR MHER

SPECIALIZED inorganic structur_al chemistry “solid state materials chemistry “ceramics.”

FIELD-KEY WORD materials synthesis IJ_I*E Rﬁ #H %

o ¥ 2 TR BB N E R R MR 5 SO SRR risanor YAWANE, Professor
o EM L BEFALLERIMA LTIy ROFIER T O OBIA hisanori yamane. at@tohoku.ac.p
0 L REBEMB LB LM HEAADIESR LA Bh #xe

o ZTREBEMLEMENRELBBHH ORI

® Synthesis, crystal structure analysis, and characterization of new multinary inorganic compounds
® Development of thermoelectric materials based on multinary intermetallic compounds

® Development of novel synthetic routes for advanced ceramic materials using active metals

®m Synthesis of nitrides, carbides and silicides using a Na flux

Takahiro YAMADA, Associate Professor

ERMARZFRALIETRTRERCE MO SR EBRBELLS

ZRETROEAEEPSEIEEEEMICIIRBEROYER 15 | Thermoelectric propertieSO’ -=-0
DS AFTEL . BEAIDOMBHI 3 S E S DM BN BA TS o zTvalies) -

FIREMD H B, HIMEZETRERLEDE =D, HiIRSETRE
BALEMDRRE, BONHE OEEET CIFERFMEETT
ZThODFHLWEFIV I IRMEL TORIEEMRERKL TV B, #
FMEDORRIPESICEAMBPHIFEV DI ERFLEY KD
METHRALEEEN RHShBFIREEN B, STTRTERT
SMBEDRBPERBDORERERSNICT BN, KFEDERE
MRISFESNAKRYERBEDVEDEE LD, £l BARETIL.
I3V AREMOEREEL TR EEEREEICINA. €&

(forming a 3-D
framework structure)

Na atoms
(disordered
in tunnels)

0.5+

Dimensionless figure-of-merit, ZT

FhUTL(Na) aEDERBRREEMRISHET DM BERTT 0.0 LI | | | |
BEREL, RERETRERP R L EZ M TORIB P BES, 300 320 340 360 380 400
BAME R A BT REDERMR AR E. S tHEsET 515 Temperature, T/K

Iy ZEMOBEEBIEL TS, BRHER IV REIRNICHETRIICRREL 2

NaRFEECTMNUEENDREREECEHREI T —LHRIFHE

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

We are searching new inorganic compounds, analyzing
their crystal structures and characterizing their proper-
ties. The novel methods developed for the synthesis of
the new compounds are applied to the preparation of
conventional ceramics and inorganic materials in order
to improve their qualities and performances.

® Synthesis of oxides, suboxides, and nitrides by the

solid state reaction and flux methods
® Crystal structure analysis and characterization of new

. i Titanium
inorganic compounds atom ]
® Development of thermoelectric materials based on = 1
i H ; Oxygen y v TO
multinary intermetallic compounds s -l
® Development of novel synthetic routes for advanced
ceramic materials using active metals Synthesis of a new polymorph -TiO by using a Bi flux.
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I

8 %
BRI EERRET R D EF 1
HERX A 3
TSAI Lab % %}é
. . . . o
Metallurgical Design for Material Functions 2 ;%
o
i
BPABF—T—K | W8 ML KT RN EETHEE g %
EEE%I.AKIE\Z(EVIVDORD ‘ quasicrystal ~catalysislattice defect,/valence electronic structure g f;ﬁ § >
£= w1 ¢ %
O EREARDEREEREHH M EEDMER AnPens ToAL Professor 5 |
@ {2 E D BB A 1 RRAT anpang.tsai.e3@tohoku.ac.jp ﬁ
® SIS BB TS MILEE D HIH & i sy >
© EE MR LIC L BAIERE DAL N Satoshi KAMEOKA, Associate Professor ?
o L ERLEMERBRAFEL MBI ERDRIRER i (@
B Synthesis of quasicrystals and preparation of quasicrystal reinforced Mg alloys Ea R ﬁjj #
m Mathematical analysis for structures of quasicrystals Nobuhisa FUJITA, Assistant Professor

® Adjusting electronic structure and controlling catalytic function in terms of alloying
® Creating new catalytic function by tailoring composite structure
® Qrigin of activity of Raney metals prepared from intermetallic precursors

EEROEREBERTPIVOEBRICE D BHIEHAEELE

EEREEEEEMEEE LU -ERMRSIOMEREREET-
TOEY, EEROMRICSVT. FTERREGELBERRDOE
B, EREROEEEN LU ZOEEEIEE S CER MR RS
MmERIEE T IMEXEFRIBICLIEHEMgEELE
OMHBEREZLITLOEDTVWET, RIATIE. EERERCER
18i&%H 75 Al-Pd-Cr-Fe L liERNIEEEMEEANLEL 1,

—F. EEOETFHEES JUCHMEROHEEV S/ 2 BFH

BSOS Au-Sn-Yb ¥ &

HF AL TOMBEMBIORRESHIT-TVET, HIAIE Al-Pd-Cr-FeB D15

1.) HBFEIEISNIELBERORELEEL. MEFHEE
IS EBHLVWA LM ORETHED THY . —BORISICHL °
TCUNiERICLDPAdDMEEBEDAIH ICKIIL TWET, 2.) Mackay cluster Bergman cluster

Acta Cryst. (2013) A69, 322-340 SEI4FEIHT/ vE—>

HBEIEL-E 2 -F 7B —E T L “AE S/
R Zed CETHMBEHEEDR L2 RS L& SRR
TOEADRFEETOTVET,

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

Our research is focused on quasicrystal (QC) and de-
signing alloys for catalysis by controlling electronic
structure and microstructure. Fundamental studies on Pl Like Electronic
QCs range over different aspects, including search for ‘ — SO IS

- T Catalysis
new alloy, structure analysis and structure description :
DOS & Catalysis:

Design of Alloy for Catalysis

by means of geometrical mathematic. In the application . ) -/ CuNi = Pd
part, QC-reinforced high-strength Mg alloys and QC cat- . ! e Pdzn =Cu
alysts have been developed. We propose a new paradigm - isghmghys (i)

for designing catalysts in terms of metallurgy: 1) control

. . . Design of Microstructure for Catalysis
of electronic structure by alloying to adjust the catalyt- J Y

L LY P N

ic function, aiming at replacement for precious metals, Lamella (Fe;O0, + Pt) |8 e

R . . creates new catalysis [ oA
2) tailoring nanoarchtectures through self-organization Aas 2 > v Aoy
processes generated by leaching or redox treatments Catal. Lett., (2015) 145, I

2457-2463

for developing new processes for catalysts. e
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YIN Lab
Environmental Inorganic Materials Chemistry

EPSH-F—T—K | EETZF AW VIR —TILTOLR T I v I AOMERE,RIBGEHE

SPECIALIZED Mixed Anion CompoundsSolvothermal Process.”Morphological Control of Ceram-
FIELD-KEY WORD ics/Environmental Responsive Functionalit: N
ics,/Envi ponsive Functionality EQ /ﬂ‘jﬁﬁ

Shu YIN, Professor

O IRIBICELVWT OB RICS HHEAEME BRI DRI R

O AT A HEBEPRAEXMEOERE VI FREEEORS yinshubsetonokuacp
© ERERIHRFIMRER R VEPASE S E RO BAE AN
© BB E B R MR DR Yusuke ASAKURA, Assistant Professor

© YFRF /RO XY — 41T
o =L BB DT/ 1T AR 3

® Development of inorganic functional materials by environmental friendly processes

® Synthesis of mixed-anion type high sensitive visible light responsive photocatalysts and their multifunctionality
®m Development of inorganic ultraviolet / infrared light shielding and transparent electric conductive thin films

m Development of automobile exhaust gas purification catalysts

B Gas sensing property characterization of semiconductor nanomaterials

® Nanostructure control and functionality development of nitrides / oxynitrides

VIVRY —SIRISICEDRBICE R ERK S/ T )7L ORISR

FREHIE R RE A IRIBIC B M A/ MR OBIR E T XL —PIRIBICEIEL NIR Laser | Red LED |Green LED | Blue LED | UV LED
BRI AT o T\ B0 EICEBICELLY TR SHL RIS BHA S oo™ [GOGT lon ol oo™
ERETV HEBBACHATRENRT SVNAY I VREEOBRIE 1-0- .

FPRICEAV BET A ALENDERPETEERMETI, WRICELL g | "W
RISEGTRBICE B S/ MAORE-BRILE-BRE-HNFFII0E 5

THEE T B gosl | |
FM-IXILF—DED § 0.7
SR T oL §x id
WE LB BIEGE Q08 b bl
0 EEEEMHO os]—={ Ir)-NéYFA
ﬁﬁ‘:ﬁatéﬁﬂ%éﬁ J Ty TALN=T 3 BFEA(UP)/C-TiO2  ILKIYIDEKI-FIE RS
LT3, FRHOMRERHHC &3 deNOx F A 7B

UV, visible and NIR lights induced photocatalytic deNOx activity of

FEED HIEIS =B LA KL Oxides with various morphologies up-conversion phosphors coupled C-TiO2 composites.

Creation of Environmental Responsive Inorganic Nanomaterials by Solvothermal Reaction

The development of environmentally responsive inorganic ficiency energy utilization, and responsivity related to
nanomaterials with controllable morphologies and their photon and chemicals is carried out.

advanced functionalities related with energy and environ-
ment is carried out. Environmentally friendly soft chemical

processes, especially solution process consisted of sol- ggﬁjvtvigm
vothermal reaction using water and non-aqueous solvents b ceed
at elevated temperatures, are mainly used for the synthesis M

of mixed anion compounds and the control of their elec- Heaing LR,

tronic structures. The precise control of morphology,
crystalline phase, crystallinity and particle size of envi-
ronmental responsive inorganic nanomaterials is carried
out under environmental friendly conditions. The creation T T
of environmental responsive inorganic functional materials

. . . . A BRTAERICLBEEMERAG B HEOHR
with novel applications on environmental harmony, hlgh-ef- Preparation of oriented transparent conductive thin film by solution process

After N, treatment

Transmittance (5]
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KAKIHANA Lab
Design of Advanced Inorganic Materials

2

FRISH-F—T—F | FTOLZHNERE BEESREEOT IDNTIAY /T M ETIVIA ‘

SPECIALIZED ‘ chemical process,”exploration of new materials”chemical design of metal complex-
FIELD-KEY WORD es/photoceramics iEZE L"E’;A % 1%
Masato KAKIHANA, Professor

=\ R S S R R

® 7Ty AFRERIELHME SR

SIVIHILYIA DINVOHONI M3N 40 NOILYHO1dX3 HOd YILINIO

© T XL —T D -5 ) STh R 4 e bt (IS £ masato.kakihana.c1@tohoku.ac.jp
© REEFIALI-SHEBET AN TV T ADERL hu% ﬁﬁi e
.§ﬁ5?§}§$?1$®7577)b?*f;; - s Hideki KATO, Associate Professor
o £EFEFEFIRALANTT YRR ORIE S LU REHIE =

e Y SN TR

® Exploration of new materials aiming at development of new photoceramics
®m Construction of highly active photocatalysts aiming at energy conversion
® Synthesis of high-performance photoceramics by solution-based methods N=| S
® Chemical design of new metal complexes /m . j();'d B %
m Fabrication of hybrid materials and morphology control of ceramics using metal complexes Dawei WEN, Assistant Professor

Makoto KOBAYASHI, Assistant Professor

73 METIVIACEITEDMPERRESHEL

LR E Tl HARPRMIE L EKHBEMEDTAMTIIVIX MEFIVTRITDWTH, FIBEREDRIFEHLIIEEEEILEBIEL T
ICDVWTHIME DR PEHEELEToTVET, IhET4MF3y ifAR(EETOEREF AULE RFEDEBALIZNRETET>
TADHEEEIR MEICBUKTFL TVBZEND, ZIREIFEDERSE  TWET, S50 BIEM ST ORIRME BT B HIEZ I AEIC§
B ML IBETZOICIFNENORAIERLR  22BHEAICOVTTINNTHICOBRNSRREET>TVET,
BEEOTVWET, Y

M= Clt. Bt New materials in (Cai-xSrx)2nSin+1San+2 System Improvement of photocatalytic activity of SrTiOg
) N Fro—— by flux treatment
ib#. BRE1LH. | B o
CEIELRE ST i‘F Gasis: " KChtreated SITiO,
IVvIRERRELT, !_ ﬁ#’ &l ;.Camsinsz.n 1
I3V REERTD 4‘ ;_ﬂ. ; layer
_ x R
TROBEECHERE ;,.0;1.;
HET22ETHLL Lo
-] -

MEDOBIRERIELT 4;(‘:. ;"'_)4;. g

=0 2SiSa4 n= axSr. I n= axSri-x)3SizS7
WEY, F BERID T+ (krrlowncn?ailﬁal) x=0.0é-)2).81 = X=0.3

Exploration of new photoceramics and improvement of
their performance

Our research interest is focused on exploration of new selective synthesis of oxide polymorphs and morphology
photo-functional materials, which are called as “photoc- control via chemical design of metal complexes.
ergmics”, such as ph_osphors ahd photocatal_ysts. Explo- Development of organic-inorganic hybrid and

ration of new materials is an important assignment for morphological control of inorganic materials
construction of photoceramics with desired properties Titanium-picolinato hybrid
because their performance and properties strongly de- with lamellar structure
pend on the materials. Our research group is exploring
the new materials in various material groups, such as
oxide, sulfide, oxynitride, and phosphate, with concepts
of control of constituent elements and composition. We
are also examining improvement of performance of pho-
toceramics using chemical processes such as the solu-
tion-based synthesis and the morphology control by
fluxing and etching. In addition, we are also investigating

Morphological control of
titanium dioxide particles
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TAGEN CAF (TAGEN CENTRAL ANALYTICAL FACILITY)

77

ZtCAF

ZERFMZERT Central Analytical Facility (B&#5: 2t CAF) 3. EFIEMEEX. X BEoMEE. %k
S[EBAHTEE (NVMR), L—H—2X o MRELEAVBEHREELZAVESEMBAO AL EL TEH
BONKEIBRTE, ZF/MERRE2—-DT RIS /77/00 -DBOMEHEEZENEL T, RO
BIEREEAICEERIL SN2 F /T I ZHIVTHREREL. 2010 FEICRELELZ, £t CAF Tld. 1BV ME
RAEOMEXIZREZENIC. RFWMODFTMEEROER - EZET>TVET,

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

nanotechnology using the latest special devices. Tagen CAF is supporting the researches on the develop-
ment of various materials using advanced analytical apparatuses.

List of Apparatuses

A. RS thiRE

B. 3 FiuERITRKE

Apparatuses for ultimate analyses

Apparatuses for molecular structure analyses

OTTRAERE
(RF% KT BRONRE BRFMRE. HE-/\OTHRE)

Elemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer)

O ICP EXAAERE

Inductively coupled plasma emission spectrophotometer
(ICP-AES)

OWMNBEE X ROTRE
Electron probe micro analyzer (EPMA)

O BRI MANERE
(XEEABFHNEE)

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

ORITIER ZRAA > EENHEKRE
Time of Flight secondary ion mass spectrometer (TOF-SIMS)

OJO-MEBEEESTRE

Glow discharge mass spectrometer (GDMS)

ORBRHRRE
(&RFANMR400/500/600MHz)
NMR 400/500/600 MHz

OFI)TFNNA LA EAF IV AGHARE
(EltkFAINMR400/600MHz)

Nano device ion dynamics analyzer (Solid-state NMR spec-
trometer)

OEEBEMREKHAL—Y—XF
High-speed relaxation phenomenon measurement laser light
source

O B - ZRE SRR TIRERRT AT L

The time and space resolution precision state analysis system
(Laser Raman)

OBSRERIGERATL
Super-high-speed reaction analysis system (Laser flash spec-
trometer)

ETFEHMERRERE

Electron paramagnetic resonance spectrometer (EPR)
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C. EHEmRRRE

Apparatuses for crystal structure and microstructure analyses

EFMSNETFEMER

Field emission type electron microscope (FE-SEM)

OEn BB EEEFHME
High resolution field emission type electron microscope
(High resolution FE-SEM)

ORBRHHNEEETHEMYER

Environmental scanning electron microscope (E-SEM)

OF/IVT7EBRIATL

Nano area analysis device
OFEFRTO-TBEME

Atomic force microscope (AFM,SNOM)
O£BEHMER X REITRE

Automatic powder X-ray diffraction devices (XRD)
OF:3:0.€ 55

X-ray diffraction devices

1. RINT-V

2. RINT-H

3. /NEREKRE

Small angle scatter-

ing device
4. X'Pert
O BB XREIE
BRITRE

Single-crystal auto-

matic X-rays structure

analyzer
OZRTYAVOAMVA X #RER AT L

X-ray microarea three-dimensional stress measuring system

O®N X MATRE

Fluorescence X-rays analyzer (XRF)
Ob—Y—AF M LEESHEKE

(MALDI-TOF/MS)

Laser desorption ionization mass spectrometer

OAAV Ny TRHEERTRE
(ESI-TOF/MS)
lon trap mass spectrometer
O =57 — ) TE|FNG KK EH
(FT-IR)
High-resolution Fourier transform infrared spectrophotometer
(FT-IR)

ORERXH - AEAMARRAERE
(TG-DTA/GC-MS)

Thermogravimetry-differential thermoanalysis/mass spectrom-

etry simultaneous measurement device (TG-DTA/MASS)

OBIRE

Thermal analysis devices

1. BEEEREEEH#REE
Super high temperature differential scanning calorimeter
(DSC)

2. BARET

Thermomechanical analyzer (TMA)

OfRE R RERA BT

Autograph

ONAIRDANEE

UV-Vis spectrophotometer

OLb—Y—RHFXEIRAERE

Laser diffraction particle size analyzer

D. B8 5% i

Base facilities

ORBBRBIG AT L

Liquid nitrogen supply system

ONYILF ABYEEE

Helium gas recovery device
OV—"HREEERERRE

Zone melting type single crystal growth device
OF— U BRIR

Arc melting furnace

OBFHRHEERE

Electron beam drawing device

N=ISUpplvjsystem]
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TECHNICAL SERVICE SECTION

® T E

RME 3HI60BNDRZy T THHL. HREDEBICICA (SELTLRMEFVUEBLAY SERIMEREY F—bH
LTWET, MEELPSEFINIRIMIIBEI SR THY), BER. FifizEHLPLTZDEFEICICAZLD. BAHBN
SRR L TORMTABE EICEHTVETS,

g T T3 MREFEOEKRICKHUAZEE
KBOREHRE. MEORBORELEEE
BEBELTVWET, 2Rt = KTt CADYX
7 LX° CNC TIF# % IBRBAL TEFD
SHEEELER D EHIC, AMPEMEDEEL
BERER WHEMTE (AT B ETHRALEX
IZISASNBEOB4 [HRE (£/) <] IZEW
FAATVET,

SEAHBFO—REL TS [HEANEES]-
[ TFLeFXRES] e BERELT
HiftDERICEDTVET, o tREMEBHEL TREXHFZERIBARBREHDOZFANDITOTVET,

RE0ZTEOBENTEEL TOVETH. ZOIIICSLOBEEERFOMIXHEEETIHBEILSIIS
EMICHEIE YMEFRDOEEDVEDICESTVET,

SeEe AN TEBFI Cld. AR E OEKRICICU/-EE G FE- B\ A, 5% G0 X TUX LORE
BTSSR A ORI EERZ 2T -oTVEY,, EREEN R DOREEIP/NIVBBMEREH TR
ERCHRAMIREL - —F 55 CRIEL
BFSINIL. EHEEA 50 -EHES(WYKO
IFEMREAIRAIERE TOPO2D FH)
rmsO. 1NM &/ TVET, M- hEEDORIET
(&, EFEErms0.1~0.3nm DIEFICESH T,
EREROBREDVENVEDEME) LT3
MiEF->TVET,

SECHE - TE R R ABRICEREL TH
REDHFICICA. SHICHLWHATE ST Canan
ZBLOICHABDTVETY,
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HIZTIB TR E I SKFEIN - EREB LR EFRELTVE
To FEAEDEBERISTHRIROED THW O ZFEETHEE
EtHREtEL. MEDEMICRBREIIIICIREARESERED S
SUELTWVET,

W@/ ALy I XE, ARELEDHFZENRINTEAS X iekk.
TR, IR A EIC LRI T &)X hP SR mICE BT ET,

¥20BDRALYyIHNMERTAY T VMDTIRICHEDY, SR FRMTEREL, MEEOBBEILEICER
{ETBEEBICRMDE LICEDTVET, AZyT7IEFHER, BeEZ. ERES REORRE AR,
BIE-FEY b TR, BRE K. ERRE. L2 LY =2 X7 L W N A RER G E
DEMBREFFS. 1 AT ANRITA—MIENEHDIEETIZETELDZRABUCISATVET, /e,
FEOERIBECLLYUE - EEISHHED, MRAAEHEDORRICEHKLTVET,

FHEO— Bl

£EFUVFILEM
DR EFIEEE
(AT P 31
B

JO-THRyIZAT
£EFIFILEE ’
ERIL TV T

FHEDO— B

ME7as 01
DTHB[F/H1X
BN hOBSR
ZHE)DEEREA | D FAli
FI|ELTHEERK
HiEEFIRIVTS
T EER(EL 2RO
F /A XA T
(CIEEL TS,

SERR R DE—RER b DI IEMIF R, BmFERERO TICH

R b DOERE FIRBERE
Kb EI3# 60nm MR EHE SR BB AN TIh T3,
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TECHNICAL SERVICE SECTION
7= ===
B oM =

Project Support

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

Machine Shop

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

1]
Y
YAG laser cutting process

Glass shop

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

The example of grinding processing of glass
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MAIN ACHIEVEMENTS

BT DELEHR

FR29FE WRME

m fRE BR mixE=E ER Ry
MBI pH Z L EFI AL =2 N B R BEEIBDOADZX I
~pHEL T TR DIEE R EE R~ (2017.4.4)
m fRE FRRWAR=E
Bt IERH b3 RSB EA Bh%
HBAZE BIKR. KRKZOXRMAEIN—T FRALI )
[tL /1) ] DAL E B EHERERRRRIZ AR Th
~RRTOEND RIS T 2HE 1 X RE A O HICHfE~
(2017.4.11)

m fRE RRWAR=E
HIRADTRRAIEKEDHERXH X LEZBR
~TIVYINA T~ SRR MR R DR R D — S5 DRREAH BT REIC ~
(2017.4.28)

m R EE AR=E
HERTHHTILERF I A—RDEBELLEIR T TR B5iE
kS
~2( YD AMEE LEEISER~ (2017.5.22)

= FA B #E=E
PFOFDOEFDRNEIRZ!
~ERF— L BERE X REBEHIN 2 FOBSRIS S A~
The World's Most Powerful X-ray Laser Beam Creates
'Molecular Black Hole' (2017.6.1)

=itk & MR=E
FEIBRR, WS F v/ 2 X (ITMC) #REHER
~HAOEEICLNETDBE)HEBREICI M-I~
Researchers flip the script on magnetocapacitance (2017.6.2)

= FA B #E=E
Physicists squeeze extra data from superfast x-ray probes using
machine learning (2017.6.6)

= FR FE MERE BT OES #RR
"HEER TRTFUMORIEETEHIE
~KBBitbE LED DREME LEBBELICHfF~ (2017.6.9)

" RA BEMRE BEE O OER xR
H—Ro DL B FRRIASU /- fhiE
A new synthesis route for alternative catalysts of noble metals
~ COAlEX AT MDALKEICHHF~ (2017.7.25)

n A 2 #MR=E
JRBBRBMERIC BT DT /AR DIEME R 1%
~IY /RN MEERENAZ Y IR FADISH~
Magnon circular birefringence: polarization rotation of spin
waves and its applications (2017.7.25)

n ol Efmxx I8 i #x
L—H—4RTIXTHBEDORBEEARGERR
~4 BRI R T 2B RGIEMEO TR R B AREIED
{EIXMEAN~ (2017.8.1)

= KHEH B5hMAEE
TZ—b-XVaT7HRE B BX mxEs
F /MR DBR R A IINX—DBREHAIICK D
~EEERSERICH IR RIEFEREDM LISE~ (2017.8.21)
 5H B mxrx EE B A
BEBEFETRDEFIEHTZETEDH? ZD %A
~BRRICENZH I LB ROF—RIREEICHIFE~ (2017.9.29)

= KEH BBhME=E
7571& SICEIALH—R) DRECHEGEIRINX—D T4/
LEMRTHHTRER (2017.10.19)

= gk B aEuE
RO ADRIRICBF =60 FRAERR (2017.11.7)

" BK XBRE
17 ZM BN LB L EFREHEHM ORI R I
~EEM RSB N AR XU XD BERRIMBFICE T~
(2018.2.7)

m AR B #WEE
BAKWFHREREEHV: 3R F LA ZRBHORE
(ZETh
~BRE100WhDFI2—MUEhTEAMBEEEEL. STRILRERIC
BOWTABEEI~ (2018.2.16)

NY

TRR29FE xRE
" R AR #iR

- BATESE (6R)
w K R B

+ 9th International Conference on Molecular Electronics and
Bioelectronics (M&BE9), Best Poster Award (M&BE9) (68)

mBRR EE R
- ICAYMEFRT7I0-KRE F11E (201 7FE) (9A)

= Il ECF B
- BR&E¥S %HE (9R)
= NS RESE BhE
- BREBEREHY, AASEFSETHIERLE (97)
"R ORI B
- BREBFESH LLEE (9R)
= B 22 8%
- BEOESH FiTHE, BH TERLHEER/ TV T1H (9A)

m /MR EA #B
- TAYHEZIy7 X% The 2017 Richard and Patricia Spriggs
Phase Equilibria Award (108)

" RE Bz

+ The 6th Carbon Outstanding Contribution Award of China(108)
= BR —FE B

- $512[E (2018F) BAMIEFSEFEME (FERE) (10A)
mERE KB %R

- BEBEMESS70-297E (118)
" REY BBz

- Utz-Helmuth Felcht Award 2017 (11A)
" %iE X 0K

- FR29F Eh—F R R IRER N+ BT E 2R E (3R)
m R R %R

- BA2EZES7I0-BE(E1m) (38)
m R K R

- BASEHS70-BE (BE1E) (38)

" BA KB
- BREEFER 8- \UZE] (3R)

L=
28

\

82



RIEKRZE ZTMERZEMARR

ACADEMIC EXCHANGE AGREEMENTS

83

FRITIHTE

19814

1991%
1993%

1995%
19964

1997%

1998%

1999%

2000%

2001%

20025

2003%

20045

2005%

AL TP (RERILAF)
(&R RE) [11A238%H#E] [XFRHE: 1983%F8 A 5H#fE]

Northeastern University (Shenyang,China)

ALK (@M. BE) [ALRIHE: 118 128614 2012F6A6HEH |
Chonbuk National University (Jeonju,Korea)
OY7RET7HTI—BFEMEFHER
(E227.0Y7) [10A1B###]
P.N.Lebedev Physics Institute of Russian Academy of Sciences (Moscow,Russia)
AOVEF7RFEER (Z2—3—2. K@) [11A2286#]
Department of Chemistry,Columbia University (New York,USA)
REVY—F AV IWHRREEE S — ANURKFR
(Vb %E) [10A 18]

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

NIV BERXFMEFER (N> R1Y) [11 A 38H#E]
Department of Physics,Free University of Berlin (Berlin,Germany)

ARG THRZRTFEYIEMER (Fa25. 027) 128 1B##]
Nuclear Physics Institute, Tomsk Polytechnic University (Tomsk,Russia)
AOYEF7RFETHERIR-RIETHH

(Za—3—7.XE) [10A 1 58##E]

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

ERXFEF/HERERA R 52—
(. &) [11A5E#H#]
[A%RIHE: 19994 11 4 10B###E. 20094118 10HE#)

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

AERFRBIFR (Vo KE) [118 1586#]
Department of Metallurgical Engineering,University of
Utah (Utah,USA)

TH¥IAFERTOLAME LY 2—
(EXMIA =)V, HF45) [11A308HH#]

McGill Metal Processing Center,McGill University (Montreal, Canada)

OV PREERE-MHEFER (hovh 5F4) 1128 1B
Department of Metallurgy and Materials Science,University of Toronto
(Toronto,Canada)

RIVM LY R IRIRS

(RIVRLV b RY) TRZEBE 3 A 28##. 201453A28F#H
TU Dortmund University (Dortmund,Germany)
A1ITF-7V—R)ve- o 5—KZERMITHERR

(A TF-k1Y) [TR27B#HHE]
Institute fur Festkorperphsik, Freidrich-Schiller-Universitat Jena (Jena,Germany)
FIVESILAFE

(FIVE. 7T 2R) [10A4B#H#E] [KZEIBE 200659 A 1 28#HE.
2011%59R 128F#]

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

LRKE e, hE) [A2MEEHE: 11810864, 20144115 108%#]

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

OYFRETHTI-UATTYERMER (€207, 00 7) [TA21 8]
P. N. Lebedev Physics Institute of Russian Academy of Sciences (Moscow,Russia)
PEMFRRELF AR IR

(EHE. E) [12A268##)

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

EFAFMHBZIREZR GEResM. FE) (6 A58H#]

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

EEAT (BE. 1E) [AZMIHETA4BMHE 201657 A4EEH]
Chongaing University(Chongaing, China)
BILRFR

(KBR. M) [XZRIHEOA 2B/, 201259 2HF#
Kyungpook National University (Deagu, Korea)
BEAXZENA Ty MR

(KHE.&E) [ A1 78#H]

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

BB AFRREERTREERM RO IERRE 24—
(Jr7)v. BE) [6AORHE]

Advanced Materials & Process Research Center for IT, Sungkyunkwan University

(Soeul,Korea)

B A E TIZFRR cTma. E) [6 5 168#i#E]

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

VKRR (v, BE) [ 7ABEMEIIAZMIBE2013%7 ASHEH
Seoul National University (Seoul,Korea)
JI74FELTIEXRSE
(FI7.7054F) [XKZRGE 6 A28/, 200956 A2HF# ]
National Technical University of Ukraine (Kyiv,Ukraine)
FIVF—E—KZ
(BFVA. 75V RA) [KEMEGE 7 A 2885, 2010%7A28HF# ]

University of Bordeaux 1 (Talence,France)

O PRZET7HTFI-ERZBEHHH T O ARKR

(9527 AMyy. 0> 7) [128 18##E] [XZREBE 2012451 A 238## ]
Institute of Automation and Control Processes, Far Eastern Branch of the Russian
Academy of Sciences (Vladivostok,Russia)

2006%

20074

2008%

2009%

2010%

20115

2012%

2013%

2014%

2015%

20174

L—Y—-T S5 X7 - MR E L TR
(FHLAN W—7=7) [BA4BH#E]

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

MHBAFEREILMER (+17.v0517) [9A208#Hi#]
Institute for Problems of Materials Science, National Academy of Science of Ukraine
(Kyiv,Ukraine)

ERBRIZA (XU> . R4Y) [108 1 7ER#E]
Institute for Crystal Growth (Berlin,Germany)
JA—E—I—K%H

(TA=8—I—DF ) KFRiHE 10A308#HE. 20114105 30HEH |
University of Waterloo (Waterloo,Canada)

BN KZE (RN, RE) [AZMBE 48178, 201 7EF48 1 7TEEH]

Lanzhou University (Lanzhou,China)

AMEILAFRR (AM. BE) [K¥RHE 7 A298. 201247298 E#H ]
Kongju National University (Kongju,Korea)

M) I AT REEHERR

(ZLYh3) (NI ART. A2UT7) [8A29B##E. 2013488 10F#H |
Sincrotrone Trieste,S.C.p.A (Trieste,ltaly)
FREHEKE
LR, PE) [KZEIBE:6 A6AEH. 201 7E6 A6AEH ]
University of Science and Technology Beijing (Beijing, China)
FIVTAKE

(FxvA.24) [6 AOBHE]

[KZMIBE: 2012548 108##E. 201 7£4A 108F#H ]
Chiang Mai University (Chiang Mai , Thailand)

BMKE (BN, hE) [ A R15E:6 A 20B8#H#E. 201346 A 208F# )

Yangzhou University (Yangzhou,China)

SETERMRAS IR (AER. &) [11A2786#]

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

VY AT IIERE R

INFIANIVT K1) T12A24B#HE]
MPIK, Max-Planck-Institut fir Kernphysik(Heidelberg, Germany)
RRIEXE

(LR, PE) [XFMEIBE: 1078 168#H#E. 2015% 108 168E#]
Beijing University of Technology (Beijing, China)
H=IAN—TIFRKY

(D= WRAL—T. K1) TRSME: 1 A 18EH#E
Karlsruhe Institute of Technology (Karlsruhe, Germany)
FasOra- K%

N2y, &1) [XEEBE2A 3B, 20165 2H3EHEH ]
Chulalongkorn University(Bangkok, Thailand)
N TRV KE
(N FIARIVG  RLY) [RERIBE: 2 A28/, 201 7428 28F#]
Ruprecht-Karls-University Heidelberg(Heidelberg, Germany)
FRVKEE (R, 1 207) [K$RIGE:3A 28B## ]
University of Naples Federicoll(Napoli, Italy)
T ERE

(FFF 8. ARA V) [XEEBEOR 27 BffE. 201 7H9A27HFE#

University of Granada (Granada , Spain)

779 2—MERERR (01— oo1—b) [2A 188 #i#]
Kuwait Institute for Scientific Research (Kuwait, Kuwait)
YRU—R-7Ib /T KELFH
(RRY—R.ZAXA) [6 A 26B##E]
Chemistry Department of the Universidad Auténoma de Madrid (Madrid, Spain)
BEHFERERR L1 1 (9 oh—/. 75 R) [6B27E#H# ]
Synchrotron SOLEIL (Saint-Aubin, France)
OY PRZET H T I—WIRE 2SR 2R
(ERY7.0Y7) [9R28##E]

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

TRV TEIKRREE (£207. 02 7) [9A 28]
Department of Chemistry, Lomonosov Moscow State University (Moscow, Russia)
VAV TREMBRRER (FUn 7. AR1>) [2A21BfifE)
Materials Institute of Universidad de Alicante (Alicante, Spain)
I3V KREMHBZE TEMER
a3V N\VF)—) [6R 198##E]

Faculty of Materials Science and Engineering,University of Miskolc(Miskolc,Hungary)
FUMKEMBRER (3> 752R) [12A8E#H#]
Institute of Materials Jean Rouxel,University of Nantes(Nantes,France)
XIWFIKE
(XIWFRIN > A —ANFIT) [RERHE 11 A7ERE. 20169118 108F#H]
The University of Melbourne(Melbourne, Australia)
VY Fi—ty ) IHAEEFIEMARRUY (/00 AT LEHRHZER

(rr7Vyo . 7 XUHERE) [1AOBHHE]

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

BRASLHE - TR F—2
(ERE. FE) [3A 228 ] [ KZEIRE: 201845 1 A3EHHE]

Faculty of Materials and Energy,Southwest University (Chongaing,China)
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Hﬁﬁ FACULTY & STAFF (as of April 1,2018)
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# R HHIR #OED

Professors Associate Professors

30

47

Bh¥ - BhF

Senior Assistant Professors | Assistant Professors

6 70

RMHE

Technical Staffs

E2 1]

*170

Administrative Staffs

*237

E )]

Part-Time Staffs

it

Total

76 336

H%E& RESEARCHERS (FY 2017)

EBWMAR ZEEMRE

Visiting Researchers Contract Researchers

FIRFRIMER

JSPS postdoctoral fellows

a
Total

12

16

#ﬂigﬂ STUDENTS (as of October 1, 2017 )

(FY 2017)

*1 BEMAKE (44)280,
*2 BEMAKE (14)280,

*$ﬁ$ Graduate Students

EIEGESERNE

224

BERRE 0
86

FERFE

Under Graduate Students

63

Bt

Total

373

MAFAFMRRESEN)

Institute Research Students (Foreigner)

14

MEFRFMRREEEAN)

Institute Research Students (Japanese)

0

EA' fi_'fll:':ll ANNUAL REVENUE and EXPENSE

FHAR

Revenue for FY 2016

17%
4%

16%

2%
5%

56%

E+ Total

4,348

[millions of yen]

in-Aids for Scientific Research

Reserach

EEERfGR Operational Grants
HEMREFEDS Grants
%@ﬂﬁ*ﬁﬂbﬁ% Subsidy
§§ﬂiﬂ%§ Commissioned
HEMFTE Joint Reserach
ﬁpﬁﬁ Donations

E% BUILDINGS (as of April 1, 2018)

E%%EE*E Total Floor Area

38,333m?

XHAR

Expense in FY 2016

35%

9% 149

BEERNEAGE
BEEXNEYHE
NEREE AR
SEREE M E

42

E‘I’ Total

4,348

[millions of yen]

Operational Grants Personnel
Operational Grants Non-Personnel

Research Funds Personal

Subsidy for Facilities & Equipment Maintenance
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Access to Sendai station
1. Train "Tohoku Shinkansen (Bullet train)" From Tokyo to Sendai: 1h40m

2. Flight Sendai Airport has international flights from many East Asisn cities and domestic flights.
From Seoul: 2h20m / From Beijing: 6h / From Tokyo-Narita: 1h
From Sendai Airport to Sendai st. by railway: 30 minutes.
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TEL:022-217-5204 FAX:022-217-5211
URL :http://www.tagen.tohoku.ac.jp/

INSTITUTE OF MULTIDISCIPLINARY RESEARCH
FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

Director:Professor Atsushi Muramatsu
Address:2-1-1 Katahira,Aoba-ku,Sendai 980-8577,JAPAN
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