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Research Institute of Mineral Dressing and
Metallurgy, Tohoku Imperial University was
founded.

Research Institute for Scientific Measurements,
Tohoku Imperial University was founded.

Chemical Research Institute of Non - Aqueous
Solution, Tohoku Imperial University 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 Institute for
Advanced Materials Processing.

Research Institute for Scientific Measurements,
Institute for Chemical Reaction Science, and
Institute for Advanced Materials Processing
were restructured and consolidated as Institute
of Multidisciplinary Research for Advanced
Materials (IMRAM).

IMRAM started the activity as a member of the
Network Joint Research Center for Materials
and Devices.

Research Center for Sustainable Science &
Engineering was closed.

Collaborative Research Division of Non-ferrous
Metallurgy and Environmental Science and the
Center for Mineral Processing and Metallurgy
were started.

Collaborative Research Division of Advanced
Synchrotron Radiation Metrogy started.

Collaborative Research Division of Advanced
Analysis of Iron and Steelmaking Processes
was started.

Collaborative Research Division of Advanced
Electron Microscopy was started.

Materials-Measurement Hybrid Research Center
was started.
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Our institute, Institute of Multidisciplinary Research for
Advanced Materials, IMRAM, is called TAGEN-KEN in
Japanese. 20 years have passed from its foundation, April
2001. Nowadays, the word TAGEN is widely known, since
the research in our institute has been carried out over
"Multidisciplinary" fields of science and engineering for
wide variety of materials. Our basis is, unfailingly, 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, about 80 years have passed since the foundation
of the former three institutes. Their research spirits are
passed down to us, so that the knowledge and experiences
integrated from prestigious institutes allow us to establish so
many collaborations among members in different fields of our
institute. Thus, a plenty of noticeable research results have
been achieved. This traditionality led to the establishment
of new research centers, Center for Mineral Processing and
Metallurgy in 1 April 2018, and Materials-Measurement
Hybrid Research Center in 1 April 2021.

Our institute has started a new activity as a member of
the Network Joint Research Center for Materials and Devise
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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 the collaboration among the
five institutes, the "Dynamic Alliance for Open Innovation
Bridging Human, Environment and Materials" was also
founded as a national project started in 2016.

Tohoku Univ. is now promoting the project of a next
generation 3 GeV synchrotron radiation facility, whose
performance is optimized for soft X-ray energy region. This
energy region covers the K-edges of light elements of Li, B, C,
N, and O, those are all critical ones to current technological
challenges. Since our institute is the main base of this
project, we have been making our best for the realization in
the near future.

10 years have passed since the Great East Japan
Earthquake on March 11, 2011. We will contribute our
efforts to the reconstruction through material science and
technology, as well as to educate researchers and engineers
contribute to the nation. We will proceed further in the field
of Multidisciplinary Research for Advanced Materials.

April 2021 Director Masami TERAUCHI
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H&Eg& Faculty & Staff (as of April 1. 2021)

0’

Professors

48 (4) [1]

MR

Associate Professors

24 (1) [1]

B

Senior Assistant Professors

9 (M

By #& B

Assistant Professors

63 (10) [8]

F

Research Associate

EHBEE

Administrative Staff
42 (31)

BT &

Technical Staff

BERBE

45 (11)

Re-employed Staff
4 (0)

FEEHHE (M)

Part-Time Staff (Research)
21 (4) [3]

FEHHE (ZDfth)

Part-Time Staff (Other)
61 (47) [7]

Bl

Total
317 (109) [20]

X RISSEATHIER
>:<

()
[]
() indicates the number of female staff in counts.
[ ] indicates the number of foreign staff in counts.

%I.‘ Fq ﬂ'J%ﬂlEﬁP\]ER Number of Faculty Members

M3z BIEDSS5 6 Rl3 [RICKFZZTMERFHATARN * % —SAKURA” TO2 1T b ICKWUIRA) THE

BRF9%

Research Division

] B

Professors

AR

Associate
Professors

% B0 B #
Senior Assistant | Assistant
Professors Professors

B F B
Research
Associates

Bk - LM FHFER

Division of Organic-and Bio-materials Research

1 12

25

B LR FTERPY

Division of Inorganic Material Research

11 2

3 7

23

TOtRI 2T LATZHTER

Division of Process and System Engineering

1 11

24

STRIEAZTERPT

Division of Measurements

10 5

3 13

31

SREROCRHR Y —

Center for Mineral Processing and Metallurgy

1 9

20

NTUTI - EEBAINAT )Y RIARE Y —

Materials-Measurement Hybrid Research Center

10

and Environmental Science

HFH T ERRIRIER 2 TTE

Collaborative Research Division of Non-ferrous Metallurgy

B8 T O 2 Selm R T B ST ER Y
Collaborative Research Division of Advanced Analysis of
Iron and Steelmaking Processes

Microscopy

R F R MR M B 7T EM

Collaborative Research Division of Advanced Electron

At

Total

48 24

144

ZER (2021 £ 4 BEE) Number of Students (as of April, 2021)

{57 A=
Schools

]
Under Graduate

ELERIZRIHER

Master's Program

B ERIZERE]

Doctoral Program

THARH - T8
Engineering

37 (8) [0]

95 (8) [15]

27 (6) [11]

BFHFTHR - B
School of Science

10 (3) [8]

46 (15) [15]

22 (3) [13]

LM FHFRH

Life Sciences

0 (0) [0]

13 (8) [4]

5(2) [4]

B

Environmental Studies

0 (0) [0]

41 (11) [6]

15 (1) [9]

At

Total

47 (11) [8]

195 (42) [40]

69 (12) [37]

311 (65) [85]

¥ () PRIt I
X [1RIIAEA.

RIEXZE ZAVMERZEMAEAR

() indicates the number of female students included in counts.
[ 1 indicates the number of international students included in counts.




l':'r-rﬁl - ﬁﬁﬂjm%ﬂ Annual Revenue and Expense
2019 F£E B AMER Rrevenue for F2019 2019 FE mHMIER expenditure for Fr2019

3.1%

?r Total
42 &M

[billions of yen]

E‘I’ Total

42 &

[billions of yen]

W EEBEX(FE Operational Grants W EEBX (& AME General Grants for Salaries and Wages

W HEMABEMENE Grants -in-Aids for Scientific Research W EBEBEX(TEMEE General Grants for Supplies and Equipments
FEMAE Funds for Commissioned Reserach AEBEEAHE External Funds for Salaries and Wages

W HEMFE Funds for Joint Reserach HNEEEMHEHE External Funds for Supplies and Equipments

M FHi& Donations

Iﬁﬂﬁﬂﬁﬁﬁ?ﬂﬂﬁﬂ (BifsZ : B M) External Research Funds (' millions of yen )

o 2015 2016 2017 2018 2019
iscal year
HEHAE 835 871 730 681 654

Grants -in-Aids for Scientific Research

HREHT 340 233 272 310 332

Funds for Joint Research

SEEW 810 712 619 486 517

Funds for Commissioned Research

E% BUILDINGS(as of April, 2021)
IEYHIEEFE Total Floor Area 38,318m?
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Elucidation of adhesion/fracture mechanism of soft/hard interface by atomic resolution electron microscopy
with the leadership of IMRAM based on the CREST (Core Research for Evolutionary Science and Technology)
program sponsored by JST (Japan Science and Technology Agency)
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Promotion of “Active control of reaction field by chemical potential tuning” sponsored by JST (Japan Science

and Technology Agency)
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Promotion of “Research and development of an accelerated mineral carbonation process utilizing calcium in
industrial wastes” sponsored by NEDO (New Energy and Industrial Technology Development Organization)

ERERBEIR AT LARARIBORFZEHIRIT. EHODE
FEVPRZEHIL, [BAVIU-MEEEEREDPHDONILY
DLEERWCMERBIECTOCXOMTEHE] OifEE
2020 FEN DT O2TNET,

AX7ODT O MTE BOAV )= M ohIL DL (Ca)
ZHME L. HFAZXHBRDCO, ERIGSETCEEESED TOE
ADNRBIEEERZBRELUCEMAEZTOCTNET, DL
D LSO ERBIBCOMEZSDD /2D MRKBIRLE

MICDNTHRE - SHMAERMET D EEHIC. TOERL2EBDOR
BETNELSEMERIISE. CO HIBERW T,
- FFFTRIRERRS : 2020 E£E~ 2024 £E
- RRRARIEER ¢
CEEVMNSDHILL D LBEOERICEY DRE
- CO, MR RERIETL I M DREF
- REIES SOBIEMDORZEMHE
- REIE(E T OEZOBEE O N
- CO, EIE = DT
- BYD CO, REBIR1L MDA

KDEEZOERFELEFEN SHH NS CO, DHIFIIIEE
BURDIDICERLGRBETYT, £/ CO, ZRYNL. BMA
BY2 [h—RUTA DRI OBFENRDONTINET,
BEMOREY D ZANAL T BRIERZEDLL (Cal/
MgO + CO, — CaCO3/MgCO,) Z1T D #dild. h—R> T 1) —
DKFEVEEET . RGO Gibbs TRILF—ZLHETHY.
BONDREBIE. M. 227 — MIREOMISRENLLE
PARENEDREBZEL. BHOHIRENEINTNET,

lﬁ&ﬁﬂﬁ

|ﬁﬂﬁ$

| mscamns | EET

B0 —+F

HE . FEIFIPLIGETHP

I A

fRix %
Atsushi_lIZUKA

EERER/OCIMRAEY 5 —
TRERBIR AT LMRADE HEHF

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY 20




21

JST (MZ R IREME) [BIRNAREZIEFE] ICKD [KEAERE
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Creation of “New scheme in carbon and thermal cycling using hydrothermal electrolysis” sponsored by JST (Japan

Science and Technology Agency)
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Promotion of “Control and understanding of RNA functions by innovative chemical tools” sponsored by JST (Japan

Science and Technology Agency)
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Inorganic Crystal Structural Materials Chemistry
EEHAEET / B B

Metallurgical Design for Material Functions
RISEEIREE /B &

Environmental Inorganic Materials Chemistry
BRI INER SRAE

Inorganic Materials for Chemical Transformation

J\—RiH  BEHIE BN (&8

Hard Materials

sHAIERZCABFT

Division of Measurements

EFE—LFHA / BE A

Quantum Beam Measurements
WEMBINE /A Rz

Structural Physics and Crystal Physics
EOFIMRLEE / R JEE

Polymer Physics and Chemistry
EFIO>5+ 708 /KK il (sris)

Frontier quantum-beam metrology

EFRILIMOZIR /B ER

Quantum Optoelectronics

HRETERRIEBIRETE /Bt =& (sris)

Synchrotron Radiation Microscopy and Informatics

ERREE /81 EF) (sris)
Solid Surface Physics

BFRTHIA AR 12— GR)

Electron Interference Measurement

BFEF - HHE, FN ES

Electron -Crystallography and -Spectroscopy
FEETO— Tt/ KB B3h
Advanced Scanning Probe Microscopy

M /BERIRIL / SH &4 (sris)
Synchrotron Radiation Soft X-ray Microscopy
FHRI . ZEHRE 2l &E

Measurements

IFUZ - SHRNAT VY RIIRE> 5 —

Materials-Measurement Hybrid Research Center

STFEFRZE / Bif B2

Quantum Electron Science

> - RAOOHAUEE /S NIR &5
Nano/Micro Chemical Measurements

I\ T U RRERF IR/ AR EH (AIMR)
Hybrid Carbon Nanomaterials

I\ TV REARRIE / FH)I &7

Hybrid Material Fabrication

SCHERERRUES /Pl B

Photo-Functional Material Chemistry

Sl TVANG O o it S v s e

Organic- and Bio- Nanomaterials
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A - EanMHF IR

DIVISION OF ORGANIC-AND BIO-MATERIALS RESEARCH

— D FRRME. $IRRNA A—D2J, BERERZERE L /- EantREERRER. BSUICZENODHEEERE SREEFEZRE U BERAIRY RSy
ITFUN)—O 2T LBREEEICRIBATNE T, SOICERBREEHRRZERS UL/ A IATA Y IIMHBIRGEE, LontiaeiRasy
EEREERNICEU DI EICLY., HRZY— T2 - THARBRZEBELTHET,
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.

2 12 | Professor
KR

ME B2

EEE YN

Fumi NAGATSUGI
BEFRROCZNHEEBIEL LA ERORE

Development of the strategy for the control of gene expression

KE b3

Takehiko WADA

BEERIS - EWmtF2EM L miEDBEBIHIE S
BAFAEARISROBIR

Chemical biology and functional photochemistry

5% B

Kenji INABA
WBRADY /N EREEER 2T LD FEE

Molecular basis of the protein quality control systems in cells

FEEIEF

Shin MIZUKAMI
AR FERETIC K DHRBAEED AT 1R 1L S B

Imaging and regulation of cellular functions with functional
molecule design

Satoshi TAKAHASHI

—DFEABRICLDY V/INTBDTA =T T ER
BEDRZAR

Dynamics of proteins based on single molecule fluorescence

Eriko NANGO
FUINOBT AT 20 @M EDFHRE DA

Analysis of protein structural dynamics and its application to
molecular control

X/,

XNRE EFH (RE)

detection

FRIEM KT (SRIS)

Akihide HIBARA

T/ RAVORBERNDANT/NA X ERMNEE DY

HALE
Analytical device utilizin
spectroscopy for nano-microchemistry

}E%{ﬁ | Associate Professor
2 EIE A

Kazumitsu ONIZUKA

RNA Z 29I L 7= ¥ (L 2
V—ILDRF

o

Development of novel chemical tools targeting
RNA

i i

Kiyoto KAMAGATA
FVINTEDBE - HEES 1
= FIVXDEHFEUNERED
v

Development of single-molecule
measurements for protein dynamics

H}J ?ﬂ( | Assistant Professor

[ii] st}

Masaki NISHIJIMA

KICEDFSUT 1 —DRIK

| CHIE ERBAFFEIILA
1tz

Supramolecular photochirogenesis using chiral
biomolecular media

NIRRT
. Toshiyuki KOWADA

WD FER o E R
BED AL £ B

Visualization and manipulation of biological
functions using functional small molecules

NEFFIEE

nano-microfluidics, and

Maiko NISHIBORI

IREIE X A2 B MBEEM OB MR X WXL E
WER S A F 2 U ZDEER

Function expression mechanism and structure formation

yi=haul

Eé?ﬂ% | Visiting Professor

1%

Itaru HAMACHI

dynamics of hybrid materials using synchrotron radiation

X-ray analysis

Yasuyuki ARAKI
MAA—emlEEDRRES
ERBED FEDBEZ IR
HADISA

Development of new circular dichroism
spectroscopy and its application to the
conformational change dynamics of
biomolecules

il | Senior Assistant Professor

2y #8X
Hirofumi KUROKAWA

TINNEIT—ICEDHR
7 FERHMIBORRR

Novel molecular recognition mechanism by
chemical sensors

PEE=

Satoshi WATANABE
SEAAVEREIEE S VY
HREEREEOREEYS

Structural biology of metal ion homeostasis
and protein quality control

N
Hiroyuki OIKAWA

—PFERS KA LB
RFDBRIAT I ZADE
B i

Tracking of fast dynamics of biomolecules by
single-molecule fluorescence spectroscopy

Fi NI

N==4
=]

Tsunenobu ONODERA

B - 5T - kT /ER
ZEBETDH - BFHHO
ES

Development of optoelectronic materials based
on organic/polymer/complex nanocrystals

Satoko SUZUKI
SAKURAZO T2 b

25 RIEXZE ZAVMERZEMAEAR

y & A

Hiroshi KADOKURA

T LB ) MR B/ R A PR IS 51T
BDYVINTVEDIRIT 1A K
FEETAE

Mechanisms of protein disulfide bond
formation in the ER of mammalian cells

Ej] %’( | Assistant Professor

s B &R

Takatoshi MATSUMOTO
In silico IZLDBEE - BEIR
7S REME D

Design and development of high sensitive and
selective functional reagent in silico

XE BX

Yuta AMAGAI

MEEEENLEY VINOE
I E I DRIR

Molecular mechanisms of protein quality
control systems via vesicle trafficking

wH B
Toshitaka MATSUI

HERRZEQLICERY
VINDBEDAHZZRBB

Structure-function relationships and novel
reactions of metalloproteins

& o Fie
= Hidenori OKAMURA
BEBEROE LD FREAR
BICEDHRSHEALD
r FORFE

Development of the intelligent molecules
targeted to nucleic acids based on the
molecular recognition

5k EE

Yuxia ZHANG

US4 ABFERME (cryo-
EM) (2 &% Sacro/Endoplasmic
reticulum Ca** ATPase (SERCA)
2b DIEEE D FHBOTTR

Structural and mechanistic studies of Sacro/
endoplasmic reticulum Ca®* ATPase (SERCA)
2b by cryo-electron microscopy (cryo-EM).

Electron and molecular dynamics in intense

laser fields

By AHSE BR FE

Misaki OKUNISHI Takaaki FUJIWARA
HWHAFIBRTOEF - HF5 BABAEICLDERSHF
AFIVvIR DIEFF DRRRR

Elucidation of mechanism of biomacromolecules
by time-resolved experiments




ERM R ERT

DIVISION OF INORGANIC MATERIAL RESEARCH

BEREETEEEFMRIN. REVETFUEMRAE. +/ X7 —VHESHEEMEIE. N1TUY R/ SRTLMERIE. +/ Btz
RHH. EREEMHSHITESE. SRHAERETMEST. REEEMEEEMELE. NETRERMHMRSE. /\— FRRFESE TR
TNTNET, BIARNECTIE. ERRIE - MROBHEEEORERE, T/0 1M, HERREEORBSICET SMAZToTLET,

Division of inorganic material research consists of laboratories of Inorganic Solid State Materials Chemistry, Quantum Spin Physics, Nanoscale Magnetism, Hybrid
Nano System, Nano Physical Chemistry, Inorganic Crystal Structural Materials Chemistry, Metallurgical Design for Material Functions, Environmental Inorganic Materials
Chemistry, Inorganic Materials for Chemical Transformation, Hard Materials.

2 1% | Professor
LH Sk

G !

A E

Takahiro YAMADA
R CEMORR & WM HORA

Exploration of novel inorganic compounds and development
of functional materials

BT EE

Taku SATO
PEFEELZBOCBERRDOREY T A3 I U XM

Neutron scattering research on the spin dynamics in
condensed matters

#HER A

Satoshi OKAMOTO
MR DEN R E Z DFIEICEE T DT

Study on magnetization dynamics and its controllability

IR A8

Kiyoshi KANIE

R )/ W DY A X - RESIEREERE /N1 T
U R EE A DR
Size-and shape-controlled synthesis of functional inorganic

nanoparticles and application to develop self-organized
hybrid materials

Hiroshi KUMIGASHIRA
MEHEAICE D <BRIEM T/ BEDHKEEE

Design of novel functionalities in oxide nanostructures based
on synchrotron analysis

Hisanori YAMANE
HRZTRBERCSMOER CERBERNT. FHETM

Synthesis, structure analysis and characterization of new
multinary inorganic compounds

B B BX i3 PNEE  SRid
Satoshi KAMEOKA Shu YIN Hideki KATO

HETEE - AT ORE AR

Research and development of novel metallic materials for
catalysis

JN—rTOERIELDET I VI 2DRRISEHEELA]
H

ATHRERZEEB LT F—ERECAIR DR

Development of photocatalysts for energy conversion aiming
at artificial photosynthesis

Creation of environmental responsive functionality of
ceramics by green process

Eé?ﬁz}% | Visiting Professor
Bt A

Ryuji TAMURA

AT | Associate Professor

[y W0t T S BF
Nobuaki KIKUCHI Rayko SIMURA
UL T/ S OB AL - FRSTREBRINOEH
| BT+ IO & X RS ERRT

Magnetization process / dynamics of

Synthesis and X-ray structure analysis of new
nanostructured magnets

multinary metal oxides and related materials

E OB | Senior Assistant Professor

MR E SRS

Masaki MATSUBARA Kohei YOSHIMATSU
BEREARER/NTTU YR o HBILYBROER &8
F/ KFDRFE FMERTR

BRE i

- g Nobuhisa FUJITA
EiERSJURENEDOREE -
TR - MIEICRET SRR

wh

Synthesis of high-quality oxide thin-films and
investigation of electronic properties

Basic science related to the structure,
formation, and physical properties of
quasicrystals and related materials

Development of liquid crystalline organic-
inorganic hybrid nanoparticles

By % | Assistant Professor

SER BE B K AR MR TE K%

: Masanori ENOKI Daisuke OKUYAMA . Kazuhiro NAWA Daisuke SHIGA

g SHEMZZERLICHBRMN R FEELZAN I EEYM Rt FERELZ R OORT L O B AL/ BEDMEHEHA
[ . EHSHEHRIEEOHT [IF PRI D RS 5 CMERE

Development of new materials based on
computational science

" BF W

Study on exotic magnetic materials with

Exploring new magnetic orders and excitations
anomalous properties by neutron scattering

using neutron scattering technique

R&)IIHh5E R B
Junichi TAKAHASHI Takuya HASEGAWA

IR HORREHIE Bl LS 1SS U 7 St e 1
Bl ERMBORE

Synchrotron analysis of functional oxides and
synthesis of oxide nanostructures

Hiromu KUMAGAI

I F—EBRBRIGICE S
ToXBR/ ABIEZERDMH
E

Research and characteristic evaluation of new

: f Development of new photo-functional
functional materials

Development of photocatalytic/
materials based on solid-state chemistry

photoelectrochemical systems for energy
conversion reactions
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LR P

TOER D27 LTHMFENAE. B\RFT/ T2 AVERE BRAIZ70Z - FNA R, REESHFMTOER, MHI%TORR. N (T
Dy R /HFTOELZRDEHRHEBEY DHFATHY . ERLHAREZERNICKELTOET, ROIFMIZT/ LALDSYIOLNIETSE
2 TTH. ERELDEMIIMELSE. BT JOEITHEHETT,

Division of Process and System Engineering contains contains Supercritical Fluid and Hybrid Nano Technologies, Laser Applied Material Science, Solid State lonic
Devices, Environmental-Conscious Material Processing, Materials Separation Processing, Hybrid Nano-particle so that we focus our investigation on the practical
application of highly-functional materials. Common basic academic fields are physical-chemistry, inorganic engineering, and process technology.

JOCRRATLTIZHME

DIVISION OF PROCESS AND SYSTEM ENGINEERING

20 12 | Professor
fIfR 33X (AIMR)

Tadafumi ADSCHIRI

BEEFKZB L CNERR IO BLUHEE
DEREBRA

Chemical reaction processes in supercritical water

hBE R—

Shunichi SATO
LU OEDRERREMERZADISA

Exploration of new features of light and its application to
material science

WZE &
Koji AMEZAWA

BEA 7 20 ZICIIM U IRIBAFME T )L F—E]R T/
A A DFF

Development of environmentally-friendly energy-conversion

T/

BrE ¥

Sl EE

devices based on solid state ionics

R

=
IFF

Hiroshi NOGAMI

RSB HZENICE D BMMWEN 7Oz 2DBHE

Development of novel material production processes

§§$ﬂ§§ | Visiting Professor
FH &R

Hiroyuki SHIBATA
BANELUEROS

Masahiro NAKATA

}E?ﬂ(g | Associate Professor
EE S

ANE T

Takaaki TOMAI

BERARFERNBLLEIRIL
— - MEERBRTOERICH
ERCLiieA

Advanced process for energy/materials
conversion using supercritical fluids

Bk HFE

Sohei SUKENAGA

TABRERSERES LU
S2DMEBFHIEE EME

&

Relation between micro-structure and
physico-chemical properties for silicate melts
and glasses

By 2 | Assistant Professor

12 HE
-
N vuuki UESUGH

HICKDEFE— LBIEED
i

Development of electron beam controlling
technique by light

REAEEKX
Ryota OSUGA
SHREET S 1 MRDRRE
& in-situ IR AEIC L DA
tEEHE

Development of highly active zeolite catalysts

and characterization of catalytic property using
in-situ IR measurement

1 B=

Yuichi KOZAWA
BEL LD s IR

‘Dehvtelopmem and application of structured
19

4 B

ytsiEd

High temperature properties of oxides and metals

Akira WATANABE
F/HBOL—Y-70ty
DI ETINA ZISHA

Laser processing of nanomaterials and device
applications

A BX
| Yuta KIMURA
SMBICE DI RILF—RTE/

;. T T /INA XA OIS

Tuning the properties of the materials for the
energy storage/conversion devices with an
external field

Ashiqur Rahman

Ashiqur RAHMAN
L—H—TOty oIk
DHMBENET 1 VLD

Formation of functional films by laser processing

ﬁ? %II—:\

Atsushi MURAMATSU
SMEEMENE S/ RFaREY A X - DRI

Highly functional nanoparticle synthesis with precisely

controlled size and shape

L
Takashi NAKAMURA

IARIVFE—F/INA ZBHHD
AEME R IR B DR

Elucidation of the electrochemical properties
of energy conversion devices

Eﬁ El"ﬁ | Senior Assistant Professor

BEA#TF (SRIS)

Sachiko MAKI

FIRBH LML DT/ 2
T—ILDREE - HEEERDZ
THA R

Multimodal visualization of nano-scale

structure/property ensemble by advanced
synchrotron radiation measurement

HUfE  EF
Nobuhiro MARUOKA

BR/OCIEZERET D
AR 2T LODBIFE

Deve!ogmenl of sustainable system based on
the high temperature process

he RF

BEf RIE

Shungo NATSUI
BRCAEZRELSED
BCRODZHIRR

Exploration of dynamics in high-temperature
dispersion system by combining observation
and calculation

e B

Sakiko KAWANISHI

L SERBBOTRLICLDE
, MTOEIDRS

Exploration of material processes by
visualization of high-temperature reactions

R0 #&T5

Motohiro KASUYA

DN NFEWNEEEAEDE

CEHEEDREE Y R TS T

UK DR EEHE
Development of novel methods based
force measurement and spectroscopy and
characterization material interfaces for
sustainable society

BH k=

Ikuna SATO
SAKURAZOZ T h

RIEXZE

Fusae KANEKO
SAKURAZOY T h

ZAMEMZERAMR

Tomomi MASUI
SAKURAZO YT h

Ayano TANABE
SAKURAZOY Tk




:ff/ﬂUfﬂ}

DIVISION OF MEASUREMENTS

B RREM RS ZDHS LT,

DI BEAZRY &Y,

BT, BT, L——,
EELET, 2. HERROA N XLRAESHT,

L PP

YA OO, LG EDRR < BRFPE
BERLADET - #FANE. KEMHE. 7/ FEEE. BRI EOMFTEE

BT, #UOETR - BHRFIERFR

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

2 12 | Professor
BE

A B

[N EE

& M (SRIS)

Atsushi MOMOSE
XA A A — 2 2 T FEDRA

Development of X-ray phase imaging

MR BER

Hiroyuki KIMURA

RIEF - IR - XIROEHFIBIC L DHAE
B DEEN IR

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

B8 =4 (SRIS)

Hiroshi JINNAI

BFRINEIST42BWY T IYTIT
IVDRSEEERN

Analysis of nano-structures in soft materials
by electron tomography

2)Il EF (SRIS)

Wataru YASHIRO
BFE—LAA—I U TEORE

Development of quantum beam imaging
methods

ki &R— FE

Shigefusa F. CHICHIBU
DA RN RFE vy TRRERTF S/ BiER
REBBZEARIANY PORIE—

Exploration of wide bandgap group IlI-
nitride and group ll-oxide semiconductor
quantum structures and spatio-time-resolved
spectroscopy

SN ES

Yukio TAKAHASHI
RERDIE—L 2 kXA XA =DV TED
FREZDIA

Development of next generation coherent
X-ray imaging method and its applications

KH B3k

Tadashi ABUKAWA

REBEBNES (T I U ZEMCED R
THAERE DB

Research of new functional surfaces by
analyzing structure and dynamics

=H & (SRIS)

Masami TERAUCHI
BFIRMIRE AL EE - BPRERT

Electron crystallography and spectroscopy by
electron microscope

7&?&}% | Associate Professor
1B —fE

Kazunobu KOJIMA

SHAEESMREMIY DI
BAT /A ZDRIH

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

WA 3# (SRIS)

Susumu YAMAMOTO

TR X#RA RS > REFRIC
FDMIRKRERZ DA

Catalytic surface science opened by

synchrotron radiation X-ray operando
measurements

B % | Assistant Professor

R =N
Ryosuke UEDA

XA A—D V THEDOBERY
A

T =5

Hsiao Fang WANG

Development and application of X-ray imaging
4 RTEBREFRMEEER
WY T RY S —EEBDZD

ﬁ BEE

Four-dimensional(4D) TEM observation
for soft matter and corresponding in-situ

environmental behavior
BFERNEZANHESR - B

‘3‘ BERTFEOBREE 2D

L._FH

Crysta\ and magnetic structure analysis using
electron diffraction

BAY O
Tomoyo OKUMURA
SAKURAZO T K

I KEH

Daisuke MORIKAWA

Tadahiro KOMEDA
H—RFDIAEVBEBEZR T/ 2BF

Development of devices using single molecule
spin degree of freedom

NS
Kozo SHINODA

KBENODRREFLFE
‘ BREDHDZILERBEM KL
)4 FEH

Development of porous adsorbing materials to
remove toxic elements from water

(SRIS)

5% B | Senior Assistant Professor

AR ShHR

Masaki TAKATA

TSI LD MEDEFEEL NIV TORR
ERBERZ OB

Development of materials structural
visualization science via synchrotron radiation

T BT
Yohei SATO

B/ 7O0-TJEBLF
/T )T IVDFEBE R

Analysis for dielectric properties of nano-scale
materials using nm electron probe

DY EPNE

Hironori MARUBAYASHI

BEFRMBEEERVERL
BAFOEEBEE Y AT 2
o 2 DR

Analysis of hierarchical structure and dynamics
in semicrystalline polymers by electron
microscopy

e EE

Terutoshi SAKAKURA

Hifa X REMEICHE TSR
e

Technical study of single-crystal X-ray
diffraction

s T

Kohei SHIMA
DA RN RFEY Y THEE G
 ERVEBHERABTT/NA
2 DB

Development of high-efficiency optoelectronic
devices using wide bandgap semiconductors

BHERZ
Yasuyuki SAINOO

BEHAEICS D REMBE
ICE D\ IREN D AED S

Development of vibrational spectroscopy
based on real space imaging by combined
measurements

Zentaro AKASE

SimEBEFEMBEICLD
E MK OB IS T & 518
B DBIFE

Development of advanced transmission

electron microscopy for electromagnetic
analyses of practical materials

Shunichi SATO (C)
ARZENENZOREHT

Multidisciplinary research of photonics and
material science

Z2EHIT | Visiting Professor

=5 =a

5T ME

Kenji IWASAKI
Naruhiko MASHITA

I8 St (SRIS)

| Takeo EJIMA

WX GEBBRMEDEREEZ
DEYHBRERICH

Development of soft X-ray correlation
spectromicroscopy applying to bio-cells

S

Tsuyoshi TAKAOKA

B REICHT D FDED
DR

Exploration of mechanism of molecular motion
on solid surfaces

FE—LZBW-BEMIEH
A

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

a2 & (SRIS)
Nozomu ISHIGURO

L SEERBTCETIC £ D AetE
MROEEIRERT R

Chemical state visualization of functional
materials by advanced synchrotron radiation
measurements

AR VIR
ENYR TDT7ONTAY

Syed Mohammad Fakruddin
SHAHED

2HILE) T aBIER
FEHRFET ICEDEFTEZ
#BITDFET 9F Y —DOBREEANRTY
R - FRFHRIE FET 451451

Development of MoS2-based FET sensor for
the detection of molecular species

s = =l &x
Hajime YAMAMOTO Tomohiro MIYATA
HMREBEERENAREE BREEFREMBEEZAN

BN FHRORF 7 BREERNT

Atomic-scale analysis of polymeric materials
using transmission electron microscopy

NI B— (SRIS)

Shuichi OGAWA

F/ REMBD CVD mRiEE
BT RRESI AR

Development of CVD process and evaluation
methods for nano-carbon materials

P2 B (SRIS)

Tadashi HATANO
RXBRSERAZRF ORI

Development of soft X-ray multilayer optics

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY
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ERER7OCAMTEZF—

CENTER FOR MINERAL PROCESSING AND METALLURGY

EBEF/ORAR Y Y—3. EBOEL-#EHFITOER2IELHE LT, BEEMERLITOER, KB TOEZ, ERER-WETOER.
HHMLUTOLREEISHLT, HEEREZ X DEROE - REOXEEZHALEL. MLV EBEFTOEZORKEZERLET,
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.

20 18 | Professor
‘il e

fBE  #

kI et

Hiroyuki FUKUYAMA
BIRRIIE % U o EEM RO BIR & B EHRNE DR R

High-temperature processes and measurements of materials

s B

Shigeru UEDA
BREEMTO0ER

High temperature material processing

AE &

Junya KANO

HEEMIME TOEZDBIRE S I 1L —2 3 VICLDIE
TOE2OSEL

Development of new functional powder processing and
optimum design of powder processing by numerical simulation

SEE 1RER

Akira KIRISHIMA

BRBT A ORIy O T MEFESIO NORM 228
L7 A5 IVIADLIE

Backend chemistry in nuclear fuel cycle and processing of
rare metal source containing NORM

MR FEX

Takahisa OMATA
A7 XA FA L TRIVF TR OBI R

Development of inorganic energy conversion materials using
ionexchange

TEETZ | Associate Professor

Itaru HONMA
L7AZNT) —ZREEB SO RILRFARG IO
DRATLESEUISERST /T /09—

Advanced nanotechnology for Rare- metal free secondary
battery and process system of CO, electrolytic conversion

Etsuro SHIBATA
FBRJBEZERE LEBERERS AT LOBR

Establishment of metal resources circulation system based
on nonferrous smelting industry

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

E OB | Senior Assistant Professor

m s

Satoshi TSUKUDA
BHF—8EF/HFNAT
Uy RS DA P — DR E
i

Formation and control of polymer-metal NPs
hybrid nanowires

B %K | Assistant Professor

ZiE EBS
Masayoshi ADACHI

Ga-Al 75y o 2 &R\ -8
BERTILIZDLDOBER
=4

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

M SLRR

Hiroaki KOBAYASHI

ZEFL RV IZARISZFIA
UleZREMIERE S / MED
1127

Developments of nano-sized cathode materials
using multi-electron redox reactions

R4 7o~ —=Ib
Arunkumar DORAI

NMR % L\ /= B AR EE DL BLR
E

Diffusion measurement of electrolytes using
NMR

Development and application of biocompatible
microbatteries

alkR
Shingo ISHIHARA
WFEIIL—23 vtk
: DWBDET ) VT EMKRT
e oz

Modeling and simulation of particle breakage
and design of powder processing

EH ME
| Kazuyuki IWASE

T/ BEDHHMSNIHRE
RERA R OBIF E Z DISA

=
BE

Development of novel nano-structured materials
for electrocatalysts and their applications

RIEXZE ZAVMERZEMAEAR

AiEx: H DAYV RTTV wmix =
Makoto OHTSUKA Sven STAUSS Atsushi IIZUKA

| ZREEMERM R OB EEEHY A2 OEBOM - BENENALESH
EHIRT N 2D e ZORA FRERARIOBTR

Development of high-efficiency water
purification materials

AER F

Kizuku KUSHIMOTO
ERAR—IL I IVABETF D
EBHSLUBREEHODO I 1
L—>ary

Simulation for analyzing dynamic and breakage
behaviors of particles in wet ball milling

VS
Daisuke AKIYAMA
BEE-RFHEEMERIC
FWELBIT T DRI -
. RDDHRF

Study on fuel debris disposal at Fukushima
Daiichi Nuclear Power Station

A —Z

Ken ADACHI

NARL—=bMXAV R - B
BRICETPEROBRALF

4
Electrochemistry of metals in hydrate-melts
and molten salts

Issei SUZUKI

MLUOREMEFSEORREE
DR

Exploration of new oxide semiconductors and
analysis of their physical properties




NYTUZI-ERNAT )Y PR 5 —

MATERIALS-MEASUREMENT HYBRID RESEARCH CENTER

RTUZI - ERINA T TRV I—3. BT - N TV Y FitROBIRRUICHARREMERIRZ SSHARZEE DN T Y RERER
FICKUHEL. REMSOMRRE-—XEBISBIELMIAEYT Y PILEHIRSEZREL. RRUSORREICEHRLE T,

This research center promotes the study of innovative molecular/macromolecular hybrid materials and measurements for their applications related to demands of modern
society. On the basis of new materials-measurement science and technology, it will contribute to the creation of future society.

2 12 | Professor

=is EE KR EFH AR A (AIMR)

Masahiko TAKAHASHI
BT EREAVBNSIUBNS TS

Molecular science using electron collisions from the static to
the time-resolved regime

Akihide HIBARA
T/ XA VORGERBNDANT/INA X EMNEFDSD
purilecs

Analytical device utilizing nano-microfluidics, and
spectroscopy for nano-microchemistry

Hirotomo NISHIHARA
RER/NA Ty RHHOREREGH

Development of carbon-based hybrid materials and their
applications

-+ 4= o,

7wl BT Rl B SH B
Tomoyuki AKUTAGAWA Masaru NAKAGAWA Hitoshi KASAI
SEMEIEET LD TREHROB FIAVTU - FRESEREL - BRI SER Rt EROBIL

Fabrication of new molecular-assemblies with multi-functional

properties

IS | Associate Professor

Investigation of electronic motions in
molecules using electron scattering
spectroscopy

B %K | Assistant Professor

T/ &R - BENEORR

Study of ultimate nano-figuration and structure-induced
property by nanoimprint, directed self-assembly, and atomic
layer deposition

Creation of new generation nano-drugs

B2 R 24 V]

- Noboru WATANABE Hiroshi YABU
BYHEARZRNAFTAH BEEEBlE/NAF I X
BFEDOHR

71 IR F IO
2 R

Self-organization and creation of biomimetic
polymer materials

L3 O L &l 'R Mott Derrick Michael s5H X

Yuuki ONITSUKA Mao FUKUYAMA Mott Derrick MICHAEL Takeharu YOSHII

BFIVT R UBEAERL VA HOA— R A ZDR Optical laser based trapping =R RHREHHORE
CRRIEY 1) 20 20K HzMALLHEAFLFER and analysis of aerosol droplet i

Dynamics study on chemical reactions using
electron Compton scattering

Development of multi-functional metal
complexes

fEDRF

Interface chemistry in micrometer scale for the
miniaturization of analytical systems

“ surface tension for atmosphere
and weather studies. Interdisciplinary study of carbon-based

materials and measurement

2% BAX HE && N RE IF T4 Avo T
Norihisa HOSHINO Takashi TAKEDA Yoshitaka KOSEKI Anh Thi Ngoc DAO

EFNEREZERLIZH BYEEEAET DN HERSD EH T/ RNFOBIBERR K Creation of hybrid nanomaterials
BEMERBIADRFE FDEREHEERR SYIFUNI =2 2T LD incorporating highly functional

=

Creat\on of nano drugs toward novel drug systems
delivery system

proteins for drug delivery

Syntheses of electronic active m conjugated
molecules and investigation their function

Bl RE SR B
Toshihiko ARITA Ryuju SUZUKI
HFHREEGEICIDHEEL EMERERBRDOT /KT

TAS-—DERESHFMHE
DUR

Functional fillers by Polymerization with
Particles (PwP) for improvement of polymers

1EIC LD StRETL

Functionalization of natural pigments from
organisms by formation of nanoparticles
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Collaborative Research Division of Non-ferrous Metallurgy and
Environmental Science

2 BRBIRER WP
FRERMGIUERMAFTIZY

BRNE-F—0—F | FUSEBREDHELHNZ BSERE

SPECIALIZED
FIELD-KEY WORD

‘| fExe = 8

Hiroyuki FUKUYAMA, Professor (C)

NI TEE # B(HE)
Atsushi MURAMATSU, Professor (C)
Sl EE # B(RE)

Hiroyuki SHIBATA, Professor (C)

T T oz

s Masahito UCHIKOSHI, Associate Professor
™ masahito.uchikoshi.b5@tohoku.ac.jp

§ TV SmERRRIMZEN Lo IER
ERBEIEDWE EHRBER

Novel non-ferrous metallurgy based on the
technology of ultrahigh purification

NER B— s8zE

Shuichi OGASAWARA, Visiting Professor

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

= 2R - BRI ORRNERICE D JOEZ0OEMEL
= BRI A ISR DR T

P EHERRRICHITDERNOMNZT -5 DRIL LTS

» ERDOBSMERRCBSHEMHOYE

= High efficiency of pyro- and hydro-metallurgy based on systematic understanding of fundamentals
= Development of low grade ore smelting

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

= Preparation of ultrahigh purity materials and their intrinsic properties

FEBRRIREDLZERFEREDI=DIC

HEZEBODETHOIEBEMOREMRBDOHICIT. RE|WED
ZEWRRNEZINE T, BRRFEXII. BRERNZLNZ LIS
MA. SEFOIADSELNP, BERBEFOMELE, BUVK
RiICToEnTNEY, @, Fin. 8. PILIZ0L ESBE
BEDEEICEDDIREBBRIMENTHRNICERT S2DICIE.
1. IRAROEHILLA S OEMEBHMERMOLEL
2. BT vy a MtzBELARREEEEDZERT oM

REMEM LB FE
. RERILADSDOEMEBOINROMBRMOBFEL E DR

BEANDATHY . ZOLODAMBRERNE T A
AHAFMEHHIE. EEERTOCIMREZY Y —EOBER
BHOBGROLE, BAZT -V DBERZSCRERAZENE
TOMAZHROMICIER. HAEZBLILHIA. RFEE - KER
EDRBHHBBICLDAMNBN. FREBRI|EREDEBEICEL
SEXEDEREZRI LT,

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 environmentally
unfriendly by-products,

3.Development of efficient extractive metallurgy from unused ores,

Furthermore, cultivation of human resources involving in this

field is also important.

Collaborative Research Division of Non-ferrous Metallurgy

and Environmental Science is aimed at cultivation of human

RiERZE ZRMENZHAM
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Behaviour of cuprous species polarised
in HCI solutions
dense
powder
o / CuCl film
< X
< . .
= anodic dissolution ¢} 0 film
2 0.0 of Cu*,not Cu®" _ |
: p .
o
=
=]
I
5 Rest potential
o depends on
the concentration
of Cu' without
any ligand,
1x
Not on any CuCl 5% ‘Molarizty of }: a
Electrode potential / V/
Fig. A polarisation curve of cuprous species in hydrochloric

acidsolution.Dense deposite from chloride aqueou

s electrolyte

is possible and cuprous species is anodically dissolved.Only
cuprous aqua species is attributed to electrode reaction,

whilecuprous chloride complexes are not.

resources by practical minded education and stimulation of non-
ferrous metallurgical industry collaborating with industrial society.
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Collaborative Research Division of Advanced Analysis of Iron and
Steelmaking Processes (JFE steel Corporation)

R T O ASERTRMHERTEEM JFEXF—I)

BRNE-F—0— K | BBTOER/BEETIL OB/ BERETOER gl SEOm B (3

SPECIALIZED ‘ Iron and steelmaking ./ Mathematical Modeling / Process Simulation / Ultra- Hiroshi NOGAMI, Professor (C) +

FIELD-KEY WORD low Carbon Processes &
i nogami@tohoku.ac.jp b1

= K RERR S T O 2RO 7

- FIEE T O 2P HI DS RABOETEIRE EH BIE mE RO &

= BB TOEIADOR - MERE & RISORITHEMER Shungo NATSUI, Associate Professor (C) B

CBROBEHFE I 1L —5—DRE

= Development of technology for ultra-low carbon iron and steelmaking processes
= Comprehensive understanding of multi-phase flow in packed bed processes

= Development of analyzing techniques for thermal, materials flow and reactions

= Development of advanced process simulator of ironmaking blast furnace

Siahaan Andrey Stephan By %
Andrey Stephan SIAHAAN,
Assistant Professor

WMRT—7 REREBR IO & Z ORI
Rt DFFE

Development and analysis of advanced

ironmaking processes

=K the =BEHE

Yuji MIKI, Visiting Professor
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Toward Highly Efficient and Environmentally
Low Impact Iron and Steelmaking Processes

Mitigation of carbon usage in the iron and steelmaking
processes that provide vast steel products as base material
of our society is one of the most urgent and world-wide
concerns. For its solution, development of novel ironmaking
process as well as the efficiency improvement of current
process is required. To realize the low carbon ironmaking
processes, not only thermodynamic process principle but
also sophisticated/advanced process control technologies
from the viewpoint of dynamics/kinetics are indispensable.

This collaborative research division aims to realize novel
ironmaking technology with ultra-low environmental impact
through multi-phase, multi-physics and multi-scale process
simulation. Flow path analysis in packed bed
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Collaborative Research Division of Advanced Electron

Microscopy

R B FERRM R T H

tE T ERF

SFING-F—0—
BFTHILF—RES X RFES K

SPECIALIZED
FIELD-KEY WORD

/ Soft X-ray emission spectroscopy

=V T MY T TV ISEFBRMIERAT DR

» US4 ABFEMBRIMNICEIT DICAMTR

TR R OBED L

= Development of a new electron microscopy for polymer materials

= Improvement of cryogenic electron microscopy for materials application
= Improvement of EELS and SXES methods

VI YT U IVEFEMEE S ABFRBEIE

Electron microscopy for polymer materials / Cryogenic
electron microscopy ./ Electron energy-loss spectroscopy

IFAHN E2 % B(HF)

Masami TERAUCHI, Professor (C)

masami.terauchi.c4@tohoku.ac.jp

fEN JEE % 8 (%F)
Hiroshi JINNAI, Professor (C)

ik B #3u8 (H#5)
Yohei K. SATO,

Associate Professor (C)

=l fHFR B #m(%I)

Tomohiro MIYATA,
Assistant Professor (C)

A/ NVAN vy
KE I # ©B
Koji YONEKURA, Professor

APk SLAER B8 (3RE)

Hironori MARUBAYASHI,
Senior Assistant Professor (C)

I KEE By 2= (3E)

Daisuke MORIKAWA,
Assistant Professor (C)

IR ACEE F BRMER S T B 5
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B R =PI UNTBIRENERT DI "I T

BRI M RMOEREZTL\ ZORMZEREFRHMEDORFE-
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U7 IAE ADFERAVBEEINTND, COLDBY T MYT EREDEMEOB@ICLU. LW TUTILA/RN=23 Y
U7 IVDOBBERIRA N Z X LZRF l/’\’)b?*IEﬁ@?éT:&)L:LI ZMRT SREABFRPERMZHLEZAREIT D L2BTE
SORDBFRHEAMRMOBANDETH D, AHEMRE EXS

FIlE. EHMMLEITELS VI YT U7 ENRE L/T:aa

Developments of new electron microscopy techniques for soft-materials

Structural and spectroscopic analyses based on
electron microscopy (EM) are critical technologies
not only for inorganic materials but also for novel
polymeric and bio-related materials (hereafter called
“soft-materials”) at a high spatial resolution. To clarify
the functional mechanisms of the soft-materials from
the atomic-scale, further developments of instrumental
and analytical techniques using EM are required.
This collaborative division with JEOL develops such
next-generation EM techniques suitable for soft-
materials, made public to the academic and industrial
communities in the future.

Electron microscopy
for soft materials

Structure analysis
for biomaterials

Electron spectroscopy

FXTIE] us oy au ] ur u

Fig. Development of novel (analytical) techniques for soft—materlals
using next-generation electron microscopy.
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Synthesis of Organic Functional Molecules

NAGATSUGI Lab

FontEED FEREERTDE

= s g‘.—_u—‘ﬂ
INRIRFTE
SRS -F—0— K | EERTRRE, WA ATRE 2O U8, B RNA JOR OB om &

FIELD-KEY WORD agents ./ non-coding RNA

SPECIALIZED ‘ control of the gene expression / intelligent artificial nucleic acid / cross-linking Fumi NAGATSUGI, Professor

fumi.nagatsugi.b8@tohoku.ac.jp
= RN T DE G FFIRGIEZ B8 L o R RIS B DR %

 BEBEREEICHE T DA TS FORE BIx MK Ezmm
= RNA 22 & L7e#iib= Y — )L DR Kazumitsu ONIZUKA, Associate Professor

s REBEZENE LD FRARBICE DI HRSHREA LI FORRE

= Development of the crosslinking molecules for control of gene expression in cells

= Development of the artificial molecules for binding to the higher-ordered structure of nucleic acid

L Deloment of 1 el Gent s ot e s baset on the moecua ccognicnTOAS FHC B K
evelopment of the intellige olecules targeted to nucleic acids based on the molecular recognitio Hidenori OKAMURA, Assistant Professor

WA S B =

Takatoshi MATSUMOTO, Assistant Professor

ETE?%L@@T tERSEHZBELZT I A DNA’E‘K”f:NEA‘%“ﬁ?E
WINA 74O — )
N ﬁ‘

5 ) LBITHHRT L. ERICEREE L TRRINSEETIE “—> / — ;\'
DI 2%DHTHY . BUD 8% 135 /N oEET— RLA
(). noncodingRNA(NCRNA) & L TR EBEDHEIF RN B TR b\";gggaﬂgggﬁ
CEEABEELTCNBIENESNELAO>TETNET., Ih
SOBEGEFERAMEBICHSTIBRIAR. B2 BRSOERIC
BRBZEND, F-HARENE L TCOBFEEEOTLET, neRNA
i=BEOMRETIE. MENCEETRRE T DM T BB A T AR DL S F
HEHBEICERET - B L. BEEDORFTIITER WIS HEEE T — BBEFERMESST — BRMBEREART —
DAL FOREZBRICHIEZITOCNE T, BEICFATZEDOM N o AR NN

RETIBMEEH ORBERE LT, BOBGRFICNLEVR k_?{f.b o
1Y hORISHTEBIR T 2 AIRBERREL. MHRNDER Tow O R OMe
FEESMICRNLTNET, S50, BEFRRCEELME N
ERETIENDN ST EERBEABEICRHAT D TORR I~ Cliv
ICERIILTNET, B SORDBREMLATSFONEE °1§17~// J\%} ooty
BELTHRET>TNET. et
Development of Intelligent Molecules for the Cross-linking to target Alkylation to G4

RNA

Regulation of Gene Expression in Cells

Our research activities have focused on the creation
of functional molecules that exhibit specific recognition
and reaction to the DNA and RNA. The functional
oligonucleotides 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 expression in cell. Now,

G-quartet(G4) DNA

[e]

we stu.dy about higher fur?ctlonal intelligent molecules for HN/\’O\/\O/\’HTIJ
regulation of gene expression. We expect that our research P, e}
can be expanded to “In Cell Chemistry” in future. ~N'
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Functional Photochemistry and Chemical Biology

WADA Lab

FontREEHIHMECZRR D
MAMFRE
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FIELD-KEY WORD

SPECIALIZED ‘ Chemical Biology / oligonucleotide therapeutics ./ external function

time resolution

= SAERRUBIDEH BN TR BEDFIFE
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= Development of external stimuli responsible artificial nucleic acids

= Creation of intra-cellular environment change responsible functional molecules

= Creation of cancer cell specific oligonucleotide therapeutic molecules

= Supramolecular Asymmetric Photochirogenesis with biopolymers and bio-molecules as a nano-chiral

reaction media

controllable material / CD measurement system with high sensitivity and high

Takehiko WADA, Professor

takehiko.wada.d3@tohoku.ac.jp

BAR ORE emE

Yasuyuki ARAKI, Associate Professor

A B # @

Hirofumi KUROKAWA, Senior Assistant Professor

FHIS RS B

Masaki NISHUJIMA, Assistant Professor

AR ZF B %

Satoko SUZUKI, Assistant Professor

= Development of High Sensitive and High Time-Resolve Circular Dichroism (CD) Detection Method for

Analysis of Supramolecular Dynamic

FanEEDNERIAB EEDREE L&

HIAFRZETIE. DNAPRNALZEDKE., 2L T /IND
BREEURSDFD. RERA LTI TV MRS /NAF
HEMBADICAZBIEL. RIEONRE - G - BEEMMHED
MECERFEZER LM ZFOICHRZT O TNE T,
Bz NAMBEKIEOMIBRICNEL. EBMRICIEZE
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FRBIRFIMBRERE D FORIRW®. #FEATO RNaseH 72& X
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ESZ ZLTYUNTEPRBOSABEZLZERE - SF

BoBAETELSRBIBA_8MIRT MUIEREDH
F. TOIICIIREISD RAMBE L TEEHSN TN SAREX
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—HEEERE DS ZEE 2 BRI L

© Peptide Ribonucleic Acid (PRNA)
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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

Chemical synthesis and modification of DNA/RNA and proteins
are the fundamental science and technology that have led the
molecular biology revolution. Hence, the chemistry of DNA/RNA
and protein not only in vitro but also in vivo expects to open the
new generational stages of bioorganic chemistry and molecular
biology. Therefore, focusing our research interest is mostly on
the recognition and complexation behavior control of functional
biopolymers, 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 reaction control based
on molecular recognition phenomena in both the ground and
electronically excited states. Our laboratory is also working on
the development of high-sensitive and high time-resolved circular
dichroism (CD) spectrum measurement system, creation of circularly
polarized luminescence (CPL) material/device, which is attracting
attention as the next 3D display material, and supramolecular
asymmetric photochirogenesis utilizing proteins as a chiral reaction
media.

RIEXRZE ZnWEMNZHAN

Rotation Stage CD Monitoring System
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Biomolecular Structure

INABA Lab
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SPECIALIZED ‘ X-ray crystal structure analysis / cellular homeostasis / protein quality control

FIELD-KEY WORD / redox / calcium ion
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= Structure, mechanism, and physiological function of the protein disulfide bond formation/cleavage

network involved in protein quality control

= Structure, mechanism, and physiological function of membrane transporters involved in the metal ion

homeostasis in cells

Kenji INABA, Professor

kenji.inaba.a1@tohoku.ac.jp

5 V=S VN £ 54

Hiroshi KADOKURA, Associate Professor
N ﬂ /)N

EER B8 B %

Satoshi WATANABE, Assistant Professor

XEH HX B #

Yuta AMAGAI, Assistant Professor

ok EE B o

Yuxia ZHANG, Assistant Professor
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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 understanding of mechanisms by which
protein quality and metal ion concentrations are controlled
in living cells. We particularly focus on how the protein
disulfide bond formation network and calcium and zinc
ion transporters present in the early secretory pathway
contribute to the cellular systems. Structural and mechanistic
insights gained in this work will provide molecular insights
into neurodegenerative diseases, diabetes and other fatal
diseases caused by impairment of these cellular quality
control systems.
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Cell Functional Molecular Chemistry

MIZUKAMI Lab
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SPECIALIZED bioimaging / fluorescent probe / photofunctional molecule / protein Shin MIZUKAMI, Professor

FIELD-KEY WORD engineering
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= Development of fluorescent sensor imaging biological activity

shin.mizukami@tohoku.ac.jp

\ = - <

WH BE e
Toshitaka MATSUI, Associate Professor

NAIEET B

Toshiyuki KOWADA, Assistant Professor

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

= Development of technology to control biomolecular activity by light
= Development of light resistant fluorophores for strong laser-based microscopy
= Elucidation of enzyme function and development of new functional proteins

EZICE DR BED IR 1L & HlI1H
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Development of functional molecules to image and regulate biomolecules in living samples

In a living body and cell, various biomolecules such as
proteins, nucleic acids, and sugars function by interacting
with each other. To understand their precise biological
functions occurring within a cell, it is important to investigate
the activities or behaviors of these target molecules in
living systems, where all of these interactions with other

L2 ICED AR ITRITORRE

biomolecules are maintained. Using organic chemistry,
macromolecular chemistry, and protein chemistry, we design
and synthesize functional molecules, apply them to image
behaviors or activities of target biomolecules, and then
regulate the functions of these targets by utilizing light.
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Biological and Molecular Dynamics

TAKAHASHI SATOSHI Lab
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‘ TATEARIE Eﬁ TAKAHASH Ifc()fes}ir #
SPECIALIZED ‘ Protein folding and design ./ Function of tumor suppressor p53 / Single - - - 5]
FIELD-KEY WORD molecule fluorescence spectroscopy satoshi.takahashi.a6@tohoku.ac.jp it
s A TFEADHEERN Y VINDBD I AT AV ITIAFIDR 3 35 LS 3?
15 /O H p53 D DNA REMIRORE Kiyoto KAMAGATA, Associate Professor P
s —RFV—I—ERANH LY VINOBTA U FEORE
= Dynamics of protein folding based on single molecule fluorescence spectroscopy /J\#) | %:ltz B
= Sliding motion of a tumor suppressor p53 along DNA Hiroyuki OIKAWA, Assistant Professor
= Development of a new strategy of protein design based on single molecule sorting device
|
g %
—DFEABREICLDY VINTEDT H—IVT 1 2T EHBEDREER 3 &
3 oo
SINDBIE, 20 BEOT I /BRI DR DS REBICKIEBONEY VINOBTA—ILT 4 T EHEEICET f g‘-’ﬁ
DFTHY . EERAICENTETEZIELKELERBITDREBOD DMRERIC. MRS VINOBETTA VT HDFEDOREICER § ?g
WEEMDFCTT, FV/IN\ VBN KEERIETDICIF. 73 /B DEATNE T, g
DEINCLWEDSNDFEDNEESICIHUETIND %
(TA—NTA>ITR) BEHHUET, LAL. B F
73/ BRIEHESOBRIENILICERFESNTN f“-’“. I ﬁ
FRho EOI. HDYVINVEN EQKSHE Qﬂ S 3
Bk U MEEERET 20N E LIS LISRRIATT, = ad
AFRABTIE, AR —) FRABRAE L :% ‘
BL\BZET. IVINVBEDT A —ILT 1 v iBig%E prs o Fa—F 7 o m
BEEEL. yVN\VEBEOBRREOREEER  TEHLEIVINIE FoBENSYVINIE 5 1
LTWET. /. BMBIY/SOBTHS p53H HWEER BN TG S s ¥
DNA EZIANYEETDHIET, F—o Y ME2I% &
RTBROBFLEIELTNET, S50, —HFH GYURDEDT A —IF4 VY : 7
< S
Dynamics of protein folding and function based Gl
on single molecule fluorescence spectroscopy CCD"
532 nm
Proteins are natural machines that perform various functions QWLaser
that sustain our lives. To be biologically active, proteins, -
linear chains of amino acids, need to form compact three E 5
dimensional structures in the process called protein z =
folding. The folded structures of proteins are determined b i
by the primary sequence of amino acids. However, it is still 2 A
extremely difficult to understand the relationships among z Z
the amino acid sequence, the folded structure, and the V... v g
function of proteins. In our laboratory, we develop now objective cleyrlllgdncal i ﬁ%
single molecule fluorescence spectroscopy and observe z 5
the rapid process of protein folding directly. In addition, we EER—OFHEDIEE f Eg
observe the functional dynamics, a sliding motion along 5
DNA, of a tumor suppressor p53. Furthermore, based on the
knowledge of protein folding and function, we are developing a new strategy to design artificial proteins.
—
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Quantum beam-based structural biology and chemistry

NANGO Lab
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= Protein structure analysis by X-ray free electron lasers

= Development of protein dynamic structural analysis tools

= Activation mechanism of G-protein coupled receptors

= Rational molecular design based on dynamic structural information

/ rational protein design

X-ray free electron lasers / X-ray crystallography / time-resolved measurement

MEREF # =

Eriko NANGO, Professor

eriko.nango.c4@tohoku.ac.jp

RAAIE B %

Misaki OKUNISHI, Assistant Professor

BR ZE b #

Takaaki FUJIWARA, Assistant Professor
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Capturing structural changes in proteins at
work by quantum beams

A protein is one of the biomolecules that are essential to the
phenomena of life, such as cell signaling, in vivo catalytic
reactions, storage and transport. A three-dimensional
structure of a protein, which consists of a number of amino
acids, is closely related to its function, and there has been
an interest in how a protein structurally changes when it
functions. However, new techniques are needed to capture
the movement of nano-sized proteins on a fast time scale
(femtoseconds to milliseconds) at an atomic level.

In our laboratory, we use a quantum beam such as an X-ray
free-electron laser, synchrotron radiation, or an electron
beam to visualize actual chemical and structural changes
in proteins. For instance, we will reveal the switching
mechanism of light-sensitive proteins and the reaction
mechanism of enzymes catalyzing unique reactions.
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Furthermore, we aim to design and create protein molecules
with new functions based on precise information from
dynamic structural analysis.




Organic and Hybridized Nanocrystals

HIBARA Lab (c)

BENATY Y K/ ERITHRESE
REEFE (R) MAE

HMHH-F—T— K ‘

SPECIALIZED
FIELD-KEY WORD

= BB T Y R/ SEROMREEEDR T & W
= FhiEF 1B B IS A fE R DR
s T HREREHS /BREBVN I RILF R

nanostructure control / photonic materials
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Akihide HIBARA, Professor

NFTFIEE B o®

Tsunenobu ONODERA, Assistant Professor

B ®

organic nanocrystals / hybridized nanocrystals / directed-assembled

tsunenobu.onodera.a4@tohoku.ac.jp

= Developments of novel fabrication processes for organic-inorganic hybridized nanocrystals,their

characterization, and evaluation of physical properties

= Mutual interaction between exciton and enhanced photoelectric field on nano-level

= Energy conversion using pi-conjugated organic nanocrystals

BHN1T )y R/ BROBIRE T 7+ b

HERBH - SN TFNBELERRNE (& - +874F - FENK
BE) EDNATU Y RF /MBI, BEMEODSEBEAS
b, TA4X - Bk ABBEEZ0OREREEBICEKEFL
FEREL-BFYMCRISE. MRBEORRNBHEINIT,

HARNE T MR T4+ FZIIMBIET DI EZ2EBR
ELT, BRe By A TOBHR—ER/N\1 Ty K/ EROBIR
ICEAITBMRZHELTINE T, TS5, SETHEMLEBHT
/RERERFEOBE. BHR—EH/ 1Ty RMEFEORBHE.
BR—E#RANT O/ REOBE, ERYUERITEE - EFYK
HEEDFHMZ R OFREICHEA. SHEBRMMZRAVCEIIERIR
KROFER - BE. SFBEXRZABMHERN S I LL—T—
FEix. nHRREMT / BREZBO RS RCRE RO
RRERLEDHARBZR OTNET,

Y I RNDER
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] -
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Wavelength / nm

SEM image of zirconia porous material and random laser
oscillation from Rhodamine B roaded in the porous material.

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

materials

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

Aiming to develop photonic device materials, our research
group has extensively studied on mass-production of well-
defined organic nanocrystals, design of organicinorganic
hetero nano-interface and hybridization method, and
evaluation of optoelectronic and photonic functions.
Especially, enhanced fluorescence based on mutual
interaction between exciton and enhanced photoelectric
field on nano-level, random laser oscillation using porous

materials, and visible-light driven photocatalysts using
piconjugated organic nanocrystals are also now in progress.

12000
10000 .
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<, ’
T 6000 2
5 #  1mMsDs
g 4000 3 0.1 mM SDS
)
2000
. 08
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0o—eee o *
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Light irradiation time / min
SEM image of Pt-deposited pi-conjugated organic nanofibers and
H, generation under visible light irradiation.
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Polymer Hybrid Nanomaterials

NISHIBORI Lab (SRIS)
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SPECIALIZED ‘ organic- inorganic hybrid nano-materials / hierarchical structure on multiple
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= Preparation of polymer-ceramics hybrid nano-particles

time and space / dynamics / synchrotron x-ray analysis

IR T # =

Maiko NISHIBORI, Professor

maiko.nishibori.d8@tohoku.ac.jp

= Polymer brush modification and interfacial interaction on the surface of functional inorganic materials
= Diffusion behavior of atoms in materials by X-ray spectroscopy and computational science
= Element-selective reaction analysis of heterogeneous materials using synchrotron X-ray analysis
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Dynamics of hierarchical structure for hybrid

Soft- and bio-materials form complex hierarchical structures
in wide spaces and times. Nanoparticles combined
with organic molecules and polymers cause interesting
phenomena such as phase separation, self-assembly, and
change of chemical state and local structure with space-time
scale. Understanding the function and structure formation
dynamics with the hierarchical structure of nanocomposites
is essential for the development of new materials. To
understand the correlation between the structure and
function of hybrid nanomaterials, we use synchrotron
X-ray analysis to visualize the chemical state, structure,
and dynamics of atoms under reaction. We progress the
hierarchical structural chemistry of materials and discover
novel functions.

RIKRZ ZAMEMZHAER

nanomaterials by synchrotron X-ray analysis
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Inorganic Solid State Materials Chemistry

YAMADA Lab
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computational materials thermodynamics

= Development of thermoelectric materials based on multinary intermetallic compounds

inorganic materials science ./ Zintl compounds / thermoelectric materials /

lE Sh % =

Takahiro YAMADA, Professor

takahiro.yamada.b4@tohoku.ac.jp

'R BE B =

Masanori ENOKI, Assistant Professor

= Development and application of synthetic processes of nitrides using solid nitrogen sources
= Synthesis and characterization of novel Zintl compounds for development of functional materials

= Material design based on computational materials science

= Study of theoretical phase diagrams based on statistical thermodynamic calculations

#FTLUOWVERESY) - BEMMRIORAEHBSRIEDREE

BHEMHOZIEBYEE, BILMA/BLSNTHIT AN
EPPEEBEEY R EDERCEVEMREL TOBIVET
Vi EBLTNET, STROEFLECEMICIT. FLRES
NTWENWED®, BREEMTH > TEZDHENTITHES
MCENTWENEDHHBLBFELEZ T FKRRDH T, #
RIEEMORRMNLIHATEL RS HEIC L DMRLEHM DS,
Fle. ZNOOYIETMPHEERIRD A H = X LDRE 2 RERA®
EREBICEDTITOZET, BEMY, BRI VIR - &
BYH, BELEREEDFBRIDRICEMZRLE LIZHRTH
ERRTOIEEBIELET IO LR MAT Y TROMARIL.
EROMB DM EZE — S B DL DG MRECHAEZE L/IZMED
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HRTHDEEZAFY,

NaCdo.92Sn1.08

Na(Cdo.28Sno.72)2

Na2CdSns
0 !’_-.‘.' = L

##8 Na-Cd-Sn REBRBLENDRERIBE L BEFREEE
New ternary intermetallic compounds in the Na-Cd-Sn system found in 2021;
the crystal structures and calculated density of electronic states.

Exploration of novel inorganic functional materials and development of new synthetic

processes

Most inorganic materials are based on metals, alloys,
and oxides, while inorganic compounds such as nitrides
and intermetallic compounds also have high potential as
functional materials. There are many inorganic compounds
that have not been discovered or whose functions
have not been completely revealed and understood.
We aim to develop novel inorganic compounds through
exploratory synthesis for use as functional materials
such as thermoelectric materials, hard materials, and
superconductors. We also intend to prepare high-quality
samples by new synthetic processes and characterize
such compounds by determining their functionalities and
demonstrating the mechanism simultaneously through
appropriate experimentation and theoretical calculation.
These fundamental research efforts can aid the discovery of
the so-called game changers in materials science.

ERORZERERRICA N -EREICE DT TIO, A oERE N/ TN BiE&EKAL
Faceted crystal grains of titanium nitride prepared from TiO, and a solid nitrogen
source of boron nitride.
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Quantum Spin Physics

SATO TAKU J Lab
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= Development of neutron inelastic spectroscopy

itinerant electron magnetism and superconductivity

neutron inelastic scattering ./ neutron magnetic scattering /” quantum magnets

EBE =2 # B

Taku J SATO, Professor

taku@tohoku.ac.jp

B K B o=

Daisuke OKUYAMA, Assistant Professor

AR B B #

Kazuhiro NAWA, Assistant Professor

= Development of analysis methods for spin excitation spectra obtained in neutron spectroscopy

= Novel macroscopic quantum phenomena in quantum magnets
= Antiferromagnetism and superconductivity in itinerant electron systems
= Ordering and dynamics in aperiodic spin systems

R IFHMUEBELZRVVCEF AE R ORERMEADIE S Y A5 I T AR

He2DIIN—TTIIEFREVDZREBICLDHBFRETFHE
DRFAEZOHRPZBRLTNET, ZOENZERT DI,
2EVOBNME ZERENT D EDOTE DR FIEHMEEEL
ZEBHRBFARELTCNET, AFEFROUEZZDERE
FICH I 2AZ M (MROD—) ZANTERE T DHERNEA
ICHRENTNE T, BFRICHITD MRODHIVEEEFITZD
RENGBEITY . BRIIIDESE MRODHIVEEE ZHIEE
ICBITDEME CERF) ICHLTHRRL, EFREHIMES
¥ =48 Ba,CuSi,0Cl, ([CHNT MRA D HILERIRER TR
BEERLI L, MICHHEMEERD MRODHIVEEKIIT I X
Fr—THDWIRN—IAVDENTAF IO XDRIAE. &
FREVEED RO AIVIGHEEDRIBAEATINE T,

0 1 2 3 4 5
HorK(rlu)
(a,b) Observed dispersions of triplons along H (or K) with the K (or H) integrated around
(a) K (or H) =0, or (b) K (or H) = -1. The integration range is |AK]| (or |AH]|) < 0.1.
(c) Calculated modeled dispersions with the fictitious magnetic field shown by the arrows.

Neutron inelastic scattering study on spin dynamics in quantum and itinerant magnets

Quest for novel quantum phases and elucidation of them in
correlated-many-electron or quantum-spin systems is at the
heart of condensed matter physics for decades, and has
been our mission. Neutron inelastic scattering is a powerful
tool to achieve this goal, enabling us to directly observe spin
dynamics in condensed matter. Recently, the advantage
of using invariance on continuous deformation (topology)
becomes widely recognized for elucidating physical
properties of many-body quantum systems; a celebrated
example may be electronic topological insulator. We
searched for such topological states in quantum magnets,
and found topologically nontrivial quasiparticles (triplons)
in the quantum dimerized antiferromagnet Ba,CuSi,0¢Cl,.

43 \ RACAS 370 R B A

Another recent discovery is the intriguing slow dynamics
of the lattice of skyrmions, a topological spin texture in an
itinerant chiral magnet. Our activity to find and understand
novel quantum phases, in particular characterized by its
topological nature, is advancing.




Nanoscale Magnetism

OKAMOTO Lab
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= Ultra-high-density magnetic recording technology

= Magnetization reversal processes of the high-performance permanent magnets
= High frequency spin dynamics

= Ultra-high sensitive spin dynamics measurements

= Development of novel high-performance magnetic materials

high-frequency magnetic response

Ferromagnetic materials / magnetization measurements / spin dynamics /

A B s o=

Satoshi OKAMOTO, Professor

satoshi.okamoto.c1@tohoku.ac.jp
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Nobuaki KIKUCHI, Associate Professor
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Nano-scale physical properties of ferromagnetic materials and developments of advanced

magnetic devices

Ferromagnetic materials are widely utilized
for various fields such as information
communication technology, electronic devices,
motors, generators, and so on. These various
functionalities of magnetic devices are governed
by nano-scale spin dynamics. Therefore, it is
essentially important to understand the physics
of nano-scale spin dynamics and to control it for
the advanced magnetic devices. For example,
the recording density of hard-disk drives can
be significantly increased by controlling the
spin dynamics of microwave frequency range,
i.e., microwave-assisted magnetic recording
technology. The high-performance permanent
magnets, which are indispensable for traction
motors of electric vehicles, can be developed
by controlling the nano-scale spin dynamics at
the grain surfaces.
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Hybrid Nano System

KANIE Lab
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SPECIALIZED Organic-Inorganic Hybrid Nanoparticles / Hybrid Liquid Crystals / Nano-Inks
for Printed Electronics / Phospholipids-based Artificial Materials
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Kiyoshi KANIE, Professor

kanie@tohoku.ac.jp
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Masaki MATSUBARA, Senior Assistant Professor
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= Design and Synthesis of Organic-Inorganic Hybrid Nanoparticles

= Development of Liquid Phase Precise Synthesis of Inorganic Nanoparticles Controlled in Size and Shape
= Development of Nano-inks based on Precise Synthesis of Inorganic Nanoparticles for Printed Electronics
= Design and Synthesis of Stimuli-responsive Atrtificial Phospholipids and Control of the Macro-scale Self-

Organized Structures

= Development of Novel-type Extraction Process by Molecular-level Design of Task-specific lonic Liquids
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Functional Materials based on Multidisciplinary

Precise Synthesis Across Organic,
Inorganic, and Bio

Functional materials have large potentials for our sustainable
future life. From this viewpoint, development of novel
functional materials is an indispensable target for scientists to
improve qualities of future society and life. To date, we have
designed and synthesized novel-types of functional materials
beyond the conventional frameworks of organic, inorganic,
and biochemical syntheses. Especially, “hybridization” of
unique features of materials is not only become a simple
technique to combine the properties but also lead to induce
novel-functions through synergistic effect of the materials.
Based on this concept, we have successfully developed
hybrid functional materials such as i) quantum effect-tunable
nanoparticles by the control of the nanoparticle-based self-
organized structures, ii) nanoinks to obtain functional thin
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films by coating methods for printed electronics, and iii)
stimuli-responsive artificial phospholipids forming lamella and
giant vesicle structures.
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Nano Physical Chemistry

KUMIGASHIRA Lab
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= Control and design of novel functionalities of oxide nanostructures

properties / Photoemission spectroscopy

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

Functional nanomaterials /* Oxide electronics /* Surface and interface physical

#H5E L& #m =

Hiroshi KUMIGASHIRA, Professor

kumigashira@tohoku.ac.jp
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Kohei YOSHIMATSU, Senior Assistant Professo
=20 =
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Daisuke SHIGA, Assistant Professor

= Characterization of electronic, magnetic, and orbital structures at the surface and heterointerface using

synchrotronradiation analysis

= Development and application of photoemission spectroscopy and x-ray absorption spectroscopy
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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
by the best possible combination of the sophisticated
oxide growth techniques using molecular beam epitaxy and
advanced analysis techniques using synchrotron radiation.
The wide range of properties exhibited by the oxide
nanostructures makes them one of the most interesting
groups of functional materials. The novel physical properties
arise from the interface region between two different oxides.
Thus, in order to control the novel functionalities, it is
desired to obtain the knowledge of the interfacial electronic,
magnetic, and orbital structures.

For this purpose, in our laboratory, we utilize state-of the-
art spectroscopic techniques, such as angle-resolved
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photoemission spectroscopy and dichroic X-ray absorption
spectroscopy using synchrotron radiation, which enable us
to probe these structures in the nm-scale region.
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Inorganic Crystal Structural Materials Chemistry

YAMANE Lab
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FIELD-KEY WORD materials synthesis

SPECIALIZED ‘ inorganic structural chemistry / solid state materials chemistry / ceramics / Hisanori YAMANE, Professor

hisanori.yamane.a1@tohoku.ac.jp
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= Synthesis, crystal structure analysis, and characterization of new multinary inorganic compounds

= Synthesis of nitrides, carbides and silicides using a Na flux

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

= Structure analysis for direct determination of site occupancy for a specific element using X-ray
anomalous scattering

SiE #— B %

Junichi TAKAHASHI, Assistant Professor
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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 properties.
The novel methods developed for the synthesis of the new
compounds are applied to the preparation of conventional
ceramics and inorganic materials in order to improve their
qualities and performances.
O Synthesis of oxides, suboxides, and nitrides by the solid
state reaction and flux methods
QO Crystal structure analysis and characterization of new 11::”"‘ -
inorganic compounds
QO Development of multinary-oxide and nitride phosphor
materials
(O Development of novel synthetic routes for advanced
ceramic materials using active metals
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Synthesis of a new polymorph ¢ -TiO using a Bi flux.




Metallurgical Design for Material Functions

KAMEOKA Lab
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‘ metallurgy for catalytic materials / intermetallics / quasicrystals / hypermaterials
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Satoshi KAMEOKA, Professor

satoshi.kameoka.b4@tohoku.ac.jp
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Nobuhisa FUJITA, Senior Assistant Professor

= Creation of novel catalytic materials using intermetallic compounds and their microstructure control

= Metallurgy for structured metallic catalysts
= Research on precious metals alternative alloys

= Novel creation, structural analysis, and physical property evaluation of hypermaterials
= Electronic structure and structural stabilization mechanism of quasicrystal-related materials
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Creation of catalysts in terms of metallurgy and exploration of alloys with novel structures

The research of our laboratory is focused on creation of
catalytic materials with excellent properties in terms of
metallurgy and exploration of alloys with novel structures.
The main research theme is to design and fabricate metallic
materials with novel catalytic functions. We will create a
catalytic material with a unique structure and morphology
that cannot be obtained using conventional chemical
methods. We will also study about the synthesis and
structure of quasicrystal related intermetallic compounds,
to take advantage of the knowledge gained as the basis of
novel catalyst development.

Icosahedral quasicrystal, i-AlPdRu, obtained by annealing an arc
melted alloy ingot for more than 2 weeks at 1000°C (ED and SEM).

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

HOYYISIY TVIIILYIA DINVOHONI 40 NOISIAIQ

48

BEESIHEILER



Environmental Inorganic Materials Chemistry

YIN Lab
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Shu YIN, Professor
SPECIALIZED Mixed Anion Compounds / Solvothermal Process / Morphological Control of
FIELD-KEY WORD Ceramics /* Environmental Responsive Functionality yin.shu.b5@tohoku.ac.jp
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= Development of inorganic functional materials by environmental friendly processes

= Synthesis of mixed-anion type high sensitive visible light responsive photocatalysts and their
multifunctionality

= Development of inorganic ultraviolet / infrared light shielding and transparent electric conductive thin films

= Gas sensing property characterization of semiconductor nanomaterials

= Synthesis of rare-earth contained photo-functional nanomaterials
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Working models for IR shielding smart windows

Creation of Environmental Responsive
Inorganic Nanomaterials by Solvothermal
Reaction

The development of environmentally responsive inorganic
nanomaterials with controllable morphologies and
their advanced functionalities related with energy and
environment is carried out. Environmentally friendly soft
chemical processes, especially solution process consisted of
solvothermal reaction using water and non-aqueous solvents
at elevated temperatures, are mainly used for the synthesis
of mixed anion compounds and the control of their electronic
structures. The precise control of morphology, crystalline
phase, crystallinity and particle size of environmental
responsive inorganic nanomaterials is carried out under
environmental friendly conditions.

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

Ce* BABRROTRAA hDA X —JR
Schematic image for novel Ce**-introduced layered perovskite
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Inorganic Materials for Chemical Transformation

KATO Lab
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SPECIALIZED Photocatalyst / Inorganic material chemistry / Energy conversion Hideki KATO, Professor
FIELD-KEY WORD

hideki.kato.e2@tohoku.ac.jp
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= Photocatalytic water splitting

= Photoelectrochemical energy conversion

= Development of solid acid-base catalysts for biomass conversion
= Exploration of new inorganic compounds
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Construction of highly active inorganic materials for chemical reactions

Our research interest is focused on construction of high- Design of element-substituted compound
performance inorganic materials for artificial photosynthesis ; ¥ @ . .
and biomass conversion, which are very important techniques L
in sustainable society. For artificial photosynthesis, we are
making an effort to construct semiconductor photocatalysts
with response to longer wavelengths and higher quantum
yields. To achieve it, we examine control of band gaps
and reactivity of electrons/holes through band potential
tuning, surface modification for introduction of active sites
and control of carrier traps, and synthesis processes. We
also study properties of complex oxides as solid acid-
base catalysts for biomass conversion. In addition, we are
exploring new inorganic compounds capable of application
to photocatalysts and solid acid-base catalysts.
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Supercritical Fluid and Hybrid Nano Technologies

ADSCHIRI Lab. (AIMR)
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SPECIALIZED supercritical water / super hybrid / nanomaterials /* process engineering Tadafumi ADSCHIRI, Professor

FIELD-KEY WORD

tadafumi.ajiri.b1@tohoku.ac.jp
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= Process intensification for materials synthesis in supercritical water

= Synthesis of organic inorganic hybrid nanomaterials under supercritical conditions
= Thermodynamics of nanomaterials

= Fabrication of novel composite (polymer/hybrid nanomaterials)

= |Innovative chemical processes for utilization of low-temperature waste heat

HBERFKICKDEMO T/ MREIR  2OFEENHER

BERFARECTIIREARUNI—ICRLUESZENTEE Organic-inorganic hybrid nanomaterials
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Creation of innovative nanomaterials by supercritical water: Science and Applications

Supercritical water is miscible with organic materials.
Using this feature, the organically-modified metal-oxide
nanoparticles can be synthesized. Organically-modified
nanoparticles "organic-inorganic hybrid nanomaterials" can
be dispersed in organic solvents at very high concentration.
We aim to establish novel fundamental of material/
process design for such nanomaterials, which behave like
"molecules." In addition, using nanocatalyst synthesized by
supercritical water, we are developing innovative chemical
processes for utilization of low-temperature waste heat.

Nanocatalysts

Innovative chemical processes for
utilization of low—temperature waste heat
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Laser Applied Material Science

SATO SHUNICHI Lab
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SPECIALIZED ‘ laser / photonics / materials science / electron optics Shunichi SATO, Professor b=

FIELD-KEY WORD B
sato@tohoku.ac.jp R
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. . o . . Yuuki UESUGI, Assistant Professor
= Material conversion process in intense optical field

= G ti d | f structured light N
. ch(joa ‘;Znatnof?r;wzsi‘smz isnrugnljjrenov‘z\ laser processing by structured light Eﬂﬂ @E B
P ging P 9 by 9 Ayano TANABE, Assistant Professor
= Femtosecond laser pulse processing
= Interaction between laser light and electron
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Multidisciplinary research of photonics and material science

We are intentionally and intensively trying to make the best have inherent vectorial characteristics of electromagnetic
use of the excellent properties of lasers for the advancement wave, focusing on its physics, the development of
of material science. The state-of-the-art photonics beam generation, the improvement of beam quality, and
technologies are our useful and essential tools. At present, applications such as laser processing and super-resolution
we are especially interested in the following two topics. The microscopy.

first is the synthesis of single nano-
particles of diamond-like-carbon and
noble metals by using an intense
optical field, which is generated by
tightly focused femto-second laser
pulses in liquid and can be regarded
as a novel non-equilibrium, non-linear
and ultrafast process. The next is the
investigation of vector beams, which

ONIMIANIONT WILSAS ANV SSID0¥d 40 NOISIAIG
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Structured light reveals synergetic aspects of polarization, phase and pattern of light beams.
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Solid State lonic Devices

AMEZAWA Lab
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SPECIALIZED solid state ionics /" energy conversion / operando analysis ./ electrochemistry Koji AMEZAWA, Professor
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= AR BERDS MR - BERMIL

koji.amezawa.b3@tohoku.ac.jp
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ATORBEICHITDESIEZRRICET2ERAR Takashi NAKAMURA, Associate Professor
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= Improvement of performance and reliability of fuel cells and re chargeable batteries
= Development of advanced operando analytical techniques for electrochemical energy conversion
. ;Z\;Ii(c:erselsearch on electrochemical phenomena at hetero-interfaces {EE%’% ﬁB% B A

P lkuna SATO, Assistant Professor
= Design and synthesis of novel solid state ionic conductors
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Yuta KIMURA, Assistant Professor
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Toward the development of environmental-friendly energy conversion devices

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

: : L P : F-RIEEICLDELEAY Y VREICHITD
analytical techniques for solid-state ionic devices. Ok e EO RS TIL
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Environmental-Conscious Material Processing

NOGAMI Lab
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SPECIALIZED process simulation / transport phenomena / multiphase flow / thermal Hiroshi NOGAMI, Professor H=

FIELD-KEY WORD engineering B
nogami@tohoku.ac.jp R
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. . . . Nobuhiro MARUOKA, Assistant Professor
= Reaction process simulator for material production

= Development of energy recovery, conversion and storage

= Boundary layer control to improve reaction and transport processes

= Geometrical/Topological analysis of behavior of dispersed phase in packed bed

= Exploration of formation mechanism of interfacial fluctuation structure of phase change melts
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Molten SiO,-Ca0O-Al,O3
Liquid Fe

Development of novel material processing through process analysis based on reactive
thermal fluid analysis

For the reduction of energy and material resources
consumption in base metals production, improvement
of process efficiency, enhancement of flexibility to raw
material 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 theories of multiphase
fluid dynamics, reaction kinetics, thermodynamics, thermal
fluid engineering, transport phenomena, 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 storage of thermal energy. Temperature evolution in non-uniform packed bed.

ONINIINIONT WILSAS ANV SSF00Hd 40 NOISIAIG
BESHEHS NN UNFOY

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY 54




Materials Separation Processing

SHIBATA HIROYUKI Lab
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SPECIALIZED silicates /” thermophysical property ./ solidification process / refining process/ Hiroyuki SHIBATA, Professor

FIELD-KEY WORD in-situ observation

s TABRBRAS LU NS DM CZHME S BE
ORERMES Y D2 H—/N A ROBBRRE

* EBEIOBYESHRIEDRE X H =X L

s HWISIDUTA I

= EMERLGMIEIIKRGEMDRE

" MEEREENDOREL - BECRMERE

= Structure and physicochemical properties of silicate melts and glasses
= Solution growth of SiC crystal

= Solidification mechanism of metallic and oxide super-cooled liquids

= Recycling of steel slag

= Realization of high efficiency SnS solar cells

= Development of immobilization and stabilization technology for radioactive waste

hiroyuki.shibata.e8@tohoku.ac.jp
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Sohei SUKENAGA, Associate Professor
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Sakiko KAWANISHI, Assistant Professor
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Silicate melt

—

Structural
characterization

Measurement of
physical properties

Physicochemical approach to interfacial phenomena at high temperature for high efficiency

materials processing

Recycling, refining and solidification processes of materials
are important to sustain high efficiency process for
manufacturing products. Each material separation process
is governed by many chemical
and thermophysical properties
of materials and interfaces
among materials. “Fusion of
materials processing research
and physicochemical property
research” is our motto for
realizing sustainable society.

Functions of the materials should
be clarified from micromechanism
of each phenomenon to develop

Structural analysis of silicate by TEM

RIKRZ ZAMEMZHAER

high efficiency processes for materials separation as well
as crystal growth by means of in-situ observation and
measurements especially at high temperature.

pH imaging during leaching of silicate pH Large SnS single crystals grown by flux method

Control of material processes through original visualization technique and structural characterization




Hybrid Nano-particle

MURAMATSU Lab

NATY Y RF/HFTOEIRRSE
HIRFHAFRE

BENT-F—T— K | DR TU Y KR BRI AR, =
SEEBEEASA NRBE VF v LAT Y ROE— (MEM) B 2R # =

EFXZEMNT Atsushi MURAMATSU, Professor b=
SPECIALIZED monodispersed Inroganic Nanoparticles / organic- inorganic atsushi.muramatsu.d8@tohoku.ac.jp E
FIELD-KEY WORD hybrid nano-materials /* metal-containing zeolite catalysts ./ %
MEM charge density study >Eiﬂ Eg D E$*¥:F¥ E a5
CEREEAL T R TSR Akira WATANABE, Sachiko MAKI !
s UG T ) H A TEBRTF DA &M RA DS Associate Professor Senior Assistant Professor
- TAREIUAC & B IR RO R BEELA B X i B %
“ XN )4 I NEIC S BRREBRACAS A MRIRORS Rxota Oij/;j( éﬁ?ﬁ%ﬁﬁhman
= AR SRS /KT DR EE— S ER DM Absictant Professor Assistant Professor

= Preparation of organic-inorganic hybrid nano-particles *El@ $:¥ B % $¥ %$ B
i i i i i i i >R/ 15N

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

= Preparation of novel catalysts by liquid phase synthesis ngg;ggt%%%ggor iizifaﬁ?g%&sor
= Synthesis of metal-containing zeolite catalysts by mechanochemical method
= Evaluation of correlation between function and structure of crystalline nano-particles iEEE# E; Bh %

using synchrotron radiation Tomomi MASUI,

Assistant Professor
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Why don’t you order us tailor-made, well- @ S AL EIERN T /M F OMEE-HIS18RID ST
identified, nano-hybrid materials? BB OSR - HE R MO
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Highly functional materials, such as metal-doped zeolite i <\« .(%’ CE«.{
catalysts, ITO nanoink for TCO, niobium-based oxide B o ’EB,WW-W . SR pELDP2

particles for lead-free piezoelectric devices, titania, i
perovskite metal oxides, semiconductor nanoparticles,
organic-inorganic hybrid nanomaterials, fuel cell, and alloy

@ NFORFEBALAST MRICKDIXIVBIEHY TUVT
X5 VBN v 7' > (Oxidative coupling of methane : OCM) G

nanoparticulate catalysts, etc. have been widely provided. ‘ ?
. . . ‘, _BI% 0700C) | (>700»c 2
Their production methods are based on the particle- > :Wﬁ; ?94
CH; CH.

synthesis principles, (1) strict separation of nucleation and
. L . ) o {LFTRORBLESNTEHRIIIY Hw c,m:.mz@gcmgg
particle growth, (2) perfect inhibition against aggregation, I I e S

wtts R

ONIFANIONT WILSAS ANV SSID0¥d 40 NOISIAI
BEHFEHSINUNFON,

(3) precise control in particle synthesis mode. Namely, the o jm‘mf f;n
physico-chemical theory for the stability of coffee or milk, y %}g;_ﬁg. B
and the very good foams of beer, is similar to the formation o Ban

47 mmw ey
80| MENER 100600 °C

of nanoparticles precisely controlled in size and shape. What
kind of nanomaterials do you need ? We'll make it.

Jeo | mmax
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Quantum Beam Measurements

MOMOSE Lab
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SPECIALIZED
FIELD-KEY WORD
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= Phase measurement methods based on interference optics

= Development and application of X-ray and neutron phase imaging system
= Dynamical X-ray phase imaging for functional imaging

= X-ray phase microscopy/tomography

= USAXS imaging based on decoherence

‘ Imaging /* X-ray /" phase measurement / three-dimensional observation

BE N oz B

Atsushi MOMOSE, Professor

atsushi.momose.c2@tohoku.ac.jp

R =N B o=

Ryosuke UEDA, Assistant Professor
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Imaging by using wave nature of quantum beam

Quantum beams, such as X-rays, are used to visualize
internal structures of various materials having the scales
ranging from atoms to human. However, there is a problem
that sufficient contrast is not obtained for materials consisting
of light elements, such as polymers, light metals, and
biological soft tissues. The use of phase contrast based
on the wave nature of X-rays is significant for overcoming
this problem and enhances the usefulness of quantum
beams tremendously. We have innovated in X-ray imaging
technology by developing X-ray phase measurement,
releasing groundbreaking results beyond conventional
expectation. Based on guantum beam physics, we are
developing unique experimental environment and pioneering
advanced imaging research. This technology is attractive for
practical applications, and we are also conducting various
collaborations with industry.
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Structural Physics and Crystal Physics

KIMURA Lab

SRR S5
AIHAARE

BB F—0— K | SEERRATREER  MOMWSEN BT  CRERRENR S § %=
‘ FE, KERSUABBIA, WL SRR - A B B #
Hiroyuki KIMURA, Professor

SPECIALIZED ‘ Precise crystal/magnetic structure analysis under multiple extreme conditions //

FIELD-KEY WORD Development of neutron and X-ray diffractometers / Magnetic ferroelectrics and hiroyuki.kimura.b5@tohoku.ac.jp
Hydrogen-bonded dielectrics ./ Development of ultra high pressure synthesis

Al Ay
- T 4 BEFRE & 2 OBFEOBT JAEA 355 3 SJF JRR-3M:T2-2 FONDER) RE MR B
- (UBREREEAEB SRR FERESRITEBOMR (J-PARC BL18: SENJU, &E Terutoshi SAKAKURA, Assistant Professor
7 AEF /R HANARO 2D-PSD) -
ZEERT (SE. BER. SHIS. 5818) L5135 X - PIEFEELF RO 1Tp:N & B O
- BHBE, MR, VILF T TO1 Y INEHLOEREEHOBE & MERR Hajime YAMAMOTO, Assistant Professor

FKEEESRFBMNEDEFEENHEMEEDT
= BEEGMAZR RN ERE CBEYIEMT

= 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

= 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 -
Imaging of 3d-electron-orbital

= Development and structural physics research of novel material by ultra high pressure synthesis

X% - PEFREEBEHRNTICLD 1 FRFREFDEOBRIL

HIAFZETIIEER - BHIE - SETOSHRLREFRED T T, PUFRARITICSSEF RS XRMAREIC LI EFRBE DS
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BLEEFE ERHCHhD. BERFIHENIKERFRHNT.
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(26, BMEFERICBITDERBIMIMRICDONT., & -
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IoT\D, BICHE4IISEEREERE LIHYE - #itksED
HREZDOBEMHMRICEIMUBEATIND, 2021 FENOH
BEFEDMIFI JIRR-3 Tld. AMEFRTREBOBELEZ
nzRW-BEREDBERITFEDBEEITD.

Ferroelectric polarization induced by magnetic order in magnetic ferroelectrics

We have been developing the methodology for high- analysis. Cycloidal spin structure in this material is thought
resolution crystal and magnetic structure analysis using X - to be the origin of electric polarization. We also engage the
ray, Synchrotron radiation and Neutron beam under extreme development of novel neutron 2-dimensional detector for
conditions such as low temperature, high magnetic field, structure analysis JRR-3 reactor.

and high pressure. We have also

studied structural phase transitions Cycloidal structure of Mn** spin

to understand the microscopic
origins of functional properties in
solid - state materials based on
the accurate distribution analyses
of the electron as well as nuclear
densities. Figure shows the
complex magnetic structure of
magnetic ferroelectrics derived
by neutron magnetic structure

Electric

O\ @ olarization
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Polymer Physics and Chemistry

JINNAI Lab
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FIELD-KEY WORD Polymeric Hybrid Materials
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= Atomic-scale analysis of organic/inorganic interfaces

= Elucidation of nanoscale deformation mechanisms in organic/inorganic composite materials

= Nanoscale structural analysis of semicrystalline polymers
= Direct observation of single polymer chains using electron microscopy
= 3D Observation and analysis of block copolymer self-assembled nanostructures

VT NS —ER/ BATOECHERBY  BAFRER /BTN T Y Rk |§$|7(_|
SPECIALIZED ‘ Soft Matter Physics / Self-Assembly in Polymers / Polymer Crystals ,/

==

Hiroshi JINNAI, Professor

hiroshi.jinnai.d4@tohoku.ac.jp
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Hironori MARUBAYASHI, Senior Assistant Professor
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Tomohiro MIYATA, Assistant Professor
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Hsiao Fang WANG, Assistant Professor
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Fig.1. 3D structure of the ordered bicontinuous
double gyroid structure in a diblock copolymer.

Nano-scale investigations of structures and
dynamics in soft materials by electron microscopy

Polymers are industrially vital materials, and their properties
can be widely controlled by mixing different polymers,
introducing inorganic materials, tuning the chemical
structure and molecular arrangement, etc. Nevertheless, the
relationships between the microstructures and macroscopic
properties of polymeric materials (soft materials) have not
been fully established. Therefore, we work on various soft
materials systems from atomic- to meso-scale: the atomic-
resolution observation of single polymer chains, the atomic-
scale observation of inorganic/organic interface for adhesive,
the nano-scale structural mapping of polymer crystals, the 3D
observation of phase-separated nanostructures, etc. We are
interested in the dynamical aspect of soft materials, such as
structural observation of nanoparticle-dispersed composite
materials under tensile deformation. With the development

RIKRZ ZAMEMZHAER
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Fig.2. (a) Transmission electron microscopy image
of the vertically-elongated inner structure of a
rubber with silica nanoparticles (black parts). (b)
Stress map of (a).

of novel methodology and analytical techniques, we aim to
interpret the relationships between microstructures/dynamics
and macroscopic properties of soft materials.




Frontier quantum-beam metrology

YASHIRO Lab (SRIS)
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EIFI)EE_(I:DIAKLI!Z%(EVBORD ‘ Quantum-beam optics / Metrology / Data Science .,/ Micro/Nanofabrication Wataru YASH:O, P;c;ess:r 5 . % ;Eﬂ-ll-
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= Millisecond-temporal-resolution X-ray tomography 1
= X-ray elastography
= Fusion of structural analysis and imaging techniques
= Quantum beam optical elements and systems
= Exploring the frontiers of imaging technology using quantum phenomena
3 &
_ : B
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N " eal-time 4D observation of rubber tensile fracture process (10 ms temporal
WEERREL &, —MUHRICEZSHRRMRZESC EBFL Ty resolution)
ESCIN

Exploring the frontiers of the 4D world

We live in a "4D world", but in the 4D Space—time region of Distribution of storage modulus

less than u m and ms, there is a vast unknown world that
is inaccessible even to the most advanced measurement

o

. ) v -l _ K
technologies. In our laboratory, we are taking on the e T £ K
. . . . - ‘ b .- 2
challenge of developing new imaging techniques that ’. - of of .3
. . . e ] FyF » ® E
dramatically exceed the conventional limits by exploiting - ~ 1B Py 3 &
high-energy quantum beams such as X-rays, advanced Ha—A K - = @
micro/nanofabrication technologies, and data science -— i 50 -t e 0
. Sample: polyacrylamide gel
techniques, and to open up the uncharted 4D world. 30 + 0.91 kPa
Our imaging technologies will not only lead to a new Appl Phys. Expres. 13, 042004 (2020)
understanding of various irreversible and non-equilibrium X-ray elestography by visualizing propagating shear waves

systems in the material and life sciences, but will also have
diverse ripple effects on general society.
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Quantum Optoelectronics

CHICHIBU Lab
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SPECIALIZED Wide bandgap semiconductors /* Quantum nanostructures / Carrier dynamics / Shigefusa F. CHICHIBU, Professor
FIELD-KEY WORD Spatio-time-resolved spectroscopy

chichibu@tohoku.ac.jp
=BIRICEL L (ALIN,GaN BKU (Mg,Zn)0 T A R/ RFvy THERM/NHIREZA _
fo. BT EXOBEERICEDH LI IE—L Y MEROWR NG —E EumE
s DI LML —HBEIUTTLAMNEFRERNE (ALIN,Ga)N LU (Mg,Zn)0 2T A R/ Kazunobu KOJIMA, Associate Professor
Y RFpy THERET S/ BEORBEZEE AR NOXIE—
FERERAZSHIESYF2—I0&5 (ALIn,GaN REBFF / BElm & RENMeRAT N2 ||B M B %
2Rt o Kohei SHIMA, Assistant Professor
= (Mg, Zn)O RER1EMEBARDANY DAVEME TSIV R/N T ES £ — EHAEERLYE
PERZ R
= A new concept coherent light source based on light-matter coupling in environment-friendly (Al,In,Ga)N
and (Mg,Zn)O wide bandgap semiconductor microcavities
= Spatio-time-resolved spectroscopy in semiconductor materials
= Design and fabrication of (Al,In,Ga)N quantum nanostructures: epitaxial growths by metalorganic vapor
phase epitaxy
= Helicon-wave-excited-plasma sputtering epitaxy of Il-oxide semiconductor (Mg,Zn)O and fabrication of
multifunctional oxide thin films
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Design and creation of wide bandgap semiconductor quantum nanostructures and spatio-
time-resolved spectroscopy

Research objectives of the laboratory are to design and

create quantum nanostructures desirable for new functional

optoelectronic devices workable in deep ultraviolet, visible, I Eiipentiaally il il basi P e
and optical communication wavelengths using planet- "lﬂi;ﬂd-mﬂ"miﬂes-mimndncwrs
conscious wide bandgap semiconductors, namely (Al, In,
Ga)N and (Mg, Zn)O systems. We are growing quantum
structures by metalorganic vapor phase epitaxy and unique
helicon-wave-excited-plasma sputtering epitaxy methods.
Ultrafast recombination dynamics of excited particles in
nanostructures are studied by time-resolved spectroscopy
using a femtosecond laser, and very local carrier dynamics
are proved by focused pulsed electron beams using a home-
made, spatio-time-resolved cathodoluminescence system
equipped with a photoelectron-gun.

@
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Schematic model of
potential pockets
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LATTICE PARAMETER a (A) S.F. Chichibu et al., Nature Mater 5, 810 (2006).
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Synchrotron Radiation Microscopy and Informatics

TAKAHASHI YUKIO Lab (SRIS)
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SPECIALIZED Coherent X-ray Optics ./ Synchrotron Radiation / Visualization Measurement / Yukio TAKAHASHI, Professor g &t
FIELD-KEY WORD Informatics s
ytakahashi@tohoku.ac.jp 2 i
» AT ST 4 -XAFS ALK DEM / MEM DL SFIREN T " " { =
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v J)ay bAE—L Y MEFA A—D U TEDRECBBEA X —2 2 I \DER Kozo SHINODA, Associate Professor 2 Fq
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= RS RS XAFS SIS D BEMBRD VL F 27 — LSRRI AR F B # 3
= Chemical state imaging of battery / catalyst materials by ptychographic-XAFS(X-ray Absorption Fine Nozomu ISHIGURO, Assistant Professor 1
Structure) method.
= Development of tender X-ray ptychography and its application to chemical state imaging of sulfur
compounds
= Development of single-shot coherent diffraction imaging method and its application to dynamic imaging
= Three-dimensional nanostructure visualization of electric devices by multi-slice X-ray ptychography
= Multi-scale chemical state imaging of battery materials by operando full-field imaging-XAFS
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AT EA T AN T 14 7 XADRMEICK DM RHEBET RIENDRF =
s 7
EAMBEEMHOZIRF (I 70) M5 UA=MNL (Y OIS — AR ICR T DRI RIERZHME C S TREICA £ g
J0) FTOZEEREBSZET DR — - BHRTHY. #H UDDHYUET, RRARETIE. RIERDME KA =22 T - A
BZaRET - BRIDE. 0LV IOZBIAYRT—ILTO PHEORWEEBHE L. AV TANVT AV REERTDHIET, 2 Elj
MARBIS CHAEDEREZRIAT 2N EETT, MPAENER ERMHOBEZTRTIHBEERAEEIZZE2BELE 5t
ETBA ATV - SHEMEBET BT ETRABBEMME 7, S %
DIBE - 7tk - EFRREZZEMIC 3
N 5 =19 Q@#EE LEBICL S @B RIS ER EEF) Z
BT B ENTEET, BIC. I @EA3757 4 -XAFS-CTEHH BALRIHA S 7 AR - it SRTEMATRC
SROIE—LY MESEFIR L Svrs
JE—LY hEFA A= T, & ¢ g -
XS CARBTH DI/ A — - " | Qi & ‘{b . i ~
VCOBETRERRT DRER ., g Tl = & 25 i 3 ' iy 27
DTEMEELTIESATL S € e B 3 5l 7% S : 2
g9 Ffes MEDAVTANT A ww ,,,ff:; Re 71
OZDREICHL. 3RTEHEICE wacl o ¥ et

HICHMT DR - BFREOBER

Integration of synchrotron radiation measurement and informatics for visualization of

material functions

Most of the practical functional materials are heterogeneous
and complex systems with spatial hierarchical structures
ranging from atoms to millimeters, and it is important to
elucidate the correlation between microstructure and
function at the mesoscale when designing and developing
new materials. By using imaging and spectroscopic
technigues using synchrotron radiation, one can analyze
the structure, elements, and electronic state of practical
functional materials from various perspectives. In particular,
coherent diffraction imaging using the coherent component
of synchrotron radiation is attracting attention as a next-
generation visualization tool to realize structural visualization
at the nanoscale. In addition, with the recent development
of informatics, it is becoming more feasible to extract
characteristic information on structure-function relationships

Xeray y -8 BL2SXUL

from the information of elements and electronic states that
are intricately distributed in three-dimensional space. In
our laboratory, we aim to establish a common platform for
visualizing the functions of practical materials by developing
next-generation synchrotron radiation imaging and
spectroscopy methods and utilizing informatics.
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Solid Surface Physics

ABUKAWA Lab (SRIS)

ERRENEAES S
fC)IIERFEE (SRIS)

BASH-F—U— K | REMWS/RESF U2 BFER T KA o) EF um &

SPECIALIZED
FIELD-KEY WORD

= # L OREBSBRITEDR

surface structure / surface dynamics / electron diffraction / nano surface Tadashi ABUKAWA, Professor
analysis

abukawa@tohoku.ac.jp

FXERES AT I OADFHR NI B— B &
" 2 RTRFEMEDRE EERT Shuichi OGAWA, Assistant Professor
YA oA/F/IBEDRE

= Development of novel techniques for surface structure analysis
= Study of surface structure dynamics

= Growth and characterization of 2D atomic layer materials

= Surface analysis of micro/nano-structures

R+ L NIV TOREIAKRE EFREDIERE EHEEDEIR

KRN T, e EHEZR D/cRE - REDRIKZBE
LT, RE - REZEFL NIV TEETDHTZITOCUNET,

INETIC, RADKRTFEIZ 3RTHICHRLT DI,
RENVEBBREUERELE. VA BNV IRGISEREFEITEZR
ELE LI BEREDOD A NIV IRESREFEITETII.
SR BREABEENICHELRBDOT Y%, HINH 10
ATHETEDBNIFEATT, el REYAF IO ZXPEE
WIS AT IO RZHRTDIEHIC. A MU—TAASEFE
IEEVWORAFRFOSRLEBSZRADMLNWFEZHEELS
Lico U7/ BhoHIUBENDRAVSEEE T, REL
DEFDENEERZDIENTEZT,

A —BYWEREZ T/ LNIVTEHT DOICKEBEFEM
#R% (PEEM) E EEE FHRMIEREE (SEM) Z#AL T E T,
PEEM T3, 2RATREFEYPEDHRE 7O PAFERIETO
CADBRZTEDOTNET,

Structure

Atomic-level characterization of solid surfaces and interfaces for new surface functions.

We investigate solid surfaces and interfaces at atomic level
in order to create surfaces and interfaces with various
functions. We have developed several original techniques
for surface analysis, such as correlated thermal diffused
scattering (CTDS) and Weissenberg reflection high energy
electron diffraction (WRHEED). In order to study reaction
and phase transition dynamics, we have developed a
new method called streak camera reflection high energy
electron diffraction (SC-RHEED), which captures high-speed
movement of surface atoms. Photoelectron microscopy
(PEEM) and scanning electron microscopy (SEM) are also

used to measure non-uniform material surfaces at the nano . S
level Grains of Ni poly crystal and their 3D reciprocal maps by nano-WRHEED.
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Electron Interference Measurement

SATO SHUNICHI Lab (C)

EFRT B NAEN
EERE— (GR) MARE

SHNH-F—0—F | BFRAOIS T« — BHIS EEY S ZDBHE

SPECIALIZED
FIELD-KEY WORD

s EBFHROTS T4 —ICEDT/ 27— )VEHIBHADSEEL
= BHUSHH & EEMTMO- O DEERREHEERM DR

s BERAICLDHBRREBETOEREDDIRE

= IR R DT 2 — VX SRR & Z DISEE
SEBTERF. BEEEFRIMEDHRA A -2 2T

electron holography ./ electromagnetic field / conductivity ./ in situ observation

(F8) £ B— = =
Shunichi SATO (C) , Professor
TORBEANES # &

Zentaro AKASE, Senior Assistant Professor

zentaro.akase.a8@tohoku.ac.jp

= High precision measurement and visualization of electromagnetic field at nanometer scale by electron

holography

= Development of multifunctional specimen holders with piezodriving probes for control of electromagnetic

field and evaluation of local conductivity
= Control and visualization of collective motion of electrons
= In-situ observation of magnetic domain motion in advanced magnetic materials

= Imaging of magnetic flux in high Tc superconductors and strongly correlated materials

T/ RETCOBE - 8% - BHISDZ TN

BTOREEICIELZOFSMRZFNBLICBFHREOIS
TA4—ld T/ ATV CEHIBZ AR TE DRERDMZR
iICy. H2IIBFHRAROT ST 1 —&3EB L TREFHRND
BHi5ZSREE CETATOMRAET OTNE T, MWL > XITH,
R[/—=I FZBAT 2R EBFRMBANADREZITO—H. A
BRIV —ICEEBORHEZBAL. ETVERERET DI &I
K EBHBHHZETD L LIS BTRETORENEHEE Xk
LTWET, AROEFEMFAICKIDEBE - ERIFHRICIA.
Bi% - mEMZTI I 22 Rz RBLTHET,

FEARRBIEIUTOEEITY, (1) BFHAOITS T 14—
IC&LBDT / AT —IVEHIBAOSEE . (2) BHISHIHC
EESIHED/ZHDEENRIHRERMOEFE, (3) BIHHEM
ICLDFBRREBFDEAESHDEHRR. (4) FTimbiiE
DT/ 2T — IV HKIEERNT & ZDIHHRE. (5) SRBEER.
SEHEBEFRIMEDHRA A -2V,

Secondary

% c? electrons

Secondary
electrons

Microﬁbnl

Microriy
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o |
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|

Reconstructed amplitude images showing the change in the electric
circuits of secondary electrons resulting from insertion of an
electrode. The color bar indicates the visibility of fringe contrast in
the original hologram. (a) The electrode (tungsten) is outlined by a
white line. The bias voltage of the electrode is zero. (b) The bias
voltage of the electrode is +5 V.

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 electromagnetic 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 magnetic-shielded pole
piece dedicated to magnetic domain observations, and
a special equipment to move microprobes inside the
transmission electron microscope. These techniques enable
simultaneous measurements of the electromagnetic fields,
conductivity, structure, as well as composition at nanometer
scale.
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EM

: R\
In situ observations of the antiferromagnetic (AFM)

to ferromagnetic (FM) phase transformation in
Lag 4,Sr5MnO,. The FM phase nucleates near 202

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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Electron -Crystallography and -Spectroscopy

TERAUCHI Lab

EFEIA - HHEHUAEHE
SHHARE

EMNEH-F—-U— K \ BFHRMEBF TRV F—BRDK T XRFEALD I NREFEIR %W EF2 %= #
SPECIALIZED electron microscopy / electron energy-loss spectroscopy / soft-X-ray emission Masami TERAUCHI, Professor
FIELD-KEY WORD spectroscopy / convergent-beam electron diffraction

masami.terauchi.c4@tohoku.ac.jp
= BEREME T/ KIFDYPIERRT
- BESMR EELS IC L BHMIFMFADOBE EE BY e
= EFIAMIEA SXES REDHHE LA Yohei SATO, Associate Professor

s REFEITESSOE—LOY 2 IEFEITER - BPRIEEHET
= Functional analysis of nm-scale particles by TEM-EELS
= Identification of electronic excitations by angle-resolved EELS

= Development of SXES instrument for electron microscopy ;I'E;‘(TJ' %n'lﬁ B %
= Crystal structure analysis using CBED and beam-rocking ED Tomoyo OKUMURA, Assistant Professor

I KE§ 8 =

Daisuke MORIKAWA, Assistant Professor

BFReRCBFIDEE - MERTFEORESICH

FHETRERHRDERICIE. A8E - 8T RILE—TIV/WY
NESEEET /A APV EORENDETHY . ZDEDHIC
(F. BFEMBEERE LT/ 27— ILTORBS - WHERIiF
SEOWILEZDBEAHRITRTYT, NETIC. ZR2DBEETH
3 [/ 27— IUigiE - MRS 2T LDBE] DEREBE
L. ERNOBEEERNADHEEFRYSESIOBRNY 7 ~
HI7. BIAILFE—5REE EELS BT EME. HRINDMEE
RESFEFEMBEE, AU SFIAETE  BBOBREZOD
BEETEADISB AT, WHORIBE FEDBERMERIT LT
=F L, MId. BISERMBIE L TRLSNTINS Cs K—F
By T 2T DTS5 ZE RBDBRSRGE L EBESR | Bnenniioiion . NI s (20 |
EELS IC&WRIE LABITY, ERAXTRILVE—SEET, R el e
BEICEELT 2 DORBIRILF—AHFEL. TNSHBH

EIERAERMELEDRBETH D EARBLE L,

Development and Applications of nm-scale
Crystallography and Spectroscopies

Our lab develops accurate nanometer scale characterization
methods of crystal structures by convergent-beam electron
diffraction (CBED) and electronic structures by electron
energy-loss spectroscopy (EELS) and soft-X-ray emission
spectroscopy (SXES) for evaluating new functional materials.
For performing crystal structure studies, we developed a
new Q -filter electron microscope and a refinement soft-
ware, which can perform not only atom positions but also
electrostatic potential and charge distributions. For electronic
structure studies, a high-resolution EELS microscope and
SXES instruments were developed. Figure shows carbon

Intensity (arb. Units)

K-emission spectra of amorphous carbon-nitride and other O, L gy L —
carbon allotropes obtained by using a developed SXES 130 135 140 145
instrument attached to a scanning electron microscope. Photon energy (eV)
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Advanced Scanning Probe Microscopy

KOMEDA Lab

EFEBEIO—TEt
AKEAHAFTE

BN -F—TU—F ‘ EETO—-TJB@ME /¥ 61— /AEVILY MOZU 2/ ESR- *Eﬂ
ST™M

SPECIALIZED ‘ scanning tunneling microscope / quantum computing /* spintronics /" ESR-
ST™M

FIELD-KEY WORD

= EBET S UR)UBAMER (STM) ZRUVeaFERE - 5TH

s NURIVARERWVEAFIRE) - AEVEDREDT / T —IEER T

s MM TRFEAFRFORBGICRT/ZFEmER - B
P ZEVROZOZ - BFAEI—Y—DEBRELDIEVDOFE
 RIEMEOERBBICHT-RE - D FHEEERDOHR

= Observation and chemical characterization of single molecule using scanning tunneling microscope (STM)
= Chemical analysis using molecule vibration and spin detection with an atomic resolution

= Interface engineering to combine Si technology and molecule electronics
= Spin control for molecule spintronics and quantum computing
= Molecule-surface interaction dynamics for environmental catalysis resear

Bah # =

Tadahiro KOMEDA, Professor

tadahiro.komeda.a1@tohoku.ac.jp

= 3% #m

Tsuyoshi TAKAOKA, Senior Assistant Professor

BEEERE B B

Yasuyuki SAINOO, Assistant Professor
AR IR ENTYR
T7OITa42 B %

Shahed Syed Mohammad Fakruddin, Assistant Professor

AEY MOZIINATCBE—IE DR CRIE

AHRECTIF. EERTO-—TBEMBERLE LIRBRERE
BUT, F/BEMZOERE L DEHARM AR F 2 FH M
ZHIML. DFORBZEN LIERFRARZTESOIELET,
BIOEF, EFIE1—-5—PIREY MOZIINDIEAN S
B—EUBHEARDONTESY .. HeldE—IEVOBREFE
DRFEE. DFORFHZEN LRV FRAE POZIRER
FTOREZEDTINET,

FT/ERTOIEY - BRBFEOATISEFERLEODERE
BORMTHY . ZO—DH b RIIVHKIBREZRANTIEYD
BEZRELEIDETDEDTHIFET, KA IIDFTHADME
BERIE—DFHAERNT. N- SEOWIT A LZEL A
ZHSIEFDEELTEHED, BBICE D TREBESEDI LK
INLTNET,

FEBELEAEVH RF BEREMEERT DI EZFAL
fo. ESR-STM ZBEL. LWUESERHSAERMOBEZT
TWET,

TbPc,/Co/Au(111) e,

5 Magnetic
Co Ferromagnetic s
Fixed Magnetization Polarization

Direction
-/ o B-2.0T

Spin Polarized Tunneling

DFECNT4ITOYIELTRVSEFIFRMBCEIRFLALTORE RE

Single spin detection and manipulation for
molecule-spintronics

The detection of a single spin is demanded for variety of
applications, e.g., for reading and manipulation of isolated
spins for spintronics and quantum computation. We are
developing instrumentation of the detection of a single spin
using scanning tunneling microscope (STM).

Especially, a method that detects the Larmor precession by
monitoring a variation of tunneling current, called ESR-STM,
has a large advantage due to its compatibility with solid
devices and atom-scale spatial resolution. We successfully
developed ESR-STM instrument which can detect the single
spin in SiO layers.

In addition, for the realization of the molecular-spintronics,
single molecule magnet (SMM) is one of the most promising
material. We investigated the spin of SMM by detecting

STM image / Spin ordering

b1 d1 B2 d2 bl d1 b2

B o bt 8%

HESAFOT ILANIDFFERFE

#

Kondo states. We found that the Kondo peak intensity shows
a clear variation with the conformational change of the
molecule; namely the azimuthal rotational angle of the Pc
planes.
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Synchrotron Radiation Soft X-ray Microscopy

TAKATA Lab (SRIS)

BT/ BEAREAES S
SHMFE (SRIS)

67
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SPECIALIZED Next-Generation Synchrotron Radiation Facility / X-ray Optics / Soft X-ray Masaki TAKATA, Professor
FIELD-KEY WORD Microscopy ./ Operando measurement

masaki.takata.a4@tohoku.ac.jp

= RERIREIEIER DI E

« X AR R OBE IS S B EBRSDSH I8 i oz

= X IREEMEE DB RES X UEREABRANDICH Takeo EJIMA, Associate Professor
XA RS REHINC & B RERE RIS DR -

X IR - HERT - RIBELEBRRITOMR L= EOEHE

Susumu YAMAMOTO, Associate Professor

BB o®
Tadashi HATANO, Assistant Professor

= Next generation synchrotron radiation facility project
= Innovation of structural scwenlce by developmentl of l><fray V|§ualwzlat\on technology ;J;J%E%
= Development of soft X-ray microscope and application to biological samples

= Surface and interface chemical reactions revealed by soft X-ray operando measurements
= Development of soft X-ray light sources, optics, and detectors

IRETFE X #RICK DT/ AR IR DREE £ ISH

AARDTIT. M XBICLWVYBEROEFEEET /L
NILVTHRBIEL. FLU WA ORI 2R T DRETIES
HWN DI EEBIZELTNET, BE. EITREHOI X
BIEAKBETHD DRI KAEER] (Fig.1. 2023 F£EI(C
BEIHF v V/NRICERFE) ZRNDICHELTHET, Th
FTHENIRBICHEREEO TS/ XIEL - B - HHED
HAFERUOVEI VLI NOE—XEEDBEGERBR DB
FihE, RERBEIIERNRIRT DABONRRIOERI D&
T, X /A BRERMOEHREZERLET, /o, 2 b
HERBERRICAIT T T 1 DEERTF—LEEDHLNESE
BOR [2A7) 3y (BEES) -tz 7N (Fig. 2) #@&L.
R NEEEA— T - A/ R=2 3 DREE L. FE
¥AMICBITBZEEBELTHVET,

Fig.1

Development and Applications of Nano Visualization Technology based on Synchrotron
Radiation X-rays

The mission of Takata Lab is to visualize electronic aFYiavazyt
structures of materials at nano-meter level using synchrotron Ty
el I
radiation (SR) X-rays, and establish the design guidelines mﬁf}%ﬁ&ﬁ | ﬁ e [AfL) /lﬂj'ﬁfffg‘
—_— % e E

for developing new functional materials. Currently, we are -
strongly promoting the “Next-Generation Synchrotron RERBHRBBARBCERS HEAI LT

Radiation Facility” (Fig. 1), which is a state-of-the-art (gl ) #Hi%it — 55'—;;;;;%;7;;;@?%
soft X-ray light source, scheduled to be constructed on

Aobayama new campus by FY2023. We aim to innovate m*“’ﬂ%g?f;fggmmﬁ
X-ray nano visualization technology by combining the

unprecedented light properties of the next-generation SR
facility with our own measurement and analysis methods. In
addition, we aim to make the next-generation SR facility a
cradle of open innovation through a new type of industry-
academia collaboration based on “Coalition Concept” (Fig.
2), in which academia and company form a strong one-on-
one team to solve social challenges.
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High-temperature Physical Chemistry of Materials

FUKUYAMA Lab

=R EMBLEERRE D
wBILARE

BHSH-F—0—F | Irl¥— - BREWEERNZ BN BEAE all e u =

SPECIALIZED
FIELD-KEY WORD

. ifb’«’%#&;ﬁi@%aaﬁkﬁc‘:%iﬁtq—

energy & environmental materials / chemical thermodynamics / properties of Hiroyuki FUKUYAMA, Professor 9 =
high-temperature melts / crystal growth =

hiroyuki.fukuyama.b6@tohoku.ac.jp

BERAMMEETN S 27 LD Rix 3 oEzum
- tmxmﬂ‘?ﬂ@?"’%’ﬁn‘hﬁ” Makoto OHTSUKA, Associate Professor 2
s TRLF— - BEMROTOE AR . . i
- EHH 7Ot 25 ZiE B B #H

= Crystal growth and physical chemistry of nitride semiconductors Masayoshi ADACHI, Assistant Professor

= Development of high-temperature thermophysical property measurement system
= Thermophysical property measurements of ultra-high temperature materials

= Energy & environmental materials processes

= Metallurgical processes

TRIVFE— - BIEMHOSE S 2 2 ]
<) RIEMEOSRET7 Ot AEH ER E)) Hedho= £ & 5, ; ,]_7?
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EBOEMEM. HEMMHOBRAR. MRMHONE. B3 37
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High-temperature processes for energy & environmental materials

Fukuyama laboratory studies novel processes for energy & (a) High-temperature thermophysical (b) Density measurement
. . \ . property measurement system = .

environmental materials based on chemical thermodynamics (PROSPECT)

with high-temperature thermophysical property measurements.
Currently, we are developing new crystal growth processes to
bring a breakthrough in nitride-semiconductor devices such
as ultraviolet optical devices utilized in environmental and
medical fields and power devices. Thermophysical properties
of materials are needed for modeling heat & mass transfer in
material processes. A thermophysical property measurement
system at ultra-high temperature has been developed in our
laboratory, which enables accurate measurements of heat
capacity, thermal conductivity, emissivity, density and surface
tension of high-temperature melts, utilizing electromagnetic
levitation in a dc magnetic field. This technique makes a great

contribution to various material industries. High-temperature thermophysical property measurement system (PROSPECT)
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Base Materials Processing

UEDA Lab

EEEN IOty IRENH
ELEL

BMNH-F—-TU—FK

SPECIALIZED
FIELD-KEY WORD

RH IO HBRRE ERMELR VYOI

chemistry / Material recycling

= ®WWRSTHODN AEREIR

* REICHITDINEBH ELZRIE

" R - BRI - EEOTE & RISERE
s HENTOEZERE

= Recovery of phosphorus from steelmaking slag
= Control of mass transfer and chemical reactions at interfaces

Material processing / Iron and steelmaking ./ High temperature physical

1= I R 2

Shigeru UEDA, Professor

tie@tohoku.ac.jp

= Chemical equilibrium and reaction kinetics between molten metal, oxide and gas phases

= Development of novel material processing

=R 7Ot ZIHT 2 REEEOREL

BHRAELHINROONDHPT, SELNPEHIT T DD
ICISHEERBERDRMBRZMITI DI ENWETT, HROD
HHEEBIIELBML. XN—XAZIPOLTATIDOEELE
MLTNET, COBERICISHEETCORBRLEREENH Y.
BIICIERDLELS LU CO2 PEEREEMREDHE
WAL TCEZ LI, ZOBBOHRTLEN DRELRHZZE
FIDHIC BREIXIF-BREIVOCRERHOZELICHT D
WENN S BREEH CRENICRYNEETELTOEID
BREFHREDSNWERBEREODHEZDBRNEETY, SEY
B2 RIBTOERIZELEICER. TR/ILF—WS, BIE
POBREIOFAE NS HFERBRICDELRICTOER
DERZEELET,

Optimization of high temperature processing
for base metal

In order to establish a sustainable society, it is necessary
to maintain the supply of materials that act as social
infrastructure. Global crude steel production is increasing
year by year, and demand for base and rare metals is also
increasing. At the same time, degradation and depletion of
mineral resources, and production of CO2 and by-products
have become problems. It is necessary to establish social
sustainability through efficient material process and resource
recycling. Based on high-temperature physical chemistry
and reaction engineering, our group aim to build the reaction
process necessary for sustainable resource supply, reduction
and use of by-products.

Control of chemical reactions by controlling interface
phenomena
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Figure. Analysis of reaction mechanism and control of high temperature reaction




Powder Processing for Functional Materials

KANO Lab

BB T O 2RSS
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SPECIALIZED
FIELD-KEY WORD
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= 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

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

‘ powder technology / simulation / grinding /" hydrogen energy

ER . mo=

Junya KANO, Professor

kano@tohoku.ac.jp

AR BE B %

Shingo ISHIHARA, Assistant Professor

AER £ B =

Kizuku KUSHIMOTO, Assistant Professor

WEEMME T OERDEIKRE S I 2L —2avIlLomET7OANRE L
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ZERAL TS,

Press g
Deforrnatinn

MERRESOMETOLRO I 1L —2 3 VICE D8N () EHATEREOR
FOEREE, (b) BRR—I I VRO FDES) - BIRES, (c) HIFPOKFD
BYLAREE, (d) CAD F—ZR\VFREEY, (e) RERONFRITED

Development of new functional powder processing and optimum design of powder

processing by numerical simulation

Development and manufacture of high functional materials
have been actively made, and most of those raw materials,
intermediate products and final products are particulate
materials. The properties of the high functional materials
are greatly dependent on the particle packing structure in
the materials as well as those chemical compositions. The
particle packing structure is also highly dependent on the
particle properties and characteristics 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
processing. Optimizing the powder processing by the
simulation is performed for energy saving and resource
saving. 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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Energy Resources and Processing

KIRISHIMA Lab

I NH—ERTOERARESH
MEHEE
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SPECIALIZED Radiochemistry / Nuclear waste management / Decommissioning ./~ Solution Akira KIRISHIMA, Professor
FIELD-KEY WORD Chemistry

kiri@tohoku.ac.jp
s MEMERE T TO—FICKDERESHREEND/\Y U T RIEHR
- O NP OF =Y LBRICEFRAD B Ml K& B =
REBHL R 78 5 ISR BIRIEF O MR ERIEDBRITEENAFT Daisuke AKIYAMA, Assistant Professor
s RMPERICEEINDRAMGFENE (NORM) BEDHT

= Research for radioactive waste management and environmental recoverability on Fukushima NPP
accident in 2011

= Solution chemistry research on Protactinium

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

= Research on Naturally Occurring Radioactive Materials (NORM) existing in materials and products

MAMEE 7 TO—FICKDHMHFAMREEYD/NY I T RTE

2011 FOREFE—FERBRICKY . BWALBEDKR 2 GEHEMEENNRELZ L. CORICIIBBHT TR ERBRTIIT Y
EZANRON MR CBROBERENRBLRYRODOHELVERYHNEINT T INDIdSHE 30-40 FZ2NTTIDRERY HEh,
BECERBELEEZREL. D SNDRIAZKTT, INEFRRTDICIERRMOMERCEZINDMEIEE L ERICIEET DREN
HUETH. BEEVICIBUNS<EZEBNEMEBELDOTIF /A RaRENEINE T, BMRETIE. CORBLREICHS
E27 7O—FICLDERBARACTRUBATHNE Y, BERMICIIRETTUER - HICI DT T OMIE - (LZFHEDIEE. 75
RKNDTOF /A ROBHZBRTT. S OICITHREBRIDOLECS LURERMEDHEESZTO>TCNET, ik, B’E
DHEAICHSTORLRBLTIFRECHOEEF FRREORELBEICKFDMAEL L CEMIDIEZBELTNET,

Research on Nuclear Waste Management and Nuclear Facility Decommissioning by
Radiochemistry

Nuclear energy is one of the most important energy resources of our modern society, therefore, it is strongly demanded to
make nuclear fuel cycle more reliable. Also, decommissioning of the severely damaged reactors by Fukushima NPP accident
in 2011 and recovery of the contaminated environment, are urgent issues in Japan. To respond these demands, our group
investigates chemistry of nuclear fuel debris and leaching behavior of actinides in it by synthesizing simulated fuel debris with
actinide tracers. Furthermore, we develop novel and unique nuclear waste solidification processes using functional aluminum
silicate minerals as fixation agent.
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Chemistry of Energy Conversion Devices

HONMA Lab

TRIF—FINA R SRS
FEMAAE

EMNEH-F—-U—F FIITITIV/ RNV FOLAA VB LT AT T~/
‘ CO, BRER /Ot 2 KB & #m B
Itaru HONMA, Professor

SPECIALIZED ‘ Nanomaterials / Post lithium-ion battery ./ Rare-metal free secondary battery /

FIELD-KEY WORD CO, electrochemical reduction process

S LTPAZINT) =B F O LA UEM

s VIR LA T B
 CBERROBRLEMNDESEEFNER TOER

= AR/ RO T OERHRR

s BRTT) T A v IEMERWEERT/NA DT VT RMER
= Rare-metal free lithium-ion batteries

= Magnesium batteries

= Electrochemical conversion process system of CO, to useful chemical compounds

= Processing of functional nanomaterials
= On-demand fabrication of battery devices by 3D printing technologies

itaru.homma.e8@tohoku.ac.jp

AT IR ATT Y

Sven STAUSS, Associate Professor

/R BAER B

Hiroaki KOBAYASHI, Assistant Professor

Sl OME B %

Kazuyuki IWASE, Assistant Professor
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TILEEBMELTNET,

BN IRIF—T/N\A ZZFRRT DD BREFEIH (T
S71v. BREBLEY) . F/KF. F/R-ZAPE. %
RGN, EREME. BHENE. RUEFERE. BRR
TAR - JKEVEBRE T Ot ARSI in-situ S TEDEIHR7
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REMBET /OB EBRRCHRBREEERZNACICE

Nanotechnology and nanoscience of advanced functional
nanomaterials for energy technology innovations

Our research goal is to realize renewable energy innovations
and to contribute to global environmental sustainability
through nanotechnology and nanoscience of advanced
functional materials researches. Using environmentally
friendly materials processing and the exploration of advanced
functional nanomaterials, the Honma laboratory investigates
the frontiers of nanotechnology and nanomaterials for CO,
electrochemical conversion processes to useful compounds,
post lithium-ion batteries, Rare-metal free battery, Processing
of functional nanomaterials and on-demand fabrication
of battery devices by 3D printing technologies, thereby
contributing to innovative solutions for global sustainability,
renewable energy, and a low carbon emission industry.
Our studies focus on advanced functional nanomaterials

TDIRIF—FT/NA ZDOMFEBEFEZTNET,

f BREDECES BRI ERERN
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J
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such as monoatomic layered materials, nanoparticles,
nanoporous materials, multi-ternary compounds, metastable
materials, organic nanocrystalline electrodes, novel solid
state electrolytes for all solid-state batteries, supercritical
fluid & hydrothermal-electrochemical processing, and in-situ
spectroscopy analysis using synchrotron light sources.
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Metallurgy and Recycling System for Metal Resources Circulation

SHIBATA ETSURO Lab

EREFERS 27 LRENEH
SEAMREPFAFTE
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SPECIALIZED Non-ferrous Metallurgy /* Metal Resources Circulation / Recycling / Waste Etsuro SHIBATA, Professor
FIELD-KEY WORD Treatment

etsuro.shibata.e3@tohoku.ac.jp

= RRICH VS DSRERMDI CRAM IR T HEMBITT

« 20051 FARICE D EROREBE RO BRI B OEHR

s EEZESHILYDEED OO ERB DRV ) ——20 Atsushi IIZUKA, Associate Professor
- EEMRESEYE IR U B REOEE S NHE N i}

CZOM. SBUTA 22T LAOBEIICET - S EERR AR ET 2 EROTR ZiE Bom o=

= Z0fth. ERERERICHSITDREAFTROLESOEERERIMARICE T DERNMTR Ken ADACHI, Assistant Professor

= Fundamental study for copper smelting with high impurities

= Synthesizing technology of scorodite particles for stabilization of arsenic

= Screening for new flotation reagents to separate arsenic minerals

= Carbon dioxide sequestration and utilization using alkali wastes

= Development of component technologies for optimization of metal recycling system

= Development of environmental technologies such as treatments of environmental load elements in metal
resources circulation

FHUBRE I RBEEENREERT B L TRIVERTRD
EX¥THY. 2BREEEBOTLEESZET, REEENGR FERR R B UL EEEREIRS AT LADIBEE
THITEMER DTS, F/o. SHAOBMERZ>T, BR:
BFHBOFNANMEENIIENT 22 EhFREND, SBE
EEMENICRREL TN ZHICIE. B2 BERICERINATNH

2 REEESEER (8if. E-scrap, B¢
FERIORE, FERERRIM, RRREYOUIE, IRIBERITRORELRE

24 BEEEAE LT DENS S, ISR BAF RN T2 AICE BRI D D REROEH £ B X TSR
AMRDETIS. FBRBFXZEREL-ERERBIR AT by SEl ey AR wets T S| I/ EE AR BB SR
LDBRICAII-HRESNEITOTCND, HYPNIEBESH-IEH -fx&&/gm --ki?/sjz&e -2
BEFESBHITEBRINN DUEROBBLE B2 - HRE o e s o
BT FRNEEBEROSHERECBERSDERE B . i i
LTWD, SiANAHBOTEBRTEEZEB LKA RBRIRERD R AR AR/
BILIEN O FEHFE M. REBNEVOLE, RIEEFTRDL
EHBREERERBRICAITIZAT - SMERICBEL T, REMR SEERAERY 2T LAOBRICAEHR 7 7O—F

RERF IR T O IR A S, SERICRUEATI D,

Establishment of Metal Resources Circulation of by-products and stabilization of environmental load
System Based on Non-ferrous Smelting Industry ~ elements, etc. are conducted.

'
| Collecting system 1 Cu concentrate

Non-ferrous smelting industry is necessary for achievement U ofBwaste ‘_l Cuerap
of the resource circulation society. In the future, the use I e Sude e ™ Recovery and
Pre-treatments , PCBetc. I stabilization of 1
. . . . . . Dismunting  ———fp| CU SIEItET ' loxbiceler:en?s !
of various electrical and electronic devices is expected to 1 Physical seprton | (Electolytic ) | pug U s necn !
. . . T T PP P (Cu,PbAs) AT
increase with growth of population in the world. To secure B Am!esum Residues (Ao, He, C)
metal resources continuously, it is necessary to recycle } Recovery of active meals | Devsmised sime O 9
. | Blectorefiningete. _: Residues (Cu)  yElectrolyte (Cu, Ni)
metals Lfsed in waste .pro.ducts. . B By profucts Cadmss
The main research aim is to establish the metal resources Cudos©y | (Treatment and Refining) g"’
circulation system based on the non-ferrous smelting M e
industry. Research activities including non-ferrous / N
i . . Residue (In, Ga) Purification  (Pb, In, Zn, As) (Pb, Sb, Bi, Ag, Au)
metallurgy along with mineral processing beyond the Po— (Cd,$b, Ni A
. i | . n smelter | . Pb smelter
traditional framework are intended to achieve the high (Electolytic zny [ "o AETesidue (P Ag) (Flectoltic Py
o : ) ; (Distilled Zn) ISP crude Pb (Pb, Sn, Sb, Bi. Ag. Au)
efficiency circulation of metal resources and environmental pAps— [y
Crude ZnO (from EAF dust ) Sludge etc.

conservation in the future. Researches for smelting

processes for primary and secondary resources, treatments Linkage among copper, lead and zinc smelters to

recover valuable metals from various type of resources
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Atomic Site Control in Inorganic Materials

OMATA Lab
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MRERFE

BFNHF—D—F | MEMEEME S SR RILFE—BIRT/ A 2 RT R

SPECIALIZED ‘

FIELD-KEY WORD into electrical energy / ion-exchange and intercalation
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REREF Ry FOBRRERTO DR

= Design of inorganic materials and development of their synthesis techniques

inorganic materials /* energy-harvesting devices converting natural energy

= Development of novel semiconductors for environmental-friendly solar cell and their application to

devices
= Development of elemental materials in intermediate temperature fuel cells
= Syntheses of colloidal semiconductor quantum dots

MR ER # B

Takahisa OMATA, Professor

takahisa.omata.c2@tohoku.ac.jp

H  F& # @
Satoshi TSUKUDA, Senior Assistant Professor
Bk —Z B %

Issei SUZUKI, Assistant Professor

R=A4 ZILo~v—IL B %

Arunkumar DORAI, Assistant Professor
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Creation of environmentally-conscious materials based on atomic site designing

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
materials. We focus on to explore new materials and their
synthesis routes using ion-exchange and ionic intercalation
techniqgues. Proton conducting phosphate glasses working
at intermediate temperatures and narrow gap oxide
semiconductors applicable in visible and NIR regions have
been recently developed. Simple and safe synthesis routes
to cadmium-free quantum dot phosphors and colloidal
indium arsenide quantum dots for solar cells were also found
out. Thin-film solar cells, fuel cells and light-emitting devices
using those materials are now developing.

Intermediate Temperature

Thin-film Solar Cell

uel Cell
H
__‘H * i'Electrochemical
0, 0| H*-injection
0 o < =x
06 i 3
o0 3
-. . & 10 Environmental-friendly
thin-film solar cells
0 . :
Light-emitting Quantum Dots  °° Ereroy bond gap 1oV
Zn(Te, Se) 3 B-CuGao,

Absorbance /au,

-

PL intensity / au,

0 700

500 500
Wanelangth / nim
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Quantum Electron Science

TAKAHASHI MASAHIKO Lab

SETFEFHEZEHREDE
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SPECIALIZED
FIELD-KEY WORD

* RIGBERDEFHIORFREBDA A —2 2T EZERISDRBRIBOTHL
* DFIEDBHBREE A XA —2 0 T ERFIRENIC L DBFREBHTMRDES DT
s RFEEENHKICLDRFRDDFRERDA A= 0TERFRNIEDHF
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= ZIRTERETANKIC L DETF - DFEHRDIMET AT I T

= Visualization of the driving principle behind chemical reaction by imaging of the motion of electron and

molecular science / atomic collision physics / momentum space chemistry /
chemical reaction dynamics

nuclei in a transient, evolving system

= Studies on the origin of vibronic coupling or distortion of electron orbitals due to molecular vibration by
looking at molecular orbitals in momentum space

= Studies on intramolecular atomic motions by electron-atom Compton scattering

= Development of momentum space chemistry and its application to medicinal chemistry

= Stereo-dynamics of electron-molecule collision by multi-parameter coincidence experiments

=% LEE # B

Masahiko TAKAHASHI, Professor

masahiko@tohoku.ac.jp
e 7 oeme
Noboru WATANABE, Associate Professor

B AR B =

Yuuki ONITSUKA, Assistant Professor

BF VTN UEEZFNRALUIEHEORNS I UBNMHEDA R
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SERENE T, Leh' 2T, RIVEPHERLENEDZES

REMEIT. MERNTOEFOERERFROEESSIUZEND = BB RS % (EMS; Electron Momentum Spectroscopy)
EFOHRBICEDL(MEH EEBA. SHREIF. ZOLEREE — {EEBY R (Y (p)P) %5 i s o TRl

FNLERICISE, SEEFREMERE TSIV T M UHELZ o | e (OEEE O Emme
BELRADH L RERET SIS, NEOBN  |Spe|TEIETET 2 | R g B deity
BLUBHHEORFNIERE LLDREONENDHS% B /Lo e B L o
LT, MFO=D0RBZFRDICHARZEDTET, y ¥4 )
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DERE 1 SRS
(3) BRTEBEHHHIC  BFEROITES A S N | 3¢ AL W
A \__ Phys Rew Lott 94313202 (2005) \__ Phys Rev. Lett. 114, 103005 (2015) _/

Visualization of static and dynamic nature of BHEE R OIS} 0 R R 188 B2

matter by means of electron Compton scattering

 ROEB RN TIR TR EI N OEIFHEH

Properties of matter, such as reactivity and functionality, are

. . . O 7B i K v R IERENE i B Ry A
determined by the motion of the constituent electrons and T ) l <Fe e baps
nuclei and their concerted effect. For this reason, we aim at v FEHIT BT+ B RSB WD | TR )

. . . 097 105V V) %3
understanding of static and dynamic nature of matter at the W BT8R ‘
most fundamental level and exploration of materials having o) A WS RE
desired functionalities, by developing new and original £ (632 RS DERBY RO E5% - AR
spectroscopies that would visualize the motion of both § fre—
electrons and nuclei in matter. They are all basically based R WA i
on either of electron-electron and electron-atom Compton ob ﬁ:”iﬁ’ﬁ I <F@) >

. - T WIS i
scatterlng.. . N Wﬂfmﬁ W / : ”:mm Ji RS Y

(1) Imaging of the motion of electrons and nuclei in matter Rev. Sci. Instrum. 88, 063103 (2017)
by electron Compton scattering,

(2) Visualization of the driving principle behind chemical (3) Stereo-dynamics of electron-molecule collision by
reaction by time-resolved electron Compton scattering, multi-parameter coincidence experiments.
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Nano/Micro Chemical Measurements

HIBARA Lab

¥/ - A OO AL ERESH
KEAFE
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SPECIALIZED ‘ nano / micro analytical devices / imaging microscopy ./ optical detection

FIELD-KEY WORD methods / interface chemistry

= WNREZETT DML — -2k
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VA OOKEERWDNA AT VAR

s F/RFEEBLIR—N—=VY A O3 T/ R

= Laser microscopy for spatially restricted liquid interface measurement

= Development of fluorescent polarization apparatus and one-step immunoassay
= Bioassay utilizing aqueous microdroplet

= Nanoparticle-integrated paper microfluidic device

KR EF 38
Akihide HIBARA, Professor

akihide.hibara.e7@tohoku.ac.jp

@l BR B =

Mao FUKUYAMA, Assistant Professor

Mott Derrick Michael 8 #

Mott Derrick MICHAEL, Assistant Professor
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Chemistry in nano/micro space: measurements & applications

We study advanced nano-micro technologies in chemistry
and biochemistry and their applications to integrated
analytical devices. We investigate easy and automated
analytical technologies for life science, environmental
science, food safety, and industrial process. We also
investigate novel analytical technologies such as single cell
analysis, and single molecule analysis. For the advanced
technologies, fundamental chemistry such as chemical
reaction and interfacial phenomena in a confined space
should be revealed in detail. We study unique advanced
measurement tools such as microscopic imaging, and laser
microscopy.
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Hybrid Carbon Nanomaterials

NISHIHARA Lab (AIMR)

NATY Y RRET / HRRESH
AEHIEE (AIMR)
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SPECIALIZED
FIELD-KEY WORD

CHEEISTIUNOHRDT / ZIEDRIR
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= Development of nanoporous materials with single-layer graphene walls

= Study on new physicochemical phenomena induced by elastic nanoporous materials
= Study on energy storage and conversion using advanced carbon materials

nanocarbons / adsorption / energy storage / solid reactions

AR FA = =

Hirotomo NISHIHARA, Professor

hirotomo.nishihara.b1@tohoku.ac.jp

EH XBE B =

Takeharu YOSHII, Assistant Professor

= Synthesis of crystalline carbon materials based on organic chemistry and their applications

= Advanced analysis of carbon edge sites
= Application of carbon-based materials to healthcare field

N—R R ERIDE LICFRREM RO RR

LMRETI. ERIIBEHHEBERSORB THOIIR
BEEERETDA—RURMEICBEL. BRERCILFIBERE
DFEEANTET - DFLANIDSDR LT Y THEMBE
BT BEEROIDICEEZRECSDEBA—RUEE
B IZTINDEDIRTBEFZIILDH. BR2DFHLINI—
RURBERSIUEEGHHDRRZEDHT\D, I, FTED
H—IRURD AR ZRBL. A—RREHOREE. TWE
M. BIREES. Be R EERBEED FROICERL. TOBE
HHZETOTND, TBIC, BELLHBHHZZ—/\—F PN
Ty TRED. BRER. E— MNRYT . FIRI R ILFE-FN
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Thd,

Development of advanced functional carbon

non-crystalline materials is also a difficult issue. We have
developed the new techniques which allow the bottom-
up synthesis of advanced carbon materials with controlled
structures at atomic/molecular scale, specifically using
organic synthesis or chemical-vapor deposition. Thus, a
variety of functional carbon materials have been achieved
such as metal-carbon frameworks with defined chemical
structures like organic crystals, micro/mesoporous
materials with single-graphene walls, and carbon-based
composite materials. Also, we focus on the elucidation of
physicochemical properties of carbon materials including
reactivity, durability, and catalysis from the view point of
chemistry by using advanced analysis techniques. Moreover,
we proceed in the application of our advanced carbon-based
materials for supercapacitors, secondary batteries, fuel cells,
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materials

heat pump, new energy devices, functional adsorbents,
catalysis, and healthcare, with many collaborators including
research organizations and companies.




Hybrid Material Fabrication

AKUTAGAWA Lab
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SPECIALIZED
FIELD-KEY WORD

s BAFO—5—BEZFNMUIEAER - £EH - MEEHEORRE

organic electronic materials / molecular conductors ./ molecular ferroelectrics / Tomoyuki AKUTAGAWA, Professor =
molecular electronics

akutagawa@tohoku.ac.jp

- BEBILSFEAET/ A 2B 24 g omE s &
» HARE D FHEMA - B - EEEEERDRE Hiroshi YABU, Associate Professor © P§
C EW-EW N T B BEERBVEDF TN ADREHE 5 il
s BGETTEAER T BTREANS LU BHEEDER 2 TR B # &

= Ferroelectric, pyroelectric, and thermal conducting materials from supramolecular rotators Norihisa HOSHINO, Assistant Professor

. - . B . . _
Molecular-assembly devices based on charge-transfer interactions = =4

/ b ' Eﬂ B B %
= Novel molecular conductors, magnets, and ferroelectrics
= Molecular devices based on organic-inorganic hybrid nanostructures
= Redox active organic m -electron and/or metal-coordination compounds

Takashi TAKEDA, Assistant Professor
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Fabrications of multifunctional molecular

materials

AdOOSOYLO3dS ANV AdODSOHIIN dIONVAQY ¥O4 ¥ILNID
A

=\

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
ferroelectricity. 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 crystal,
gel, to Langmuir-Blodgett film are our research targets. The
researches will be essential for future molecular electronics.
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Photo-Functional Material Chemistry

NAKAGAWA Lab
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SPECIALIZED material chemistry ,/~ macromolecular science / monolayer engineering /
FIELD-KEY WORD nanoimprinting
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= Single-digit-nanometer figuration by development of resist materials in UV nanoimprint technology
= Laser-drilled screen printing for location-selective placement of photo-curable resin liquids

= Alignment and building by fluorescence interference fringes

= Application of metal nano-structures to optical and electronic devices
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Masaru NAKAGAWA, Professor

masaru.nakagawa.c5@tohoku.ac.jp
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Advanced photo-functional materials for
nanoimprint

Nakagawa group has dedicated to pursue scientific
principles for molecular control of interface function
occurring at polymer/other material interfaces and to put
them into practice in nanoimprint lithography promising as
a next generation nanofabrication tool. We are developing
advanced photo-functional materials such as sticking
molecular layers for “fix by light” , UV-curable resins and
antisticking molecular layers for “preparation by light” ,
fluorescent resist materials for “inspection by light” , and
hybrid optical materials “available to light” and new research
tools such as mechanical measurement systems to evaluate
release property of UV-curable resins. Our research aims
at creating new devices to control photon, electron, and

magnetism.
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Organic- and Bio- Nanomaterials

KASAI Lab
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= Fabrication of size-controlled organic nanoparticles

= Creation of new-designed anti-cancer nanodrugs and their pharmacological activities

= Preparation of nano eye drops and their pharmacological activities
= Synthesis of drug compounds by using bio-process
= Functionalization of pigments derived from organism by forming nanoparticles

‘ Nano Drugs / Organic Nanoparticles / Anti-cancer Drugs

ZH 19 % B

Hitoshi KASAI, Professor

hitoshi.kasai.a6@tohoku.ac.jp
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Yoshitaka KOSEKI, Assistant Professor
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Anh Thi Ngoc DAO, Assistant Professor
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Toshihiko ARITA, Assistant Professor
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Ryuju SUZUKI, Assistant Professor
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Fabrication of The Novel Designed Nanodrugs Composed of Poorly Water-Soluble

Compounds

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

In our group, in order to overcome the above problems,
we are designing the novel anti-cancer drugs composed
in the dimer or the compounds to which the poorly water-
soluble substituent such as a cholesterol derivative are
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chemically linked. In addition, by utilizing our technique of
reprecipitation for fabrication of organic nanoparticles, we
could establish the method to obtain 100 nm or less of the
nano-prodrugs (Fig. 2). As a result, we have found that our
anti-cancer nano-prodrugs themselves could be delivered
even within the cells of the tumor tissue, and this strategy
was applicable for the other
drugs such as eye drops
and so on. We are aiming at
practical application of this
nano-prodrugs in the near
future.

100 nm

Fig. 2
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TECHNICAL SERVICE SECTION
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J. Am. Ceram. Soc., 103 (2020) 5139-5144.

Machine Shop

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

Glass shop

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

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.

| &7 CAF

ZBRIZMFFT Central Analytical Facility (B&#5 @ 25t CAF) (. BEFBEMEBY. X BOMEE. HHIERSTES
(NMR)., L—H =D HEBELERBBHREBEZANWCEEMBOASMEHAZZE L CEHABOMERES. 2t /M
BIRARE I —DZESIVFT /70 / A0—DBOMAHEZENE LT, BHROBRIBRFHEEAICKIUERIISNST /T
IZHITHRERMEL. 2010 EEICRELF Lz, £t CAF Tld. BAVWVEBEOMRLIEZBMIC. BFHROD LM
BEBDER - EEATO>CNET,

Central Analytical Facility in Institute of Multidisciplinary Research for Advanced Materials (Designated as Tagen CAF) was
established in 2010, by combining Common Analytical Facility, which supported the analysis and 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 development of various materials using advanced analytical apparatuses.

A. RSB ITRE B. # FREERTRE

Apparatuses for ultimate analyses Apparatuses for molecular structure analyses

B EHSHBEE

B TE=ZDTRE
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(RFR KR ERBREINTEE. BR- ZRINEE. RE-REINEE )
Elemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer)
W ICP BANHEE
Inductively coupled plasma emission spectrophotometer (ICP-AES)
B MNEBEE X O MRE
Electron probe micro analyzer (EPMA)
B SHEERERMOTEE X RALBFAAEE)
Multi-functional material analyzer
(X-ray photoelectron spec-trometer: XPS)

B X RAEFDAEE

X-ray photoelectron spec-trometer (XPS)
B RITSEETRNA T VEENTREE

Time of Flight secondary ion mass spectrometer (TOF-SIMS)
B JO0—MEEENTRE

Glow discharge mass spectrometer (GDMS)

B I!Hl:ll I -

T e

RIEXZE ZAVMERZEMAEAR

(BBRANMR400/600MHz)
NMR 400/600 MHz

B 72%)UNMR KB
(BBAZHNMR)
NMR 500 MHz

BT/ TNARATETAF IO ERERE
(Bl#AFNMR400/600MHz)

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

W 57 - ZEDBEEIREERT S AT A
The time and space resolution precision state analysis system
(Laser Raman)

W BERRICHET D 2T L
Super-high-speed reaction analysis system
(Laser flash spec-trometer)

M /YU EPR

Electron paramagnetic resonance spectrometer (EPR)




C. Bl hTRE

Apparatuses for crystal structure and microstructure analyses

D. E85%1m

BRI EETE FIEME
Fleld emission type electron microscope (SEM,EDX,EBSP)

WS/ TV RT A

Nano area analysis device

W EER O JHEME
Atomic force microscope (AFM,SNOM)

B SO MREERMHTERE FIHRMER

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

B =83 X RErRE

Automatic powder X-ray diffraction devices (XRD)

B 2 XEohRE

X-ray Fluorescence (XRF)

W HBE X RRE

X-ray diffraction devices

1.RINT-V

2.RINT-H

3 EHELESE
Small angle scatter-
ing device

4. X'Per

B BEREE X FESmTEE
B =R YA 70 XBERNZT L

X-ray microarea three-dimensional stress measuring system

B L—YT—aFEENHERE (MALDI-TOF/MS)

Laser desorption ionization mass spectrometer

W72y TREENHEE (ESI-TOF/MS)

lon trap mass spectrometer

B SOM%ET —) TERFEAD K KEST (FT-IR)
High-resolution Fourier transform infrared spectrophotometer
(FT-IR)

B RERXT - BESWEFIERE (TG-DTA/GC-MS)
Thermogravimetry-differential thermoanalysis/mass spectrometry
simulataneous measurement device (TG-DTA/MASS)

oy

Thermal analy5|s devices
1. BERREERMEE

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

Thermomechanical analyzer (TMA)

W BE LR
Autograph

W BT RAAKER

UV-Vis spectrophotometer

BT -ErNESRAERE

Laser diffraction particle size analyzer

B REESIERE

Surface roughness measuring instrument
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Base facilities

B OREERMIE AT L
Liquid nitrogen supply system

B AUDLHZEREE

Helium gas recovery device

B BRI BEEEEmE

Zone melting type single crystal growth device

W 77— UBRIR

Arc melting furnace

84



IMRAM BUILDING MAP

85

| EMENK

B08

IE M

Main Gate

it M

North Gate

W

RILKZF
=R e )

Tohoku University
Archives

| B06 EEFT L=
e

RESLSKR—=

Katahira Sakura Hall

™

South Gate

| co2 EEZENRE:
(RIGMEZ TR 1 SER)

RILKRZFE

Tohoku University
Administration

R
East Gate

X =xmmi 288
(EMTZHFE 1 SE)

IMRAM West Building 1

| B07 EERRGEERE
(T151%)

IMRAM East Building 1

Z5TH R 2 S
(RIS L2 HTIR 2 S88)

IMRAM West Technical Plant

| B08 IEST iA=L
(=I5 N 1)

IMRAM East Building 2

A =< 53 S8
(S IS{L 25 52 IE8E)

IMRAM West Building 2

(501 e

Library (AIMR Main Building 2F)

RIEXZE ZTVERZEN

IMRAM East Building 3

S TRTRIE 1
L - MM A AmZE I|)

South Multidisciplinary Research Laboratory 1

EREHTE 2
(18] - P ERTR )
South Multidisciplinary Research Laboratory 2

IMRAM South Building 1
Z It SHEF

IMRAM Administration Building

Z it £BMRR

IMRAM Cooperative Research Building

27 B 2 S
(EMIZTR 2 SE)

IMRAM South Building 2

27eHf B 3 288
(EMIFEMFR 3 SER)

IMRAM South Building 3




e
ACCESS
| 702X

ILETRN~ Y 7 SENDAI CITY MAP

)

.
\
v o .
v BEXEM S
% Aoba Ward Offce: T
y
. \ EHRT
/ \ Wiyagi Prefectural Ofice, e
\ »
2 @ s % gm:\mAc mb ﬂtzon 66 —— Iding
= ¥ Sendai Legal Affairs Bureau \ endai Combinati vernment. Bui
[ DL AE
! [/ I || ﬁ-ﬂll/abu/ Kotoudai-koen
Hirose River BAEG R
; X = Tokyo E\euvcr Hall Miyagi
/ Sendai gdhiatieque,
: 3km /2km
| B R EATAE
MiyagiiMuseum of Art

w3 B
2 Nee
SER
Senada;ﬁ\’\les\ Road

Mwsukosh\

z@ 4
B
N e
TR SBe
X
?

24

JIINESSZAVS
Tohoku University

Kawauchi Campus

UEERE> %=

sendal international cemer

=

SBBHEDR |
{21,\/ Aobadori Sta

Agon
Fuisaki

<
5d L\
0. g 1?1 By
& 11 S
o RS
- S g‘?fﬁ \._
Am%a B :
-- gﬁ %, 778ank e
3 "}ead Officgas™
EEBRETE
Sendai Legal Affairs Synthesis ' {lI& 53
\ Public Office,Building Sendai Bar Agso\.wancn
) IaEmERRT® &
! Sendai High Public
| Prosecutors Office \ Aaso
E‘FE}EEXWES[ b w 530
\ e T youjyougawara Stadium ‘
\ Sendai City Museum \ ’
Rk g
| MiEEYE \
wBotanical Gardens, X
A Tohoku University \
\ JIlf=>5n11d
Sendai Site of a Castle

B NP ZAV S
Tohoku University B
Katahira Campus

HAELEDA

POSITION of JAPAN and SENDAI

Shin-Chitose Airport
Sapporo
Shinhakodatehokuto o
.‘"
Shinaomori B«?
. Akita o i
Sendal ’Tohoku Region
Lisbon - Athens Seoul Japan San Francisco '~ Washington D.C Shinjoo | 38°'N
end Nugatap L dai Airport
= Fukushima
Kanazawa g+ Q
Naga"‘r:kasaku Tokyo
Omiya
Nagoya ,0 4| a Inte
| ol /Kyo:o o?. y/ ShmeamNaHh International Airport
iroshima, -Osaka
Melbourne Hakata /===
Fukwoka Airport 56 oShlntosu
140°E

Kansai International ‘Airport
./
Kagoshimachuo o

Access to Sendai Station

From Sendai Station

- From Sendai Airport to Sendai Station by railway: 30m
- From Tokyo Station to Sendai Station by Tohoku Shinkansen (Bullet train): 1h40m
- On foot: About 20 minutes

- By taxi: About 5 minutes
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