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1944, January
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1992, April

2001, April

2010, April

2018, March

2018, April

Research Institute of Mineral Dressing and Met-
allurgy, 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 found-
ed.

These three Institutes were reorganized as re-
search institutes affiliated to Tohoku University.

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

Research Institute of Mineral Dressing and
Metallurgy was reorganized as Institute for Ad-
vanced 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.
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FOR ADVANCED MATERIALS TOHOKU UNIVERSITY

Our institute, Institute of Multidisciplinary Research
for Advanced Materials, IMRAM, is called TAGEN-
KEN in Japanese. It takes 18 years from its foundation,
April 2001. Nowadays, it will be widely known, since
the research in our institute has been carried out over
"Multidisciplinary" fields of science and engineering for
materials. Our basis unfailingly is in the successor of
three prestigious research institutes of Tohoku university:
SENKEN (Research Institute of Mineral Dressing and
Metallurgy)-SOZAIKEN (Institute for Advanced Materials
Processing), KAKEN (Research Institute for Scientific
Measurements) and HISUIKEN (Chemical Research
Institute of Non - Aqueous Solution-) -HANNOUKEN
(Institute for Chemical Reaction Science). SENKEN was
established in 1941, KAKEN was in 1943 and HISUIKEN
was in 1944. So, 78 years have passed since the
foundation of the former three institutes. Their research
spirit will be passed down to us so that the knowledge
and experience integrated from prestigious institutes allow
us to establish so many collaborations between members
of our institute so that a plenty of noticeable research
results have been achieved. This traditionality led to the
establishment of new research center, Center for Mineral
Processing and Metallurgy, in April 1st, 2018, where
researches on mineral processing and metallurgy for
urban mine have been uniquely investigated.

Our institute has started the activity as a member of the
new Network Joint Research Center for Materials and
Devise from 2010, composed of five national university
institutes, Research Institute of Electronic Science (RIES,

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

Tohoku Univ. is now promoting the next generation 3GeV
synchrotron radiation project, which focuses on the soft
X-Ray region of the spectrum where its performance is
optimized. This spectral range covers the K edges of
the light elements including for example Li as well as C,
N, and O which are all critical to current technological
challenges. Since our institute is the main base of this
project, we have been making our best effort on the
realization in the near future.

Eight years have passed since the Great East Japan
Earthquake on March 11, 2011. We contribute our efforts
to attain the reconstruction through material science
and technology as well as to produce researchers and
engineers useful to the nation. We will proceed further
advance in the field of Multidisciplinary Research for
Advanced Materials.
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OUTLINE
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ﬁﬁk‘ﬁ Members

mﬁﬁ Faculty & Staff (as of April 1. 2019)

& HHIR

Professors Associate Professors

47 (1) [3] 30 (1) [1]

#OEm

Senior Assistant Professors

8 (1)

B %

Assistant Professors

72 (10) [10]

B F

Research Associate

1(0)

EBHE BT BEAKE RS EEEE B
(RRZTHE) (ZDfth)
Administrative Staff Technical Staff Re-employed Staff Part-Time Staff (Research) Part-Time Staff (Other) Total

49 (33) 48 (11) 4 (0) 22 (6) [4] 68 (57) [4]| 349 (120) [22]

RIS (R, BhEO 6213, FMI0FERIAF XU BRABERRICIRREIN [RILAZZTYERZMAR “ #—SAKURA” 7OV 17 ICKVIRA) TR
RISHEA TR

indicates the number of female staff in counts.

indicates the number of foreign staff in counts.

# ()
#* []
¥ ()
#[]

EB Fq 5“*& E?& w ER Number of Faculty Members
e

Research Division

E

Professors

HEHIR
Associate
Professors

#OEM
Senior Assistant
Professors

B %

Assistant
Professors

B F

Research Associate

it

Total

B - EmRPRRFTERRT

Division of Organic-and Bio-materials Research

SRR R ZTARFT

Division of Inorganic Material Research

7Ot AV AT LT EMAEBR

Division of Process and System Engineering

FHRIWZE AR

Division of Measurements

21

15

16

0 0| N O
al W N O
W| O] O

11 1 28

IR EBBRRIBER L AAFIRM 1 1

Collaborative Research Division of Non-ferrous Metallurgy and Environmental Science

2RER/OELAMA L 2—

Center for Mineral Processing and Metallurgy

Fimst AR L 2—

Center for Advanced Microscopy and Spectroscopy

BRF N Ty RitRMELE 2—

Polymer « Hybrid Materials Research Center

FREERMERRFMR 2 —

Center for Exploration of New Inorganic Materials

a5t
Total

31

11

15 23

O W]
A NN O

12

0| OO N

47 30 72 1 158

%ﬂi?& (2018 10 AIRFE) Number of Students (as of October, 2018)

Rt L R i
TFHRR T34 53 (9)[5]1 | 122 (20) [12] 42 (6) [16]
iiiaﬂ%ﬂ—iﬁ% 11 (2) [7] 42 (15) [7] 28 (4) [15]
BTN 16 (7) [O] 4 (2 [2]
AR TIAN 39 (9) [3] 14 (2) [6]
At 64 (11) [12]| 219 (51) [22]| 88 (14) [39] *| )it B8 wmber of fomaie

students included in counts.
[ JTAISEA. %
[ 1 indicates the number of international
students included in counts.

371 (76) [73]
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uR Annual Revenue and Expense

BA A

201745 E BAMER 20175 E RHEHMAR

Revenue for FY 2017 Expenditure in FY 2017

2%
%

16% 32%
o 45
1% 60%
14% 8%

E‘I’ Total

IE:'I' Total

15%
3,.980&m%H 3,98085H
[millions of yen] [millions of yen]

L’E?&ﬁfﬁ*ﬁiﬁ General Grants for Salaries and Wages

LE?&{T}% Operational Grants
ﬂim%ﬁﬁﬂﬂﬁ Grants -in-Aids for Scientific Research Eﬁﬁﬁ{?j‘ﬁ%ﬁ:ﬁ General Grants for Supplies and Equipments
%@fﬂlﬁﬁﬂﬁ% Other Competitive Funds ﬂgﬂﬁﬁ*{#ﬁ External Funds for Salaries and Wages
&Eﬂiﬂ%% Funds for Commissioned Reserach ﬂgﬁgﬁm{*ﬁ External Funds for Supplies and Equipments
%Iﬁ]ﬁﬂ%% Funds for Joint Reserach
§"M‘1§ Donations
Itﬂngﬁﬁmﬁiﬂ(¥fiiﬁﬁH) External Research Funds ( millions of yen )
2016 EE 2017EE
FY 2016 FY 2017
ﬂfjﬁ-fﬂ%ﬁ Grants -in-Aids for Scientific Research 635 563
HEMF  Joint Reserach 230 272
SEERAE  Commissioned Reserach 71 O 711
E% Buildings (as of April 1, 2019)
EBWMAIEETR Total Floor Area 38,333m?
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2018.04.12 | Fq—T5—Z2J R E Al ERAL/CEEEDIRITTE D ARER BN ORFEICKT

R &R O RIS

“Super-resolution for asymmetric resolution
of FIB-SEM 3D imaging using Al with deep
learning”, Katsumi Hagita, Takeshi Higuchi &
Hiroshi Jinnai

Scientific Reportsvolume , 8, 5877(2018),
DOI:10.1038/s41598-018-24330-1

2018.05.07 | 1 ANV OEFELILZAREZRRE —mREaE EINT 55, LU RS BHIEATEL TORBICHE—

BE FR BN S
“Characterization and optimization of two-chain folding pathways of insulin via native chain assembly”, Kenta Arai, Toshiki Takei, Reina Shinozaki,

Masato Noguchi, Shouta Fujisawa, Hidekazu Katayama, Luis Moroder, Setsuko Ando, Masaki Okumura, Kenji Inaba, Hironobu Hojo & Michio Iwaoka.
Communications Chemistry , (2018) 1:26., DOI: 10.1038/s42004-018-0024-0

2018.06.11 | ;BB EMOIMEI DB RKICHKT) —=B&u TREAEISIET B —
WA &

“Colossal Negative Thermal Expansion in Electron-Doped PbVO3 Perovskites”, Hajime Yamamoto, Takashi Imai, Yuki Sakai, and Masaki Azuma
Angewandte Chemie International Edition, DOI:10.1002/anie.201804082 and 10.1002/ange.201804082

2018.06.21 | ARITLPMZEFLVEFNYMRBEABZHRE —2—/—N\1EVaBRICBE L BEET AT LA (CRiE—
| #E MR ZA

“Colloidal Zn(Te,Se)/ZnS core/shell quantum dots exhibiting narrow-band and
green photoluminescence”, Hiroshi Asano, Satoshi Tsukuda, Masao Kita, Shinji
Fujimoto, Takahisa Omata

ACS Omega, 2018, 3 (6), pp 6703-6709, DOI: 10.1021/acsomega.8b00612

(@) RBICHHKT S Zn(Te,Se)/ZnS AT TIVEBFR Uk,
(b) Zn(Te,Se)/ZnS DILFMRINZ T IML (FiR) EFFEZN
TRV (FAR) o FEHZARTMILDIEH B (FWHM =30 nm)
BEtnS REOREK (ER 535 nm) ICKRI,

2018.06.21 | VIR TUTZINDF ) Ay —ITOERAREZIRTTHE T HIEITKID

e - g i

“Development of a three-dimensional tomography holder for in situ tensile deformation for soft materials”, Takeshi Higuchi, Takashi Gondo, Hiroya
Miyazaki, Akemi Kumagai, Keizo Akutagawa, and Hiroshi Jinnai
Microscopy, 2018 June 11, DOI:10.1093/jmicro/dfy027

2018.07.31 | F4 oy o4/ —ROEEEAICHKT) — O HLBFI L 1—4—BRMBEERE—
HE B

“Observation of a Dirac nodal line in AIB2”, D. Takane, S. Souma, K. Nakayama, T. Nakamura, H. Oinuma, K. Hori, K. Horiba, H. Kumigashira, N.
Kimura, T. Takahashi, and T. Sato,
Physical Review B, 98, 041105(R) (2018), DOI: 10.1103/PhysRevB.98.041105

2018.08.03 | 7S AVHAEDEREZER EIRF—LDPXBEHREFL—Y—RHFICKD T X ENEEZRRRA

A #/®F BE

“Following the birth of a nanoplasma produced by an ultrabrief hard-x-ray laser in xenon clusters”, Yoshiaki Kumagai, Hironobu Fukuzawa, Koji
Motomura, Denys lablonskyi, Kiyonobu Nagaya, Shin-ichi Wada, Yuta Ito, Tsukasa Takanashi, Yuta Sakakibara, Daehyun You, Toshiyuki Nishiyama,
Kazuki Asa, Yuhiro Sato, Takayuki Umemoto, Kango Kariyazono, Edwin Kukk, Kuno Kooser, Christophe Nicolas, Catalin Miron, Theodor Asavei, Liviu
Neagu, Markus Schoffler, Gregor Kastirke, Xiao-jing Liu, Shigeki Owada, Tetsuo Katayama, Tadashi Togashi, Kensuke Tono, Makina Yabashi, Nikolay
V.Golubeyv, Kirill Gokhberg, Lorenz S. Cederbaum, Alexander |. Kuleff, and Kiyoshi Ueda

Physical Review X8, 031034(2018), DOI: 10.1103/PhysRevX.8.031034
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2018.08.09 | gkEEMEIPFEADMRER LICRIRT S
RIBRDDHREZSELLEICHE EZ B EITHTH
FH ES TLH B

TR EHBARXIRRAAAE (SXES) DR _E=—XI5A 70, Hirek SKES DB fEE RS

BRE, AIROMTBE LB LITBO B LKL EL L, B THIBARI DLW/

DB ASLHBESABWEEL TSN TV BAIROAE, BEH OBRELBROEEDHH

BT M ROEHE(ET SRR ART 3P BEshET. (KARRETFRERITTREREN, KXol B2, AABTHRH)

2018.10.15 | Fe-Ga B#ERDIRM DRI AN EERLE T 2 L
—EhERETHREEET /N ADKIFIAAMERNPER , &FH D loT RALI MR~
wN BT8RN X

FAUIINAX—(C2)EICEWRERIHVERATFER1 0 FOE A Fe-Ga Bl R A4 2 NDELEIC RN EL

EBIT, ZOBERE, TILF TV —Y—EAWERT ZINTICEN), ABIZXNCIRIRICR TS § 25l aRE I L & U7z,

LW RRDEZBMFEDES 21— 2T LIZHEART /2T D& TRE TER LBV ET , AFAlT

DRELICEY), MERBEBEOERLY HESNET, (RRRE SRAZ. XS EEB RN

BH  FRNER2MFER25tF. RPER4AIFER10tFDFe-GaBfE& 1T vb

20181022 | RFHMEICLDHRMBEDOER BERRONBEMREED XD Z X LRERAICHIRF

£ R BE B

“Catalysis tunable Heusler alloys in selective hydrogenation of alkyne -A new potential for old materials-" , Takayuki Kojima, Satoshi Kameoka,
Shinpei Fujii, Shigenori Ueda, and An-Pang Tsai
Science Advances, Vol.4, no.10, eaat6063, DOI: 10.1126/sciadv.aat6063

2018.10.23 | PN 77 AEDFOERIEEMHRPHELRESEOTHFILIZ YN —b T PE% TEI FIEIEINIC L —

=H B8
“Terminal Functionalization with a Triptycene Motif That Dramatically Changes the Structural and Physical Properties of an Amorphous Polymer”,

Fumitaka Ishiwari, Gen Okabe, Hibiki Ogiwara, Takashi Kajitani, Masatoshi Tokita, Masaki Takata, and Takanori Fukushima
Journal of the American Chemical Society, DOI: 10.1021/jacs.8009242

2018.11.02 | SUMA —Z—DEZEE I HEEEX#RCT ICHTH

ES A

“Millisecond-order X-ray phase tomography with a fringe-scanning method”, Wataru Yashiro,
Chika Kamezawa, Daiji Noda, Kentaro Kajiwara
Applied Physics Express, 11, 122501(2018), DOI:10.7567/APEX.11.122501

X. RKEOCTBERIER, (a) Fourier TH#ENIER (FFAERE8.90 ms)[1].
(b) FBEEREDFHER (FFerFRE4.43 ms),

20181112 | NA A RABFZEHET HRFSERMUSMORRE S UEMAINMEEDRERILEMANDISA

EH 19

“One-Step Conversion to a Disubstituted Cyclopentenone from 2-Deoxy-D-Glucose and Application to Synthesis of Prostaglandin E1 Methyl Ester”,
Takaaki Kamishima, Toshiyuki Nonaka, Toshihiro Watanabe, Yoshitaka Koseki, Hitoshi Kasai*
Bulletin of the Chemical Society of Japan, 2018, Vol.91, No.12, DOI:10.1246/bcsj.20180241

2018.11.28 | ENH{LEZDIEON DA —HERSELVSEICFY EENSBRICUELRTERR—

FIE L/BEX #&WmE #X

“Identification of the physiological substrates of PDIp, a pancreas-specific
protein—disulfide family member”, Takushi Fujimoto, Orie Nakamura, Michiko
Saito, Akio Tsuru, Masaki Matsumoto, Kenji Kohno, Kenji Inaba, Hiroshi Kadokura
Journal of Biological Chemistry, 293, 48, 18421-18433, DOI: 10.1074/jbc.
RA118.003694

1. PDI 773)—B3R(ICL 2 Bk 2 1NV E DB HRICDIEE
) EBHRIEDE LT, PDI77I)—BRED WS NN TERYFEDI RV TANEETOEN 2R
ISR ERR S %, CDZEEFIALTPDIp AR 22 N BB, SBBIICREL:,
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20181214 | 22NV EDIEER R ZBIT 5 ERKIDBIFEICHKIH
— A2 AV RTUR R ERBHERCARBR R N EOEREEANDICAICEAT—
Bt IEM M ot TRIE X
“Coupling effects of thiol and urea-type groups for promotion of oxidative protein folding”, S. Okada, M. Matsusaki, K. Arai, Y. Hidaka, K. Inaba, M.

Okumura, T. Muraoka
Chemical Communications, DOI:10.1039/C8CC08657E

2019.01.21 | FRICHRBICOHBRFICHDEEINLEOIMEEZRR 5 FaCEaAORRICH I BHNR—

=H 2
“Chiral crystal-like droplets displaying unidirectional rotational sliding”, Takashi Kajitani, Kyuri Motokawa, Atsuko Kosaka, Yoshiaki Shoji, Rie Haruki,

Daisuke Hashizume, Takaaki Hikima, Masaki Takata, Koji Yazawa, Ken Morishima, Mitsuhiro Shibayama, Takanori Fukushima
Nature Materials, DOI: 10.1038/s41563-018-0270-7

2019.01.30 | ARFEREFDHEMME LICT S —28ARARFOSHRIBIEAH =X LERH—

Mg —fE/HR EBEXR

“Carrier localization structure combined with current micropaths in AIGaN quantum wells grown on an AIN template with macrosteps”, K. Kojima, Y.
Nagasawa, A. Hirano, M. Ippommatsu, Y. Honda, H. Amano, I. Akasaki, and S. F. Chichibu
Applied Physics Letters, DOI:10.1063/1.5063735

2019.02.07 | H—KR2F/F1—TICEBEMADF v /N REEH —KR 2 ZFHFE

BR BN AR FENSRE B

“4.4 V supercapacitors based on super-stable mesoporous carbon sheet made of edge-free graphene walls”,
Keita Nomura, Hirotomo Nishihara, Naoya Kobayashi, Toshihiro Asada, and Takashi Kyotani
Energy & Environmental Science, DOI:10.1039/C8EE03184C

Developed GMS sheet and its supercapacitor connected to two LEDs.

2019.02.13 | MIRAOEROHLVEIREVREIARASHIC
WAL+ NOVE2 B ERPAAZEBHLV S/ R A EREROLAHERR
B OBRR EATEE BR

“Zinc regulates ERp44-dependent protein quality control in the early secretory pathway”, Satoshi Watanabe, Yuta Amagai, Sara Sannino, Tiziana
Tempio, Tiziana Anelli, Manami Harayama, Shoji Masui, llaria Sorrentino, Momo Yamada, Roberto Sitia*, and Kenji Inaba*
Nature communications, DOI: 10.1038/s41467-019-08429-1

2019.02.21 | MAROZHIDEROMBHFZHR —715v 7 T VHTFICRSAE A BEVO2BT 1 VT~
#5E R

“Observation of Chiral Fermions with a Large Topological Charge and Associated Fermi-arc Surface States in CoSi”, D. Takane, Z. Wang, S. Souma, K.
Nakayama, T. Nakamura, H. Oinuma, Y. Nakata, H. lwasawa, C. Cacho, T. Kim, K. Horiba, H. Kumigashira, T. Takahashi, Y. Ando, and T. Sato
Physical Review Letters, DOI: 10.1103/PhysRevLett.122.076402

2019.02.28 | MEHRDET I BZHET BT EICHKTN —mptranmRoRRn—

WA &=
“Melting of dxy Orbital Ordering Accompanied by Suppression of Giant Tetragonal Distortion and Insulator-to-Metal Transition in Cr-Substituted
PbVO03“, Takahiro Ogata, Yuki Sakai, Hajime Yamamoto, Satyanarayan Patel, Peter Keil, Jurij Koruza, Shogo Kawaguchi, Zhao Pan, Takumi

Nishikubo, Jurgen Rédel, and Masaki Azuma
Chemistry of Materials, DOI:10.1021/acs.chemmater.8b04680

2019.03.07 | #H7=RVF I LA A NEEMBZHHE —2B46E00BE I3 F—BEE—KICME—

Arunkumar Dorai ~%&H &R A fili—

“A complex hydride lithium superionic conductor for high —energy —density all —solid — state lithium metal batteries”, Sangryun Kim, Hiroyuki Oguchi,
Naoki Toyama, Toyoto Sato, Shigeyuki Takagi, Toshiya Otomo, Dorai Arunkumar, Naoaki Kuwata, Junichi Kawamura, and Shin-ichi Orimo
Nature Communications, DOI: 10.1038/s41467-019-09061-9
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%ﬁﬁ&ﬁmﬁ * REFRIBERMFEIR Agreement on the University Lavel
Hhig & B EE
IERKZF /RILHEAMTAZE Az X —  Center for Nanoscale Science and Technology. Peking University 1998
JELIRKZEE Peking University 1999*
RIS R S R 2000
Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences
FEFREMBFEIZETIEZPR College of Material Science and Engineering, Huagiao University 2001
== ]| EREE KT Chongaing University 2001*
o BN KRS F TFEZEBRE  College of Materials Engineering, Zhengzhou University 2003
EIAEE Lanzhou University 2007*
JERBHZAKE: University of Science and Technology Beiiing 2007*
JERIZEKEE Beijing University of Technology 2010*
ﬁﬁ*f?"— Southwest University 2017*
7T
Asia L BB T EH MR R Industrial Technology Research Institute, Southern Region Campus 2009
fawan E BALRHE K TIEEBT College of Engineering National Taipei University of Technology 2018
2IEKEERR Chonbuk National University 1991*
BEAERZAHR Kyungpook National University 2002*
BRTASAL \1 7 U NDE IR 2008
s2E Institute of Hybrid Materials for Information and Biotechnology, Hannam University
K ek R E AT R O TR > 4 — 2003
Advanced Materials & Process Research Center for IT, Sungkyunkwan University
U7V KERR Seoul National University 2003*
ESL A AR Kongju National University 2007*
a4 FIIAKEIEZER Faculty of Science, Chiang Mai University 2008*
Thalland FaZH>O—>KE chulalongkorn University 2011*
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V=27 | sz e . - .
Roman L—H— TS X 5t IR EILMIZERR National Institute for Lasers, Plasma and Radiation Physics 2006
FILESEILIAE: Ecole des Mines d'Albi-Carmaux 1999*
9522 RIVR—KZE University of Bordeaux 2005*
France TREHHEHEER /LA L Synchrotron SOLEIL 2013
FURNKEMBIRRZERT Institute of Materials Jean Rouxel,University of Nantes 2014
NA)—  Z2aDYREMRBIZETEMER 2014
Hungary Faculty of Materials Science and Engineering,University of Miskolc
NIV EBRAEMIESEFR} Department of Physics Free University of Berlin 1997
RILN AN IHRIKEE Technische Universitat Dortmund 1999*
{ IFTU—RUy S S—AF BRI 1999
o Institute fur Festkorperphsik, Freidrich-Schiller-Universitat Jena
J—0Ov/\ KAy
ECRE Germany LSRR IAZERT Institute for Crystal Growth 2006
VI AT T NIEMZEFT Max-Planck Institute for Nyclear Physics 2009
A=A —IIRIKE Karlsruhe Institute of Technology 2011*
INATILNIVIKEE Ruprecht-Karls-University Heidelberg 2012*
5 FHKE University of Granada 2012
xg:a’ig/ TIRY—=R-F IR/ KZIESER Chemistry Department of the Universidad Autonoma de Madrid 2013
T A T KEMBIRRZEFT Materials Institute of Universidad de Alicante 2014
N TR T HEHERRZEFT Elettra Sincrotrone Trieste.S.C.o.A 2007
1507
faly FRIKEE University of Naples Federicoll 2012*
(RUZ BRI — AN 1996
United Kingdom  Science and Technology facilities Councile, Daresbury Laboratory
LR — . _
Middle 77z ) k 77 T —MRIERFLRT Kuwait Institute for Scientific Research 2013
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7= — 2RSS o
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74— —)L—KZ University of Waterloo 2006*
Jek A0 E7XKEER] Department of Chemistry,Columbia University 1995
North A i ~ o s s on PN
orth America . /t?*iﬂl?%ﬁi‘ﬁ!ﬂ?'iﬁiﬁliﬂ 1998
7AUH Department of Earth and Environmental Engineering,Fu Foundation School of Engineerigand Applied Science,Columbia University
USA lgkiﬁﬁliﬁ} Department of Metallurgical Engineering,University of Utah 1998
T F 1ty THASBT THREF ROV IO A5 LR o015
Research Laboratory of Electronics and Microsystems Technology Laboratories (MTL) Massachusetts Institute of Technology (MIT)
O 7RIZT7H T I—BEURYIEZZIAZLET Institute of Solid State Physics, Russian Academy of Sciences 1993
NAAY TRIKZRFIZIBRATIET Nuclear Physics Institute, Tomsk Polytechnic University 1997
OS> 7RIZTHTI—LXTT7YIBRAZEFT P. N. Lebedev Physics Institute, Russian Academy of Sciences 2000
a7 N of — p -
Rujsé EI‘/Tﬂ?TjJT:—@iigBQﬁ%’]@jﬂtXﬂ?{Fﬁ 2005
NIS Institute of Automation and Control Processes, Far Eastern Branch of the RussianAcademy of Sciences
O3 PR T I HIRRIE SRR E RSB ASL 2 2013
Vernadsky Institute of Geochemistry and Analytical Chemistry, Russian Academy of Sciences, Chemistry Department, Lomonosov Moscow State University
FRAYTEILKEIZZER The Faculty of Physics of The Lomonosov Moscow State University 2013
= 7954 FEIL T KT National Technical University of Ukraine 2004*
77514F
Ukraine MRIR SRR EILRAZZFT institute for Problems of Materials Science, National Academy of Science of Ukraine 2006
d
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SKEPNEEBRMRME B LUEAFIVT-TIAT7 o IEEIL
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B3 REe2R U TEDBVWEEDTEIHESERANKRXKEEST
BENHBINTUVET,

BRAZER
ISIR [A# & 1570
AN -BiEEYEEDOELS DIITIVY
A/ N— 3 VEIH —
. - LA TR AETH
BALFIVYI - TIATVA IMRAME RIES
ILYMOZHR K- 71 R TIATAA
BRIEIXNF—PE-TNNAR-7O0ER
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RATCHH HIACER EFRERRNEIR D%
IMCE CLS R
HRZE)—RNITIHE
MNP EORIR
OJDOHIEICDNT
2018E3H. ME-F/\ 1 ZRPEIHERMEIS, 41 FIv 7 TIAT AT, ZNZhOOT&HIELEL = BT /N1 X
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5ENDN—Yh5EB—BEDHIHM TREL TWET, > TIVERIFEREEE (NJRC, Five-Star) #6545/ 32— (A7—. &
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JST (HEE4TREERE) O ERATO (MEBMEEMAHESR) (CKD
RUAXZSTMERIZEMAREPKREL /-6RFRIEERRE
[EFE—LMBAX—D2 51T ] MEREFHEOMHE

Promotion of Quantum Beam Phase Imaging Research & Development among 6 research institutes with the leadership of
IMRAM based on the ERATO (Exploratory Research for Advanced Technology) program sponsored by JST (Japan Science and
Technology Agency)

[1] Multi-Dimension, Multi-Scale, Multi-Modality % 3% i 5

BEETFE-LAMEIX—2 9700 RGAA A=V T TSy b T7+—LA
INTIE, FRR27F2B 5T 32FE3RF
TOHBE T, &I RF—HF (XHR) X+
MF EBFLHEENDEFE-LDFEELTD
MEEZMAL T EFE-LIYMHEER
TRRICECBMAEDE(L (RL1BEHR) %
FERT A MBI A—T2 7 | Hifi DR
Mo REFAZEIELEY, B X2 T )
BASMAINTINEEIZERY, I8
BEOTEEETRIZERL. ChICEB=R
TR tRIEHAIREE T 2 EARM TT. &
NE T S 12 XIRMAB A A= 2T DFA
ERZIC, PHEFIRCEFIRE A AIET
A=TLTADOFEATRRERY, SEELEL
EFE-LOMBIEHREMBMAICERT
BBELAA—TLTTTINTH— LOIEEE
EDHET,

[2] #MFEBAHD Scope

ARERRETIE, STEE BRRESBFICH I RERODEIRBEN LM AEEZE AL, (B XA—2 T DRIREEERARRICE &
HE 007 7O—FEEKRKLET, MABRHO#EELEHFEROMEPFTRAEZFORREEL. LHEZEMCEEMEL. T/T
R, EBIHERICHAIN SR RICEBIETDRILF I —IL T, ChETRE TELD > BE DR — SR REF A HIELET,
SHUIZEN, Bi-Re-ERICEA LY
SVWRAHSICERLES.
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[3] EFMEZSTORMAMEBITOMIERREAFH

RILXEZTMEREMRR
XIRER WA A= 2 T DI A, EICENIFES

SURMBFEICLDEREARREOY TP R—DA A= L 7T O

RSB AL ESET, £, SHORENRAIEN 545705z

INEREITVET,

N XEIRA X— S 55—
JASRI (GEEXHEMEE 5—) KBIFEEE DS LB A DR

2 7OMAC S OEEE B D UARA AT THRAMTICERY)
A BHDIDEERESCHI AL T FEDREREEDET

KIT (Karlsruhe Institute of Technology, #E) N IYRERBRREGIARA X—22T
ER£RMAREL T LIGATOERICEN), RTOTTIMNCE -S4
BEIRXIEERFOMRHAREEDET, - BFRRYIINL-T

LIGA 7Ot Al & BT 55t H%
J-PARC (BFRF 7R R#1E)

S TR X— S (TR &, BRI E DM E RS 1B T —

WORBEIRLERIRLE T, T rRTES A5 ORE
EARIF IR E £ IR KR
L— (RSB E T BEME® FZP A E DS BN ET BF RIS X =22 T TN =T
BB LY, BFRER AR AU TR OB RELEDET WA A b
RERZEL AT LIRHR ARV —7
STRE-RHMZEDBHICH I IRARDERBENRLM L OB B I A N
U AR A=) ORIREME B ARRICE [T DT TO-F%
ERLET

(4] £RIMEFFRESIMHFHE

4 I
Z B A IR RS o
N J

AR A BB EL BBDEFE— LT O—TRIMEEENIERL T FMPST/NAZ-REFLNILETORLVER A7 —ILT
D=REEHREFIRILERRL. FMEX (VTN TUT IV EEMBL etc). TNAXER(TRIVX—FT/N\AX BF 7T /MR etc). E
BEEXZCEM CEISEAA—I L TRMNEEELET,
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I Bk - EaBIFHREM

Division of Organic- and Bio-materials Research

LateED Fasib® / kR &£
Synthesis of Organic Functional Molecules

SaptEEERIHWIE(LF / FIE 2

Functional Photochemistry and Chemical Biology
BRI LR/ #BER L

Nano Physical Chemistry

ERDFIBIE / TRE HR

Biomolecular Structure

tHietkEEDFLE / KE &

Cell Functional Molecular Chemistry

£V FHEEESTRY

Nano Biophysics

EmPFHAFT=ZOX / Bis B

Biological and Molecular Dynamics

VD bR BEEER I 2T

Soft Materials

I R RERZEERFT

Division of Inorganic Material Research

STEMBRNT /KRS @8
Computational Materials Thermodynamics

WEDERIRIEIERETR / BiE £

Synchrotron Radiation Microscopy and Informatics

REETFIN / hE =2
Quantum Spin Physics

FIRT—IHERTINAR / bk &
Nanoscale Magnetism and Devices
ATV RFISRAFTL /ELEE
Hybrid Nano System

EfRREE /)l EF
Solid Surface Physics

J\— RitR / BERE FE B
Hard Materials
I TOERS A7 LTS HEN

Division of Process and System Engineering

BERRS/IF / WR #X GEY)

Supercritical Fluid and Hybrid Nano Technologies

SERIZE Tk B

Laser Applied Material Science
BURAAZOR - T)I\AR / WE &

Solid State lonic Devices
RIBBaEFEMIOER / #%E #
Environmental-Conscious Material Processing
MESBETOEX / %H &

Materials Separation Processing
TOCRSRFL / BEHE K £F
Process System % AIMR

I sHAIERZEERFT

Division of Measurements

BFDFENF / LH &E

Electron and Molecular Dynamics

ETEFRE / BiF EE

Quantum Electron Science
ETE—-LAFHE / B4% =
Quantum Beam Measurements
BSERIY S RN Rz

Structural Physics and Crystal Physics
FJ - IAOOHUEE / NIR &5
Nano/Micro Chemical Measurements
BEOTFIIREE / A JEE

Polymer Physics and Chemistry

KEVETOTLX / &% -

Surface Physics and Processing

EFATILIMOZIR /B ER
Quantum Optoelectronics
PRl ZEXRIR R #&14T

Measurements

S ERFRIEH FAFEP (HLEZTE6F)
Collaborative Research Division of Non-ferrous Metallurgy and
Environmental Science

SBRERIOCAMRE>H—

Center for Mineral Processing and Metallurgy

SaEAREEE /Rl B2
High-temperature Physical Chemistry of Materials
Bl Otys>0 /4 5t

Base Materials Processing

HEEEMAT OTX /i #Eth

Powder Processing for Functional Materials

IRLF—BRIOCR /e B

Energy Resources and Processing

IRIVF—F/IAREE /AR &
Chemistry of Energy Conversion Devices
EBERMEIRS AT L/ %H AR
Metallurgy and Recycling System for Metal
Resources Circulation
I\ T Uy RFIMFIOLR / iR F8)
Hybrid Nano-particle
REFZEMBIHTOCR /MR FA
Atomic Site Control in Inorganic Materials
BIBESREMTOLR / BE ¥ GRY)
Environmental-Conscious Material Processing (C)
MRDBTOER / %H EE G)
Materials Separation Processing (C)

XK RRTEHIEE

SimstAFAREE > 5 —

Center for Advanced Microscopy and Spectroscopy

ma S BERIRt / SH S
Synchrotron Radiation Soft X-ray Microscopy
BT - HHEA,/ FA ED

Electron -Crystallography and -Spectroscopy
BHRTSETA / FA ES (GR)

Electron Interference Measurement
EBETO—TatRlkg / KB Bsh

Advanced Scanning Probe Microscopy

BAF - )\AJVY REBARE>5—

Polymer - Hybrid Materials Research Center

BRF/I\ATUy RFIME / ZVE Hth
Polymer Hybrid Nanomaterials

B\ TV R ERME R 5=
Organic and Hybridized Nanocrystals
I T Uy RREF MR/ RE &
Hybrid Carbon Nanomaterials

I\ATUw RARBIE /7)1 817

Hybrid Material Fabrication

FEREMRUES /Il B

Photo-Functional Material Chemistry

B )\ AT MK SR 13

Organic- and Bio- Nanomaterials

SRR B RRMR > 5 —

Center for Exploration of New Inorganic Materials

EREAMRIER /IR A8

Inorganic Crystal Structural Materials Chemistry

EEMEERET B B LR Ag (GRH)

Metallurgical Design for Material Functions

RIBEHAMRMEE BR 3

Environmental Inorganic Materials Chemistry

FEHMRNAIRTOER /188 BA

Design of Advanced Inorganic Materials
K% 2019858258 K0
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BH-Ean PP ARZTERT

DIVISION OF ORGANIC- AND BIO-MATERIALS RESEARCH

—RF AR, MR A= F  WEERRTZBREL /£ SSEE R, RO ICENS D BRESRILFEFirZ/E U EERRIEPR
VI TUN) = AT LEEREICIRVATVEY , SOICEMBRREMBRIZZRELENAFIXT VI AMRBIRARLE . EmikaefRRs
YMEAREERIICHEU DRI EICKY. #RZ)—NT MK -T /N ARIEELBIEL TVET,

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

# & Professor

KR 5 A f@#E2 #5R L&

Fumi NAGATSUGI Takehiko WADA Hiroshi KUMIGASHIRA
BEFRROEAHHERIEULHERORRE MEBAERILE EH(EPEEALLESREDTRIBIHIEE RS AEHAICE DB LM /S DIERER
Development of the strategy for the control of gene ﬂ&}?—*ﬁﬁ'&ﬁm;’é@ﬁﬂﬁﬁ Design of novel f_unctionalities in oxide nanostructures based on
expression Chemical Biology and Functional Photochemistry synchrotron analysis
HRE BRR KE & B B
Keniji INABA Shin MIZUKAMI Satoshi TAKAHASHI
BRAOS N EREEE AT LOSFEE HEREME S F AT L SRR RED PIR L LA — B FEABRICEZZNNEDTH— VT 12T EHEBEDR
Molecular basis of the protein quality control systems in cells Imaging and regulation of cellular functions with functional molecule BR
design Dynamics of proteins based on single molecule
fluorescence detection
gﬁag Visiting Professor
py/ M <
Jian-Ren Shen
AEZIE  Associate Professor
RIFE MK AR RE e &k wH #Hs
Kazumitsu ONIZUKA Yasuyuki ARAKI Hiroshi KADOKURA Toshitaka MATSUI
RNA ZZHICL-#REF R BMEREEDRSE LB/ RAAIC B HEERRETERL 2B S
Y=V DEIFE CERRED FEOBER FBEINTEDYRIVT (K SINTEDAH R L ERER
1ERHADIEA fEEM RS

Development of novel chemical tools targeting RNA

# A

Kiyoto KAMAGATA
SEUINTEDIEE S 1S3
T ZDEHFEHRIEA DML

D pment of singl lecule for
protein dynamics

% FBf Senior Assistant Professor

B X

Hirofumi KUROKAWA
TINNEA—ICLBHRS
FRBHARE DR

Novel Molecular Recognition Mechanism by

Chemical Sensors

B # Assistant Professor

WA &7

Takatoshi MATSUMOTO
In silico (C&BB KR =nEIR
BB HSREME R SR DR EBAR

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

KR X

Yuta AMAGAI

NREEEN LIS N E
EEIRHIBDOREER

Molecular mechanisms of protein quality control
systems via vesicle trafficking

23 FiLKRZ ZTMERZWAMR

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

= AT

Kohei YOSHIMATSU

SREREMEROERE
BFMERR

Synthesis of high-quality oxide thin-films and
s oston of ic propert

frs  Fhe

Hidenori OKAMURA
ERERIVEL 25 FRBFA%
BICEDCGRMEHEAT
PFORR

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

NFIE BT

Toshiyuki KOWADA

RS FER VAR
HERED IR LA

Visualization and manipulation of biological
functions using functional small molecules

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

s B

Masaki NISHIJIMA

HICEBF T T — DRI E
HEEFBY FEIIRIEE

Structure-function relationships and novel reactions
of metalloproteins

EE OB
Satoshi WATANABE

SR ERMEELNTE
REEEEOEEENF

Supr; r photochir is using chiral Structural biology of metal ion homeostasis and
biomolecular media protein quality control

NI & #wA CF

Hiroyuki OIKAWA Satoko SUZUKI

—HFEADPHECESES SAKURA 7O zoh

DFOBRLAFIY ZDEHF

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



BT PR ZTERPT

DIVISION OF INORGANIC MATERIAL RESEARCH

SEHMBRZTARFNE. SEMB BN EME DT KSR IER

PR 5. ALV ETYRMERF. 7/ AT IR T/ A AR D E.

INMTVIRF I AT LR DT BFRREDEMRRL T CTEBERSN TOET, FMRDIF TIE. ERRYE - MHOSHEECPRERIE. 7N
A 1. HRERIBIBOMRAEFICR T 2R ETOTLVET .

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

# ¥ Professor
A |

B =%

g =

Hiroshi OHTANI
TR TEEVMHMMEDE FRETEEMBREADICA

Development of new materials based on calculation of thermodynamic
properties using electronic theory

Yukio TAKAHASHI

B EEHA SR RLIEORE IS L M EREERTIREA
DEF

Function visualization of materials through coalition between advanced
1 radiation and i {

Taku J SATO
T EEERV BRI Z1F IV T

Neutron scattering research on the spin dynamics in condensed matters

ittt & B &S )l EF

Osamu KITAKAMI Kiyoshi KANIE Tadashi ABUKAWA

F /OISR BEEAT)T M ZANDRR HEREM B S /R TF O X FREHIERAE R ENITUVR REBERRT S F IV ZEHAICE D HERERE DRI
Study on nanomagnets and their application to high density memory MEREADRER Research of new functional surfaces by analyzing structure and

devices

Size- and Shape-Controlled Synthesis of Functional Inorganic
Nanoparticles and Application to Develop Self-Organized Hybrid

dynamics

Materials
BEHIG Visiting Professor
FEE B
Satoshi Ito
HEHIFE  Associate Professor
A 5hE (G
Kozo SHINODA Satoshi OKAMOTO
KEEHSDREBFILS HAL OB EZ OB
BREDIHO S ERE BRI
MHFRRS

Development of porous adsorbing materials to
remove toxic elements from water

Study on magnetization dynamics and its
controllability

By #¢ Assistant Professor

/R B o Ei@ RS Bl K#
Masanori ENOKI Yuheng LIU Nozomu ISHIGURO Daisuke OKUYAMA
ETHRREERAL AN EBRFEZAVLASRE SR ET IS & D AR PEFREEAVCREY
iES BRI ¥ BH% HEMHOIEFIRERT R L R BRI DR
Development of new materials based on Experimental research for phase diagrams of alloys Chemical state vi of functional Study on exotic magnetic materials with anomalous
ccomputational science by 1 radiation properties by neutron i
WK N it feEA
Kazuhiro NAWA Nobuaki KIKUCHI
PETFBELE A VHI LB MRS/ HE DB LRS-
SRR PRS2 OR% BALE1FI0Z
Exploring new ic orders and gneti: of nanostructured
using neutron scattering technique magnets
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JOAT AT LTITEHAEEBFT

DIVISION OF PROCESS AND SYSTEM ENGINEERING

TOEAI AT LTEHMFERAIE. BERTS /T2 AHWERZ. BERAAZJA-TNA AR
=R T 2 THY . ERIAREER/MICEREL TVET . WOFMIE T /LANIDSTIOLNIVETEZEZHTY D, ERELDFERITH
B2, | TS O ATSZEETTY,

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 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.

BEEFMT7OEA MRS TOEADEFE

# & Professor

(3% e B— WE &
Tadafumi ADSCHIRI Shunichi SATO Koji AMEZAWA
BEERKERWMETHT OB LVF/TVIRDERE 7‘&ﬂ+r‘:‘—?@ﬁﬂ—7—0};ﬂAﬁﬂ% B 4= AU IR T2V ¥ —ZH TN X
ez inary research of and material science 0)555%
Chemical reaction processes in supercritical water of enviror friendly g ion devices
based on solid state ionics
®2E ¥ kE &
Hiroshi NOGAMI Hiroyuki SHIBATA
RICEY AR\ D CEMBOFTM 7O 2 DRSE BB LU EBOERIFE
Development of Novel Material Production Processes High temperature properties of oxides and metals
R EHIF Visiting Professor
Keiko SASAKI
HEZFE  Associate Professor
GE =9 NE th Bk HF
Takaaki TOMAI ‘Yuichi KOZAWA Sohei SUKENAGA
FIRIRINE—T A RCET L= =S DME-RK- A8 T1REREEMESLUS
BHHRTOERCET SR DOEEHIEFEORRELICH SADMEILFHMEE LW
i
Materials processing for advanced energy devices Development of methods to control the spatial distribution Relation between micr:fstruclure and physico-chemical
of intensity, polarization, and phase of laser beams and its properties for silicate melts and glasses
application
B #{ Assistant Professor
£ th&E thid =) A BX AR RF
Yuuki UESUGI Takashi NAKAMURA ‘Yuta KIMURA Nobuhiro MARUOKA
B RELHIIRES 2T L IRIF—T N ZEMHO SIBICEBTRIK BT ER7OtREEBETDE
DRFEEZDICA HREREM SO/ T} T N1 AR OME #ERIBES X T LODBAZE
Ll
Development of self-resonating optical cavity system and of the of energy Tuning the properties of the materials for the energy Development of sustainable system based on the high
its applications conversion devices storage/conversion devices with an external field temperature process
BH KE NfE ¥ B #%7h HE HBF
Shungo NATSUI Sakiko KAWANISHI Ayano TANABE Mayuko HAYASHIDA
A HEBELcERS REALTARE vy TR SAKURA 70¥xoh SAKURA7EY 7k
BRONZEFK YL H—IMRDEREE

Exploration of Dynamics in High-Temperature Dispersion
System by Combining Observation and Calculation

Solution growth of silicon carbide
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AT AR ZTERFT

DIVISION OF MEASUREMENTS

MRGEREMHRREHSL T, BEF. FEF. L—Y— Y(/0OK. BAXREDRLBGHFPERKRZR VT, HLOEHR- BT AR
ZHHELET. T, WERRO AN ALBAZEH T BERERDRTF D FAILFE. REFE. 7/ REPEE. BEYERIELRE QMR
DHTeBRAZRVET .

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.

# ¥ Professor
R &

w8 IEEZ

BE =

Kiyoshi UEDA

SRR EIRBDFHREEBEL LB F A FLI1FIVAME
CRTFHIE

Investigating and controlling electron and molecular dynamics with novel
light sources

A B

Masahiko TAKAHASHI
BFEREAVHNBLUEBND FHZ

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

KR EFH

Atsushi MOMOSE
XERALABA A= > T FEDFR

Development of X-ray phase imaging

A AR

Hiroyuki KIMURA
ST B X AR OB R IS S AR BE MM E OIS SRR

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

R -

Akihide HIBARA
F/RAVORBERVS I T REWNEBD A LFE

Analytical device utilizing idics, and sp opy for
nano-microchemistry

MR BJE

Yuji TAKAKUWA
BEFREEHBIZDYT7 IV 21 LREEHAIOBR RIS

Development of real-time surface measurements for dynamics on the

Shigefusa CHICHIBU
TARN K vy THEHR BT/ IBERIR R REE A EER
AYMAZAE—

Hiroshi JINNAI
BFRNET T 71BNV TN T T IV OIEEABEREAT

Analysis of nano-structures in soft materials by electron tomography

solid surfaces

gﬁﬂ;ﬁ Visiting Professor

R &I

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

sspectroscopy

ﬁﬁﬂﬁ Specially Appointed Professor

hE

Toshiyuki AZUMA

X  Associate Professor
e 7

Noboru WATANABE

EFHEARERNSF
REFEEDIRTE

Investigation of electronic motions in

Asao NAKANO

M

KE #E

Wataru YASHIRO

XiR- P F O RIAREHR % 7
FAUIHARETRAIFEDRSE

using electron scattering spectroscopya

Ne —f&

Kazunobu KOJIMA

BN B EREMILY B
FRT N ZORIH

Creation of novel optical devices establishing both
high output power and high efficiency
% BN Senior Assistant Professor

M =E

Katsumasa IKEMATSU

LIGA7 Ot 2% B =X
EBIE T ORIFE XIREIAEA
*—=ILIDEEAL

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

Bhi #{ Assistant Professor

B HEE

Misaki OKUNISHI

BRFBHCOBT HFY
1F3992

Electron and molecular dynamics in intense laser

fields
WX &

Hajime YAMAMOTO

FREB S RBILMRRE
EFE-LERVEEYE
L3iE

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

DI

Kohei SHIMA
TARNURE vy 7B E
BAVWEBHERBFT /MR
DFA%

Development of high-efficiency optoelectronic
devices using wide bandgap semiconductors

Di s} 1t of new methods using phases of
X-rays and neutrons

AAE BABR

Hironori MARUBAYASHI
4 - BEL ik & B F AR D
AENFA L ERES
DFMHOBEEEELS 1
R i
Analysis of Hierarchical Structure and Dynamics of
Crystalline Polymeric Materials by Complementary

Usage of Diffraction/Scattering and Electron
Microscopy Techniques

BE BE

Hironobu FUKUZAWA
BHEFL - -5 E
RAWERF R F7725—
e
Atomic, molecular, and cluster sciences using free-
electron laser and synchrotron radiation

Bl 'R

Mao FUKUYAMA

TA7AX—RILH A X DFRE
R ALHMESTILFE
EDBAZ

Interface chemistry in micrometer scale for the
miniaturization of analytical systems

BH BR

Tomohiro MIYATA
ERUEFEMBEELAN
ER FMEORT 5 REE
R

Atomic-scale analysis of polymeric materials using
transmission electron microscopy

Yasunori OHBA
ZEFEBEPRICLBNIR
ZI L INTIBEEHEREDIE
[Eal5iE

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

ﬁﬁ:ﬁﬁﬁ Specially Appointed Senior
Assistant Professor

BR B

Koh HASHIMOTO

XA A= AR
b

X-ray imaging, Phase contrast

8] ER

Yanlin WU
AR RO RBREXRRE
FAWEHILWXIRA A= T

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

NI E—

Shuichi OGAWA
F/ ZFME D CVD R RiE
EBTFRAERFMEEDRS

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

PR K

Taizo NAKASU
TARN X vy THEFE
BuiEgFRILIbA=UX
FIN ZDHRE

Study of quantum-optical electronics device

devices using wide bandgap
semiconductors
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., Specially Appointed
ﬁﬁlﬁag A§§§§a¥e F"’r%(f’:;sor

B FM

Hidekazu TAKANO

XIFAA=T LT EDORRER
VIS

Development and application of X-ray imaging

Bfi 3 Research Associate

b T
Kiyoshi KIKUCHI
PRIy REICED
TARF po T EEEOKF
#5H

Optical characterization of wide bandgap

semiconductors using cathodoluminescence
technique

wE MR
Terutoshi SAKAKURA

HiE@XREMECHTD

Technical study of single-crystal X-ray diffraction

EUh FUvs

Derrick Michael MOTT

Optical laser based trapping and
analysis of aerosol droplet surface
tension for atmosphere and
weather studies.



EBER7OCAMTR L Z—

CENTER FOR MINERAL PROCESSING AND METALLURG

ERERTOCLAMA LI 2—F. EEROBH-BEHT/ORAZRBELHEL T BEEPERLTOEA,

AR T OEABREIKTL T HEEBEZT A DR OEN- BROREZHBAIE

MIME 70X ERER AET7OEX.

L. HiLLERER7OEADKRRKEEBRLET .

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.

#5( ; Professor
‘|l fdz

Jtr Ft

hniR - it

Hiroyuki FUKUYAMA
BB RIGHE AR B ORIREHMIEEHRIA ORISR

High-temperature processes and measurements of materials

we B

Shin-ya KITAMURA
YRFFTNAZTI—CAHIL R T O XDEE

Innovation of Steelmaking Process based on the Sustainable Metallurgy

B8

Junya KANO
HEEEMEMAETOEADAIRE S I1L—2as &3 T Ot
Z2DO&#E

Development of New Functional Powder Processing and Optimum
Design of Powder Processing by Numerical Simulation

SEE 1RER

Akira KIRISHIMA
IR A7V DINY I TR EZELPNORMEE L 7 A4
VIR DRLEE

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

i Fa

Itaru HONMA
TRIVE—ZT A X R ES BRI TE

Advanced Chemical Engineering for Energy Conversion Devices &
Materials

MR EA

Atsushi MURAMATSU
EEEME RSB /T AR EY A X R RIS EHIE

Highly functional nanoparticle synthesis with precisely controlled size

Takahisa OMATA
1H X BEFIAL TRV —E bR ORI

Development of inorganic energy conversion materials using ion-

Etsuro SHIBATA
FESHBFHREREB LS BERBERS AT LDEE

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

and shape exchange
;ﬁ#ﬁ Associate Professor
AE #H HEHE
Makoto OHTSUKA Shigeru UEDA
SR EEMH O SHEE EiRME(LF
AEEHIT N1 ZDRASE

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

KE Fts2

Masashi MIZUKAMI

RES - HIRTVAEEER
BERHICLBF/FRE-FALR
BHRAEDHRE

Surface forces and resonance shear measurement
study on nano-interface and nano-confined liquids

By #{ Assistant Professor

RiE E¥H

Masayoshi ADACHI

Ga-Al 77y Z& B
RE(ETIVIZTLDRIER
&

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

AER &

Kizuku KUSHIMOTO
SEX RV IR F D
EBHHSUBIREH DI
L=
Simulation for analyzing dynamic and breakage
behaviors of particles in wet ball milling

Fatr vV Ky

TRUONG Quang Duc
High energy-density advanced

electrodes for next generation
rechargeable batteries

A —

Ui

Issei SUZUKI
HUVER M B DIRRE
MIEDRZER

Exploration of new oxide semiconductors and
analysis of their physical properties
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High temperature physical chemistry

P22

Akira WATANABE
EBBIVEBRBROTR
TOvIICEBN - BFMES
SU7OtER

Optical and electrical materials and processing
based on elemental blocks of metals and
semiconductors

[E] 8

Xu GAO
SRHFOMEICLIEEHE
W2 OFIREHA

Expansion of the utilization of metal-refining slag
with the perspective of disciplines

Ml K#

Daisuke AKIYAMA

BEE—RFHRERFL
(CEWELTIRR T TUDILIE-
53D T

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

He ¥

Motohiro KASUYA
RENKBEREICU/HRET
fliEDRFEEPALAD RIED
@A OFIA
Development of the novel methods based on

surface forces apparatus for the characterization of
the confined liquid.

SABIRA ATV

Sven STAUSS
EREEMTI7OBBOM
REZDICA

Development and application of biocompatible
microbatteries

% FBf  Senior Assistant Professor

Sk #FF

Sachiko MAKI
SRR YRR & B/ R
TV DRSS EEERR D 2
TR

Multimodal visualization of nano-scale structure/
property ensemble by advanced synchrotron
radiation measurement

18

Chuan-ming DU
BUAX T 15 DBRZHIC
£2NADSEEEENY

BE F

Atsushi IIZUKA

SEA- REMEFIAL &%
FKER MBI ORSE

Development of high-efficiency water purification
materials

AR BEE

Shingo ISHIHARA

p L—2atilsd
BROEF LT Ot
25%at

Separation and recovery of P from ing slag
by selective leaching

/R BLRA

Hiroaki KOBAYASHI

ZBEFLRY I ZRISEFIAL
ZREBERS /HFD
AR

Developments of Nano-Sized Cathode Materials
using Multi-Electron Redox Reactions

BT IniA

Mizuho YABUSHITA
EFREROBEIEAEEEL
T E BRI A OB

Development of Heterogeneous Catalysts Enabling
Efficient Utilization of Carbon Resources

and Simulation of Particle Breakage and
Design of Powder Processing

=i ME

Kazuyuki IWASE

F/BEDHIEEN I FRE
BRI F ORREZ DI

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

B #EE

Satoshi TSUKUDA
ENTF-2BT/HTFNT
UyRF /T4 Y— DR EH

Formation and control of polymer-metal NPs hybrid
nanowires

NSA T y<—Ib ®F BE BH k*E
Arunkumar DORAI Fusae KANEKO Tomomi MASUI

NMR % F 7= B AR E D HLEL SAKURAZAY 7k SAKURAZA¥ 7k
BE

Diffusion measurement of electrolytes using NMR



Joimat AlFFE T X—

CENTER FOR ADVANCED MICROSCOPY AND SPECTROSCOPY

Fimat AR 2—3 BFEOREZBAL TOMATIIARL, JFEOREFFEZITL). RXPBPE IR F—ETFIR. SOHICPRIVETFRE
ZEAL TREROHARMARETOEFRC. BRLERMEHENETETDIEEBIREL TVWET, COBBEDOREFRREERT 57D
REX—D—Dfth. BDTHWEMNZEEDOAMERTDRXMELDEREZIFBEIED TVETY,

This center aims for original developments of measurement methods and instruments, and return those to societies. At present, four groups of Electron Interference
Measurement, Electron Crystallography & Spectroscopy, Advanced Scanning Probe Microscopy and Synchrotron Radiation Soft X-ray Microscopy are in action, under

collaborations with Technical Service Section and companies.

# & Professor
=HE B

FH IS

KH

5L

Masaki TAKATA

A LIMEDOEFEEL N TOARIEBERZ OB
%

Masami TERAUCHI

Development of Materials Structural Visualization Science via

Synchrotron Radiation

HEZFZ  Associate Professor
15 i

Takeo EJIMA

HXHABRATEREDRFEEZ
DEMMBERICH

Development of Soft X-ray C & orrelation
Spectromicroscopy applying to Bio-cells

% PBf Senior Assistant Professor

R EXER

Zentaro AKASE

SEIREBE FEMIREIC &
BEAMB O BHISFFME
SHARARORFE

D ion electron
microscopy for electromagnel\c analyses of
practical materialsa

Bfi #{ Assistant Professor

NEH B

Tadashi HATANO

HXIRZ EEIERIT— DO
£

Development of soft X-ray multilayer imaging
mirrors

fEiE BE

EFEMBFLAABE BT IR

Electron crystallography and spectroscopy by electron microscope

Yohei SATO

BFF/7O-TERVEF/
v FUT D FBEEART

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

= 8

Tsuyoshi TAKAOKA

EFREICEIDHFOE
BB DR

Exploration of mechanism of molecular motion on
solid surfaces

&I KE

Daisuke MORIKAWA
EFENERV GRS
WERMFEORREETD
ISH

Crystal and magnetic structure analysis using
electron diffraction

Tadahiro KOMEDA

BHE #z

‘Yasuyuki SAINOO

BEHAIEIC LB ETEE
BILEDVWLRBHIED
FA%E

Development of vibrational spectroscopy based on
real space imaging by combined measurements
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B—HFOAECBHEERAWET /N AR

Development of Devices using Single Molecule Spin Degree of Freedom

AN IR
ENYR TFINTA>

Syed Mohammad Fakruddin
SHAHED

2HALEVT TRV R
FEBRFETICEB(LFIE
ZHANTIFET D F Y —DRREEF N
TR R TR FET 15T
Development of MoS2-based FET sensor for the
detection of molecular species



SR F /N 7y REAEE X —

POLYMER-HYBRID MATERIALS RESEARCH CENTER

LR E—E. B FNATIVYRRBEEDIL/AAZIARE . TAh=JAREF. TRILF—2F. BHRIF. KOF/70/00—

PTICHT DRSS T/ TUYRRMBEIROFREERMAEZTOIEZBEL TREL. FHHBDH 6K
LFMRDTFOHE. EFHEE. KEREDHE. BLROEFMAEDOBERICB AL THIET,

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

DETHRIN.

# & Professor

=Va Ht B TR X

Masaya MITSUISHI
ERFNATVIRFIMBDORNLT v T F I/ THA>

Bottom-up Nanodesign of Hybrid Polymer Nanoassemblies

BT

Hidetoshi OIKAWA
BENATVIRF /EERBORIBRET AN =T MBI DER

Creation of novel organic hybridized nanocrystals toward photonic
device materials

Bl B

Takashi KYOTANI
’FRF /N TV R OB EEESIEIEZDIGHA

Precise structural control of hybrid carbon nanomaterials and their
applications

FH OB

Tomoyuki AKUTAGAWA
SEREMERTIHLV D TEEHORIR

Fabrication of new n with multi-functional properties

Masaru NAKAGAWA

F/ALT) U FEACHER L RT BRI LSRR S/iE
T EMIEORE

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

Hitoshi KASAI
RERF/ERIORIE

Creation of new generation nano-drugs

HEZIE  Associate Professor
AR FA

Hirotomo NISHIHARA
RS 2R ORIRE
oA

Development of functional nanospace materials
and their applications

Bh # Assistant Professor

WK &N

Shunsuke YAMAMOTO
EBRFF/I—NERAVENR
BT HEEMHORS

Development of optoelectronics materials based on
polymer nano-sheets

A i

Masanori YAMAMOTO
Bt EMENC LB
BEREHEBEORSE

Development of new refrigeration using elastic
nanostructured carbon materials

KB &%

Takashi TAKEDA
EFEMEERTANHERD
FOEREBEERR

Syntheses of electronic active m conjugated
molecules and investigation their function.

FH BE

Toshihiko ARITA

HFHEFEGEICLOMEE
L7417 -DENEEHFM
HoBR
Functional fillers by Polymerization with Particles
(PwP) for improvement of polymers
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i BR

Takahiro NAKAMURA
EHOL—Y-TOyI T
FikE AR
HORIRK

Creation of functional materials by innovative laser
processing

Kk BE

Huie ZHU
BAEMES FEERER
WETLRL T ILYMAZY
2

Ferroelectric Polymer Nanofilms for Flexible
Electronics Applications

B %

Atsushi GABE
~NLyMEEhi=F/Hh—K
MHDKRRUIAS G

Hydrogen and methane storage on pelletized
nanocarbon materials

R Bth

Shunya ITO
REFFRZIESNERS/
ALTVAIITFTTAEBF
&R

Nanofabrication by UV nanoimprint lithography
based on surface molecular science

NEFF fERE

Tsunenobu ONODERA

B-EN T T /ERE
EBETDH-BFHHDOR
3

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

BN EX

Keita NOMURA
REELBO=RTHANE
EORIRK

Creation of three-dimensional ordered composites
consisting of carbon and metals

N RE

Yoshitaka KOSEKI
EH|F /R F ORIBEFRE
9T TIN) =S 2T LD

Creation of nano drugs toward novel drug delivery
system

A Eef BR A
Ryuju SUZUKI Tomoyo OKUMURA
EMEBRBEERDF /L SAKURA 7B 7h
FAic&BEHERE L

Functionalization of Natural Pigments from
Organisms by Formation of Nanoparticles

Fil &’A

Yasuto HOSHIKAWA

BSRS/EEMBERIAE
BEMET /N ZDFAR

Development of functional devices by using carbon

nanocomposite
2¥ #A

Norihisa HOSHINO

ENEREEERLLSH#
REMERRIERDRSE

Development of multi-functional metal complexes

AF T4 IV 7>

Anh Thi Ngoc DAO

Designing and Modification of
Heterogeneous Nanoparticles
for Biosensing Applications.
Degradation and Stability of Highly
Functional Protein Materials



ISR ERRMA 2 —

CENTER FOR EXPLORATION OF NEW INORGANIC MATERIALS

MR ERYERRMER L 2. RICPPRYICEEES LV ST RBEENE ORRIR VORISR ZBEL . ERERERMP. VIME
FRIMNFEERELREEEEDRRER O FIRBREITOEEDIC. TNOFKREMEZRVVEERISRAEEDHIEZARIEL T20124FIC
RELEU, B EIIVIARE CEREDHDAMNFK DT TSN, ERS COFMEEEREMERAMADREZEIELEHORMALET .

Center for Exploration of New Inorganic Materials (CENIM) was founded in 2012 for the purpose of discovering and creating new multidisciplinary inorganic materials.
The center is organized by 4 laboratories with the activity which aimes at promotion of research for exploration of new inorganic materials in and outside the country.

# ¥ Professor
iR A

E <

B% it

Hisanori YAMANE An-Pang TSAI Shu YIN

RS TRERICEMOE M EIERIBERA, FFIETHE HAERBREIEEEET T 22 BMEORR T TORRICEBETIV T ADREISEHEAE AL

Synthesis, structure analysis and characterization of new multinary Exploration of new quasicrystal and metallic catalysts with new function Creation of i r ive functi ity of ics by green

inorganic compounds process

| BA

Masato KAKIHANA

THMETIVTRICH BN ERR SR

Exploration of new photoceramics and improvement of their performance

HEHUE  Associate Professor
WE Bk s BT BB IS
Takahiro YAMADA Rayko SIMURA Satoshi KAMEOKA Hideki KATO
HHREBRELEMORRE WEER TR EMBITRD HELR SLMEMOF AIRERERALIIRIL
HMEBEBITHADICA R FALE D EHE C AR R EtERm F-EHBENME DR
HORFE

Exploration of novel intermetallic compounds for
ial

X-ray crystal site analysis of elements for
thermoelectric materials ial

developing the functional materials

Research and development of novel metallic

Development of photocatalysts for energy
materials for catalysis

conversion aiming at artificial photosynthesis

B # Assistant Professor

BEE fiid aiE - HE W w’E &

Nobuhisa FUJITA Junichi TAKAHASHI Yusuke ASAKURA Hiromu KUMAGAI

A B O MR IREL(C HIR B DR B L TRAEE R R AR L1 A TRLE TR RISICEG
BT BB MEL LR D P HOWEEH R/ RBRIEERD
SBEREM RV O BA%

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

Research and characteristic evaluation of new

Precise synthesis of inorganic materials on the
functional materials i

Development of photocatalytic/
basis of liquid phase reactions i

photoelectrochemical systems for energy
conversion reactions
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ISk & B RERIRIERI E AZTERFT

Collaborative Research Division of Non-ferrous Metallurgy
and Environmental Science

Ik S BB HIRERI P IR
FRERMILXRHFEI =V

FRIRH-F—TU—F | EHREBRF WMHIML BN BEEERER

?IFI’EIIE.(I?)I?(I;EI\Z(%)ORD ‘ Non-ferrous Metallurgy.“Urban Mines” Thermodynamics.~Ultra High Purification

" HH B REAOBRIIERICE DT O EIDERIE/E
o R i S5 T X S B SRR DB 3¢

"Rk BARIC BT A RERMNBNF T —Z DRI
" £ EOBEMERRNCGBSMEMOME

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

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

® Preparation of ultrahigh purity materials and their intrinsic properties

fal Bz % e

Hiroyuki FUKUYAMA, Professor (C)

hiroyuki.fukuyama.b6@tohoku.ac.jp

N FT sug G

Atsushi MURAMATSU, Professor (C)

Ll EFE g @D

Hiroyuki SHIBATA, Professor (C)

T T smum

Masahito UCHIKOSHI, Associate
Professor

SRR EE LIS B R
ROBELHRRTE

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

SN EH zazus

Masaki IMAMURA, Visiting Professor

FIRRBREDRENFERDIHIC

HEEBOETHILERMORERIBD/HICIL, BGFED
RENREN LT, BEAEEER. BNERyZLLZE
WCMAGEEDHBEDLE L. ERMNHRSFOA LS, #LW
RRICESSNTWET, 7. IR, 88, 7IVIZT L BEEBRELE
DEEICEDIIEHEBRERENFHRIICRETS0H121.

1. SEARLESVCICEHIALASDEMEE DM T 0%k

b
2. TOIIvIa ALl By 3IRIEEFRIEN T ERT 14

BEMEMRIDBARE
3. RIEAILALSDEMEE DRI IME MO
BEDRBMRADP LB THY, ZD7=HD AMBROBR»E

FAo
AERMZEEFIE. EBERTOCIME L E2—ED

BELCHBNABRObE, BNFET —2OBRFZECRE

For Stable Development of
Non-ferrous metallurgical Industry

Stable development of the metallurgical industry is

desired for steady supply of metallic materials

which are the fundamentals of infrastructure for

society. The metallurgical industry is exposed to

severe situation. For sustainable development of

the non-ferrous metallurgical industry, the following

issues must be resolved.

1. Advancement of extraction technology,

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

3. Development of efficient extractive metallurgy from
unused ores,

Furthermore, cultivation of human resources involving

in this field is also important.

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

ICEBAME K. I EBBFEFE

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

NAGATSUGI Lab

S5 5 S T D S8

LMD T ARILEREA T
KRARE

FRIRH-F—TU—F | EEFRREGE WA TRE OR8] e RNA

PSR b

KR F m e

SPECIALIZED ‘ control of the gene expression “intelligent artificial nucleic acid” cross-linking X

FIELD-KEY WORD agents,/non-coding RNA Fumi NAGATSUGI, Professor

= HBA COMBIE T R ERIRL 1 RIBRICH LB OBIS fumi-nagatsugl agtonoku.acp

" RS RIS CEATAAIAFORE BIX M mmus

= RNAZ 2R L3R LSy — IV DR S Kazumitsu ONIZUKA, Associate Professor

" EREIRR LD FRBASB ICE DR ASEEA T ) F O3

m Development of the crosslinking molecules for control of gene expression in cells
m Development of the artificial molecules for binding to the higher-ordered structure of nucleic acid

BE =3F » =%

Takatoshi MATSUMOTO, Assistant Professor

:ng:ggmggigmz ?n?;ﬁ:giﬁw?rmg?elctz\ﬂ: I::ggeezg Ig Eﬁg:g:g:gg: based on the molecular recognition Iﬁl*il- %%E ﬁb # %%
Hidenori Okamura, Assistant Professor =]
-
°
2 it
z B
g
%
= B
. :
B FRROERHIEHZEE UL BEFRRERCFIORE
~ - ~ m Protein ]
FIANNAFOD— ona v * B
‘QJ & P %
B LT L. ERCEAELL TREINSEETF kD \j—y ) 2
FH2%DHTHY), T DI8% 144> /37 EHIA—KL AL, non- L‘J N .
codingRNA(NCRNA) EL T AHEEED 5 3RS 1B T BB )
BEELTVBZENBISHELSTETVET, TRODEIETFRE \
HEEAEIC B B A. BALRROREICEZIEND, F N
1A EL OB R > TVET, FbOMEE T, e
MR IR T R HAT SIS A REICHE SR, ROBEIBET S OREAT
BEDH T TRTERVH AL ISREE > A TH T ORISR IS [ RREARREREAT [ Frmemess 7
AT > TV E T, BB OB E Cl B A1 oM o Sy i=
BEEEL T, EEE TS LE S R A D RIS AR § ue e e “
95 N THESEBISEL. REMBREF RSB IIL TOET, A Ef
S50 BEFRB CEELMIER LT IEN R o TEIAE 1, A
BRBEICHEAT ) TOMBICORILTVET, BE, &5% R 45 "/"”°“°”"BJ
BEHEEA T A FORREREL TRRET>TOET, P

Development of Intelligent Molecules
for the Regulation of Gene Expression in Cells

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

WADA Lab

EatlEEREHME(CEMAIH
MEMAE

FRIRH-F—TU—F | EaERERER SERIBICEREES T SR A RE SRR R ER T

SPECIALIZED
FIELD-KEY WORD

biomolecular chemistry.oligonucleotide therapeutics,“external function controllable
material /CD measurement system with high sensitivity and high time resolution

= S ERRIBIS B N TR DB 5

" AR EREREE S FORSRE

" MR IRRIC B M A ar i RE R AR D AR

" ERERFERERICHET DB FAFTIRIG

| EEESMEABAZEININVAIEREBEDRR

®m Development of external stimuli responsible artificial nucleic acids

m Creation of intra-cellular environment change responsible functional molecules

m Creation of cancer cell specific oligonucleotide therapeutic molecules

® Supramolecular Asymmetric Photochirogenesis with biopolymers and bio-molecules as a nano-chiral reaction media

m Development of High Sensitive and High Time-Resolve Circular Dichroism (CD) Detection Method for Analysis of
Supramolecular Dynamic

MEA B2 x =

Takehiko WADA, Professor

takehiko.wada.d3@tohoku.ac.jp

WA RE s

Yasuyuki ARAKI, Associate Professor

2 B # @

Hirofumi KUROKAWA, Senior Assistant Professor

s B m %
Masaki NISHIJIMA, Assistant Professor
BAR CF o %

Satoko SUZUKI, Assistant Professor

EaREED I RAFEEDORFELEE — AR ORRZE 2 FEIREH

WIRRETld. DNAXRNALED#EE, 2L TR
INJBHEEEFESDFO, K1 TUS TN F
I A REBEMBINDISEZBIEL . SRIEAVERETH SR
HEREMME DB (L F N F AL ERL A E OIS
MEETH>TVET, HlZIE P AMIZEE OMIZE
WIEEL. EEMICERIERERBLAV AR
IR LB E R FORIZX, MI3AN TIEMN B R
EMEZIn situ TRIARHERIREETH R EIR RS 5>
IN7'E (GFP-Luciferase) DEFE. VR vFhELA
FIvUEERIEER LA R R LR Y BH 6
MINRIMVAITEEBORF. 5232 N E LR ER
ARERIDHZETIBH) FAFTKRICGEE, BR(ESE
PoMEBILSE. ZL TEREFEAP B ETRIAVIIRE

F/ I A5 FHEBED on-off Hll 4

EBRELTVWET,

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, a
chemistry of DNA/RNA and protein not only in vitro but
also in vivo expects to open new generational stage of
bioorganic chemistry and 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 deriv-
atives by external factors, toward the active
control of cellular functions. Another re-
search topics of Wada Lab. are reaction
control based on molecular recognition phe-

FINAFXRINIT I8~

nomena in both the ground and electronically excited
states; we are pursuing mechanistic and synthetic stud-
ies on asymmetric photo chirogenesis with supramolec-
ular biopolymers as chiral reaction medias.

MEM TBEL-SRE - SREBOETS
CDEIEEE
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Nano Physical Chemistry

KUMIGASHIRA Lab

7/ B E RS T
fHEEMR=E

FSH-F—T—~ | #EET/YE BIHILINOZIR RE REDE BHRETFHK "fﬁﬁﬁ m:!: %
SPECIALIZED Functional nanomaterials,~Oxide electronics,/Surface and interface physical properties,”Pho- “_ > o
FIELD-KEY WORD toemission spectroscopy Hiroshi KUMIGASHIRA, Professor

kumigashira@tohoku.ac.jp

™ j'/ ‘”’-0).“‘5§"‘§~ 114

B /BB AERE H40 » i AT @ @
" ERLEBEE I B BIEBEM I DR EFTIR T /N1 ADRFE =10
n ﬁﬁ'%ﬁ‘:ﬁ“’é%%'ZE\/'%;E@EJ?E'“Z Kohei Yoshimatsu, Senior Assistant Professor
"SR EFARKEDRF
m Control and design of novel functionalities of oxide nanostructures
m Exploration of multi-functionalities based on oxide nanostructures and application to novel devices
m Characterization of electronic, magnetic, and orbital structures at the surface and heterointerface using synchrotron-

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

B SIZE A BHY - gt

BT/ tEEa BIEICERE - G L. #LUOVEEEMIEZRIET D,

HOHVY3S3Y STVIHILVYIN-0IF ANV -OINVOHO 40 NOISIAIQ

Bt OPICE. SEBEEPHMELEDEINE
HEBEMM AR THDP HIET, WhIE[RF B ETT,
LIARE T CO[RFT R DIRDEVESIBE RS
EFRWTAIHRIEL. ZOMBICEDWTH LR T/
MEERRTIEICHEATOET, EFRICIE. BBL
MR FARIERFS—(MBE) &V OB L /1% R T
LANITHIBEIL AP S [ D<3 ] #ifie. MY ea A5
UREHAl(AE NN EF NI RIS KL E) e E
PETIREEE [ #B3 | FMEEDOLANILTRA TBICEN,
EREM OB FHEYMEEEET-HIEIL A0 SF LU EREM
F/MEDBIREHEL TOET, S5ICIE, B L+ /48
EERBEL T AEMBECRETBMELEEDATOE
EEET AR T AIET RERIL /M= XIZET /-
FHEBED AR EBIEL TV T,

Control and design of novel functionalities in
oxide nanostructures

Our goal is to control and design the novel functionalities Oxide NanoStructures
appearing in the nanostructure of transition metal oxides RUEED

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 inter-
esting groups of functional materials. The novel physical
properties arise from the interface region between two
different oxides. Thus, in order to control the novel func-
tionalities, it is desired to obtain the knowledge of the photoemission spectroscopy and dichroic X-ray absorp-
interfacial electronic, magnetic, and orbital structures. tion spectroscopy using synchrotron radiation, which
For this purpose, in our laboratory, we utilize state-of- enable us to probe these structures in the nm-scale re-
the-art spectroscopic technigues, such as angle-resolved gion.
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Biomolecular Structure

INABA Lab

LUHFFREREST
WEMAE

FRISH-F—T—F | XIREREERNT MRER RS SO NEREER LN IR S AN I LT fi‘éi% Eﬁ‘k _—
SPECIALIZED X-ray crystal structure analysis,/cellular homeostasis,protein quality control,/redoxcalci- - 4
FIELD-KEY WORD um ion Kenji INABA, Professor

kenji.inaba.al@tohoku.ac.jp
" S TR RE BRI BT RN T AT BB R T — o O, (EFT . 4IRS . ‘
= RIS B A R B S (R BIER 52 X K — 2 —DFS. (EFRREFE. A IBAOHEEE FIE & ssus

® Structure, mechanism, and physiological function of the protein disulfide bond formation/cleavage network involved Hiroshi KADOKURA, Associate Professor

) . i | SR A
in protein qualfty contro . _ B _ L ERR B ow #m

® Structure, mechanism, and physiological function of membrane transporters involved in the metal ion homeostasis
in cells Satoshi WATANABE, Assistant Professor

KB HX » %

Yuta AMAGAI, Assistant Professor

R EE EHFOLEAZHRL NIV EDFLNIVTREREADT

HREAICIE. ZDIEEMEMIET 270D EL
AP D> TWET, AARETIE. MEIPET 54
CINBREEEBI AT LEE BRI VIREIRE M
FEBOE IR AR E . BEEMFE £t
2707 F 37 X-MIEFRFIEEEREL. BREAT
BZERBIBLTVWET,, ISR, ENMARROD/\afk
ICBIBY AT DBIEETEN LRy T =T ED
WOILAF B EERET RN A R—2—(CE R
EHTMREERBELTOET, AMRREEEXTTS
ZEITKY), BN TETET EIRTA—ILRZ NV E
BHENBIZEBI T L DRED D FL NI TORKEE
BRIC DA BEHRFINET,

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 concentration are con-
trolled in living cells. In particular, we focus on
the protein disulfide bond formation network and
calcium ion transporters present in the endo-
plasmic reticulum. Structural and mechanistic
insights gained in this work will provide molec-
ular views about how neurodegenerative diseas-
es are caused by impairment of these cellular
quality control systems.
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Cell Functional Molecular Chemistry

MIZUKAMI Lab

WIS T RS T
KEMAE

FRSH-F—T—K | NFAA=I2T BRTO—T / KEEES 7 BEHETS 7J<J: ﬁ %
llel,EEgl-‘l\(LEl\z(%’ORD ‘ bioimaging.fluorescent probe.”photofunctional moleculeprotein engineering Shin MIZUKAMI, Professor

shin.mizukami@tohoku.ac.jp

uEYPEMEERIRAL T BB Y — DR

= RSP AR R BN S BOBAH DT/ TSR ORISR wH BWE e
uYERAWTE GRS FEEEIRET RO E Toshitaka MATSUI, Associate Professor
= AR — Y — BT P e R ORISR NIRRT » %
" BEREEBEDRRRRC F R EE M EAE DAY Toshiyuki KOWADA, Assistant Professor

m Development of fluorescent sensor imaging biological activity

® Development of protein-small molecule hybrid materials to investigate diseases and biology
m Development of technology to control biomolecular activity by light

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

® Elucidation of enzyme function and development of new functional proteins

B SIZE A BHY - gt

LRI EDVARRERE DRI R (L & HIl1E
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EHhBEZIRETINSNEEHEELBR TN ERTY, H  OREXERBEBOANEICENET,

MEZETIE FRILZ- 5T
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o SHAPTAREER X Rk - TR
SRL. S EERWERS
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MERRELEY, BAEMICIE B

FIEM MBS U IV EE S e - o
EOEMBEEERRMICRIT LR T ‘*‘
Sas 1 —Fee S - v .
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il
Development of functional molecules to image and regulate biomolecules in living samples
In a living body and cell, various biomolecules NAFA A= PRAOEIR
guch as proteln.s, nuple|c acids, and sugars func- E BB S O % f 1) 72 R R
tion by interacting with each other. To understand
their precise biological functions occurring within ;zmgﬁ
T/
a cell, it is important to investigate the activities AT/ GARNT BEEEEEO  w@ppMgo hxwE
) L WERMEASEEAT D IDTEE  wpqA—v s 1B BIEERRIT
or behaviors of these target molecules in living BFOAA—T> s A x—U2 s
systems, where all of these interactions with oth- HE RO T D SSE P AL R D B 5 i
er biomolecules are maintained. Using organic 2, R e ﬂ
chemistry, macromolecular chemistry, and protein S - mbm;%”‘”%ﬁwv
chemistry, we design and synthesize functional e T3 RIS DRR
molecules, apply them to image behaviors or ac- o S BROLE DR
tivities of target biomolecules, and then regulate wig RO
the functions of these targets by utilizing light. KA -y K TR-TERE
SR 2EEL N BOREEA
=
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Biological and Molecular Dynamics

TAKAHASHI SATOSHI Lab

ERDFEAFTIVARRDE
A\ =
ISR E
BPIRB-E—T—K | ZUNTEOTH—NFATETYAY TR N B 53D, — 5 FHAINE HiE B ox
SPECIALIZED Protein folding and design~Function of tumor suppressor p53,/Single molecule fluorescence = B_ *
FIELD-KEY WORD spectroscopy Satoshi TAKAHASHI, Professor

satoshi.takahashi.a6@tohoku.ac.jp
B DFEXDHEERN G INTEDTA—NT AT EAFITR

ZE N
= FEHIHI 5/ B p530) DNA FRSRHEHE DREEA iz BA s
" — NP —2—EANHLWZ IS B T YA R DRI Kiyoto KAMAGATA, Associate Professor
® Dynamics of protein folding based on single molecule fluorescence spectroscopy /J\#}Iliﬁz B #
® Sliding motion of a tumor suppressor p53 along DNA Hiroyuki OIKAWA, Assistant Professor

m Development of a new strategy of protein design based on single molecule sorting device

—DFRABRICKDEVINTEAD T+ —IVT 127 ERRBEDEER

2Ny B IS, 208D T I/ B — RIS DEY o 1emnF HEBLTWET, S50, — D FERERRICK)FESN =237
THY, EFEPICBVTIESELEEEERIBTIRBOBEEME D  BI4— T JEBEECRATIMREEEIC, FIR2 NV EET
FTTo 2NNV EPHEBEERIBT 1L, 7I/BOEIICENE Y1 T3FEORBICHRVUBATOET,
DONDHETEDEEIITIEFNS (Tr—ILT 1
LUTR)RENFHET, UL, 7I/EE
S EAEEDRERIGVELICIEEIN TV ER A,
LI, HBIAINTEDN, EOLITEENCEL
DIEBEERIBT DD BLIELISKRMEPETT,
AR EFTIE RBICFHERBL -—DFEHX
BIREERAWBIET, 2/ YBEDTA—IVT 1
LUBRBEEEERRL. 2 /N EBEDE
ERIBPOMPFEIELTVET, £/ EIH
2L INTETHB P53 DNA _L#T NI EE)
TBZET. 2=y EHI IR T BIE DR

|
Dynamics of protein folding and function based on single molecule fluorescence spectroscopy

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

pact three dimensional structures in the process called

protein folding. The folded structures of proteins are

determined by the primary sequence of amino acids.

However, it is still extremely difficult to understand the

relationships among the amino acid sequence, the folded

structure, and the function of proteins. In our laborato-

ry, we develop now single molecule fluorescence spec-

troscopy and observe the rapid process of protein fold-

ing directly. In addition, we observe the functional

dynamics, a sliding motion along DNA, of a tumor sup-

pressor p53. Furthermore, based on the knowledge of
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Computational Materials Thermodynamics

OHTANI Lab

SEMBRNZMASEF
AAWMAE

FMAH-F—T7—8 | HERERE—REHE MRERTBFHR 7 =
SPECIALIZED XA 137 % =
FIELD-KEY WORD

CALPHAD first-principles calculations,”materials design.~electronic theory Hiroshi OHTANI, Professor

hiroshi.otani.c4@tohoku.ac.jp

" EREREEFAUMBBET AR OMIL  »E&POTE—EEICRT 2 NFHIRE

" AL REAOHNLMEIETIME = BIEHT VTR LER IR R OB T SR BR BE v n
8 ELFALOLIAL - ACSBREROBROMAT  » BREHEAVLA SRERICET 5% Masanori ENOKI, Assistant Professor
5 CALPHAD &% FA\ V=R BERI DB 1SR ARAT jgjjﬁ i’,iﬁ B %

m Establishment of base for materials design through metastable states

® Thermodynamic analysis on heterogeneous structures in metals and alloys

® Study on thermodynamic properties of liquid alloys

m |nvestigation on theoretical phase diagrams using the genetic algorithm

® Theoretical study on phase transformations in alloys by the Monte Carlo simulations
® Experimental research for phase diagrams of alloys

® Thermodynamic assessment of phase diagrams using CALPHAD method

Yuheng LIU, Assistant Professor

B SIZE A BHY - gt

BEFamatBEICO EDHEFRIRERIDBE M HFHREANDISH
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Construction of theoretical phase diagrams and development of
new materials based on electronic theory

A remarkable development of electronic theory calcula- tribution to the materials science.

tion has made it possible to reproduce thermodynamic

properties of materials in simulations. In our division, we @ 08 —oT——
are conducting studies on theoretical phase diagrams of
materials based on computing free energies of solids,
physical properties of heterogeneous structures in crys- _ X
tals, and thermodynamic properties of liquid and glassy o:C ) AL @}
phases by coupling the first-principles calculations and oL “ZC\
the cluster variation methods, as well as the quantum - /D : : .
molecular dynamics. Furthermore, the obtained results Number of images
are clarified by means of experimental methods. These
studies are certainly expected to provide quite useful
tools for predicting new promising materials for struc- Transition behavior from BCT-Fe:C to n carbide suggested by the generalized
tures and functions, and hence make an enormous con-  °ldstate nudged elastic band method.
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Synchrotron Radiation Microscopy and Informatics

TAKAHASHI YUKIO Lab

BERASU B R NAES T
BREEEMAE

FMAH-F—TU—F | Qb—LUXERER AL AIRLETR BRI BIE Z=4 s
EEE%I-?(IEI\Z(EVEORD ‘ Coherent X-ray Optics/Synchrotron Radiation~Visualization Measurement,”Informatics Yukio TAKAHASHI, Professor

u X IR EEMEL 2R R DI~ LU MEHT A A= 2 T EDRH ytakahashi@tohoku.ac.jp

= 2127574 — X ARV HARIEIE E DO B FE AR BRI OIS — BRI N DR BH BhE ez
BRIFRIAZAXIFEAAT T4 EBBFT/IN\A RD= RS /&R 81 Kozo SHINODA, Associate Professor
ERM AN FEEERAUCRCERET VIV LORSE AE E o

B XIREHEFL—Y—&BRELS 2T ayh X IR A—T LT EDRFEIC A

® Development of next-generation coherent diffraction imaging methods using novel X-ray optics

®m Development of ptychographic-XAFS(X-ray Absorption Fine Structure) and application to structure - function
correlation analysis of functional materials

B Three-dimensional nanostructure visualization of electric devices by multi-slice X-ray ptychography

®m Development of novel phase retrieval algorithm using informatics

® Development and application of single-shot coherent X-ray imaging techniques using X-ray free electron laser

Nozomu ISHIGURO, Assistant Professor

BEIEETRIE S ERHRAZEDORME IC KM EHEEr] RN DR

EAMBDEZUL, F /D51 TOX—MNVETDRREREEIEE
ERYBEHERTY LA > i e e R T 58R, 7/-
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M AESRE T BA A= SRS 52 E TR
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£ EEOHBUBHHORRIMHE. SATEBEHHTS I
R BT REOE S —EEAIR T B A 5 .
ZIME T2 EHREEICLYDDHNET, ANARETIE, FHERIX (KBS — HEEARBAODRRER)

i : AA—T>Y - AR FORTE—
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EEMEL. SEFBRUERMEERTS2ET. RAMAOEEE
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Function visualization of materials through coalition between advanced
synchrotron radiation measurement and informatics

Many practical materials are heterogeneous complex eration synchrotron radiation microscopy /spectroscopy
systems with hierarchical structures from nanometer to methods using novel X-ray optics. Finally, we will create
micrometer scale. It is therefore important to understand the platform to visualize the function of practical mate-
correlation between the fine structures and the function rials using informatics.

at nano-meso scale to create new functional materials.
Synchrotron radiation microscopy/spectroscopy can
provide multimodal visualization of bulk materials. Espe-
cially, coherent X-ray diffraction imaging is a promising
method for visualizing the structures inside bulk materi-

\
als at the nanoscale, which provides the huge amount Mechmice / /Softwal‘e

Coherent X-ray Diffraction

N Detector
Imaging Apparatus

Optics

of structural and chemical data in real 3D space. Recent
machine learning and data-mining techniques can help
the discovery and comprehension of new materials and
phenomena. Our mission is the development of next-gen-

@SPring-8 BL29XUL
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Quantum Spin Physics

SATO TAKU J Lab

2LV BRTIERES T
(e AR E

FRISH-F—T—F | PUHTFIFREEE PHTFHRSHEL BEFALC R EEEFHECERY

SPECIALIZED ‘ neutron inelastic scattering/neutron magnetic scattering,”quantum magnets

FIELD-KEY WORD itinerant electron magnetism and superconductivity

u T IR ALEL A AR DRSE

u T EUIEE M ALEL 2 T MV A DR 5
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® Development of neutron inelastic spectroscopy

BB = oao=

Taku J SATO, Professor

taku@tohoku.ac.jp

Bl KX# »

Daisuke OKUYAMA, Assistant Professor

Bk ME » %

Kazuhiro NAWA, Assistant Professor

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

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

PR RELE AUV EFAE VR FBEERDAE Y 81 I 7 AME

BaDTIV—TTIIZAEL D EBN A EZEEB TE ST I
MEEEAVEREEToTVET, BEEICRRINILIEE
RHEEFRRIERROARMR T, ZORIEFRICITS
1FIyIEEHEOEZEBRAr RO LA H1IEHMETIEM
MRTELIC K BIE SN /-85 R Bz E{F Ba(Fel-xCox)2As2 IZH
113 oM X
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HHE) O Co
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MTY, EBER
BEMEARTHD
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ERIEREDOE
e EIILE

X1

FORMMERICARN LD T, KN —T AL (x=0.06) TH
R Bz EHE (T=6K<Tc) TdmB\ FERMIMEIESE D RONET,
BIEP HIFIENBRIN—T (x=0.24) FHH TIE REBEIEIESE
BHENHEALET, COBRIBEHEACAZSE BICIEBF
BEEDEEERKRLTVET,

Neutron inelastic scattering study on spin dynamics in quantum magnets and

novel superconductors

Neutron inelastic scattering is a powerful tool for ob-
serving spin dynamics in solids. Enhanced quantum
fluctuation often dominates low-temperature properties
of spin systems, giving rise to novel nonmagnetic ground
states. A tool that can observe spin dynam-
ics is indispensable to elucidate mechanism
realizing such a nonmagnetic state. Fig.1
shows spin excitation spectra in the quan-
tum kagome antiferromagnet Rb2Cu3SnF12.
Strong quantum fluctuations, enhanced by
the geometrical frustration, prohibit spins to
order even at the base temperature, and
instead a nonmasgnetic singlet ground state
is formed. Such a singlet state cannot be

detected by static magnetic tools. Using neutron inelas-
tic scattering, we measure dynamics of excited triplets
from the singlet ground state, with which we uniquely
determine the ground-state singlet configuration.

HOHVYIS3H VIHILVIN JINVOHONI 40 NOISIAId
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Nanoscale Magnetism and Devices

KITAKAMI Lab

T A — VR TN AFREA S
L EMAR=E

FRIRE-F—T—F | FUHME YA TR BRAE)— A EA(FIIR | © %
=
EIFI,EE%I-AK%EI\ZI%)ORD ‘ nanomagnet,size effect, magnetic memory “spin dynamics Osamu KITAKAMI, Professor

osamu.kitakami.c7@tohoku.ac.jp

" /YA IR FORERBREE

= BB R LR AT R BA B o

n ' O—JIEMEEC LB F /I Tl Satoshi OKAMOTO, Associate Professor
= B R F ORI RESF1FITZ it {HEE m %

" EAMSEA MM ORET- AR Nobuaki KIKUCHI, Assistant Professor

= FRBETE AT —RIRORE B

m Size effect on crystal phase of nanomagnets

m Development of highly sensitive magnetic detection method

® Nanostructuring technique using scanning probe microscope

® Physical properties & spin dynamics of single nanomagnet

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

BE—7/ BEAOYEORRAE TR X T —T/\ 1 ANDRFH

BE T ZTEIUHET DRAAT, TER. SHE. EIXN, 1.0
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Physical properties and spin dynamics of nanomagnets and
their application to magnetic memory devices

Rapid progress toward information society has aroused

much attention to magnetic memory devices because of 10— .

their nonvolatility, high data density, low cost, high-speed 300K iim
accessibility. With reducing their constituent size down oog —— 10K

to 10 nm, various effects, such as surface and quantum - FW

size effects and thermal agitation of spins, appear and E 0.00

hamper further advance in device performance. It is in- ﬁ "“hl*...-ﬂ
dispensable to elucidate various physical properties of sl N

nanosized magnets. Under this circumstance, our inten- | ‘T:'T"“‘-‘ . .
sive effort is focused on (1) size effect on crystal phase RTINS H(ﬂoe} W
of magnets, (2) highly sensitive magnetic detection tech-

nique, (3) magnetic behavior of single nanomagnets, (4) (a) L1, FePt (001)Haf& iy o I8 5 & Hal 1 i) i 7 1
new SPM lithography, and (5) new media and technology A A, (b){LEE T=10,300 KIZET H(a)DFePt K~ k DfgL
for ultrahigh density recording. iR
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Hybrid Nano System

KANIE Lab

N TYYRF IS AT LRRA S
BIMAE

FRSH-F—T—K | BREWN\TVYRFTIHT N TIYRBRER TV TYRILINAZIRB /A2 0 §:I :ﬁi % 1B
ATUVEREMH =L B
. . . . o . Kiyoshi KANIE, Professor
SPECIALIZED Organic-Inorganic Hybrid Nanoparticles”Hybrid Liquid Crystals,”Nano-Inks for Printed

FIELD-KEY WORD Electronics./Phospholipids-based Artificial Materials

nHHERNT VIR F I RFOTHAER
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® Design and Synthesis of Organic-Inorganic Hybrid Nanoparticles

kanie@tohoku.ac.jp

® Development of Liquid Phase Precise Synthesis of Inorganic Nanoparticles Controlled in Size and Shape
m Development of Nano-inks based on Precise Synthesis of Inorganic Nanoparticles for Printed Electronics
® Design and Synthesis of Stimuli-responsive Artificial 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

B\ N F(hi=D
ZITAEBRARICED <HEgeMA R

HEREMEATRHI, R BDENLEEFERABBD T DNHEFS
TYo T HOLREEEMEMB ORI REELVENED
DEFTBLETETHOAYITY . FhibId, RERDFHE- - /N1
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BRLTVWET, R THEMOMBORME“/N\(TUVRE"$
32Li3. RFTOBAEZEREDLEICEEST, FHREEBA/EE
BEENRR. ThhE. HOLLHEREMEMBIDORER ICRIVET,
ORI, ThETIC, i) BT /HFAOECHEBMEOR
BICLBEFHROGIE. i) 2B THREEMEEERELSF /1
>, iil) ELERARIBICEEEE T REE =S FRMH &,
“INATVYRAETICE DR B E T TR L TEEL 7
EPLERRD Iz, ChrdbBHo LRI DR R ICE)
HAET,

Functional Materials based on Multidisciplinary
Precise Synthesis Across Organic,
Inorganic, and Bio

Functional materials have large potentials for our sus-
tainable 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 frame-
works of organic, inorganic, and biochemical syntheses.
Especially, “hybridization” of unique features of materials
is not only become a simple technigue 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 func-
tional materials such as i) quantum effect-tunable
nanoparticles by the control of the nanoparticle-based

- =

(~100 a) ITO Nanecink

FTIAYDODRE

self-organized structures, ii) nanoinks to obtain function-
al thin films by coating methods for printed electronics,
and iii) stimuli-responsive artificial phospholipids forming
lamella and giant vesicle structures.

HOHVYIS3H VIHILVIN JINVOHONI 40 NOISIAId
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Solid Surface Physics

ABUKAWA Lab

BEGRENEREST
WNRAE
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SPECIALIZED ‘ £ t ¢ surf d . lect diff tion,| § lysi
FIELD-KEY WORD surface structure ~surface dynamics~electron diffraction~nano surface analysis Tadashi ABUKAWA, Professor

abukawa@tohoku.ac.jp
" ELWRESEETEDR T
» REEESLAFIVIDHRR
" 2R TR FEMEDRREMIERR
n A0/ F/EEDRE
m Development of novel techniques for surface structure analysis
® Study of surface structure dynamics

® Growth and characterization of 2D atomic layer materials
m Surface analysis of micro/nano-structures

[RFLANITOEKKREEFEDIERE EHEEEDRIRK

AIRE D EF Tl iR~ GHEBEE - /- R\ RE DRI EBIEL T,
RE-FEEREFLNIVCEBFTIMEEToTVET,

ZhETIC. REIDETFEFEIRITHINCRIRIET D701, IkED
FRREEELSEELE. 71 NIV RS EREF AT EERRELE
U7z BERED 7ML NIV RESREFEHTATIE 3 KT
HAEREIESEMCDELREDT 2% HbTHE10 2 THE
TEBBIAEFETE, £ RISHAF IV A0SR 4153
JRERRET B, AN =7 HASBEF AT EEVOIREEFD Dynamics
EREBEHRABHLVFEERIRLEL L, FTF/BHSHIVR 2
EVOIRIAE VB REISEI T RE L DR FDEIEEIRZ D EN TEET,

T —LWEREEF /LANIVCEHA T B0 EFIEMEE @ ®natsmface ® e
& (PEEM) EEEE FIEMER A (SEM) 2(EHL TV EY, PEEM
Tl 2R TRFBMEDRE 7Ot ZE RIS 7T A XDE blation | [recover surface]] _crystalve ]| recover 77
ETESTVET,

[
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 ther-
mal diffused scattering (CTDS) and Weissenberg reflec-
tion high energy electron diffraction (WRHEED). In order
to study reaction and phase transition dynamics, we have :
developed a new method called streak camera reflection q, —_—
high energy electron diffraction (SC-RHEED), which cap- Nano-WRHEED
tures high-speed movement of surface atoms. Photoelec-

tron microscopy (PEEM) and scanning electron micros-

copy (SEM) are also used to measure non-uniform
material surfaces at the nano level. Grains of Ni poly crystal and their 3D reciprocal maps by nano-WRHEED.
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Supercritical Fluid and Hybrid Nano Technologies

ADSCHIRI Lab(C:AIMR)

BERT/ TR T
FRMEE (MR 2 S FHAER)

ERIRH-F—T—K | BERFK BN\ATVYR/F /iR TOeATE

SPECIALIZED
FIELD-KEY WORD

u BEE RIS TONTI TR F /R FRIRK

1 ;I TINARDENE (BH TSR 128 - i)
=BTV REBRIE R~ — /N TR F/HF)
HER TR —RE A

‘ supercritical water /super hybrid,“nanomaterials,/process engineering

IR X % =

Tadafumi ADSCHIRI, Professor

tadafumi.ajiri.b1@tohoku.ac.jp

EE S s

Takaaki TOMAI, Associate Professor

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

B Thermodynamics of nano fluids.

m Fabrication of novel nano devices

® Biomass conversion in supercritical water and chemical synthesis

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

BTy NF/HRRIE - 7Ot AR

LI RE T, BRRKERICTEIEE T 3/ (A IR r3IhI
UYL BHEER -/ RTFER-ERNE M-/ 2 53
BTOEADBEREED. ZOVKOPEEEICERELTWET, B
T3, BEFSEFIATIIET. BED T EH-EMED S/ A—L
2T —IVCRABU BT )R F/RF | #EIBL TVWET, TR,
ZDEREEDRRATEDSEEHIC. ZDEE
HEIEARE, S/ ES RO REEEREL
W SR RHED TOET . ZOFB/N Ty
R/ R FE A ERICERESRSEDIEIC
BRINLTHY. ZDFI/TIARELL7ET S
3D TV T ADICREED TOET, &z,
COF/RFEEHTFEF/A—NA—LTHE
BILIEBIET. B H FEEEM PO R
BEEMRIRRCSETRAE B [#B/ \ T TR ]

SICHEBEBEILL TORETEEIIVR(TINAT 1T EFITZ)D
BlIEHHATVET, COBEREF/HTFHEROESEE
EMEBECONTIL SETERNFHRICREL TR THEST. #i/-
HERZORIRICHHREL TWET,

Supercritical fluid for nano-hybrid technologies

Our study aims to establish chemical processes for syn-
thesis of hybrid nano building blocks based on supercrit-
ical fluid technology, nano-hybird tech-

nology and materials science &

engineering. These studies include syn-

thesis of organic-inorganic hybrid nano

building blocks under supercritical con-

ditions. We also develop novel devices

or nanofluids with the nano building

blocks for high performance ther-

mo-electric devices, high speed optical

devices, nano sensors, and nano reac-

tors (high order structured catalysts).
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Laser Applied Material Science

SATO SHUNICHI Lab

KMERERET
(ERE— R =

BMRH-F—T—K | L—Y— TANZIR S F /T NINE—L

EIFI,EIIE_([:)I-AKIEI\Z{EA?ORD ‘ laser./photonics,/nano-particle /vector beam

" SEEROSICHIIMEETRTOEX
nERENDBIH BT /R TFES

B RYMVE—LDOREEE— LSO BT

N =Y =R YD R EFRL —H — I TEDRS
BARTNVE=LERWF /AA=T0Y

® Material conversion process in intense optical field

® Nano-particle synthesis in intense optical field

® Generation and analysis of vector beams

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

ki B— n =

Shunichi SATO, Professor

sato@tohoku.ac.jp

INE AT ez

Yuichi KOZAWA, Associate Professor

E2 HE B %
Yuuki UESUGI, Assistant Professor
B %7 » %

Ayano TANABE, Assistant Professor

ARZ2EMERZOMEMR

L—H—2bETBRFEMRDTANZ T REMEEREL T, e
BEOHEERDMREESD., HLLAFHOBIBCHERED SRR, 7
AEXDRRLEERELBFELLTWET, RESFRISED TV
BE/BMET -~ BREL——HIcL

MEEEDZEEDIC E—LRE EZDRREE - LGB DOWEICH)
AL, L—H— I T BRGEMELENDICAMRERE
EISEDTOET,

B INF SHFAERE NTIE—LIZE  Ag100 1

> Aul00

THMEMBEIMETY, A& Id. EXLTx
LML —H— XL RS- TH R IN D80
FDGEEFLFEFE- IR BER 7Ot
ZADIGELTHAL. R FORERICE->THRE
TETIHINRRER FLEE LT FM1Y
EARFED—RAREEBTRDI LTIV
FFERETOTOVET, SUILTHREIL

H(BHIK) DAEROMEETHINTMVIEE SLEBDAET/BHFONEEK, ENSEIZHTTEDEEMN

BN TMVE— LIZDWT, ZOHIBH A Bz T3,

Multidisciplinary research of photonics and material science

We are intentionally and intensively trying to make the
best use of the excellent properties of lasers for the
advancement of material science. The state-of the-art
photonics technologies are our useful and essential tools.
At present, we are especially interested in
the following tow topics. The first is the syn-
thesis of single nano-particles of dia-
mond-like-carbon and noble metals by using
an intense optical field, which is generated
by tightly focused femto-second laser pulses
in liquid and can be regarded as a novel
non-equilibrium, non-linear and ultrafast pro-

acteristics of electromagnetic wave, focusing on its
physics, the development of beam generation, the im-
provement of beam quality, and applications such as
laser processing and super-resolution microscopy.

cess. The next is the investigation of vector The vector beam under study shows a synegetic aspect

beams, which have inherent vectorial char- of polarization, phase and pattern of a light beam.
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Solid State lonic Devices

AMEZAWA Lab

B F =25/ ARR A
MERAE

BMAH-F—T—K | BERAFZIR ITRNF—FEFRNTURG BRILFE Fﬁ:§ :ﬂ:E =
SPECIALIZED : . : } : A /A
FIELD-KEY WORD solid state ionics“energy conversion,”operando analysis~electrochemistry Koji AMEZAWA, Professor

koji.amezawa.b3@tohoku.ac.jp

" RHE S BEROS MR- SERE(L

R - — 7= = o= Le . ==
o BEACE TR S — BT A RO DDBET < TS HROBISE T RE B ou
EATFORAICHIIBZEREFREICEHTIEARTRE Takashi NAKAMURA, Assistant Professor
= STAREA A =7 ZAHDRET IR AN BA B %

A)

® |mprovement of performance and reliability of fuel cells and rechargeable batteries Yuta KIMURA, Assistant Professor
® Development of advanced operando analytical techniques for electrochemical energy conversion devices.
® Basic research on electrochemical phenomena at hetero-interfaces */tEEEH? By #
® Design and synthesis of novel solid state ionic conductors Mayuko HAYASHIDA, Assistant Professor
B

RBIPELOD IR F—KBRT/NA ADRERR - BERICAITT

RIEMRE. TRLX e R
L. i rlRE RERIBT 22813,
21 HHEDORIZE-HMTE (CHRESh
JoREGRBETY,, BADHARET
IE. CNSDEBDRRICE T 5.
REMPET AL, REICPIL
WIRNX T NAZXDEIR-LE
RDI=HDEBEMREET>TVET,
I B TH RN SZDRE(AF
N ERBE TES BRI+ =R
MEHCEEL. BRI B34 8. RERG. TEEEEICDL N REERIE T COFRIRIMAETIREE T 23 B SHAIR D
TOFEERKRTBEHI, ZNUICEDHEEERET. MEERETT->  FEEDITOTVET, LLEOMELEL. BdrF =7 REFIAEL
TOWETY, Fo BRAA 27T A RUH 38 RICICEDS FRIEAAA I X —FTBT N1 ZORREES VISR LS
BRI BB/ HHZES BB SERET  SEMEICERVBATOET,

ERFESHEEA TN VOXIRRIR A SR ERE FAFUNAEIC LS E B EMBBRIENID IR

Toward the development of environmental-friendly energy conversion devices

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

of advanced operando analytical techniques for sol-
id-state ionic devices. B—RIPETHICL A/ T IEAR BB IC BT ONATEORIBHEIEET L
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Environmental-Conscious Material Processing

NOGAMI Lab

RIEESFEM 7O AMES T

B EMAR=E
F—T—F | WHETOERYIal—va B e RAGERE RIS :
BPISHF—T—K | WHETOLRTIal-vad BHRK SR RIGEE BIE BE ¥ ow o

SPECIALIZED ‘ ironmaking,process simulation /transport phenomena, multiphase

FIELD-KEY WORD reaction kinetics/thermal engineering Hiroshi NOGAMI, Professor

nogami@tohoku.ac.jp

" ZMEETOEIDZ RIS I 2L —26E%

= ST R~ IR BT X OBI% AN

" RIS EHE R LD DB S| R iR & Nobuhiro MARUOKA, Assistant Professor
= $KSLA DB TIARIR R OBEA EH BB y »

" ERREORARE DR Shungo NATSUI, Assistant Professor

® Reaction process simulator for material production

m Development of energy recovery, conversion and storage

B Boundary layer control to improve reaction and heat transfer processes
® Reduction and melting behavior of iron ore

® Flow behavior of liquid with free surface on solid surface

RISBNIZ BRI KD EFHIRM 7O ADFFE

SIBICRRINDSBEBMHOMETOLRIL, ZOMEE  F—ENSIVERTOEIOMELED TVET,
DEEKEDS, - TINF—DBBBOH AT, ZNOEMHIL.
EBRHAOERIET5EHOEENKDENTNET, 20
FHRELT BATOROEME L, EREMIEORIL, E#H0T
Ot AOBIRAEN BY, ZDERDEHITIE, TOEAREBTEL
BRECEHORCHEEIRREL, #4700 REREHL T
PEFHIET, AREHTF L. BEEAROTOE BRI
B30, SEEMEROMEECRISHEORAE, HTE B
BERH P RIS TS EOFRIC L3R, FRMBETOERIC
BRSNS RIBRBREORANE, BRETFLEOFHAIC
FBERILET, TS0 BEREREHFEC MPS &, B
BRAL SO TEREAN 5% BB AR OAEH
BHAGTET, BERAEET O ADOMIES I 2L — 2 il
RS EE B REHCMOIBA TOET, S/ FALBIZIL D

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

For the reduction of energy and material resources con- storage of thermal energy.
sumption in base metals production, improvement of

process efficiency, enhancement of flexibility to raw ma-

terial resources and development of novel processes

are required. One of our approaches for this issue is

numerical process simulation to reproduce and evaluate

the materials production processes, based on the theo-

ries of multiphase fluid dynamics, reaction kinetics, ther-

modynamics, thermal fluid engineering, transport phe-

nomena, powder technology, and so on. Using the results

of the process analysis and the fruits obtained through

the modeling of unit operations, we are trying to develop

novel material production technology. Additionally we

are trying to develop new processes for recovery and High-performance heat exchanger with boundary layer control
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Materials Separation Processing

SHIBATA HIROYUKI Lab

MHSR 7Ot AMA ST
REEEMAE

BRISH-F—T7—F | STARE B REREERBERTOEA T RFry TEk %E

SPECIALIZED
FIELD-KEY WORD

= rABIERE S LUH T IO IR L2 E L8
HOREARMB) I H—NARDBER R

" 2B HLUBRILYBAAREDEEEAH =X L

® Structure and physicochemical properties of silicate melts and glasses

m Solution growth of SiC crystal
m Solidification mechanism of metallic and oxide super-cooled liquids

‘ silicates /thermophysical property ~solidification process.refining process

EE B B

Hiroyuki SHIBATA, Professor

hiroyuki.shibata.e8@tohoku.ac.jp

Bk 1 s

Sohei SUKENAGA, Associate Professor

N BT o %

Sakiko KAWANISHI, Assistant Professor

ENERMEET O AD=HOEEREMIERLE

EMOEFITOER ZETOEX U
INVTOEREDRIBEEHFT 01T, 28
BDILERY. ¥IER 7 BEATE £ 3 (C3RR7
THRRENFHIET, ThHDH BT O
EREORAICHIIIFEICERIATOE
T Fo. ZThZh OO EER). IR E
PTOERDOMRILICEELTVET, 2L
SHETAERFFRBICEVWTETINS 0,
ERICHIIIEBYMEBELEE T, HIAIE
BRERIEPEBRAORMZER HIE
EROERITOEITIIBO TEELFEEL
79, ShHDMMEEIRZOMEDBEICEELEETIOT. )
MEDFEIREIB T E DI EEDRENSHEBAT I I TV ET,
o MAO S BT O RRERRRICEDZREICH B RICHE

SiICP 1400 CTHERR R 28 F

50um

DIVOI LTIV T ABRIEH S XD27AI NMR
ANTIMUCRIZTERIEH ) LRINDRE

BOBBAEIT-TWET, ShODERIMEERICEROZEMEE
TOEZDENREXH R TOEZDOEARICIVEATHET,

Physicochemical approach to interfacial phenomena at high temperature for high efficiency

materials processing

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

Crystallization of lithium silicate on
the molybdenum substrate
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Electron and Molecular Dynamics

UEDA Lab

BFFFHNEMELH
LHHAFRE

FRIRH-F—TU—F | FFENREBFEHNE/BFHNL FREHADK

SPECIALIZED

FIELD-KEY WORD ‘ molecular dynamics,~electron dynamics.“electron spectroscopy.”coincidence spectroscopy

" RISICHEIZEFFSHEETFHON

B FERREDEF LA F IV D FEAFIVRDFAA=TLYT

= DT ENEE T TR REEIC LD RSB E R SHIE

BRIV —Y =L VOO S - XIREREFL— Y —ERBEL D FAA—D LT - D FEIE-BF
WREVAEBIEL KRBT A YA SR TEHAEADRE

A T

Kiyoshi UEDA, Professor

kiyoshi.ueda.a2@tohoku.ac.jp

BFAZIE o %

Misaki OKUNISHI, Assistant Professor

BE TE » %

Hironobu FUKUZAWA, Assistant Professor

® Quantum interference and entanglement in reactions

®m Electron and molecular dynamics of photo excited spices

® Taking molecular movies and catching electron motion for tracing reactions

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

DFOEE. EFDEIZRAD

FEFXRF. F/EBERICH TR 4L EFBIZIIR FAIKEL
TOMEERDOIEICHRTIEFFHICL)HRBIREE Lo
REVERLEY, COLOERVIMER TREFTHEST5600
HAEHTHEOSTHBETIRHIELA, F2E IDLILETF
WY RECT B0 F. T/ UTRE—CHBII B E B AR B RN
EFEE B L(RFHRS) V- BERRISEHFRL. RE
1EL. FIfH§ 3 2BIELTWET, COBMEZERT57-0ICI3
AP FII7RZ—ICHIIBRFDENE BEFOBEEHETHFHED
PEEGVETH B2 IIRADRERDAIFMTERE-RFEL TH
RICHLTOES, T AL B FBIZES EEIL). EHRIEL),
FIEIL 721§ 3710, R/ LR ZF L —H — RS 2 AEREEK
XERIE S RFDFE/ IV ASEE X IRR CHHE R REME T
L—H—ZDREHRICREREL TR REED TVET,

XREHBEFL—Y—EBE/ WAL —H—2lARDHE-EREE

. . X A
Taking the molecular movie, ¢ '

catching the electron motion

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

0, N,

Photoelectron angular distributions of rare gas atoms (Xe and Ar) and
diatomic molecules (O, and N,) irradiated by intense laser pulses

49 RALKRZF ZTYEREWAR



Quantum Electron Science

TAKAHASHI MASAHIKO Lab

ETETREMESH
BEEZHMEE

SLININIHNSYIN 40 NOISIAIQ

FRSH-F—T—K | HFRE EHRYEFE ZRTERTAD BB ELRREIREBI 5

_ SO _ - i EE % =
SPECIALIZED molecular science,collision physics,/multiparameter coincidence spectroscopy,”momentum K
FIELD-KEY WORD space wave function Masahiko TAKAHASHI, Professor

masahiko.takahashi.c4@tohoku.ac.jp

RS FOETFEHENHDRAFICLZ D FHEN AT T EBFREMEADICH

" S RTEEEAEOBRI LSBT HFEROILESAFIVZ EiE 7 oemm
RS BRETEESENKORRICEIIMEANETFEEHDRRIE Noboru WATANABE, Associate Professor

® Molecular orbital imaging by molecular frame electron momentum spectroscopy

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

® Development of time-resolved electron momentum spectroscopy for visualization of the change of electron motion
in transient species

BT IRV TN HELZF A LI ERNEFESORIHL

MEDOHTIINAWALIEEDEFHIR2ISEEIL THY, Zhd
MEDMHEEEROTVET, YMRE R SREFIREMERET
BTN AE RV T ERE FOIXY—CEHELATET
BHLVDIEHBIEERFEL. RICHEPEEEELCEMBEN DS
HHEEDRREDREAZEEL TWET, EANICIE. LUTO=20
REEFOICHREED TOET,

(A FEERETFEHENNLOREICLSI A FIENEE

A=
(2)Z R TREEEHAS K DRFEICLBE T P FERDILGTA

FIVADHRE
QBN RETFEHE S KDBERICLIBENLMERNEF
EBHOELDORIHRAL

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

Properties of matter, such as reactivity and functionality, (38)development of time-resolved electron momentum
are determined by the motion of the constituent elec- spectroscopy for visualization of the change of elec-
trons. For this reason we aim at developing new spec- tron motion in transient species.
troscopic methods, by using electron Compton scatter-
ing, that would visualize the electron motion for stable
species and most importantly the change of electron
motion in transient species, which is the driving force
behind any chemical reactions;
(1)development of molecular frame electron momentum
spectroscopy for momentum-space imaging of molec-
ular orbitals in the three-dimensional form,
(2)developments of multiparameter coincidence tech-
niques for studies on stereo-dynamics in electron-mol-
ecule collisions,
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Quantum Beam Measurements

MOMOSE Lab

BFE—LEARMESH
BEMRE

BRIRH-F—T—K | A X—I2 /X NIAEEHEL ZRITEHE
SPECIALIZED
FIELD-KEY WORD

mXERF R ICE DR AABETRE DR

B XIRALARA A= T EDRREZDICA

u EHRXARENRET RIS S BHEBEA A~ L TR DB

" XHEROIARZESRMER N ET T T DRE

B Fae—L > B NAXERELEL A X — T T EDRIREZ DICH

m X-ray phase measurement methods based on X-ray interference optics.
® Development and application of X-ray phase imaging system

® Dynamical X-ray imaging for functional imaging

m X-ray phase microscopy/tomography

m USAXS imaging based on decoherence

‘ Imaging./X-ray./phase measurement,”three-dimensional observation

BE Ao x =

Atsushi MOMOSE, Professor

atsushi.momose.c2@tohoku.ac.jp

. -
S A/ ¢
Wataru YASHIRO,

Associate Professor

< AN | = -
MR ZE @ ow
Katsumasa IKEMATSU,
Senior Assistant Professor

% R e

Asao Nakano,
Specially Appointed Professor

= 55

5 EERE »x
Yanlin WU,

Assistant Professor

2 FH sz B R s

Hidekazu TAKANO, Koh HASHIMOTO, _
Specially Appointed Specially Appointed Senior
Associate Professor Assistant Professor

EFE—LDOUMETES
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[RWEEE T EOBEE R T 2701 Ebh TVET, 7720,
ZOEASEE IIMEDRECHEICL->TH
RehEd, £2an, BERIMEINEOAIE
(CEDAUIFIZANEFIRTBZEIEN) EF
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RE T XA E I ESRER K
TR ZBIR L. ERDEHRER T2 DK
REHFICRELTEEL . B9 FHMERE
EMELEDE TR, OLIMEICBDTHERD
THZZED PHoTHY, RETIELBMEL
EICHERLDDOHBEZATT, BFE—LY
EOERICIHL, thTIXRRTEHVERIER

AERERFICANI-ZLOHERMELIT>TVET,

AA=TF v F)— 18 CTICLBPS/PMMA TLARDIR A BiEE (). v I XARREHKE (F
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Observation using wave nature of quantum beam

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

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

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

X-ray phase measurement, releasing groundbreaking
results beyond conventional expectation. The technique
is powerful for objects consisting of low-Z atoms, such
as polymers and biological materials, and recently its
scope is expanding to metallic materials. Based on quan-
tum beam physics, we are
developing unigue exper-
imental environment and
pioneering advanced im-
aging research. This tech-
nology is attractive prac-
tically, and we are also
conducting various col-
laborations.
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Structural Physics and Crystal Physics

KIMURA Lab

WEMRIERES T
ANRAE

FRIRH-F—TU—F | ZEERRMTERES BSBERN T XREFRERR HIEEFER KREAUFABHRE AN B x @

SPECIALIZED
FIELD-KEY WORD | i
Hydrogen-bonded dielectrics

= R FAEEITEB EZDICRAEDRSE (JAEAREISIF JRR-3M:T2-2 FONDER)

Precise crystal/magnetic structure analysis under multiple extreme conditions,”
Development of neutron and X-ray diffractometers,”Magnetic ferroelectrics

Hiroyuki KIMURA, Professor

hiroyuki.kimura.b5@tohoku.ac.jp

RE 1B% » %

A BHBRHRTAV SR DM TEREERITEBE DR (J-PARC BL18: SENJU,BEMTHART  Terutoshi SAKAKURA, Assistant Professor

fFHANARO 2D-PSD)

" ZEBRT (BE. KR BH%E. BER)ICHI5 X - PEFHELFEORE
"ERFER, W, TV F 704y VB B LU B REEEDOBE LM IER R

"KREERBPEFNEDETRENHEREEL T

® 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

WA &Fz o %

Hajime YAMAMOTO, Assistant Professor

m Electron density distribution and proton density distribution of hydrogen-bonded compounds
® Neutron and X-ray scattering study of structural physics and magnetism on multiferroic materials

® |maging of 3d-electron-orbital

SLININIHNSYIN 40 NOISIAIQ

X 4§ - M TR S ERRATIC &5 1 T NE

LMRETHEE BES BETOZSHRLRBEEGEOT T.X
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MEDIEERER R UHMEOREERRORRIC OV TIHRET-
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Ferroelectric polarization induced by magnetic order in magnetic ferroelectrics

We have been developing the methodology for high-res-
olution crystal and magnetic structure analysis using
X-ray, Synchrotron radiation and Neutron beam under
extreme conditions such as low tempera-
ture, high magnetic field, and high pressure.
We have also studied structural phase tran-
sitions to understand the microscopic ori-
gins of functional properties in solid-state
materials based on the accurate distribution
analyses of the electron as well as nuclear
densities. Figure shows the complex mag-
netic structure of magnetic ferroelectrics
derived by neutron magnetic structure anal-
ysis. Cycloidal spin structure in this materi-

al is thought to be the origin of electric polarization. We
also engage the development of novel neutron diffrac-
tometer for structure analysis “SENJU” in J-PARC.
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Nano/Micro Chemical Measurements

HIBARA Lab
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SPECIALIZED ‘ nano./micro analytical devices,imaging microscopy optical detection methods, electron
FIELD-KEY WORD spin resonance
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®m Easy and automated chemical analysis utilizing nano/microfluidic device.

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

B |maging microscopies and detection methods for microspace.

® Structure-function relationship of biological molecular systems studied by high power pulsed ESR.
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Akihide HIBARA, Professor

akihide.hibara.e7@tohoku.ac.jp
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Yasunori OHBA, Associate Professor
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Mao FUKUYAMA, Assistant Professor
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Derrick Michael MOTT, Assistant Professor
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Chemistry in nano/micro space: measurements & applications

We study advanced nano-micro technologies in chemis-
try and biochemistry and their applications to integrated
analytical devices. We investigate easy and au-
tomated analytical technologies for life science,
environmental science, food safety, and indus-

trial process.

We also investigate novel analytical technolo-

gies such as single cell analysis, single molecule
analysis, single event analysis, and molecular
behavior in rapid mixing. For the advanced tech-
nologies, fundamental chemistry such as chem-

ical reaction and phase transition in a confined

space should be revealed in detail. We study

unigue advanced measurement tools such as

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

High power pulsed ESR for protein folding analysis
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Polymer Physics and Chemistry

JINNAI Lab
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SPECIALIZED Soft Matter Physics,”Self-Assembling Processes in Soft Materials,~Electron Tomogra- . X /A
FIELD-KEY WORD phy /Polymeric Hybrid Materials Hiroshi JINNALI, Professor

hiroshi.jinnai.d4@tohoku.ac.jp
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Oy HEEEOBEHEEILF /IBENIRITEEEZDD FHIVEE Hironori MARUBAYASHI, Senior Assistant Professor
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= T3V —BREATH (B R4 E) D3R TS CAERTRA Tomohiro MIYATA, Assistant Professor

® Development of novel “multi-dimensional” electron microscopy

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

® 3D Morphological study of nano-composite materials by electron tomography

m 3D Structural observation of energy-related materials (e.g., fuel cell electrode)

BFRICEOTCVTINTUPINDBEERA T IV A%ED

EATHED VTN TIT IV P HREGRICH>TERNIC
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SRIE. BFIRNET 774 (CHE R E CF R - wet IRIE-
EMHEEDFHLW RIT"EMASIET, BB LI FITIAD
BB TV EDWet RV TV TUT N OIRTABEBE £ L Fig.1. 3D reconstruction of Pt nano-particle (NP) network superstructure in terpolymer
ANDEREBELET, 3512, SOOI HEFDOIEMIEFE. T metal NP hybrid compositions and comparison with Self Consistent Field Theory (SCFT)
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3D observations of nano-structures in soft materials by electron tomography

For better understanding of various properties, e.g., me-
chanical, electrical, transport properties, in soft materi-
als, detailed characterization of their morphologies in
three-dimension (3D) is essential. We have developed
electron tomography, a novel microscopic method to
image nano-scale structures in 3D, and applied them to
various self-assembling structures in soft materials. In
addition to the 3D imaging capability of electron tomosg-
raphy, another “dimension”, e.g., time, temperature, wet
environment etc., will be added to observe 3D structures
in various environmental and dynamical processes in

soft materials. , - ' .
Fig.2. (a) 3D of the ordered bicontinuous double diamond (OBDD) structure in a block

copolymer. The image shown in (b) reveals the 3D thinned image of the unit cell of
the OBDD structure.
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Surface Physics and Processing

TAKAKUWA Lab
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SPECIALIZED surface physics,/material science,/process engineering,”development of surface analysis N
FIELD-KEY WORD methods with electron and photon probes Yuji TAKAKUWA, Professor

yuji.takakuwa.b7@tohoku.ac.jp
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n %ﬁﬁ‘&ﬁ}%@{bﬁ@ﬁﬁﬁmﬁﬁﬁ@ﬂgﬂﬂtﬂﬁ Shuichi OGAWA, Assistant Professor
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® Development of chemical vapor deposition processes for nanocarbon materials

® Analysis and control of the growth mechanism of insulator thin films for gate stacks of advanced CMOS
® Analysis and control of the surface reaction mechanism on functional metal oxide surfaces

® Determination of surface structures by electron diffraction and its application

m Development of surface flattening method using low energy ion beams
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Synthesis of functional materials and development of nanoprocesses based on surface reaction
mechanisms

In the research section of surface physics and process-
ing, we aim to develop various surface analysis methods
with electron and phonon probes; Re-
al-time photoelectron spectroscopy using
synchrotron radiation and noble gas res-
onance lines for monitoring in situ surface
chemical compositions and bonding states
under a reactive gas atmosphere (Fig. 1).
Based on the observed chemical and sol-
id interface, we have synthesized func-
tional materials such as diamond, multilay-
er graphene, diamond-like carbon using

hot L isted pl h d Fig.1. Time evolution of photoelectron Fig.2. Schematic illustration of photoemission-assisted
photoemission-assisted plasma enhance spectra taken during exposing Si(001) plasma enhanced CVD.
CVD (Fig. 2). surface with Oz.

i
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Quantum Optoelectronics

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

chichibu@tohoku.ac.jp
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m 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 Taizo NAKASU, Assistant Professor

® Spatio-time-resolved spectroscopy in semiconductor materials %i‘ﬁ‘! 3=E B F
® Design and fabrication of (Al,In,Ga)N quantum nanostructures: epitaxial growths by metalorganic vapor phase /B
epitaxy Kiyoshi KIKUCHI, Research Associate

m Helicon-wave-excited-plasma sputtering epitaxy of ll-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 pulsed electron beams using a home-made, spatio-time-re-
create quantum nanostructures desirable for new func- solved cathodoluminescence system equipped with a
tional optoelectronic devices workable in deep ultravio- photoelectron-gun.

let, visible, and optical communication wave-

lengths using planet-conscious wide bandgap

semiconductors, namely (Al In,Ga)N and

(Mg,Zn) O systems. We are growing quantum

structures by metalorganic vapor phase epi-

taxy and unigue helicon-wave-excited-plasma

sputtering epitaxy methods. Ultrafast recom-

bination dynamics of excited particles in nano-

structures are studied by time-resolved spec-

troscopy using a femtosecond laser, and very

local carrier dynamics are proved by focused
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High-temperature Physical Chemistry of Materials

FUKUYAMA Lab
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SPECIALIZED materials processeschemical thermodynamics,”thermophysical properties of high-tempera- ; :
FIELD-KEY WORD ture melts,/crystal growth Hiroyuki FUKUYAMA, Professor

hiroyuki.fukuyama.b6@tohoku.ac.jp
= Z{EYEBHROIBRRREMIZLF

" BRI A R 5 LAOBIE KR oems
- E‘}E}ilfﬁi%t:ﬁwéﬁ*ﬂjﬂt;(‘éu;ﬂ Makoto OHTSUKA, Associate Professor
= B R R OISR TE IEFH B %
u ZHREREMIE DS ERELEHFT T /N A DR FE Masayoshi ADACHI, Assistant Professor

m Crystal growth and physical chemistry of nitride semiconductors

® Development of high-temperature thermophysical property measurement system

m Material processing using high-temperature reaction fields

® Thermophysical property measurements of ultra-high temperature materials

® |[mprovement of properties for multi-functional films and development of novel devices
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|
High-temperature processes and measurements of materials

Fukuyama laboratory studies novel material processing laboratory, which enables accurate measurements of
based on chemical thermodynamics with high-tempera- heat capacity, thermal conductivity, emissivity, density
ture thermophysical property measurements. Currently, and surface tension of high-temperature melts, utilizing
we are developing new crystal growth processes to bring electromagnetic levitation in a dc magnetic field.

a breakthrough in nitride-semiconductor

devices, which are promising materials for

next-generation optical devices applied in

environmental, medical, bio and informa-

tion technologies fields. Database of ther-

mophysical properties of materials is

needed for modeling heat and mass trans-

ports in materials processes. The world’

first thermophysical property measure-

ment system has been developed in our AIN @R R DZDI5EREE
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Base Materials Processing

KITAMURA Lab
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SPECIALIZED steelmaking ferrous metallurgy ~chemical equilibrium,reaction kinetics,~ ) =
FIELD-KEY WORD material recycling Shin-ya KITAMURA, Professor

shinya.kitamura.e7@tohoku.ac.jp
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® Design of highly efficient steel refining process through the study on the formation of metal emulsion by rising H B %
bubble and the dissolution rate of solid oxide into molten slag Chuanming DU, Assistant Professor

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

® Quality control for clean steel production by the simulation model of inclusion composition change and the study on
the change in oxide composition during heat treatment

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

S 7O ADHER

=R\ A RN O\ S B

ADHNTIVLIW ANV DNISSIO0Hd TVHIANIN HO4 H31N3O

SRERICRINBIN-ZAVEET O RIS, ABEHESDRES
FADEBEREMEL T WIEBVILGICHZY ., RERF ML RICH
T CEF LR EE DRI TWET, ZONEFER BRI, LU
TOADDRE(RT—IV)EFBRLAThEBDER A OHER DS
72 EEE, HIRICEBLW T O X T T 3[Giga Scale]. @Kk
SEBE(TI52—) DR MEEEBEEE T 55 [Mega Scalel.
QORISEE. MAEMEZRETI3MENEFNER O FFHA
[Micro Scale]. @tz BB ENRE OBITE. MBS
#4ii [Nano Scalel, AMFZEHEF Tld. SFEAEETOERICHNT
SHEBESKSAM AR )RS T &4 B [8U4H | EXRIC, EIRERRIC
EKRERMETOIOHRR, TOER 32— FETFI)LD
A%, SREZRICORERVAE. SRt ZA155

FEEALEMORFEZICEL T, RTECD4DDR AL AR E ARSI EREL LR, B SO RN BB AT
FoT0 VEY Picture of steelmaking slag after the leaching which shows
> ° that the phase containing phosphorus dissolved selectively.

New development of steelmaking process

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

: . B K CHKLKBICRSER TV e AR, Tid R<CE- 2R
cess used to DI’OdUCG hlgh-qual ity steel. Picture of the paddy field damaged by tsunami showing a good harvest

where the steelmaking slag was used as a fertilizer.
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Powder Processing for Functional Materials

KANO Lab
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metal /simulation
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® Optimum design of powder processing by computer simulation

m Development of simulation model for grinding processes of fine particles
m Development of simulation model for multiphase flow

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

il it o=

Junya KANO, Professor

kano@tohoku.ac.jp

AR EE » %

Shingo ISHIHARA, Assistant Professor
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Kizuku KUSHIMOTO, Assistant Professor

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

® Development of new hydrogen generation processes from biomass and plastic waste
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Development of new functional powder processing and optimum design of powder processing by

numerical simulation

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

composite must be controlled exquisitely.

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

KIRISHIMA Lab
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?IFI’EIIE.(I?)I?(IEI\Z(%)ORD ‘ Radiochemistry /Nuclear waste management,” Decommissioning~Solution Chemistry Akira KIRISHIMA, Professor
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® Research for radioactive waste management and environmental recoverability on Fukushima NPP accident in 2011
® Solution chemistry research on Protactinium

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

® Research on Naturally Occurring Radioactive Materials (NORM) existing in materials and products
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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 de-
manded 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
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® High power and high energy density lithium-ion batteries

m All solid state battery

B Magnesium ion battery

B Synthesis of functional nanomaterials employing supercritical fluids processing

® Synthesis of monoatomic layered electrodes employing electrochemical- hydrothermal processing

‘ Nanotechnology ~Functional nanomaterials /Lithium ion battery ~fuel cell/solar cell
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Itaru HONMA, Professor
itaru.homma.e8@tohoku.ac.jp
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Quang Duc TRUONG, Assistant Professor
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Kazuyuki IWASE, Assistant Professor
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Energy technology innovations via advanced
nanotechnology and nanoscience
Our research goal is realizing renewable energy innova-
tions and global sustainability through advanced nano-
technology.In fact, in order to achieve low emission,
sustainable,more safer,environmental benign indus-
try,Honma laboratory investigates frontier nanoprocess-
ing and nanomaterials for advanced energy devices such
as lithium ion battery,fuel cells and solar cells.
Particularly,we focus on explorations of advanced func-
tional nanomaterials including 1. monoatomic-layered
materials,2.Nanoparticles,3.Nanoporous materials,4
.Multi component compounds,5,metastable phase,6.or- tion.

ganic nanocrystals, 7.solid state electrolyte,8.supercrit-
ical fluid & hydrothermal-electrochemical processing,9
.In-situ spectroscopy analysis using synchrotron radia-

We develop superior functionalities of these novel nano-
materials for lithium ion batteries, fuel cell and solar cells
for energy innovations.
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Metallurgy and Recycling System for Metal Resources Circulation

SHIBATA ETSURO Lab
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?EE%T(E%?ORD ‘ Non-ferrous Metallurgy.”Metal Resources Circulation”Recycling/Waste Treatment Etsuro SHIBATA, Professor

etsuro.shibata.e3@tohoku.ac.jp
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® Fundamental study for copper smelting with high impurities
m Synthesizing technology of scorodite particles for stabilization of arsenic

® Screening for new flotation reagents to separate arsenic minerals 5}?
® Pyro-metallurgical process for ocean floor mineral resources A
® Development of component technologies for optimization of metal recycling system (|
m Development of environmental technologies such as treatments of environmental load elements in metal resources +
circulation A
it
z
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Establishment of Metal Resources Circulation
System Based on Non-ferrous Smelting Industry

Non-ferrous smelting industry is necessary for achieve- of by-products and stabilization of environmental load
ment of the resource circulation society. In the future, elements, etc. are conducted.

the use of various electrical and electronic devices is
expected to increase with growth of population in the
world. To secure metal resources continuously, it is nec-
essary to recycle metals used in waste products.

The main research aim is to establish the metal resourc-
es circulation system based on the non-ferrous smelting

Cu concentrate.

ASR
Sludge etc

1 stabilization of 1
| toxicelements !

Residues (As, Hg, Cd)

/cu, Pt . Pt Pd)
Decopperized slime (Cu, As, S5)
Residues (Cu) yElectrolyte (Cu, Ni)

By-products Cudross
(Treatment and Refining) | (G4 Pb)
Recovery of Se, Te, Ni, Co, Sn, Sh,

industry. Research activities including non-ferrous met- rage 7 | B cossmnram | N

. . . . Harris slag (Sn, In, Pb, As) Pt
allurgy along with mineral processing beyond the tradi- [ o (a"’(‘;’)
tional framework are intended to achieve the high effi- Zosmeter [

(Electrolytic Zn)
(Distlled n) | ISP crude Pb (P, Sn, Sb, Bi, Ag, Au)

ciency circulation of metal resources and environmental
conservanon. in the future. Researches for smelting pro- Linkage among copper, lead and zinc smelters to
cesses for primary and secondary resources, treatments recover valuable metals from various type of resources

Zn concentrate Waste Pb battery
Crude Zn (from EAF dust) Sludge etc.
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Hybrid Nano-particle

MURAMATSU Lab
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Atsushi MURAMATSU, Professor

SPECIALIZED ‘ metal-doped zeolite catalysts.~organic- inorganic hybrid nano-materials,”
FIELD-KEY WORD hybrid liquid crystal “energy catalysts/promoted semiconductor nano-dots atsushi.muramatsu.d8@tohoku.ac.jp
N \
T I S e Xy KE HSE ez BEL B oemm
B3 . Pl PN &k, 3| Masashi MIZUKAMI, Masashi MIZUKAMI,
B LINFIHARRBRTOE ﬁia%ﬁbﬁ*j**\@mm Associate Professor Associate Professor
= EBAFALICEBRIR SIS B SRR DR =5
= AR T £ BRI BEAETT w6
m Preparation of organic-inorganic hybrid nano-particles ggﬁ%ﬁ%g@ﬁgm Professor
® Development of nano-sized metallic particle and application to functional materials .
m Partial sulfurization of metal oxides for visible light-active photocatalysts *E@ %;35: e %T f#"ﬁl‘l]ﬂ e
®m Synthesis of multi-layered films by laser ablation Motohiro KASUYA Mizuho YABUSHITA
m Fabrication of new structures of nano-porous materials Assistant Professor Assistant Professor’
®F BE »m g HEH KE » x
Fusae KANEKO, Tomomi MASUI,
Assistant Professor Assistant Professor
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|
Why don’t you order us tailor-made, well-identified,nano-hybrid materials?

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

nanoparticulate catalysts, etc.
have been widely provided.
Their production methods are ) ‘> <l
based on the particle-synthesis

@ RRT /MFEIPETD “BREM/\TT Uy RFYRUT—" Q@ A VERBRAL D « INBEERITDEZS 1 FRAERE

principles, (1) strict separation A WA 7Y T
of nucleation and particle

growth, (2) perfect inhibition o

against aggregation, (3) precise e e Iﬁ'
control in particle synthesis om0 amacms e e
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Atomic Site Control in Inorganic Materials

OMATA Lab
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SPECIALIZED ‘ inorganic materials/power generation devices using natural energy /ion-exchange and :
FIELD-KEY WORD intercalation ~ion-beam Takahisa OMATA, Professor
takahisa.omata.c2@tohoku.ac.jp

" R EEM B OMEREIEER T O EXDRRE
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RS CEIET BB E D ERMFIORH Satoshi TSUKUDA, Assistant Professor
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B S IXIE—AFE— LSRRV ERE - BN T )R F /ISR S HEBE I Issei SUZUKI, Assistant Professor
® Design of inorganic materials and development of their synthesis techniques .= ~ _
® Development of narrow-band-gap oxide semiconductors and their application to photoelectric devices '\74 7)[’/77 )l/ By
m Development of elemental materials in intermediate temperature fuel cells Arunkumar DORAI, Assistant Professor

m Syntheses of colloidal semiconductor quantum dots
® QOrganic-inorganic nanohybrids using high energy ion beam and physico-chemical technologies
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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 ma-
terials. We focus on to explore new materials and their
synthesis routes using ion-exchange and ionic interca-
lation techniques. Proton conducting phosphate glasses
working at intermediate temperatures and narrow gap
oxide semiconductors applicable in visible and NIR re-
gions have been recently developed. Simple and safe
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 de-
veloping.
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Synchrotron Radiation Soft X-ray Microscopy

TAKATA Lab
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m Development and application of wide-field-of-view and high-resolution soft X-ray microscope

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

Synchrotron Radiation X-ray Optics,Soft X-ray Microscopy.”multilayer mirror,/Nano-info-gra-
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Masaki TAKATA, Professor

masaki.takata.a4@tohoku.ac.jp
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Takeo EJIMA, Associate Professor
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Tadashi HATANO, Assistant Professor
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Development and Applications of Nano Visualization Technology

based on Synchrotron Radiation X-rays

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

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

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

High resolution image of
16nm node mask
for EUV lithography

EUV Image of
the cerebral cortex
of a mouse
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Electron -Crystallography and —Spectroscopy

TERAUCHI Lab

BFEH- SR ARG
FAMRE

FRISH-F—T—~ | BHMEEWERNT BFERE BT IRNF AR RIS YCREF T X T % &

SPECIALIZED ‘ nm-scale physics“electron microscopy.”electron energy-loss spectroscopy.”

FIELD-KEY WORD soft-X-ray emission spectroscopy.” convergent-beam electron diffraction Masami TERAUCHI. Professor

masami.terauchi.c4@tohoku.ac.jp
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® Functional analysis of nm-scale particles by TEM-EELS Daisuke MORIKAWA, Assistant Professor

m |dentification of electronic excitations by angle-resolved EELS
m Development of SXES instrument for electron microscopy
m Crystal structure analysis using CBED and beam-rocking ED

B IRERAVCEFTOREE - MR FEORECICH

B EORBICE. AERE-EIx¥—T0
CINNEERERE T NA X ME DREEN LETHY.
ZFD1HIIE, EFIEMEEEEREEL -/ R —IVTORE
MR T RO EZOBERF AR T, IhE
T BADERETHB [/ R —IUigYE- AT X
TLDEEE| DERERIEL. R OFETEE R
PHUEFEMBESLUOBERYINII 7. §IRILE—
N FEEEEELS EFIRIMEE. R DOME FIREATE
FEMBLE, AV FIEF R BEBOREEZOMEE
FHEADICHZETV. WEDEBREFADE Bt e R
UTEEL, HIE, BRI X—%HIE 280 THE
INTVWBZE S /HF(CdSe/CdS/ZnS ¥iF) D &R
BITT, BN THDCASe ¥ FA7HR)DEFHIIZIRN . CdS  N3Hv%&, BEFIEMIEEAV-EELS FAICKIRF 1R 1 KD SEES
(A2 —B)ZnS(TI12—B)DLZBREEICLNED LIRS »ILEFITT,

AdOOS0H.L103dS ANV AdOOSOHOIN A3ONVAQY HOd HILNIO

Development and Applications of
nm-scale Crystallography and Spectroscopies

Our lab develops accurate nanometer scale characterization meth-
ods of crystal structures by convergent-beam electron diffraction
(CBED) and electronic structures by electron energy-loss spec-
troscopy (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 po-
sitions but also electrostatic potential and charge distributions. For
electronic structure studies, a high-resolution EELS microscope
and SXES instruments were developed. Figure shows boron K-emis-
sion spectra of metal hexa-borides obtained by using a developed
SXES instrument attached to a transmission electron microscope.
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Electron Interference Measurement

TERAUCHI Lab (c)
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electron holography ~transmission electron microscopy.”microstructure conductivity /elec-
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Masami TERAUCHI, Professor

FEEEKRED # &

Satoshi TSUKUDA, Assistant Professor

zentaro.akase.a8@tohoku.ac.jp

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

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

B Analysis of magnetic domain structure and magnetization distribution by electron holography
m Study of phase transformations by in situ observations with an energy-filtered transmission electron microscope
m Electric field analysis of electric battery materials by electron holography utilizing plural microprobes.
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Multidisciplinary research for structure,

conductivity and electromagnetic field at nanometer scale

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

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

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

In situ observations of the antiferromagnetic (AFM)
to ferromagnetic (FM) phase transformation in
Lag 44Sry56MnO,. The FM phase nucleates near 202
K as shown by the arrowhead in (a) and its volume
increases with heating. The magnetic flux (white
lines) is closed inside the FM phase at any stages
of the magnetic phase separation. Arrows indicate
the direction of magnetic flux.
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Advanced Scanning Probe Microscopy

KOMEDA Lab
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FIELD-KEY WORD ‘ scanning tunneling microscope.”quantum computing,spintronics /ESR-STM Tadahiro KOMEDA, Professor
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tadahiro.komeda.al@tohoku.ac.jp
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Tsuyoshi TAKAOKA, Senior Assistant Professor
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Yasuyuki SAINOO, Assistant Professor

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

m |nterface engineering to combine Si technology and molecule electronics
B Spin control for molecule spintronics and quantum computing
m Molecule-surface interaction dynamics for environmental catalysis resear
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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 iso-
lated spins for spintronics and quantum computation. We
are developing instrumentation of the detection of a sin-
gle spin using scanning tunneling microscope (STM).
Especially, a method that detects the Larmor
precession by monitoring a variation of tun-
neling 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 molecu-
lar-spintronics, single molecule magnet (SMM)

is one of the most promising material. We investigated
the spin of SMM by detecting Kondo states. We found
that the Kondo peak intensity shows a clear variation
with the conformational change of the molecule; namely
the azimuthal rotational angle of the Pc planes.
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Polymer Hybrid Nanomaterials

MITSUISHI Lab

BRFNATVYRFT I/ HRRES T
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Eﬁsﬁgl-ﬁ(lé\z(?ORD ‘ polymer nanosheet,”optoelectronic device ~hybrid nanomaterial “surface and interface M_asaya MITSUISHI, Professor

masaya@tohoku.ac.jp

"EATFBERET TSR F B ST /TR EDT S MEDE ISR

e W= bz AL e ap =)0 EAS
u A A\ TR S AN & BT HEEET /S XDAIR WA BN » %
nF/EE -/ REOBTEIEE Shunsuke YAMAMOTO, Assistant Professor
. A F| . — 0 .
8/ N ERIBELEY TR/ TN ZDRIE % 2 o %
m Bottom-up design of nanomaterial assembly Huie ZHU. Assistant Professor
m Control of polymer orientation in soft nanostructures
m Soft surface and inferface ﬁ*{l’ %u'lﬂ' By #
® Nanoelectronics and nanophotonics Tomoyo OKUMURA, Assistant Professor

B7EERE - H#ICEDEDF/N Ty N/ MEORIR

EAT. 2B T EEEF ST VOSSR, F
V9528 EDBIEEF S WEEREE A BITRE, R LT T
TR L. BB AIHER N T RS/
HOBREEEIEL T\5, RAICBISL TR 5 TR,
Langmuir-Blodgett ik~ TH FHBIRDESE B THEH FF/0— o EEmE
NABIEERIEL TS, BATFF /o~ M RTEE T PE wBF EHFAATYIK
EEROBUEFIRL LS. e DF MEEN FRENT (Y N l’”*"/ﬁ
TOvIELTH /AN TR ABBAL T B2ET. 5O B i
D ES TR RE BRI\ T USR-S B A BT
BB 5 LU ZOEEORBEEIEL T3, K ATy THF
BEBLT AT TSR F /AR LB RIS/ 7/ 1 2B
RORBEAOMED K LTTHF /55 05— | DRERE
HEL M OB EBIRET > TV B,
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Flexible Design of Polymer Hybrid Nanomaterials

The research objective of our group involves developing

well-defined hybrid assemblies organized with wide va- 160°
riety of nanomaterials such as polymer, metal/semicon-
ductor nanoparticles, cellulose nanomaterials, and nano-
clusters. Polymer nanosheets made by Langmuir-Blodgett
technique serve as key materials to assemble nanoma-
terials, controlling the distance and the layer structure
with nanometer scale precision. Bottom-up design of
hybrid polymer assemblies allows us to create new func-
tion (related to photonics, electronics, and surface/in-
terface phenomena) and to elucidate the mechanism in
terms of structure-property relationship. These ap-
proaches will open up new exciting opportunities for
flexible optoelectronic nanodevice applications.

Cellulose
Nanofiber
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Organic and Hybridized Nanocrystals

OIKAWA Lab

BENA TV YRF JEEHRTES
ENERFEE

FRISH-F—T—K | BRI RERNAT VYRS ER S ERCT BERRIE, TAb =y IR &J I I

SPECIALIZED ‘ organic nanocrystals~hybridized nanocrystals./directed-assembled nano-

FIELD-KEY WORD structure control./photonic materials

" HE-EA T/ BROY X RIS A AF M

" B ER N TR REROFRFREDRRECETE
" /EERRTFDAT IV, ETR/IL T /IBE RIS R
" FhiEF—RBERRE 7 X EBE (ER DR

" BEFERERORIUNAFE BT

RE u o=

Hidetoshi OIKAWA, Professor

hidetoshi.oikawa.e8@tohoku.ac.jp

NEFFEFE o %

Tsunenobu ONODERA, Assistant Professor

® Fabrication of well-defined organic and polymer nanocrystals, and their optical properties
m Developments of novel fabrication processes for organic-inorganic hybridized nanocrystals, their characterization,

and evaluation of physical properties

® Encapsulation of nanocrystals / nanoparticles, ordered array-controlled nanostructures on a patterned substrate

and optical function
® Mutual interaction between exciton and localized surface plasmon on nano-level
m Polariton and electronic properties in organic semiconductor thin film

BENAT)Y RF/BRDBIRET # b=y TR DA

HERBH-SHTHECEERNE(RBE-FEHEE) D/
ATUIRF /MBI BRME D S LEAE DY I TIR
REREEEZDREEEERIGRKFEUEEL - ST MR
RS, FAREEE D RN TSNS,

LIARAEF Cld RER TSI IMFHUE
TBHIELEAWEL LT DAT— 1)
RIEHE B NAT VR F /IERDRIREZD
ERBLF /MBS RHEICRIT IR EHEL T
WET, Thhb ABERLED/LSETHE
BOERF /ERERFEORE. G &
ANTOF/REOEETEE. NTUUREFE
DR CEBYERRN. BEF/BRBIUN
1TUIRF /ERDERFEBIL T O XDIBE
E- BT MEREEDFHEE /D REICIEA. &

Polydiacetylene

hybridized nanocrystals fabricated by visible-
light-driven photocatalytic reduction method.

S, HiE T /i ERHIEEBIELARE TS X T MEESR
ISORRRE. 7M7) B ER B EIE DT /R, A/ —
IVEEEE S FERLEDMERFADH->TOET,

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

(core) - silver (shell)

Creation of novel organic-inorganic hybridized nanocrystals

for next-generation photonic device materials

In current material science, hybridized nanomaterials are
expected to exhibit the peculiar optoelectronic and pho-
tonic properties, which are strongly dependent on com-
bination 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-produc-
tion of well-defined organic nano-
crystals, design of organic-inorganic
hetero nano-interface and hybridiza-
tion method, directed-assembled
nanostructure-control, and evalua-

tion of optoelectronic and photonic  nanocrystals.

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

functions. In addition, surface plasmon-assisted multi-pho-
ton polymerization, nanocrystallization of photochromic
materials and charge-transfer complex, and polymer thin
films having inverse-opal periodic structure are also now
in progress.

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

KYOTANI Lab

N TVYRBES I HRRESE
RAMAE

BMRH-F—T—K | FIH—RY S RERE IXNF—EFR T/ INAFTE -\
SPECIALIZED REe B ow

FIELD-KEY WORD ‘ nanocarbons, carbon coating“energy storage.nanobiotechnology Takashi KYOTANI, Professor

takashi.kyotani.c6@tohoku.ac.jp
B ;I H—RAENR-REV KRR

= BRIy O 1 M OBE AT ARSI BR ER s
BEETIIICESHADAREIXNE TR ST BADICH Hirotomo NISHIHARA, Associate Professor
" RFEHRBEA R —F AMEEGEAV R E - A2 EADICH FIl BA B %
u 7]('9}%5[’?:;4—71;77‘/35%%%%&\i/{fﬁmﬁﬁ Yasuto HOSHIKAWA, Assistant Professor
n h—R R EFI LSRR B DR
o . . . . LA JER o %
ydrogen storage based on nanocarbon materials Advanced analysis of carbon edge sites and their structure ) .

control Masanori YAMAMOTO, Assistant Professor

m Synthesis of graphene-based porous materials and their application for energy storage and conversion a&.\EB % By %

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

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

m Development of high-performance rechargeable batteries by using carbon materials E}*;J- Eﬁzj( By %
A)

Atsushi GABE, Assistant Professor

Keita NOMURA, Assistant Professor

H—LF/ ERERISHELIENA T )Y RF) H—RDEK

WIRRE Tl MBS RO RISIBRES S A—2—L NIV TEHIET S Carbon-coated mesoporous silica film
ZETH—R B ELHET 2IE2 DFHLWEEM I EZDES before coating 7" “mesoporous silica |

(space group: Fmmm)

EORREET-> T3, ThETIC, BRERSIH—THIH—K>
F/F 2T EFTMDLIERRELVRFLIBECHREARDLE
REEEL D [EATIMER KR L\ o1 -0 B F /H—HRD
SR FRICHEERITTRIIL TOVBIED XV R—F I Hls EE
ZHADMILREET 7710 —MUE CSRBECIRTE § BH%iiTe R
FRYIEE F/ IR DR E T FE )RR RREED T VS,

after coating

application to 3D
porous electrode film

enzyme

o :hea)_'%_fg‘:*gi%#%u‘ﬁuéhtﬁﬁj_/vj—_ulﬁ)w&\ %XEL: i il i .| immobilization
BB/ APFI LA A Bith, KEERAGEOSHAGBAL, | “oprene s i

: raphene sheets. ! or biosensor
EMEETIINF—F NI RELTUCHERLTWAIED,. BRREL/NT T I g

P EEBIETFERET BH— KD T RNBEDF )
1A BBAOFIFIHEIEL THEEED T3,

Synthesis of novel nanocarbon-materials and their nano-hybrids

We are designing and developing novel nanocarbon ma- these unique nanomaterials to electronic device, elec-
terials together with their hybrids by controlling the re- trochemical capacitors, lithium-ion batteries, hydrogen
action nano-fields for the syntheses of these materials. storage, biosensors and capsules for drug and gene de-
One example is fully tailored carbon nanotubes with livery.

uniform diameter and length. Another noteworthy mate-

rial is zeolite-templated carbon
which has structure regularity like
zeolite and a surprisingly large
surface area up to 4000 m2/g. In
addition, we have recently devel-

electrode q

oped a method for a complete "Ziferff'
coating of the entire surface of collector” S
. . electrolyte solution
mesoporous silica W_Ith graphene Electrode of zeolite-templated carbon for high-
layers. We are trying to apply performance electric double layer capacitor (EDLC) Carbon-coated anodic aluminum oxide (CAAO) film
i
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Hybrid Material Fabrication

AKUTAGAWA Lab

N TV R BISERE S5
TIIMAZE

FISH-F—T7—K | BREFMH SFEEEHFRMEE HFILIMOZIR = £04=

. . B TN BT » o»
PECIALIZED organic electronic materials“molecular conductors /molecular magnets,” )

FIELD-KEY WORD molecular electronics Tomoyuki AKUTAGAWA, Professor

tomoyuki.akutagawa.b5@tohoku.ac.jp

" BAFO—2—EEEHALERER EER- REEFORTE

= BHBHUATRARET OB EH EA » %

= %ﬁ*ﬁ&‘&}%‘[’iﬁ%'ﬁﬁﬁﬁ‘@ﬁ% Norihisa HOSHINO, Assistant Professor
" A BN TR F B EE RS T TN DS BRE 8% » %

B ERRUF XY 4L —MEEMDOIEHE Takashi TAKEDA, Assistant Professor

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

® Novel molecular conductors and magnets

® Molecular devices based on organic-inorganic hybrid nanostructures

m Device application of gigantic polyoxometalates

ZEWEZH T 50 FHEMH ORISR

BN TFOREIEHEICERAL Y FESHD S EHREDIE
EHSVEEMBEDNATVNEER A TVET, BEMS-HE
RFBMEOBALS, AT EMBOBF A EEERETL. T
DESREEHETEE T YIVFT7 7o 3F VD FHEMBD
RRETSTVWET, AR 5 FHERBRAOA FEEICET 58
HEZRETL. 2 F O flio-flop EENEFIBL B FE— 4D
BAEHRTEEY, HFAEDOB Y FO—2—1EEDEEE K
WHRE- BRI EDEREE LS, RFERDEZRE ISEE
E-MEEGEDFMMEN AT RIREELE T, $/ BB RS
BT ALY EDEEILICEY) SRR —BFEELEDVILTF
77 IVE R FIEM B OREEBIELIRRERFAL TVET,
BiER TR R RSE TV LBIELESIRE R FEEHEMR
HREL RO AFILINOA=I ZOER LB LR LR
ERATVET,

Fabrications of multifunctional molecular materials

Multifunctional molecular-assemblies and hybrid organic
- inorganic materials are examined from the viewpoint
of structural freedom of organic molecules. The spin
and electronic states of molecular-assemblies are de-
signed 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

KEREMBHCEMER S T
FIIE=

ERIAH-F—T—F | MHRE BOTFHR EATFEIZ S/ ATV q:l “| B o
EEE%I,QIE\Z(%)ORD ‘ Materials chemistry,”macromolecular science ~monolayer engineering,”nanoimprinting Masaru NAKAGAWA, Professor

masaru.nakagawa.c5@tohoku.ac.jp

BN F /A TIANEROL Y AMIR DORRFE—HTF /&R

= L— I TALBREDRIA OB LR O B IRE B PN BER e

N TFEBI LR BAbECTEE(L Takahiro NAKAMURA, Associate Professor
= & B /EEORE- BT 7/ 1 RSH AR Bt m %

® Dingle-digid-nanometer figuration by development of resist materials in UV nanoimprint technology Shunya ITO, Assistant Professor

m | aser-drilled screen printing for location-selective placement of photo-curable resin liquids
m Alignment and building by fluorescence interference fringes
® Application of metal nano-structures to optical and electronic devices

|

REEEe D FHIEICED Eigem i DaIH

AR THRATIC SV TRER DD DI ) E AR
ELTHIBIN TV BT /1T ARITICEBL TV,
PDFLNIVTEABEFZHER NS, REMEES T
HEDOFIEEEEL, F /1 TV M TREATES
SEM L RBREMBORIRNET -T2, 2EHMM
EENE - ICRARAEBIEL /R RN EAZITUT
IWOESY, AATAREIRISEL - BE M B E R %
BigU7=F /1 TV R E S SRR b AR DR 3.
715N igEEREBEL X7 - HIRlEE ST
JACTVNEDRE L2 E B L AR
DB RN ZER. 7Oy EHEEEOMMIMIA
DEMREEIEU-BRS /K& ICEET M EETT-
T3, ShHDIMREEC THERIEIRILY —115
PHBIR T/ 1EET N ANDERBEDH TS,
|
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 prom-
ising as a next generation nanofabrication tool. We are
developing advanced photo-functional materials such
as sticking molecular layers for “fix by light”, UV-cur-
able resins and antisticking molecular layers for “prepa-
ration by light”, fluorescent resist materials for “inspec-
tion by light”, and hybrid optical materials “available to
light” and new research tools such as mechanical mea-
surement systems to evaluate release property of
UV-curable resins. Our research aims at creating new
devices to control photon, electron, and magnetism.

i
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Organic- and Bio- Nanomaterials

KASAI Lab

BN\ FF S HHRED T
SHMRE
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SPECIALIZED

FIELD-KEY WORD ‘ Nano Drugs~Organic Nanoparticles ~Anti-cancer Drugs

B ZHIESh =BT/ R DOER
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B N\1FT O REIRHED UM EENDERK

® Fabrication of size-controlled organic nanoparticles

m Creation of new-designed anti-cancer nanodrugs and their pharmacological activities
m Preparation of nano eye drops and their pharmacological activities

® Synthesis of drug compounds by using bio-process

TH ¥ o=

Hitoshi KASALI, Professor

hitoshi.kasai.a6@tohoku.ac.jp

N RE B %

Yoshitaka KOSEKI, Assistant Professor

BAT4 AVITY B %

Anh Thi DAO, Assistant Professor

FH BE » %

Toshihiko ARITA, Assistant Professor

oK Bl o

Ryuju SUZUKI, Assistant Professor

KB EWDTERDHED D FEREHED SHFM T/ EHI DRI
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WBEBIDIZE . KB L EMESFIEHNIEE 3L, MPICBT
%, BRE,SEBINP TV L EEBZICHILEIL YTV E, s,
100nm LIED~17OFFDIHEIE. w707 7—JICEBIN -,
RSB ENBZEP TSN TOET (Fig. 1),

WEMESEFTIE. LEEOFRBERIRT 3720, h AEMEE(L
AMICOLZTFO— IV E R L EDHKA B R4 LR OERE
FTRIER2EMELEEETEVOREREIFE L DRI ETE:E T
THZECAT, Bt F /M TFOEREATHIB R EERET 52
EIZEN 100nm U T DF/7BaR S5y (Fig. 2) & eS8 T R i a7
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INY—H R EEL RN T/ TORS Y T ERIH TR B EX, AR fiH
MIRELEICHIBLICARBR TERZEN R h o TEEL, IV

ETHOEAEICET TREF T,

Fig. 1 K2y F)N)—DEEE

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 um-sized drugs with more than 100nm were
administrated in the blood, they tended to be transport-
ed 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 wa-

ter-soluble substituent such as a cholesterol derivative
are chemically linked. In addition, by utilizing our tech-
nique 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 them-
selves could be delivered even
within the cells of the tumor tis-
sue, and this strategy was appli-
cable for the other drugs such as
eye drops and so on. We are aim-
ing at practical application of this
nano-prodrugs in the near future.

Fig. 2 100 nmTF D
+/70Kk5y 7 DSEMEE
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Inorganic Crystal Structural Materials Chemistry

YAMANE Lab

BEEAHNERAES T
IARMIFHZE
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SPECIALIZED inorganic structural chemistry.“solid state materials chemistry ~ceramics,” i .

FIELD-KEY WORD materials synthesis Hisanori YAMANE, Professor

hisanori.yamane.al@tohoku.ac.jp

" HiR S T RERE RN ERRBEREN HLURERLFIMR -

= E & B EHAL LI BILNF 5307 ROFARE KT T X DBHE WH &L esm

" ZTRE (LB LUB LR IEDIRSE Takahiro YAMADA, Associate Professor
= VN s S A

" STRE BRI ANEN RELLHBIHROBIE =N BT exs

m Synthesis, crystal structure analysis, and characterization of new multinary inorganic compounds Rayko SHIMURA, Associate Professor

m Development of thermoelectric materials based on multinary intermetallic compounds =

m Development of novel synthetic routes for advanced ceramic materials using active metals E*ﬁ] ﬁm_ B #

® Synthesis of nitrides, carbides and silicides using a Na flux Junichi TAKAHASHI, Assistant Professor

ERAARZHNRALIETRITRERCE MO SR EBRBELS
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SETEDEAEEDOLZEELEMICIRFROMERD
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ALt EN REShARIBEMED &Y, ZTRTER TEMEDR
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DERRBREEERISHES DML ERAFEMEL. ERKET I I
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| Thermoelectric propertieso _--0
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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 proper-
ties. The novel methods developed for the synthesis of
the new compounds are applied to the preparation of
conventional ceramics and inorganic materials in order
to improve their qualities and performances.
O Synthesis of oxides, suboxides, and nitrides by the
solid state reaction and flux methods
O Crystal structure analysis and characterization of new Ttarmm
inorganic compounds atom
O Development of thermoelectric materials based on
multinary intermetallic compounds orygen e-TiO
O Development of novel synthetic routes for advanced
ceramic materials using active metals Synthesis of a new polymorph &-TiO by using a Bi flux.
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Metallurgical Design for Material Functions

TSAI / YAMANE (c) Lab
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SPECIALIZED

FIELD-KEY WORD ‘ quasicrystal “catalysis ~lattice defect“valence electronic structure
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m Synthesis of quasicrystals and preparation of quasicrystal reinforced Mg alloys

® Mathematical analysis for structures of quasicrystals

® Adjusting electronic structure and controlling catalytic function in terms of alloying
m Creating new catalytic function by tailoring composite structure

m QOrigin of activity of Raney metals prepared from intermetallic precursors

= T % =

An-Pang TSAI, Professor

BE B e

Satoshi KAMEOKA, Associate Professor

(F) IR AHE % =

Hisanori YAMANE, Professor
#2019%5A25H&Y

satoshi.kameoka.b4@tohoku.ac.jp

Bl e p %

Nobuhisa FUJITA, Assistant Professor
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ERBOANEBERMELOEBRAICED MFEKRERET

ERESASEESMELT LA S LUMARRET-
TVWET, EERORRICHEWT SRS SLEERRDER.
EEROBERN S SO ZOBEEEEEC AR MR ERSR
BERME L AP EER DB LIERE M A LB EDH
FIBIRELITL CEDTOET, RIE TR, ERREFLBKRIEE
HY 3 AI-Pd-Cr-Fe R liE@DEEEMEZALLEL 1=

—FH. B2 DEFEES IUMBEZROFIEE -2 BFH
BFERCLBHLWEATOMEMBORELT TWET, FlZIE.
1) @BIEIEINZELBEROREEEIEL. METFHiEEH
HICEBZFHLWE LR DREI T ED THY, —BORBICHWNT
CuNi A £(24% Pd DOEEHEEEDAIBICRIIL TVWET, 2.) #BH%
FIELZE 2 U—F T B bR Tahl “BE+ /Mt
FRETIECHEMEEDE EEHAH LV AL MERETOERD
RARET-oTVET,

B SROEE Au-Sn-Yb #E&E R

Al-Pd-Cr-Fe&£DHEE

Mackay cluster Bergman cluster
Acta Cryst. (2013) A69, 322-340

SEIHFEIHT/ VE—>

Synthesis of quasicrystals and their structure analysis,

and designing catalysts in terms of metallurgy

Our research is focused on quasicrystal (QC) and de-
signing alloys for catalysis by controlling electronic
structure and microstructure. Fundamental studies on
QCs range over different aspects, including search for
new alloy, structure analysis and structure description
by means of geometrical mathematic. In the application
part, QC-reinforced high-strength Mg alloys and QC cat-
alysts have been developed. We propose a new paradigm
for designing catalysts in terms of metallurgy: 1) control
of electronic structure by alloying to adjust the catalyt-
ic function, aiming at replacement for precious metals,
2) tailoring nanoarchtectures through self-organization
processes generated by leaching or redox treatments
for developing new processes for catalysts.

Design of Alloy for Catalysis

Like Electronic
Structure, Like
Catalysis
DOS & Catalysis:
CuNi =Pd
PdZn =Cu

J. Chem. Phys.. (2013)
138, 14470

Design of Microstructure for Catalysis

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

Catal. Lett., (2015) 145,
2457-2463
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Environmental Inorganic Materials Chemistry

YIN Lab
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SPECIALIZED Mixed Anion Compounds,”Solvothermal Process,”Morphological Control of Ceramics,”Envi- X =+
FIELD-KEY WORD ronmental Responsive Functionality Shu YIN, Professor

yin.shu.b5@tohoku.ac.jp
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n ﬁﬂ%ﬁg’ﬂ{‘&/5’%7{~i‘.§<ﬁﬁ§&(f}£ﬂﬂi§%‘[‘i§§ﬂ§@ﬁﬁ§é Yusuke ASAKURA, Assistant Professor
= BB XS AT ORISR

uAERS /R OH 2 R
" 2 BRE(LMOF /1BERECAEREERMRE

® 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

® Development of automobile exhaust gas purification catalysts

®m Gas sensing property characterization of semiconductor nanomaterials

® Nanostructure control and functionality development of nitrides / oxynitrides

VIVRY—VILRISICE B RIERERER T/ T U7 I ORI

SREHI R RELIRIBIC B M T /MR OBIRE T RILE —%
RIERICREL - S BB MRRRETT o 3. EICTRIEICELLWY
NMrIAIVFEICEBZMBERETO. S ICERKRIEKBEEF
AT3VIAY—< I RICEDBRIEZRICERV. &7 =4
(EEMDERPETFEEFEETI. BEICELORICEE TR
BEISEMER S /MEOBE-ERILE-ESERTF I X0R
THIEE TV REBRAM-TRLX—OSRIRF BT+ LEY
BICLARIBCE SO EREEMEORIE R UK S E R
(CRAT 2R ERERML L3,

Creation of Environmental Responsive Inorganic Nanomaterials by Solvothermal Reaction

The development of environmentally responsive inorgan- harmony, high-efficiency energy utilization, and respon-
ic nanomaterials with controllable morphologies and their sivity related to photon and chemicals is carried out.
advanced functionalities related with energy and envi-

ronment is carried out. Environmentally friendly soft

chemical processes, especially solution process consist-

ed 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 nanomateri-

als is carried out under environmental friendly conditions.

The creation of environmental responsive inorganic func-

tional materials with novel applications on environmental
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Design of Advanced Inorganic Materials

KAKIHANA Lab

EEMRRINT O ARRS B
BERAE

FRRH-F—T—F | KETOER LG HEESREEOTINNTYY T I3V R

SPECIALIZED ‘ chemical process.”exploration of new materials,”chemical design of metal complexes,”photo-

FIELD-KEY WORD ceramics

" 74bTIy U ARREREL M E SR

" IXNF RN =D DE R LS ARE DS

" AREENRAUESHREET ATV ADERK

"R R BIEADTINNTH A

" B HAEF AL T VYRR ORIR S LOTZ RS

m Exploration of new materials aiming at development of new photoceramics
m Construction of highly active photocatalysts aiming at energy conversion

® Synthesis of high-performance photoceramics by solution-based methods
® Chemical design of new metal complexes

Bt BEA % =

Masato KAKIHANA, Professor

masato.kakihana.c1@tohoku.ac.jp

R A emum

Hideki KATO, Associate Professor

R B

Hiromu KUMAGAI, Assistant Professor

m Fabrication of hybrid materials and morphology control of ceramics using metal complexes

STVIHILVIA DINVOHONI MAN 40 NOILYHOTdX3 404 H31N3IO

=\ RS g R

74 MeZIVv T ACEITEDMYMERRESHEE

LR E TlE SRR L ESAEREMEDT A T3V T X
(CDWTHMMBE DR FECEHEELEToTVET, IhSTAMF3y
T ZDIEEEIL, MB ICBRUKIEL TV B2 EhD, SRR LEFE DR
SRR L BR A B EE T 2= DI EDORRY» EE LR
BELSTVWET, Y
RPE Tl BR{E.
mity. Be={t4m. )
BB ESIREED
T REMRELT
Iy AEER T BT
FOTEFEX K ZH
HIBETH LY
HoREEEEL TV
9, o BT+

CaSiS2

n=« CazSiSa

(known material) X=0.03-0.1

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

7 Layer ™

Cazn-1SinSan
layer

n=4 (CaxSrix)sSisS1s  N=3 (CaxSr1-x)3SizS

1t

YT RICDNTH, FIEREDRIF LSS HEEEILEBIEL T,
BRALALFE T REF LA B F EOUIMERALIEDIRETETT -
TWETY, S5IC, BRIEM ST DBIRAIE BRI £ R RE IS
BEBHREICOVTTIANT YA OB RO RREETT > TVET,

Improvement of photocatalytic activity of SrTiO,
by flux treatment

KCl-treated SrTiO,4

X=0.3

Exploration of new photoceramics and improvement of

their performance

Our research interest is focused on exploration of new
photo-functional materials, which are called as “photoc-
eramics”, such as phosphors and photocatalysts. Explo-
ration of new materials is an important assignment for
construction of photoceramics with desired properties
because their performance and properties strongly de-
pend on the materials. Our research group is exploring
the new materials in various material groups, such as
oxide, sulfide, oxynitride, and phosphate, with concepts
of control of constituent elements and composition. We
are also examining improvement of performance of pho-
toceramics using chemical processes such as the solu-
tion-based synthesis and the morphology control by
fluxing and etching. In addition, we are also investigating

selective synthesis of oxide polymorphs and morphology

control via chemical design of metal complexes.
Development of organic-inorganic hybrid and
morphological control of inorganic materials

Titanium-picolinato hybrid
with lamellar structure

Morphological control of
titanium dioxide particles

100m

100 nm 20nm
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SUPPORT SECTION

F ST IRAR

L XIEEFY Research Support Section

[LERIBERE
LIRIBMETIE, 5BDODRZYTH . SO LIRESHRPREL RN T -V REODBMHLEEZIRICHI- DT EERET-TV
9, FREBELHMER [ Z T EREMRRT MRFEE EEHRE] 68 MERFAOAXGTIITYORERETE. U
THANEE, TL AV =X ANXRNTELEDEFHIT>TVET,

REEER
MAFMADRE - LT BRICETEESCIREEOLE - K. [Te~v=17/)V] OFIEDM. EHAR KR DENE
HEMEDERLERRTB1-HONDREFEERFHEToCVWET, T, ZREMEEPHIZZETCRLETHE4NDE
EANDHISEHIT->TVET,

HEE
ZEMHEE L. 28DX2y 70, BE HEFH. 2ERE. FECPMRICVELCEHNOBA. A BEREREENDE
v, REOEYATEOEREF - MREFEEZHELTVET, AIMRAEICAEL. RIAEKFICFABT 23S
RFENEATEIHETEFEIN-ZEMATVET,

%3t CAF
ZITMERF %R Central Analytical Facility (B&#5:25c CAF) (3. 201 0FE ICRELEL =, BIAVMHRROME
ZEEEIC, RSO AT MEROEE - EEEToTVET,

B EEEESHEE

R E RS R

-$1f1= Technical Service Section
ZRIRINE L, DE-ERR. -7 XTHR. Hass METOV VMR TIBRINTWET, 48ZDOFRMBEED . Z
hZThEMASBFL2ELIL . MERBEEHOZIEERETVEL S IREHIPSDIEBLWEBIZSASD. BICHMAmE I
BHTWET,

-5 Administrative Office
ZTMEBERITIE 44BDR2y TN LTSI - BB BEDOZREREToCVET, MR ABR ARHB AR
PORZIMTERE, FEIEHER. BRIER. AER. SR, OLIBERTHERIN, —BROEEFHFHESLI TR HBEYTAE:
KEFREDY K- HEBEDEREFER. AINUNPRBOESREEE, ZIRICHI2ERETOTVET,
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TECHNICAL SERVICE SECTION

® o1 E

RTE T3, 482 DFATHED . MAEDERICISA (SEEELRMEFVUEBLEY SRR RE Y K- T
WEY, MEEPOSEFINSIRIMIIRII SR THY), BB BT EDLPL TZDOREFBICICASD. BAHBVIIHE
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K TI5 T3, MREDEKRICICUAER
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HHATOET,
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EfCHEN B HMEFRDFEDVEDITLES>TVET,

FeEe AN TEBFI Cld. AR E OERICICU/-EE L FE- Bl A, 5% 5L XTI LORIE
RUHERPEHRME ORI BEERET-oCVWET, @REDY R DOREEIP/NEVERAELTX
ERCHRAEMIREL —Y —F 55t CRIEL
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rmsO. 1nME/TVET, M-hEEDORET
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TECHNICAL SERVICE SECTION
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Machine Shop

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

YAG laser cutting process

Glass shop

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

The example of grinding processing of glass

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.
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TAGEN CAF (TAGEN CENTRAL ANALYTICAL FACILITY)

ZITCAF

ZTWERFEMZFT Central Analytical Facility (B&#5: 2t CAF) (&, EFIEME. X ENMEE. %K
[HEESFEE (NMR), L—HV—XoBEELEARBREB LAV TEEMB O TEHMEE T EL &/
BAONKEIBREE, ST/ MERRE2—DT SIS /77/00 - BOMEHEEZBNEL T, RFHDLE
REE B AICKYE N EINSZF /T ZHITREREL. 2010 FEICHERELEL/Z, %t CAF Tl 1BILAVH#}
AEOMEXZREZENIC. RIMODEFHMEEROER - EEZETH>TVET,

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

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

List of Apparatuses

B. 3 FiEERINEKE

Apparatuses for molecular structure analyses

B HARRE

A. A IRZRE

Apparatuses for ultimate analyses

THEINRE

(R KR BRAMKRE BRAMNRE. fE-/H\OT >V FRE)

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

ICP #ADHKRE

Inductively coupled plasma emission spectrophotometer
(ICP-AES)

M/NEREE X IROHERE
Electron probe micro analyzer (EPMA)
LR MOTRE
(XIRABFANEE)

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

RATERB R A EEANRE

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

JO-MEEESMMRE

Glow discharge mass spectrometer (GDMS)

XPS

(ARFANMR400/500/600MHz)
NMR 400/500/600 MHz

FI/TINAZA AV EAF I AFHARE
(E#FANMR400/600MHz)

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

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

B - ZZE D R E AR BRI S AT L
The time and space resolution precision state analysis system
(Laser Raman)

BEERICER AT L
Super-high-speed reaction analysis system (Laser flash spec-
trometer)

BETFEHERERE

Electron paramagnetic resonance spectrometer (EPR)

EPR
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C. HEHEmRRTRE

Apparatuses for crystal structure and microstructure analyses

EFMHRETFREME

Field emission type electron microscope (FE-SEM)

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

RIEHIHEEEE FRME

Environmental scanning electron microscope (E-SEM)
T/ IV TERAT L

Nano area analysis device
EERT/O-THEHE

Atomic force microscope (AFM,SNOM)
2HEEPER X REIFZRE

Automatic powder X-ray diffraction devices (XRD)
HiBXRERE

X-ray diffraction devices

1. RINT-V

2. RINT-H
3. /hERELRE

Small angle scatter-

ing device
4. X'Pert
BEREHXREE
BnRE

Single-crystal auto-
matic X-rays structure
analyzer

ZRFTEVAIVOANA X #EERBA AT L

X-ray microarea three-dimensional stress measuring system
I X RATRE

Fluorescence X-rays analyzer (XRF)
L—Y—AALEESHERE

(MALDI-TOF/MS)

Laser desorption ionization mass spectrometer

1AV Ny TREESHEE

(ESI-TOF/MS)

lon trap mass spectrometer

Ea R T — ) IR F NG HHNEST

(FT-IR)

High-resolution Fourier transform infrared spectrophotometer
(FT-IR)

RERKH - BESEMRNAIERE
(TG-DTA/GC-MS)

RINT-V

Thermosgravimetry-differential thermoanalysis/mass spectrom-

etry simultaneous measurement device (TG-DTA/MASS)

BAERE

Thermal analysis devices

1. BEERREEEH#RE
Super high temperature differential scanning calorimeter
(DSC)

2. BBARET

Thermomechanical analyzer (TMA)

T LR

Autograph

AR AN ER

UV-Vis spectrophotometer

L—Y—EFXES HRAERE

Laser diffraction particle size analyzer

D. B8 5% i

Base facilities

BRABRMIEATL

Liguid nitrogen supply system

AU LH AEREE

Helium gas recovery device
VR B B RS

Zone melting type single crystal growth device
T— U BRRIR

Arc melting furnace

ETHRAERE

Electron beam drawing device

N2z supply system

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY 84



IMRAM BUILDING MAP

EM=AR

1E M

Main Gate

RILKZF

[ BO1

it F9

North Gate

W

|

._'l

SEFEE

Tohoku University

RALKZAER

Tohoku University
Administration

Archives
=R 9
East Gate
L f— —— |
| FO3 |
FO2 _—
RFEELBHR—IV |
Katahira Sakura Hall [—
———
-
| ]
m M
South Gate
[ Bos | ZITHR FH1SEE [[co2 | ZHR R 1SHE [ Fo1 | ZTHR M1 SHE
(FIZEHAIR AR SR) (RISMEEHFRR 1 SEE) (EMITEMFER1SEE)
IMRAM West Building 1 IMRAM East Building 1 IMRAM South Building 1
Zht 2588 ZITH W25 ZIit EEERR
(R AIRRR BN (RALFFRF RS ER) IMRAM Administration Building
IMRAM West Building 2 IMRAM East Building 2 gi’.ﬁﬂ #lﬁ'iﬂ%ﬁ
%iﬁﬁ Eli’% gim is":?_lﬁﬁ IMRAM Cooperative Research Building
(TH#) (RISMEZHFARIAEE) _ o
IMRAM West Technical Plant IMRAM East Building 3 éﬁ@%&%@%ﬁﬂ)
E%i ﬁ)f*ﬁ%ﬁ%ﬁﬁ}%ﬁﬂ) IMRAM South Building 2
Library (AIMR Main Building 2F) * = — =
South Multidisciplinary Research Laboratory 1 éﬁ?ﬁ@ﬂsﬁ%ﬁg%ﬁﬂ)

ey v
(PR IR SRR 1)

South Multidisciplinary Research Laboratory 2

IMRAM South Building 3

86 RALKRZF ZTYMEMEMAMR



ACCESS
L

AN i
WEHWAT Y7 scaoacimy vap
/ ’ “\‘
/ i EEREH o
% Aeba Ward Office -
/ 5 =R -
/ | &) Mivagi Prefectural Office
/ - '-‘ BEEFE
J % a g”j:f;ﬁg;m,; Bureau o :{;'IJL:!VEHFF,E]VE\:M;K vernmeniBUIdng
/ . A,
; 5@ wRILOMY W
! firose River | BAEN A—ILEH
! ; AFATT—1 oK¥0 Electron Hail Miyagi
! / Sendai Medhiathague,
! ! < £
! 3km '2km
EHREAITAE
Miyagi MUseum of Art

NAF+ N
TohoKu University
Kawauchi Campus

Lok
| WEEE

“Tohoku Uni

BRSO E

J(Il7=>314

Sendai Site of @ Castle

7
I Nishikouen

WEERE 4

sendal international Genter

(Sins )

Sendai Gity Museurn

I
Sendai Legal Af
Public O
WEBHHRER
Sendai High Public
\ Prosecutors Office

®

T 8524 5 AEER
YO

Subway Kotodai-koen Station
Mitsukoshi ’

HEGRR |

ori Stafier,

/ £t T
2ZNRg wAE AR
= 0N 77 Bank
AR ation Headoffice
Toolns | Messiam

ar Assooialon

E BeanS
E Bean:
L
SEEARRkS E
Hyoujyougawara Stadium

POSITION of JAPAN and SENDAI

Athens
Lisbon

[ Sendai |8

# JAPAN

San Francisco

Wiashington D.C

BEFv VSR

Tohoku Universit

Chitose Airport e

Sapporo
Shinhakodatehokuto

Sendal s

Access to Sendai station
1. Train "Tohoku Shinkansen (Bullet train)" From Tokyo to Sendai: 1h40m

From Seoul: 2h20m / From Beijing: 6h / From Tokyo-Narita: 1h
From Sendai Airport to Sendai st. by railway: 30m

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

Kanazawa O«

Nagoya
Ky°t°........%..¥,

aNama International Airport

a
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Developed GMS sheet and its supercapacitor connected to two LEDs.
Copyright: Hirotomo Nishihara. P.09
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TEL:022-217-5204 FAX:022-217-5211
URL :http://www.tagen.tohoku.ac.jp/

INSTITUTE OF MULTIDISCIPLINARY RESEARCH
FOR ADVANCED MATERIALS TOHOKU UNIVERSITY
Director:Professor Atsushi Muramatsu

Address:2-1-1 Katahira,Aoba-ku,Sendai 980-8577,JAPAN

Facebook https://fb.com/tagen.tohoku.ac.jp/
u Twitter https://twitter.com/team_tagen
@ YouTube F+> %)L https://www.youtube.com/channel/UCgiZBMLANLnJp1Dkky09fgA

BA A=V HT > http://www2.tagen.tohoku.ac.jp/information/mailmagazine.html






