Visualizing asymmetric transport limitation in
solid-state Li-S batteries with X-ray CT
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Greeting from Director

I am Hiroyuki Fukuyama, and | have entered my third year as the
Director of the Institute of Multidisciplinary Research for Advanced
Materials (IMRAM). | would like to introduce our latest initiatives
aimed at further leaps for the Institute, as well as our outlook for
this fiscal year.

Celebrating the 25th Anniversary Milestone

This year, IMRAM celebrates its 25th anniversary, a significant
milestone. We extend our deepest gratitude for your support over
the past quarter-century. To commemorate this occasion, we will
hold a 25th Anniversary Ceremony in September. We will take this
opportunity to reaffirm our "Trinity" research system—comprising
Materials, Processes, and Measurement—and transmit our vision
for the next 25 years to those both inside and outside the university.

Challenges as a University for International Research Excellence

Following Tohoku University's designation as Japan'’s first "University
for International Research Excellence (UREX1)," IMRAM has been
promoting a strategic personnel plan to recruit world-class researchers.
As a result, three world-renowned professors—Professor Jirgen
Janek (solid-state batteries), Professor Mauricio Terrones (carbon
nanomaterials), and Professor William F. DeGrado (protein design)—
have arrived as International Distinguished Professors, and their
"Branch Labs" have begun full-scale operations within the Institute.
These Branch Labs serve as cutting-edge hubs where distinguished
researchers collaborate closely and co-create organically with our
faculty and students. By accelerating the creation of knowledge through
interdisciplinary fusion, these labs will function as the core of our "New
Research Center Initiative," specifically within the energy, health, and
food sectors, to solve urgent social issues.

Further Advancement of Research Infrastructure

Two years have passed since the next-generation synchrotron
radiation facility, "NanoTerasu," began operations, and it is already
producing many innovative results. This year, the Institute has
secured 120 hours of utilization time. | expect all members of the
Institute to maximize the use of this world-class infrastructure to
accelerate highly original research.

At the Tohoku Center of Excellence for Microscopy (TCEM),
established in collaboration with the Institute for Materials Research
(IMR), structural analysis of soft materials using cryo-electron
microscopy is progressing steadily. Using these state-of-the-art
foundations as an axis, we will play a central role in contributing
to the realization of the "Science Park" promoted by Tohoku
University.

Development of Industry-Academic Collaboration and Networks

In terms of industry-academic collaboration, new Co-creation
Research Centers with NanoFrontier/Nittobo and UBE were
added last fiscal year. Consequently, a total of five Joint Research
Laboratories, along with the Joint Research Division, are actively
conducting research activities. This serves as proof that IMRAM is
highly regarded by society as an institute that prioritizes "Research
First" and "Practice Oriented Research and Education". We will
continue to expand our industry-academic activities to contribute to
society.

In the "Network Joint Research Center and Alliance Project,"
composed of five affiliated institutes across Japan (Hokkaido
University RIES, Tohoku University IMRAM, Science Tokyo RIST,
Osaka University ISIR, and Kyushu University IMCE), each institute
acts as a hub while collaborating to develop creative joint research.
The "Alliance" project has reached its 5th year. To make this
project permanent and developmental, we are currently applying
for its transition to a core budgetary expenditure (Kikan-Keihi). We
will promote joint research for the creation of new academic fields
and social implementation in materials science on an even stronger
foundation.

Future Outlook

On this 25th anniversary, empowered by the arrival of three
International Distinguished Professors, the expansion of our
industry-academic collaboration system, and new developments
in the Alliance project, IMRAM is determined to further improve its
research capabilities, promote interdisciplinary fusion, and connect
those results to the sustainable development of human society.

We sincerely ask for your continued guidance and encouragement.

April 2026
Director Hiroyuki FUKUYAMA
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Promotion of network-type collaborative research among 5 research institutes based upon

the Joint Research Center of Materials and Devices
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"Nonlinear Response through Chemical Control of lon and Molecular Fluctuations"
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tional Materials through Introduction/Control of Fluctuations".

BRROBEBRIELRICENT. AP loT DERNGE
RIcHV, FIEEROEEBINIERONERNGEREL 50T
WET, ROV IVR—XOEEFEEFMIE. Ml
EBRLICBVTRARITELDDH Y. i Th DL
EHBEEND DRRICTERENET 55 LT /1 ADAIR
DMYIEENTWVWET, ACREST 7OY T bTlE. Y1ED

=& (B - &k - [k OFEICHET S [T5XFv s
TRV (MG POJ ICEBLE LR (B1),
ZTOBNG W5E| ZEHEICHETHI LT, TNETIC
BUONGISEZ A ERMRORREZHIIT S L%
BHELTVET,

EfhERADRREIE  FHEER B TSHREIFRIINE

TIZAFYIIVAII (PC) .

T
'-1 115

] NS
PCHE(FHElEE)

208k 1|

ﬁﬁ*ﬁ}iﬁ;ﬁ}
N

MEE) - PEFRED DL EHT

> ¥SUTA

= AAEN

EEY AT L FICABORPERERIE. BMITHS5EL
DORREGBEER/REDDE. WO TIERNIEMZIER
DIUEPFEBZTOTCVEY ., REDT /A ARHEITBWNT
KRHESNTWBDIF. DX D HEMREHE DRI ZER
WET7IVITVALE, TNEZABMBDBRERTY., IIT
IeBMEBETBOL [TSXAFv o) A2V (PO 1]
TY. PCHRI. DFDELUIBREREFLICEESNT
WENAS. DFBEARDERNREDEK S IcBHICEEL T
5LEW0S BEGHAAFIALERAL TREDL S
BlfE] T, INETOMHRBZETIE. TDKSIBRFD
NP5 E] (IMUEDALERER L L TRHIFSNDIERICSH
W& Lo LOLAMETIE. COBNGZEATIIRATE
B AERIMIC L CEMAERISZRY [FERFIGE] O
BRICIEBEEZTWEY, TOBNEAFIIXENET
LHNEBRF LS B, ERME TR ERMIMEN iR
TEBNEVDOEVD FHARDKOZEZELTVETY,

AHEDENIE PCRFORIEESHZF ./ LNILD

T

P(453#5)
F 3

S
f7ﬂtz%u~y2
), > E(TR35)

Y SFI1TIOROERE

IERRZ DB B DL R

B r BE 1, BI% £, 5 «
—EBR E, BESE P, B ...

1 TS2RFv 00 1) AZIADCENGAENT DEAD 5 KRITY ZIHFISEMRL & T DILFHH

MeEmx4Er) THREL, <7 0GRESEREBEIC
THAVTBRTEICHIET , ZO7TO—Fid. LTFD
EODRETHEREINTVWET (K2), DFDEEEHIC
BRI BEITEHET Bdic. UTFOEREHFHET
ICHFFAFET, BFICH L THRICRIET S MEE] *
R85 &, DFICTEFLEAEFI DKL D EEEDIEHTE
(FZVT4) ZHFE. FEGSRBEPREEZHET S
T&o DFD TIFNEHRYUAL ® TH1 OEL (AVT#
A= 3 VL) ZEEHEEEFHEETEE. ZREOLEE
BlHT 5T &, T5IC. MHOZHRER BIICHEEET 218,
AHAETIE TAA/ T HIVER] ODFEEBEALET,
R—IVZINEERVTHENICER D FEBHENITCEY
BOEBZTET. BEDBRELBRMECIEDBELTLED
KOBHFEDETH>TH, B—DHELTRLYES
NEd (BEBEER)) #E8LEYT, chnicky,. BRAIKIZE
FELGWERER PCHEZAIL L. ERIC K> THttE%E
EBHEMICF1 -7 95Ot RERIIVELE T,

INSOMEZE, Ty I ARG MpBYFN—-3
Eai—7a>71 RFELTRELET, T HRBERE
DR DOEMGMERRZAREO—ME L THATSFECTH
D, RMADBEIREERTFL L COEREZBRT LD
TY. 7OV MIBELGIMBBEICEBEST. 9F
LNIVOBMES LS OBYEZERZU DI 55 LOFERE
FZEHRSCEZBNELTVET, E&EREDOHEZ
FOPCHICBWT, AFDRES A F I 7 AHBWNMTLT
MRFEM) © ATURAL2KEYE ELTENSDH. TD
BRI A D Z X L2 BICERBR L £ 9, SEE DI PG,
ESICIIE—REABEZEHEDE ST LT, BHICHTS
BREISE. REKEFE. MES. BREOEE VTR Y
B DFDEDEUD ED K S TZEBIHIEL T2 DH %
oM LEY (®3), Thickl. JHEHIGED TDFR
Stgdt) ZHRICHKRS TRRT BB T, FARL I
S5THRIG. FROURAVTIEZZZABILY FOZIR
BN ZA LY T bS5 LEY, EMRIFRTISE
ZROPCHMHZZDEEFHERT (UYN—B) £LTH
WBTET, VI MU ITICLBMERDARL Y L EFRIC
BHEBEENTEIET DA FYITHRRLET, Thicky.
v MTERT BT EGLTINAAEKE (TvY) TUTIL
A LICEERECEGREN. RERMZ1TS TH8EE loT

3Fi’ﬂﬁ tE, R, 251t

- S
oo ‘#‘#ﬁﬂimﬂ

N
DTEHRICH T SHEEHEOR
CESUF1
cHFALIA A3 - BR

ANJTEZHIAEE PCAEURSYOME J7xA—a8 L
Ag* + e = Ag’

2 FEEREZRIRT BDHDDFHRETETOLADIEH,

T BT
Tomoyuki AKUTAGAWA

TINAR] DERDPIMERENE T, TSI AL SDHT
HERIBITN LERNICRISZEZEZ Y. BEOR BzFE
LTREZRELLV TS TEUOMRI ORIHH ATREE &Y
£Y, Ind. RIEOER(ZHBPTRML CESRBLT S
BEGHX Y =P, EFEEIEORVONIVAT7EZR
U2 TEMNDERNMAFEINSLDTY, . AHMRE
BT MEEMW) TREE] HERERR] UL DHb%E
EHLDD. BEETHEHL. HD2—2Dw)VITEBDER
R CESSEAT ORBRMEZRIBNLET,
FT7OT U MM BRCE. WEMER. T LTERR
FORRRFITMBET SHENEEHKTT. MEDFD [
5E&] ZHRTHDTIIGL BERNITERTSEVSHL
WEZRICEDE, BARAROMBEIOEVRZEYHLET,
;@WU@&%LU?\m&%a@w%%wxm&trﬁ%
T XEMUER ZIRET D LI, BROMERED
HANFENEESILBHEILEHELET,

DC-ACEZILED
RIRBVERA - 2258

Pedarizatien | uGem”

s kR D W & om

E/vpm'

3 BEVLEREICKBIFFLLEDZA T I v 7 IZHIEHOA.

RTUTI - FHRINA T U Rt 52—
N Ty FRBIRMESE Bz

RILKE STBERFHRERR

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

10



JST RURRIFIZESTIRER

TAIAIAZRZ TAZOY =L ORIFITED EaEROHE & 27

"Creation of the artificial organelle “Metallosome” for controlling and understanding biological phenomena”
sponsored by JST FOREST (Fusion Oriented Research for disruptive Science and Technology) program
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"Absolute Control of Catalytic Reaction Mechanisms Based on Atomically Precise Design of Metal Nanoclusters"
sponsored by JST FOREST (Fusion Oriented REsearch for disruptive Science and Technology) program
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Journal of the American Chemical Society, DOI: 10.1021/jacs.5c02529, ¥ FUEARE , AL , 3111817 Development of a New Technology for Controlled Interstrand Linking of DNA
2025.05.29 Digital Discovery Unlocks Durable Catalyst for Acidic Water Splitting Co ications Chemistry, DOI: 10.1038/s42004-025-01853-z, B¢ , kX 52 , Jamila Abbas Osman
Journal of the American Chemical Society, DOI: 10.1021/jacs.5c04079, RUEi&E EE s 1. %z - JEE——
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Bluer and Better: Improving the water solubility and acid stability of guaiazulene Material Horizons, DOI: 10.1039/d5mh01458a, At {E& , FaRFH0 e
New Journal of Chemistry, DO: 10.1039/D5N.J01214G, B 20260130 %7 LLEATABEC & 3 BEESRTSIMMRORME —7 =4 B S BhE CREES 1 S 4V — VA% COF—
2025.06.13  JUA - INRAY—ILEESLEL ! ? EAEERNTET/HE V1Y MLkD FIIVERIEHIEORTRE % R [ Greenic | 3D Covalent Organic Framework Offers Sustainable Solution for Wastewater Treatment
The Journal of Physical Chemistry Letters C, DOI: 10.1021/acs.jpcc.5c01253, FiIREIE , &)1 | Journal of the American Chemical Society, DOI: 10.1021/jacs.5¢19590, 1B =/ff— , Das Saikat
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—IPAVRUTELICEY TR F BB RET BER TRV — D FRRDORE— Turning Nitrate Pollution into Green Fuel: A 3D COF Enables Highly Efficient Ammonia Electrosynthesis
Journal of the American Chemical Society, DOI: 10.1021/jacs.5c06772, 7k X Journal of Materials Chemistry A, DOI: 10.1039/D5TA07989F, #R=1#— , Das Saikat
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Researchers Develop Novel Copper Nanocluster for Efficient and Selective CO. Conversion Journal of Sustainable Metallurgy, DOI: 10.1007/s40831-026-01420-3, BE5=2
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Analytical Chemistry, DOI: 10.1021/acs analchem.5c02121, ISIRAM , (BT, WO, KATA T 20260219 FRCEBECYY Y JERR I (AL MR VOUB) BRI AR 1Y —HEEAN —RREBRHE T VO,0) OBEMIENOK
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ACS Nano, DOI: 10.1021/acsnano.5¢05513, #8587 & ACS Sensors, DOI: 10.1021/acssensors.5c03743, E&&t
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New Material May Enable Next-gen Hydrogen Energy Devices ACS Applied Materials & Interfaces, DOI: 10.1021/acsami.5c23088, &) 1#68%
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Nature Communications, DOI: 110.1038/541467-025-63283-6, FPS/7), SEVER , IBA (L)  HERSH , Wik 2060331 BEEANSIFTECTREENTU DNARBTOER —HRIICED BUSERL OERERR, RERDIMIER DNA ZERT
20250003 BANREKIEIER | EFOEHRMIEHNERR ~F/ AR HILHBRTTRR RIEFSYR - EV BRAOBEICHEE~ ZASEREOEMAN—  Discovery of a Hidden Mechanism in DNA Damage: Singlet Oxygen Generates Abasic Sites
Breakthrough Iron-Based Magnetic Material for Next-Generation Power Electronics Col ications Chemistry, DOI: 10.1038/s42004-026-01979-8, | ISPt , FRERANFE , A RSE
Nature Communications, DOI: 10.1038/s41467-025-63139-1, [{A&H4 , Hossein Sepehri-Amin
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Plant and Cell Physiology, DOI: 10.1093/pcp/pcaf076, SKaThA ZOBY P EHRICANT TARIET BICiE. RF - £V 2—DXDFIEEMAEEEHRTE
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ACS Applied Electronic Materials, DOI: 10.1021/acsaelm.5c01268, FaiE#KF el RYEHELI DY PTLE LT,
20250016 TE—LY b XL Y SERMRNEOF /HES(LE * BE " THE —SEERERCES BHEE ; Green Material R pt I N R YT S oI
Proceedings of the National Academy of Sciences of the United States of America, DOI: 10.1073/pnas.2513369122, B84 shal Green Process B /35 CO, HEH. BBEDELERLER. 1F FF & EAMRLORET
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2025/8/1 ERRE 2nd Cross-sectional Seminar for the Fusion of Multidisciplinary Research

2025/8/4 ERRE AIMR International Symposium on Advanced Nanomaterials

2025/10/31- 11/2  EFREH The 5th USTB-TU Symposium

2025/11/4- 6 EERE SH 7 EFESBER/ O AWK LY 22— 2RI D L [The 12th Tohoku - Melbourne Joint Workshop J
2025/11/13-14 ERRE Tohoku University & National Taipei University of Technology 2025 Joint Symposium

2026/1/15 ERaE RIKFA—T &/ O—XEIEE 2REKRT—V>av S
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BAfEE X5 754

2025/4/1 ERRE  5F 2 OEBREEMRMEEEtE S+ — (Prof. Hannu Hakkinen)
2025/4/3 ERAE  MMH#EES /AIMR#ES (Alberto Bianco 1&@+)

2025/4/16 EERE Nozomi Ando 4+ = +—

2025/5/1 EF&E 5 3 OB EMSMEHEE %S =+ — (Prof. Biswarup Pathak)
2025/6/3 EfS#  MMH#EES /AMREES (Nikolay Kosinov A#i#%)

2025/6/9 ERRE B 1ENFER (T —>—RHA

2025/8/18-21 ERNRE  FeOFReENHErI—

2025/9/3 BN BFALELS—

2025/10/7 ERRE  F2EAFHER (R

2025/10/7 ERE Mahmoud Mousavi fc4 3885

2025/10/15 EREE Mauricio Terrones Zi5:E &S

2025/10/16 ERRE Magda Titirici 5% 84

2025/10/20 ERRE H19ES/ - A0 E I+ —

2025/11/17 EfRE  REUCLICEIA—T VA /N—2 3V DOREIHR

2025/11/18 EFRE  F 4 DRBEEMRMEERELE S F— (Prof. Jian He)
2025/11/18 ERRE 55 EBRERMREFEMEtE S+ — (Prof. Zhen LEI)
2025/11/18 ERRE £ o OEBESMEEFEMEL S+ — (Prof. Jian He)
2025/11/10 ENRE  BREBHALHEER

2025/12/8 ERSE International Symposium: Advanced Materials and Characterizations for Energy Storage Devices
2025/12/17 Epe#%  Alexander C. Forse SE4s#ES

2026/1/15 EARE  F2E0FEHERE (L—Y) (kR

2026/2/26 ERNRE SO TFRRIEZE#ERER (BEX)

2026/3/13 AEE X2V THAIMEFREES 2026

2026/3/20 EEsE 5 6 [DHEERESMEMEEME L S+ — (Prof. Qiaofeng Yao)
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EMRARTYT, RILAEDLSIE. STMEREMBFREZIECHE LTERDSMEES 254, AERES 16 BHBML. AIVKRILY
KEDSIE. HARES NME KERESTEHORKRBL. BRFORRREEXRETVE L, FVFEY Y3V TRRERESHZLD
RRAZ—HERETV, ZTNZTNDOAVN—EEFREMERFRETVE L, 7—7 Y 3 v TROBRICBRATIEBMELETOFRETL.
SO 2 KRAICH T 2 ERERE & HREFFRHEICE L ThaEmEZTVE L,

2025 % 11 B 13 B~ 14 Hidid, B2 SIRFAZICBWTESEBE LGS RILAZE—BIREREY 314> b VRI T EFE
LE L, RILAELSIE. SMBEREMERFR. BREBRENA / N—2 3> - AR— bV 42— @BMHMER. ZENZE7O0>
T4 TR, IFMRRICFIET 288 132 EFE 20205 L. BIRBERFLSHE 15BEFE30LDBML KT, REFD
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B EMASRIFE  Academic Exchange Agreements with Foreign Institutions

Hirtg KR HEfaE
EREAFE S/ BIERAMTHIZE 2 > 2 — / Center for Nanoscale Science and Technology Peking University | 1998*
AL AE / Peking University 1999
FERFE R RS RS E A EERZSAR / Changchun Institute of Optics, Fine Mechanics and Physics | 2000
FEF/BFEMERF TIZE PR / College of Material Science and Engineering, Huagiao University 2001
thE] LR A / University of Science and Technology Beijing 2002*
China ERIN AR T2 B / College of Materials Engineering, Zhengzhou University 2003
BN AZE / Lanzhou University 2007*
LR T EAS / Beijing University of Technology 2010*
FERAZE #K « TX)LF—22ER / Faculty of Materials and Energy, Southwest University 2017
AR ALH KUBEESER / Central South University, School of Metallurgy and Environment 2025
77 TR iTZeRERa PR / ITRI South, Industrial Technology Research Institute 2009
Asia L E|IT¥EHEEAS / National Tsing Hua University, Hsinchu 2009*
Taiwan Er &R RS T2 / College of Engineering, National Taipei University of Technology 2018
ErEdtRHE AR / National Taipei University of Technology 2019*
246 KE4% / Chonbuk National University 1991*
Y 7 JURER / Seoul National University 1998*
BWEAFRNAT )y MR o 2003
Institute of Hybrid Materials for Information and Biotechnology, Hannam University
%a RIIREAF BB ERFHEERMRUTEME LY 2— 5003
Advanced Materials & Process Research Center for IT, Sungkyunkwan University
EREE KA / Chosun University 2004*
SEEERRIFHZ5 / Korea Basic Science Institue (KBSI) 2021*
FUE L FARFHL / Ewha Womans University 2025

Hg) HEI% s
FIT 4 A/ Thailand F 150> 30— KF / Chulalongkorn Universit 2011*
Asia —Z B2 3—2KZ / Chulalongkorn University
Middle and Near East | Kuwait Kuwait Institute for Scientific Research

A1) 2 HEU Y —F D VPRI S — AN FLR 1096
United Kingdom Daresbury Laboratory,Council for the Central Laboratory of the Research Councils
=<7 [/_ﬂ—_ N 705 X? ° Hﬂlﬁﬁ%ﬁﬁﬁﬂj’%ﬁﬁ 2006
Romania National Institute for Lasers, Plasma and Radiation Physics
RV R—E—KZ / University of Bordeaux 1 2005*
7 1L EHEILAZ / Ecole des Mines d'Albi-Carmaux 2006*
anﬁce/ A RS SEHERY L L / Synchrotron SOLEIL 2013
+ b REMBBFZERT / Institute of Materials Jean Rouxel,University of Nantes 2014
JN1) T LKE / Paris-Saclay University 2020*
N HY— 222 VY AEHRRE TEHRR 2014
Hungary Faculty of Materials Science and Engineering,University of Miskolc
NV v BERREIIESHR! / Department of Physics,Free University of Berlin 1997
AITSF - T7U=FUvk - S —KEEFYIEARTTR 1999
Institute fur Festkorperphsik, Freidrich-Schiller-Universitat Jena
Ry
Germany FEER AL RIZEFR / Institute for Crystal Growth 2006
S—Ows R IR TS EDEEIZEFR / MPIK, Max-Planck-Institut fur Kernphysik 2009
Europe H—IVRIV—ITIRKZ / Karlsruhe Institute of Technology 2011*
D TRY— R 79 | RAESER 2013
ANA >~ Chemistry Department of the Universidad Autonoma de Madrid
Spain
T )BT KERARIBFZEFR / Materials Institute of Universidad de Alicante 2014
A 217 /ltaly b1 T R T HRESFERRZERR / Sincrotrone Trieste,S.C.p.A 2007
O3 7HET H 7 = — BB FZE 1093
P.N.Lebedev Physics Institute of Russian Academy of Sciences
b LAY TRIKZ R FIYDEERFZSFR / Nuclear Physics Institute, Tomsk Polytechnic University 1997
- O PRETHT S — LT 7R 2000
Russia P. N. Lebedev Physics Institute of Russian Academy of Sciences
O 7RIS H7 S —EREEEBHIE 7 0 XFERH 2005°
Institute of Automation and Control Processes, Far Eastern Branch of the RussianAcademy of Sciences
OYTHRET H T S —HERRS - SHRSEHIZER 013
Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of Sciences
951 F PR AR E RS 2006
Ukraine Institute for Problems of Materials Science, National Academy of Science of Ukraine
37;\/31;_7_ 7 JU> KR / Lund University 2026*
_ K IVRIV > KE: / The University of Melbourne 2016*
FTET7ZT F—=ALSUT
Oceania Australia F—Z ;ST EFHARZEAMEE (ANSTO) 2020
Australian Nuclear Science and Technology Organisation (ANSTO)
éja:;(z FEOY bKEERE - HEERIZEFRL / Department of Metallurgy and Materials Science, University of Toronto | 1998
a0 ET7KRFEFRL / Department of Chemistry,Columbia University 1995
OOV ET7KFEBTEERMER - BB 5%} / Department of Earth and Environmental Engineering, 1998
Fu Foundation School of Engineerigand Applied Science,Columbia University
JE IR KFEBIEH / Department of Metallurgical Engineering,University of .Utah 1998
North America T A A HY T H IV =T KFIN—% L—#Z / University of California, Berkeley 2008*
USA
=R T AR ) HF—TKE / Case Western Reserve University 2015*
77 ]V 3> XEITHZERR APS / APS/Argonne National Laboratory 2020*
O—L >R « ]N\—% L —EIIFZEFR / Lawrence Berkeley National Laboratory Advanced Light Source | 2020*
SLAC EZHNER2E3HFZSFR / SLAC National Accelerator Laboratory 2021*

* REMBIBEMER  Agreement on the University Level

* RFBEIBEMER  Agreement on the University Level
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HEMRE (2026 2 4 BIRAE) Organization Chart (as of April, 2026)
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u thZ/ZTAI%ﬁHnDBFj . Research Center " EI
Division of Process and System Engineering Library
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Collaborative Research Division of
Non-ferrous Metallurgy and Environmental Science

B FOTUTIAXEILARE KXFE S IHARRKM
Dexerials-Tohoku University Photonic Meta Sensing Co-creation Research Center
B HABFXEILKRE SESTUTILOMHLRFRTRT
JEOL-Tohoku University Advanced Material Analysis Co-creation Research Center
B =HEBXEILKRE FRANEMBHRIRTAR
MITSUI KINZOKU x Tohoku University Co-creation Research Center for Advanced Materials Shaping the Future
® NanoFrontierx BER#XERILRFE  F/#MRITA I R—2 3 > &R D AR
NanoFrontier x Nittobo x Tohoku University Co-creation Research Center for Accelerating Innovation with Nanomaterials
B UBExFILXRFE HSV RIERMHAIRTTAR

UBE x Tohoku University Co-Creation Research Institute for Future Driven Technologies

BE 250 2026 £ 4 B3810) Faculy & Staff (as of April, 2026)

£ B HBAM UES MRS @
Professors Associate Professors Senior Associate Professors Assistant Professors Research Associates Researchers
52(5)[2] 35(2)[0] 9(M 2] 59 (11) [14] 1(0)10] 11(2) [8]
BEHE" BTa BERBE wnn | FEBHE ezm | FEPRE zon | A5
Administrative Staff Technical Staff Re-employed Technical Staff Part-time Staff (Research) Part-Time Staff (Other) Total
47 (20) [1] 55 (23) [0] 2 (0) [0] 19 (8) [3] 66 (59) [0] 356 (131) [27]
¥ () RIEZM. W% () indicates the number of female staff included in counts.
¥ [TRIEANEA. BE [ ]indicates the number of international staff included in counts.
* 1. A, PREBHHE 5%. WE 5 Purpose-Limited Administrative staff included in counts.
* 2. N, FRERMERE 14 4. RW# 14 Purpose-Limited Technical staff included in counts.
ZRPYRIEN S ELAIER (2026 & 4 BIAE) Faculty Members (as of April, 2026)
BP9 % R A HE 5
Research Division Professor Associate Professor | Senior Assistant Professor| Assistant Professor| Research Assistants Total
B - LRI EATRERF
Division of Organic- and Bio-materials Research 6 S 2 10 0 23
ERAEBRZRERFT
Division of Inorgan; Material Research 11 4 5 12 0 32
TRV AT LTEHFEERF
Division of Process and System Engineering S 4 0 S 0 14
SHRIRAZRERFT
Division of M:asurements 9 9 0 9 0 27
EREROLAHME LY 2—
Center for Mineral Processing and Metallurgy 8 5 1 1 0 25
RTUTIV - FRINAT Uy R 2—
Materials-Measurement Hybrid Research Center 6 6 1 10 0 23
JES S R BRIRIE R S FAZR 2P 0 1 0 0 0 1
Collaborative Research Division of Non-ferrous Metallurgy and Environmental Science
HA RV T HAIMZRRR
Photonic Meta Sensing Co-creation Research Center 1 0 0 1 0 2
BEX T U7 IVAHAIZERR
Advanced Material Analysis Co-creation Research Center 1 1 0 0 0 2
SRR RIAZER 9 0 0 0 0 9
Co-creation Research CenterCo-creation Research Center for Advanced Materials Shaping the Future
Co-creation Research Center for Accelerating Innovation with Nanomaterials
% 5L BT AUBIZERT 1 0 0 0 0 1
Co-creation Research Center for Advanced Materials Shaping the Future
Z Dt
Others 1 0 0 0 1 2
A5t
5 52 35 9 59 1 156

A 20264 5 BB Students (as of May, 2026)

FZTR} - S8R Schools ER Under Graduate 1E-ERF2RIHA Masters Program 1BEERFE%HA Doctoral Program
TEHZER - TEER Engineering 51 (9) [3] 118 (18) [13] 53 (12) [22]
IBEARFZER) - FBEAER Science 9 (4) [5] 66 (17) [15] 34 (15) [23]
SR SRRl Life Science 0 (0) [0] 20 (6) [2] 8 (1) [5]
RIBRISHIZSRL Environmental Science 0 (0) [0] 30 (5) [1] 23 (4) [3]

60 (13) [8] 234  (46) [31] 118 (32) [53]
A5t Total
412 (91) [92]

% () midE. A% () indicates the number of female students included in counts.
¥ [1 WIFNEA. KWE []indicates the number of international students included in counts.
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%/\?&é@&“’]\h Foreign Faculty Members
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%Eljﬁ%%éﬁ (‘_'_ Research Fellowships

FFE Fiscal Year 2019 2020 2021 2022 2023 2024 2025

¥FRIERZEE (DC - PD) 5 6 9 4 8 12 11

NEANFRFAEE (R

NEANFRIFAEE  (GE#D)

NEABANVAEE  (RED)

NEABANVAES (B

oO|=|O|=~|H
OoO|O0O |0 |0 | Ww
oO|OoO|OC|O|N
o|o|Oo |~ N
OO | =N
|l w|l o |o|h>
oO|OoO|OC|O|N

YI—707 5 LHEE

#E)\ * #EI'IH WER (2024 &) Annual Revenue & Expense (FY 2024)

2024 FEE mARNER  Revenve for Fy2024 2024 FEE mHMAER  Expense for Fy2024

2.5%
3.6%
10.5%
35.6%
a5t a5t
(=) =
12.8% | " 32.3%
48.8m 48.8Em
58.5%
12.1%
5.9%
26.2%
B2 &% 4 Management Grants 1B = EA 4 AFZE  Management Grants for Salaries and Wages
R3] A o 5 Paaray in A . e
E?Eﬂiﬁﬁﬁj}i% Grant's .In Aid for Scientific Research S B2  Management Grants for Supplies and Egiopmens
S EEHEZE  Funds for Commisioned Research
S [EHFFRE Funds for Joint Research H\EBE 4 A% External Funds for Salaries and Wages
Z I Donations SERE LW EE  External Funds for Supplies and Eqiopments
Z DAt Others

EH‘%%%H’]\TUH@R (B : FF) Research Funds (in units of 1,000 yen )

fFE Fiscal Year 2019 2020 2021 2022 2023 2024
EEII4E  Management Grants 2,483,614 | 2,198,544 | 2,143,237 | 2,303,036 | 2,274,356 2,854,015
BIZHZEE  Grants-in-Aid for Scientific Research 707,069 606,410 759,415 752,726 705,280 588,667
ZELEAZSE  Funds for Commisioned Research 517,039 601,919 837,269 669,176 624,369 626,575
H[FRFZZEE  Funds for Joint Research 332,380 278,483 218,626 341,146 419,384 512,673
ZFHig  Donations 129,212 72,825 129,386 141,738 133,927 178,380
ZDf  Others 26,668 44,427 34,831 76,619 108.926 120,467
&5 Total 4,195,982 | 3,802,608 4,122,764 | 4,284,441 4,266,242 | 4,880,777
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| ARDEFF

B - LB FHAREN

Division of Organic- and Bio-materials Research

O REARIERZEERF

Division of Inorganic Material Research

ApBED FERILY /KR £

Synthesis of Organic Functional Molecules
LantkaedlENELF

Functional Photochemistry and Chemical Biology

ERDFEE

Biomolecular Structure

iR D FLF /KL &
Cell Functional Molecular Chemistry
£ FHEBEETR /KB T
Nano Biophysics
EdDFIAFTZUOR / BiE B

Biological and Molecular Dynamics

EFE-LBEEWLE / Bk BETF

Quantum Beam-based Structural Biology and Chemistry
B\ T Uy RS iESEAR

Organic and Hybridized Nanocrystals

BATFINATUY RF IR/ FEE FRIKTF (SRIS)

Polymer Hybrid Nanomaterials

EPREi# / DeGrado, William
International Excellence PI field

VI bR BERUT whiE BT
Soft Materials

TOCRASRAFT ATFHFEEM

Division of Process and System Engineering

BRI/ ITF / EE S8 (Frs)
Supercritical Fluid and Hybrid Nano Technologies
KMERIFE/ INE
Laser Applied Material Science |
BikAAZDR - FINAR / % 3 x °® ¢
Solid State Ionic Devices |
BEESREMIOER / #LE #* | (%)
Environmental-Conscious Material Processing o
MRDBETOLR / %A i
Materials Separation Processing Il
AT Uy RFIJRFIOER
Hybrid Nano-particle IMRAM
TOCRIRFL / BEXE RH F=
Process System | ,

|
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Center for Mineral Processing and Metallurgy

EEMAIELEE /Bl Bz
High-temperature Physical Chemistry of Materials
BERByOtvI >y /Bl #

Base Materials Processing

HEEEIEAMA T O R / hiih fith

Powder Processing for Functional Materials
IRILF-ERIOLR /HE &

Energy Resources and Processing
TIRILVF=FI)INAE / AR 1§ \
Chemistry of Energy Conversion Devices |
EREBFERI AT LA/ %H 1REP \
Metallurgy and Recycling System for Metal Resources Circulation |
FEFZEMEEIOER /MR FX \
Atomic Site Control in Inorganic Materials |
RIBESRMTOER / BLE ¥ (pr#m w
Environmental-Conscious Material Processing (C) |
MRDBETOER / %M iEE @mnmm |
Materials Separation Processing (C) |

ER=g / Janek, Jirgen \
International Excellence PI field

ik &R RN R F R EPT

Collaborative Research Division of Non-ferrous Metallurgy and Environmental Science
KA > O HEIRKPR

Photonic Meta Sensing Co-creation Research Center

BEYT U7 IV nstaliRskrR

Advanced Material Analysis Co-creation Research Center
REELEHRIHRITAT PR

Co-creation Research Center for Advanced Materials Shaping the Future

T MBTA I R—> 3 @2 EY SHREIHZEHR

Co-creation Research Center for Accelerating Innovation with Nanomaterials

&5 W\EliERLiT 3 aIAFT R

Co-Creation Research Institute for Future Driven Technologies

EHEESAIRUES / ILE &L

Inorganic Solid State Materials Chemistry

REETYE /S kB =

Quantum Spin Physics

FJ AT —)VESBERE /AR BR

Nanoscale Magnetism

I TUY RFISRFT L /BT BE (SRIS)
Hybrid Nano System

7 HEeIH EF  $BEE ILRE

Nano Physical Chemistry

IEHEAMRIE R

Inorganic Crystal Structural Materials Chemistry
SRR 8F B

Metallurgical Design for Material Functions
RISEEAMRMEE Bt 8

Environmental Inorganic Materials Chemistry

EZIRERATARL /DR Setd

Inorganic Materials for Chemical Transformation

EEREMAMEZARDE / IRF l—

Atomically Precise Materials Chemistry

J\— R BERIR 1L &iT

Hard Materials

sHAIERZEERFT

Division of Measurements

BFE—LFHA / BE H

Quantum Beam Measurements
BEMRIGL S = »

Structural Physics and Crystal Physics
BOTFWIBE / R &S

Polymer Physics and Chemistry
BFJ0>7« 7508 / R AL (sris)
Frontier quantum-beam metrology

BEFATILOPOZIOR /R ER

Quantum Optoelectronics

ATERIRMEIRIRETRA B8 =4 (sris)

Synchrotron Radiation Microscopy and Informatics

EAREE / B EF) (sris)

Solid Surface Physics
F/BFIO-TJEWREHAl /M A
Nano-Electron Probe Diffractometry
BFOHT - YR W0 ER oo
Electron -Crystallography and -Spectroscopy
FEBTO—TeHBIFkAl / #8588 L& 6
Advanced Scanning Probe Microscopy
TRETCHEREMRIETR /LUK E (srIS)
Functional Materials Science by Synchrotron Radiation
PRl BERIE TE 25

Measurements

IFUZI - sHUNAT VY R E> 59—

Materials-Measurement Hybrid Research Center

EFEFRE / B EE

Quantum Electron Science

FJ - RAOOHEE S EH B8 o
Nano/Micro Chemical Measurements

AT Uy RiIREF M8/ BE F#5 (AIMR)
Hybrid Carbon Nanomaterials

I\ T Uy RFRIBIR / FH)I| 81T

Hybrid Material Fabrication

SHEEEREUEE )l B

Photo-Functional Material Chemistry
B\ AF MBS EH 13
Organic- and Bio- Nanomaterials
INAATE / & FORED
Bioengineering

ERe5#t ~ Terrones, Mauricio
International Excellence PI field

IR T BRRIREMN FH BT (EREBINUERRRIZ Y

Collaborative Research Division of Non-ferrous Metallurgy and Environmental Science

SMNEF - F—T—F

IER BRI EHELIL, BT BaEER

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

EHEHERT—

- WER - BEEINOGRNERICE D TOLADEIEY
- BRSNS RERE AT D FIFE

- B BBBICHIS HEBNANT T — 2 DIREEE LT

- EBOESMERN S ESMEMHOYT

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

» Development of low grade ore smelting

« Verification and expansion of the basic thermodynamic parameters
of nonferrous metallurgy

* Preparation of ultrahigh purity materials and their intrinsic
properties

Rl 1EZ #e &o

Hiroyuki FUKUYAMA, Professor(C)

Lo 5 sie (D)

Hiroyuki SHIBATA, Professor(C)

FTE HE

Masahito UCHIKOSHI, Associate Professor

SRR ED LIRS BREDRE L
IRER

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

masahito.uchikoshi.b5@tohoku.ac.jp
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TEITMAL EFEDIADLEL®. EFEMNHFORILE E

BLWRRICESENTWE T, 8. FEin, #8. 7ILIZ UL

BERRELR EOEEICEDLIEBREENFRNICKET

Bfelcid,

1. SEARUHEHHIENLL S DFE e BT DIHE L

2. PRIy Y avezeBERELCREEFHRIENZERT S
HREMEAM IR

3. RERIAD S DEMEREDOINEN MM DORFE

R EDFREBRDBATHY . ZDIODAMBERLROEE

Hho

RHEFERAZRERPYIS 2023 FENSE_HZLA. €RBERTO

T ARREL Y 2 —EDBREGHNIBEROL & FFHSBRED

BASREMRAZ BN LT DARZHROHIIEZ. NHEE.

—MRDBERNRET BTV b)) —FEBARZBELIHERAL

RFE « KEREDRBNHEICLBAMEMN. FRSBRER

REREDBEEICIBPERDREZRY &I,

For Stable Development of Non-ferrous

metallurgical Industry

Stable development of the metallurgical industry is desired for

steady supply of metallic materials which are the fundamentals

of infrastructure for society. The metallurgical industry is

exposed to severe situation. For sustainable development of

the non-ferrous metallurgical industry, the following issues

must be resolved.

1. Advancement of extraction technology,

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

3. Development of efficient extractive metallurgy from unused
ores,

Furthermore, cultivation of human resources involving in this

field is also important.

Collaborative Research Division of Non-ferrous Metallurgy and

Environmental Science enters the second term from 2023. It is

aimed at cultivation of human resources by outreach activities

targeting school students and general public, practical minded

education and stimulation of non-ferrous metallurgical industry

collaborating with industrial society.

TN fl zasus

Toru MOTOKI, Visiting Professor
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BABFXRIAFE &EXT 7 IVDHEEIHRZERR

Dexerials-Tohoku University Photonic Meta Sensing Co-creation Research Center

JEOL - Tohoku University Advanced Material Analysis Co-Creation Research Center
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Photonics  information /” meta-sensing  solution

TEEBNE

(1) HEBRZET —< DS EIEAHEE
BEZRXRRL TV 5ERELMMIES Rl ERW ATV b
®ifr, MREGT 4 AT — FETNA AOEMEFRA L. B&E
HBEPL VI VIR LHET BT+ PV ARFILBNT, &
TN TOLEOEEL TN E TITRVKETORERI - Riq -
V) a1—2 avDRITDBEN S EFNEHERET —DRRE
HEEZTTD

(2) AN#EBL
T4 P2 ZARFICEVWTRERZES AMEZERT S

Outline of activity

(1) Pursuit and expansion of joint research subjects
By utilizing our mass production imprint technology using high-precision
microstructure roll together with high-sensitivity photodiode optical devices, we
will explore new technologies, products, and solutions in photonics field such as
high-speed optical communications and sensing that will lead to creation of new
business area at unprecedented levels.

(2) Human resource development
We will develop personnel that can play central roles in the new era in photonics
industry field.

B L e

1] B sum e

Masaru NAKAGAWA,
Professor(C)
MEBEREEEE

masaru.nakagawa.c5@tohoku.ac.jp

TH £ seens

Kei YASUI,
Specially Appointed
Associate Professor

Yoshifumi UENO,
Specially Appointed Professor
MEERIESEE
yoshifumi.ueno.b1@tohoku.ac.jp

HZ 8 waue
Hiroshi TAZAWA,
Specially Appointed Professor

NN +E

R AR ey
Yuina KOKAI,
Specially Appointed
Assistant Professor

FEEBmDED B I ERRETDORIBICER T 5 REAHAEDOERA

FEUT7IVRIE. tELEY 3> [Value Matters §% T
ThofcbnE, HROMEICEZEDE, ] DEHE. EF
. BEME. HAEMEG SRR ORF - 8 - iR
FEFHITEA—H—T. N IOEERME LTHED

e, BENGHEMET — DRRK EHEDEEA 28
LT, BEENBE - RRIXIVF— B3 RERMAM
BZELS L. KRUESZEES ANMOBREHELE T,

O—)btoO—)LAREEBELTHVET, -~
HARYE VT HBIFERRTlE
T TIVATIV—THET BHEE
Rt T & B W0 T T Y F & Ak
Fifi& RILAKENMFE T SarmERTAL
PHMIERF - +/ LNIVTDES -
BEtOEMEEIEDOEAET—<

FOERUZNZA (#%)

X23> bO—-)V 9 B

O-Jb to O—)5RTO
17V MERERH - Y67\ Al

AN TSRS

4 N
HARBEERAOER

BiEAS N

HHAREAL - 751 A > Ml
YLHRAREBRICLST/LAITD
RIEESH AN - BT

BNE - F—TU—F
BEX T )7 VA REKREF MG

Advanced Material analysis / Advanced Electron Microscopy analysis

FEHRET—X

c BER T U T IVDRERR ORI

- IR FERMBRATORERMATE

s T/ TIREDEEY ) 1—2 3V DBEER

Exploratory research on Advanced Material Analysis

» Exploratory research on Advanced electron microscopy analysis
« Exploration of the cooperation solution with NanoTerasu

BENT U7 Il DR & B
HEMZEERP TR EFEMBEFTEBP] (201958 A
2024 £ 3 B) DERAEFIME, THICKRBREETHIGSE
RTUTIVRHREMNOBRER S, ZNEREFIC, FiRoth
B8 & RIS R T/ T O REDEEY J1—2a vk
BigEL. =T A/ R—2 3 VEIOHFEMREEFIOT. <7
DT IVOMZE - BREE &bl K WREREERRICDOEDS
SR - DEMOEEL - EHEBET.

Exploration of advanced material analysis and
the cooperation solution with NanoTerasu

Based on the successful results of the collaborative research
section of IMRAM, Advanced Electron Microscopy (2019.8-
2024.3), we develop it more and plan the extension to new
advanced material analysis technologies. At the same time,
aiming at the cooperation solution with the tip analytical
instruments and the next-generation synchrotron facility of
NanoTerasu, we aim the innovation of the analysis techniques

AR FE sesus

R 88 wm @

Hisashi SUGISAWA,
Specially Appointed Professor
hisashi.sugisawa.b4@tohoku.ac.jp

EEHIESEE | Operation Manager

A B s

Satoru AKIMOTO,

Specially Appointed Professor

satoru.akimoto.c7@tohoku.ac.jp
| X | Operation

éﬂﬂ:?% 1R wraus

Shunsuke ASAHINA,
Specially Appointed Professor
Shunsuke.asahina.a5@tohoku.ac.jp
| EEDIRIMOBERAZ
| Exploratory research on scanning
beam technology

YEH 87T seess

Kenji TSUDA, Professor(C)
kenji.tsuda.b6@tohoku.ac.jp
| EEXREEEE.
ISR AT DIRZRAZE
| Operation support Manager &
Exploratory research on structure
analysis

FEA JE T s e

Hiroshi JINNAI, Professor(C)
hiroshi.jinnai.d4@tohoku.ac.jp

| R X — BB D ¥REREAZE

| Exploratory research on polymer
analysis

KB A s &0

Koji YONEKURA,
Professor(C)
koji.yonekura.a5@tohoku.ac.jp
[N F AT D IRERISE
| Exploratory research on biomaterial
analysis

FN IEC sasmis s

Masami TERAUCHI,
Specially Appointed Professor
masami.terauchi.c4@tohoku.ac.jp

| DIRAT R DEREFAE

| Exploratory research on spectroscopy
analysis
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AT ZAEERLBEPH LYY continuous development of our society. Ag:g:la{e lff;?g::gr
w2 BEDNTF FZUARNBICHNT. K @ 2 m
FE BRENTOEVEEIR CNE TITAL R
e AETORR - W& - VU1-T 3> - BAEFHNSH HAIRZERR RILAY .
g DEIHAEBIELTVETY, RMBLIAVL  EEIA20 " I Iy KB E DBITEL RS R RETEMEREOMR D
oo S BRPA94T  LYAFLA (wmsesaosss-ma) L~ BITFLAREDRI + S5 /1 > TU> MERIC S . ! oo
k32 e RS R B RRMEEAAIY T NTUTILO _ BRXERRADHSATL g
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& Carry out next-generation research to realize our near-future society composed of N lgﬁh :
2 : : : SO - )T 2 = ¢ e :
s  photonics and information. ~ 5 /=B ;
Dexerials Corporation is a manufacturer providing functional personnel that can play central roles in the new era in these ' B A DB SES
materials for use in smartphones, automobiles and other fields.
domains in accordance with its corporate vision, Value e
=== Matters - Unprecedented innovation, unprecedented value. () Dexerials # D## N L& —
o This Research Center will have an operating structure under Roll to RollAR(CLBESEFIAT T E O] 5
< . . . o . . Zen) > 5 3 ;
gg; which highly skilled specialists from both parties will work ;ﬁﬁ!]ﬁﬁ?:FﬁCtéT%Z(Dj?% i g
43 together to further step up academic-industrial collaboration RS g;?ﬁ\;éﬂ;’gmg’g Sty L
Z ? and expand joint studies. Tohoku University owns science and 3 Z\
i 2 technology in ne_w materials, _high precisiqn measure_ment, SRR GRE) SRR AR DI A ; ;\
= § ultra-fine processing and bonding and stacking at atomic and | ; =
L\é .nanomeFer Iev.els, while Dex'eria?Is Group holds techn'ologies i — " £ oy Sl 5.0, L OIS 5 I
E 2 in materials, micro-nano fabrication and other processing and S LEH K i i 5
E_T_ﬁ r3n optical semiconductors. Based on these technologies, we will - i"E Y4Y0ED *1 %—F
jga%@ aim to create new technologies, products and solutions in e : ] A
=K é the field of photonics at unprecedented levels in unexplored Gl D &
g areas. In addition, we will accelerate development of SRR T Pg
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NanoFrontierx HE# x BBALKE  +/META /N—2 3 & NRY HHERAZSFR

MITSUI KINZOKU x Tohoku University Co-creation Research Center for Advanced Materials Shaping the Future

NanoFrontier x Nittobo x Tohoku Univ. Co-creation Research Center for Accelerating Innovation with Nanomaterials
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EMREH - F—TU—F

RRENEMR, HEEMEIRR 2EGEL  ERERE
Future-Shaping Materials  Exploration of Functional Materials
All-Solid-State Batteries / Solid Electrolytes

FHMET—<

- 2EMFEME RS ST BFREFEMRDOFRER

* REFRDORBREEMRHER

- BERRINIC L DR RANEMR DEBRE & &5t

« Exploration of Advanced "Future-Shaping" Materials Initiated by All-
Solid-State Batteries

« Discovery of Next-Generation "Future-Shaping" Materials through
Future-Oriented Approaches

* Understanding and Designing Advanced "Future-Shaping"
Materials through State-of-the-Art Characterization

ERIFHESHRABENORME TRFKEEME =
K93
BREDRARLESAERIATHDHICIE. EFHGHEEE
BT BRREEMBOBIHARARTYT, £ZLTZDEIHD
fe®ITid, FRBBICE DS IREREMORE L. FEICED
W BAMBRARHAMKEICEY ET, —HEBLEIL
KFE. TNETEHEHEAELGEEBCTEELTEE L
I=#H&RE XRILKE RKEEMRHEAIAZFI Tld. =ZHERE
DZRIEMRRAREEN S, RICKFZOYEHE - s &
HIAEDLECEEEESICESDB T LT BREFREPHSEE
DB T DA T —VFERPEEAREHE LT,
RFKAEMHHBIAEFTIEES I, ZHERBPERFEL
ILYZFAOZVR RE-IRIVF— 474V R
PECHSFERACERT D2FRBEORIEEITS L& BT,
RRORFH 2B OMEEREZ 1T O AMBEREZRY £,
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Norihiko MIYASHITA,
Specially Appointed Professor
XEEMITEEE  Operation Manager

=Y Y INa T2

Hiroki TAKAHASHI,
Specially Appointed Professor
XIEE | Operation

R K BESE wams

Takafumi SASAKI,
Specially Appointed Professor

W ¥HIZE | Research

KB B2 wsis G0

Saneyuki OHNO, Associate Professor(C)

$BEETIEEFE | Operation Support Manager
saneyuki.ohno.c8@tohoku.ac.jp

BT EE wum @

Kiyoshi KANIE, Professor(C)

¥HiZE | Research

Exploring Future-Shaping Materials through a Spirit of Discovery and Technological Integration

To realize a sustainable and circular future society, it is
essential to develop “future-shaping materials” with innovative
functions. Achieving this requires not only the integration
of diverse technologies driven by a spirit of exploration, but
also precise material design guided by fundamental scientific
principles. Mitsui Kinzoku and Tohoku University have long
collaborated through joint research initiatives. At the "MITSUI
KINZOKU x Tohoku University Co-creation Research Center
for Advanced Materials Shaping the Future," we aim to further
strengthen this collaboration by combining Mitsui Kinzoku’s

diverse materials development capabilities with Tohoku
University’s expertise in materials evaluation and analysis.
Together, we promote the discovery of novel research themes
and the advancement of joint projects to address pressing
environmental and societal challenges. In addition, we
strive to generate new business opportunities in electronics,
environmental and energy sectors, and life sciences, Mitsui
Kinzoku’s strategic focus areas, while also fostering the
development of next-generation scientists and innovators who
will drive future value creation.

=HEE x TILXFE RRAWEHEHRIHRFPR

SHEROHENT ERDLAIXFORELHEARE SITEECASDE LT, RINNATH SR ONRE
ARTIMAFRT-TERTAEAFREENEEILL 6L, REROHPRIFHEVENNEL EHET A AEREES

o FEARBEESE TIRTBEEORSE
o FEADOGREASEREER
o FFUTFAQEETERECRRTS

o FEEMEEEAE TIEF - BESRAEORR
o MERITIC LS AFMEHEOEN LR
o BHEHRLRIRFREC L SHENG

EMDE - F—T7—F

T/ 0B BT/ F S REREERE
Nanomaterials .~ Reprecipitation Method  Organic
nanoparticles ./ Detection of hazardous substances

FEHART—X
- HREE AR S/ T OIER E DRI

JIPGE BhARZ ssizsus

X
Nk oAk seee [ SLE e

- HEEEMEERNRETDERT / BREY YV TRIMOBFE

CGPU F— 4t 8 —BEEMEE S/ Atko%st s eesrm  Hiroyuki KAWANISHI
LRy s R70-BHAERT /BT RREOREt L By SPecialy Appointed

Katsuya SAITO
Specially Appointed

Kouki OKA

Associate Professor

ST Professor Associate Professor oka@tohoku.ac.jp
[ EEREREE | HEEERESESE | BESZREEE

- BT /T ORI - RIRE(L - ERRIE T O X DRE

+ Fabrication and dispersion control of functional organic
nanoparticles

» Development of organic nanodye-based sensing
technologies for hazardous substances

» Design and performance evaluation of high thermal
conductivity nanofluids for GPU data centers

» Design and electrochemical characterization of organic
nanoparticle electrolytes for redox flow batteries

| Operation Manager

» Development of size control, high-concentration I:P;F;J- %_ TS (2 8) jﬁ7k JT-_IE,m B

Koichi Nakamura
Specially Appointed
Professor (Visiting)

| SEREELE

| Industry representative

formulation, and continuous manufacturing processes for
organic nanoparticles

| Operation Manager

TH H me g
Hitoshi KASAI

Professor(C)
| BZE4EY | Research

FHE B o @)
Haruka YOSHINO

Assistant Professor(C)
| FZR4EY | Research

| Operation Manager

Katsuya NAMIKI
Specially Appointed
Assistant Professor

| SEREELE

| Industry representative

BT /RFICKBTRIE - TXRILF—MEEIR

BHT /HFZKPICREDNHEL ST ET. ERE#T
HofcHrERRZREE L. XF - 2 - BRULFFIUEZER
LIEMHRRZHEL TVWET., K. FEREMEDOERE
ERRH. GPU 7 —2t 2 —miFSMEE S/ AER. L K
v A7 O0—BHABHREEVORE - TXIVF—2FA
DIGAITENLTWE T, &6, Wil - mRE - Eit
BETOCADHEILICK ) BECEHRREICET MR
RERBALTVET,

Organic Nanoparticles for Environmental and
Energy Applications

By transforming organic molecules into stable nanoparticles
dispersed in water, functionalities difficult to achieve in bulk
systems can be realized, enabling optical, thermal, and
electrochemical applications.

We focus on environmental and energy applications, including
detection of hazardous substance, high thermal conductivity
nanofluids for GPU data centers, and electrolytes for redox flow
batteries.

We also develop scalable technologies such as particle
size control, high-concentration formulation, and continuous
manufacturing processes for practical implementation.
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HRED F & ALFHIZES

7EF / Synthesis of Organic Functional Molecules

UBE x Tohoku University Co-Creation Research Institute

for Future Driven Technologies

KRR E

/ Fumi NAGATSUGI Lab
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Future Driven Technologies  Life Science ,/ Environment and
Energy /" Electronics
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c ARV ¥ U T A LEEER S L RRABERMTOFER

- SRR S KU 7O ARAIC & BRI RAIE
- RERRIT - FHMERNIC K 2RISR IRAR & SREHEEESR

« Exploration of future-oriented technologies based on specialty
chemicals

« Creation of next-generation materials through integrated material
design and process innovation

« Understanding material functions and establishing design principles
through advanced characterization

KK AEE sz

Shuusei OOYA,
Specially Appointed Professor

$OBEEMIEELE | Operation Manager

EE SH gis D)

Takaaki TOMAI, Professor(C)

¥BELZIEEEE | Operation Support Manager
takaaki.tomai.e6@tohoku.ac.jp

BT BE sz D
Kiyoshi KANIE, Professor(C)
EBEHE | Participating Faculty Member

ARY v ) T EZTRRAMEZ HEIT S

UB Eld TRREYIVIE REROIT7 2> E R > ZAIH)
EFRRBEOES L LTBIF. I—KL— MREERORIL
EHELTOET. FHAFIRFA TR UBENREE>T
FRARY ¥ U T A LERFORMNE, RILAZHET S
R by TLALOMRRE. BT - SFEREERES L. K
RIEREZZ B - HOBIHEBELET, S17Y1
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ERAFEROIC. FRI-AZREAREZARISHR
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DEY) #HZHSH BB T, RERZIE S NMBERMICETER
BICERY HHE T,

Co-creating Future Value through Specialty Chemicals

UBE positions “the creation of next-generation core
competencies” as a central mission of its research and
development and is strengthening corporate R&D activities.
Through this Co-Creation Research Institute, UBE
integrates its expertise in specialty chemicals with Tohoku
University’s world-leading capabilities in materials design,

Future Society
- Life Science

analysis and characterization, aiming to create materials
and technologies that support future society. Focusing on
life sciences, environment and energy, and electronics, the
institute promotes integrated research from future-oriented
exploration to applied research for social implementation, while
contributing to next-generation talent development.

. Enwronment&Energ\a
- Electronics ;i__,._~

’J‘w

o ,/" ;

UBE Corporation

> Specialty Chemicals Co-(freation

> Industrial R&D
> Social Implementation

Research Institute

{M&; and Educatlon

» Material Design
» Analysis & Characterization
» Fundamental Science

SNEF - F—T—F

BEETHIRGE, AR 70X > 7 &/ #EEE RNA
control of the gene expression  intelligent artificial nucleic acid
cross-linking agents / non-coding RNA

EEHART—Y

- BN TOBRGTFRREGEZ Bis L RBRISEREE DRR

- RESREEICEE T 5AIO FORRE

* RNA ZiE & LTei b sy — IV DREF

- RBEENE LD FERREBICE D RN T FORE

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

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

» Development of the novel chemical tools targeted to nucleic acids

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

KR SE sum

Fumi NAGATSUGI, Professor

expression

SRER #E

BLFRREO(CFNHEEZ B LA ERDMSE

Development of the strategy for the control of gene

fumi.nagatsugi.b8@tohoku.ac.jp

AR

Kazumitsu ONIZUKA, Associate Professor

LT I

RNA Z1ZMIC L e FR b2y — IV DRE%

Development of novel chemical tools targeting RNA

Bh#

Yuhei YAMANO, Assistant Professor

AR EE MR ER D RIR

Development of novel functional nucleic acids

BLFREBEOCENHEZzERE LTI AL
NAOY—

T/ LRAOMET L. REBICEREE LTRBEINSELFIE
HED 2% DIHTHY. &Y D 8% IEZ > /I\7EHEID— K LELN.
noncodingRNA(NcRNA) & L THAREBEDHERRAE IS TEE S
BEELTVBTENHESHELG>TETVET, TNSDERTF
FIRGIEABIC BT BB AR L BRADRERICE S T &5,
HGRAIRIEN S LTOBRREEE > TVWET, FAcBEOMRET
&, MREATEGTFRRZHIET 2D T ERBICHE - &5
L. BEODF T TERVIHIAHEL R DALY FORKELE
EITHEAZT > TVWEY, BB DOMEE Cld e x D%
BERE LT, EETFICH LEVRA > b ORSE TERERA
T AANIKEFBRR L RN EGFREREICRN L TOET,
5, ECTFRACEEGHEEZRCT T ENDD > TEREE
EREEIEES T EDFOBRRICEEMLTVWET, B/E. T5%4%
HESEE L AT FOREEZEE L THAEEZITO>OTVET,

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 oligonucleotides
incorporating such intelligent agents would enable chemical
modulation of gene expression with high sequence-selectivity
at a single nucleoside level. Recent progress in our group
includes achievement of highly efficient cross-linking reaction
with specificity toward cytosine at the target site. We have
applied the new cross-linking agent to antisense inhibition of
gene expression in cell. Now, 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.

BEFRREMEHBRORE
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Cross-linking to target
RNA

Alkylation to G4

G-quartet(G4) DNA
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HHRLERE D F L BFZE 2 EF / Cell Functional Molecular Chemistry

WD FHEEEETAIRRZE 2 %F / Nano Biophysics

7%= / Shin MIZUKAMI Lab

KAINEZEZE / Koji YONEKURA Lab

HFINE - F—T—F
INAFAA=DV G /B TO—T e ¥ EEHETE
bioimaging ,~ fluorescent probes  photofunctional molecules
protein engineering
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. - SCHEMBRRERRTICE I 2 AR O — T DOBE
Ex - HRERY Uy I 2 A M —Z BV R RIT ORI
£l § » Quantitative imaging of intracellular molecular and ion dynamics
E—if g using localizable fluorescent sensors
7L Zf, » Development of small molecule-protein hybrid materials to
PRt 2 investigate disease mechanisms and physiological functions

¢ » Development of technology to optically control cellular functions

g « Development of imaging probes for advanced microscopic

§ technologies

= » Development of cell analysis technology using intracellular click

chemistry
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KE & g
Shin MIZUKAMI, Professor
HEBEMED FERETIC K D HEREIEBE D BT RAL & I

Imaging and regulation of cellular functions with
functional molecule design

shin.mizukami.a6@tohoku.ac.jp

NI 81T s
Toshiyuki KOWADA, Associate Professor
HREME N F & AU e R RE D BT R b & il

Visualization and manipulation of biological functions
using functional small molecules

12 /TAT VT A B#
Ira NOVIANTI, Assistant Professor
KBRT S IV ERWENA T ERRIGEELY
AT LOREREEZDISA
Development of activatable bioorthogonal reaction systems
. with macrocyclic tetrazines and their applications
3

vavkyy T—A %
Shouvik BHUIN, Assistant Professor

Tetrazine-Based Bio-orthogonal Molecular Fluorophore
for Cell Bioimaging Application

T Z BEsH

Yi DING, Specially Appointed Assistant Professor
BAFY—IbERWMREAR Ot XDOERIE -
IR DRAR

3 Development of Small-Molecule Tools for Imaging and
‘ Manipulating Cellular Processes
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Development and applications of functional probes for visualization and optical control of cellular functions

In living organisms and cells, various biomolecules
such as proteins, nucleic acids, and carbohydrates
function through intricate interactions with each other.
To truly understand the roles of these biomolecules, it

zl g is essential to observe their behaviors and functions
+ 3 under physiological conditions—namely, within living
e % systems where their interactions with other biomolecules
b4 8 are preserved. Our research particularly focuses on
A f developing new technologies that enable visualization
Zé and functional control of biomolecules using light.
¥ 3
i
%<
e
Fig

Specifically, we are working on the development of
fluorescent probes for quantitative imaging of metal
ions in subcellular regions, as well as photoresponsive
compounds that can induce protein-protein interactions
upon light irradiation to control intracellular signal
transduction. By combining these functional molecules
with fluorescence microscopy, we aim to uncover the
physiological roles of molecules and ions, as well as the
underlying mechanisms of diseases, within cells.
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High-resolution cryo-EM  Electron 3D crystallography Al data
collection / Tomography

FEMRT—X
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* XFEL | X B0 FOMUINERAEERRNT

* High-resolution single particle cryo-EM

« Electron 3D crystallography of proteins and organic molecules

* Methodological development for cryo-EM including Al data
collection

» XFEL crystallography of small organic molecules
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B REMELRAEEERT 2. 2NNV EO—DF
DEHBENE T, TORFEEFIATZONENTRERTT, 2
VINVBORFOEBHIESNE T, BERPRESTRIRR
BTEETE BEAA T IV APERLARETT, e, 1B
INGHERD S THEFHMES NS . BFIE=RITiE SR
TIEDFEEE KVEHRICANS T LA TEE T, MAEAJHD
RELCRE—GESEICHLTE. BFRINEVZT7r—lTk
YIS AT LET,

WEHE XAREBMHAICHIA L. BERR. BE(L. HaER
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KB e sz
Koji YONEKURA, Professor

BFR=RTEREEHENT. S0 14 EM
Electron 3D crystallography, High-resolution cryo-EM
koji.yonekura.a5@tohoku.ac.jp

B th s

Tasuku HAMAGUCHI, Associate Professor

BB TR, FETS T —

High-resolution single particle analysis, Tomography

20] 18 860

Hirofumi KUROKAWA, Senior Assistant Professor

ERFTEFEWTEIC K B ERIEIERRT
Microcrystal structure analysis by 3D electron
diffraction

2K hE o%
Takuma TOYONAGA, Assistant Professor

IIA4F EMZERWIER T/ TINA ADE DR
TBISART

High-resolution structural analysis of biological
nanodevices using cryo-EM

A B 3% ers

Ken IKEUCHI, Assistant Professor

HRRTF = v 7 RA > MEBDOD FIEIEAFE
Structural biology of intracellular checkpoint
machinery

WNMERDBFHR =T iESBISIE IR

Advanced cryogenic electron microscopy of
proteins and organic molecules

Proteins and organic molecules comprise complex 3D
structures responsible for their functions and properties.
We analyze the detailed structural mechanisms of
proteins and organic molecules using advanced cryogenic
electron microscopy (cryo-EM). We also develop related
technologies including automated artificial intelligence
data collection and analysis for high-resolution and
high-precision single particle cryo-EM, electron 3D
crystallography and tomography. Our approach thus
reveals chemical properties of hydrogen bonds and
charges, which are critical in stabilizing structures and
fulfilling functions. We also use synchrotron radiation and
X-ray free-electron lasers to achieve our goals.
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BEFE— LESEEYMEFEHZEHE / Quantum Beam-based Structural Biology and Chemistry

B EIEFZ= / Eriko NANGO Lab
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Protein and RNA dynamics  Single-molecule fluorescence
spectroscopy / SARS-CoV-2

FRART—F

 —DFEHNDHAEERWEZ VINVBEDAAF I XA

o T/ WENBREDNEE BV AR D FORRESDEA

CHFEBEOOSIAMIVADRY LA AT K227 EE RNA D
E{ERRENT

cBREBVERVINVEDENINIMEE —DFHIAEICKS
MEEREAT

« Investigation of protein dynamics based on single-molecule
fluorescence spectroscopy

* Observation of ultrafast dynamics of biomolecules by nanosecond
fluorescence correlation spectroscopy

« Analysis of the interaction between the nucleocapsid protein and
RNA of SARS-CoV-2

 Fluorescent labeling of proteins using enzymes aiming at the
single-molecule fluorescence measurements

i B wim
Satoshi TAKAHASHI, Professor

—DFENBERICK B2V INIVEDT A=V T A>T
CHEBEDARBE  Dynamics of proteins based on single
molecule fluorescence detection
satoshi.takahashi.a6@tohoku.ac.jp

TN R waus

Yasuyuki ARAKI, Associate Professor

FRA—EBUHAEEORREEARREDFED
BEZLRENDIGA Development of new circular
dichroism spectroscopy and its application to the
conformational change dynamics of biomolecules

Rk BE o

Yuji ITOH, Assistant Professor

—DFEHNBRICLDZZVNIVEELTRNAD
RAF =0 ADHEH

AINTEBIE, 20 BEOT7 = /BHA—RTMIcDEHL >
ERFTHY . EERPICBNTETETE LML RIEY 55ER
DN FTT, 2VINTBIMREEREBET Blid, 73
BOESIICL Y EDHSNDFEDEEICIFY EFN. EBETT
SREBELHVET, LHL. 227\ EH EOLIGE
KU BEE RIET 2D0MNE LIK LIEKREBETY, AHES
FTIE. BBICHAEL—aFRNAAREEZRAVDILET. #
VINTBIREDEEDFDLEA T IV AEBERRREL. 2N
VBEMEEDRIAABIEL TVEY, £fe. REEEREIO0FY
AIWVRICHERT B2V INVEES / LLRNA X & LTcHgR
EToTWET, VAIVRBERDZVINIEERNA DA A+
TOREEBERER L. TNSOMEEESRMICBAEY 254
FRETCET, FRIOOFTTAIVRAEREICH IR BH LWL
BIEDETREEDN RO NS EFENE T,

Dynamics of protein and RNA based on
single molecule fluorescence spectroscopy

Proteins are natural machines that perform various
functions that sustain our lives. To be biologically active,
proteins form compact three dimensional structures in the
process called protein folding. The folded structures of
proteins are determined by the primary sequence of amino
acids, and show dynamics among various structures.
However, it is still extremely difficult to understand how
the function of proteins are achieved. In our laboratory, we
develop new single molecule fluorescence spectroscopy
and observe the protein dynamics. In addition, we are
recently interested in the proteins and RNA derived from
SARS-CoV-2. Understanding their dynamics, structure,
and function will aid the development of effective inhibitors
of their function, leading to new drugs against COVID-19.

BRRIGZE AV TERD FORENITHR L BHIHRE
Fluorescent labeling of biomolecules via enzymatic
reaction and fluorescence spectroscopy
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X-ray free electron lasers  X-ray crystallography  time-resolved
measurement / rational protein design

FEMRT—X

« XIREREFL—Y—ICL B2 /) BEEENT
- BIUEBERETY — LR

+ G- VN BHRURAEROTEE RS

- BIIBEIERIC K 5 R EN D FERET

* Protein structure analysis by X-ray free electron lasers

» Development of protein dynamic structural analysis tools

* Activation mechanism of G-protein coupled receptors

+ Rational molecular design based on dynamic structural information

2UNTEDEET SBEZEFE - LTHIRX S

2NNV B MRERTE. ERRNMERIS. AR PR
OB E ERREZADEELGERBRNETY ., T

DT I/ BHSKDZ Y INTBOUKEEEIFTOREEL RBE

ELTHEY., REERETIRICEDK S GEEDELEIRLT
TOLEKAFNTEE L, LHL, T/ P A XTHB %
VINTED. BEOEBBRXT—IV (T LM~ZUR) TH
CRFERTFOBE E THMICTIRZ B ITIEHTGEMAHNET
¥, HMRETIE. XIEEHREFL—F—. BIHH. EFRE
EDEFE—LEBWVT., 2VN\VEDHRTREICHEZ>TWL
HEFROEEZL AR L. BIRIE. KIISETERY
INTEDAA Y FHEEL, -V BEREEMIEST 2BEOR
[CHBREERSMTLTVWEE T, £k, BONBELE
EEREBICZ VNV BN FOREBNRT EFEEETE DD F
DEMZ=BEIELET,

Capturing structural changes in proteins at
work by quantum beams

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

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

% BIET s
Eriko NANGO, Professor

LYINGBEAF 2V X EDFHIEANDISHA
Analysis of protein structural dynamics and its
application to molecular control

eriko.nango.c4@tohoku.ac.jp

R Z5 s
Takaaki FUJIWARA, Assistant Professor

B BIRIRE I & 2 E D FOVERMF DEEA
Elucidation of mechanism of biomacromolecules by
time-resolved experiments

HO EZ %
Masahiko TAGUCHI, Assistant Professor

R EIRER &S LIS ERRIC K 20D Tk
DB L ZOIGE Understanding of biomolecular
function by computational science linked with time-
resolved experiment and its application

NG BEFF e

Mariko KOJIMA, Assistant Professor

BFIEEIERICE D < 2\ BRI
Development of novel protein functions through
| molecular engineering based on time-resolved

N experiments
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BAFINAT U BF /MRS E / Polymer Hybrid Nanomaterials

ER e EF / International Excellence Pl field

FRIE X FHZE % / Maiko NISHIOBORI Lab

William F. DeGrado Lab
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organic-inorganic hybrid nano-materials  hierarchical structure on
multiple time and space , dynamics / synchrotron x-ray analysis

EEHRT -7
cBAF-EIZIVIRNAT )Y R/ HEDER

- BEEMEEMHEREANDOR) -7 5 g8 & REBEFRORERA
« XIRDIGELAHBRIZORAIC L SRR ORFIEBEE DB

- TR X %% LN e MG — R O TTRB IR 7S R IS AR

» Development of the crosslinking molecules for control of gene expression
in cell

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

« Development of the novel chemical tools targeted to nucleic acids

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

FaYE KT #us
Maiko NISHIBORI, Professor

B X GO E BV IEEMROBMERREAHZX
LEBERRE A+ 0 AN Function expression
mechanism and structure formation dynamics of hybrid
materials using synchrotron radiation X-ray analysis
maiko.nishibori.d8@tohoku.ac.jp

KIL FFF #8 <rio

Sachiko OHYAMA, Senior Assistant Professor

TSR RIIC K B F / R — )V DS - #aER
B Z 7t RI#E{L, Multimodal visualization of nano-
scale structure/property ensemble by advanced
synchrotron radiation measurement

Z= Hox
Kakeru NINOMIYA, Assistant Professor

XBAA—IVTERR MV ZalL—Y30%
RWeRG—Rp 7/ SR OR AR

Formation process of nanostructure in heterogeneous
materials using X-ray spectroscopic imaging and
spectral simulation

BRI EREL TN Ty R/ MEOD
PEEBEX 1 FTIOR

VI EITUTIVREGMEIE. 7/ 57 0IREBLL
BZERORAT — )V CERMGEEREZTE L TWET, 8FY
A ZIhR1G EOFREIMEPENREERTT 27 /HiF%
BROFPROFLEGLT L. EOMPECHERIL. tF
RAE - BRTEEZ R ERZERD X7 — VIS CTe BBk R VR
FHNELCET. T LS/ BEMBOBEBEN GEREL
BEEEZRRT 2D L5V TEDRILGHEEELRT DD
ZBIRT BT LIF HBEEEMEOREICDERARTY,
FTeBIZNA Ty B F/ MEOEIE L HEEDIERZ E L <2
Y Brcsbic, WIERRBIZPHA - )¢ ISHEESETICES
BERFOLFARRE - 181E - 41 F 30 X%, SEERSE XK
ZRVTRIVFAT—IVTERIELTVE T, BERNGYERE
ELFERMEEE, FHCHEZESHRBEOREZBIELE
ED

Dynamics of hierarchical structure for hybrid
nanomaterials by synchrotron X-ray analysis

Soft- and bio-materials form complex hierarchical structures
in large space-time scale. Nanoparticles combined
with organic molecules and polymers cause interesting
phenomena such as phase separation, self-assembly, and
change of chemical state and local structure with space-
time scale. Understanding the function and structure
formation dynamics with the hierarchical structure of
nanocomposites is essential for the development of new
materials. To understand the correlation between the
structure and function of hybrid nanomaterials, we use
synchrotron X-ray analysis to visualize the chemical state,
structure, and dynamics of atoms under reaction. We
progress the hierarchical structural chemistry of materials
and discover novel functions.
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Denovo &> /\0 8 / SHEEE / BE >V I\0E /RSy 7Y
JN1)—

De novo protein ,~ Computational design ,~ Membrane proteins /
Drug delivery

FEMRT—X

RN R NG BDANITH A >
BRAVINIBTHA

- HREBEERMATEAATIZ VN VEDTH AV EGH
BERTFREEVINTVEDTH A

cBVINTBEOEIE A4 F IR HEFREZRANSHDILF
Y—b&ETO—T DR

* De novo design of functional proteins

* Membrane protein design

» Computational design and applications of membrane fusion
proteins

* De novo protein binder against small molecules

» Development of chemical tools and probes to investigate protein
structure, dynamics, and interactions

William F. DeGrado, Distinguished Professor

HRAVINVBDAIT 1>

Computational design of functional proteins

= E3
BE IEME s
Masaharu Somiya, Associate Professor

2 INYBOHERT VA > EEYRENDGH
Computational protein design and application of
de novo proteins for drug delivery systems
masaharu.somiya.d7@tohoku.ac.jp

De novo 2 >INV B DFHEERET & IGBZE
EMEHESZA B2 VINVEIX. REICORSELDETR
THBEDE SN, DFHEME LTIESTELRENEESBL
TEELfee —A. AIRICZ VNI BAEFRETT 5 de novo
RN ERETEMIE. 1980 ERICIHEER L. RARITEN
ez 2NV EORIBERREICLTWVWET, SEFETIKAI -
STERMOERICH ST, EBEE - EXECRZRIBALADE
NDHFEIHIDTHELBEEO>TVET, HAEETIE. D

PEHORIRE T % William DeGrado EFES# Pl D &, 5t
BERET & SRERIREE A b S LTz de novo &2 /N BERETIZS
EHELEY, B2 V/\VE - NITEK - Baett S/ #ER
HERBERE L. MIRIELRIEREMADIGAZREIC
ANTEAREZRBELE Y., LTTHOFENRIELZEDL L. de
novo 2 I\ BT DOERNEHPISRE L TRERES -
NA FEEOEBRREMAIEZBIELET,

“de novo” protein design

Nanostructure

Membrane fusion

De novo Protein Design: From Computation to Biomedical Applications

Proteins are the molecular machines of life, yet evolution
has explored only a fraction of possible sequences.
De novo protein design—born in the 1980s and now
accelerated by Al—creates proteins with entirely novel
functions beyond evolutionary history.

Led by Distinguished Professor William DeGrado, a
pioneer of the field, the laboratory at IMRAM integrates

computational design with experimental validation
to engineer membrane proteins, artificial enzymes,
and functional nanostructures for drug discovery
and biomedical applications. The laboratory aims to
become an international hub for de novo protein design,
developing foundational technologies for next-generation
medicine and biotechnology.
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EHEAAARM RS S / Inorganic Solid State Materials Chemistry

AEVEFYEMAZESEF / Quantum Spin Physics
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LB SLFZEZE / Takahiro YAMADA Lab

HFING - F—7— K
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solid state materials chemistry /" materials synthesis / polar intermetallics ,/

ceramics

FEMART—X

- FIRETTRERYE DEER L EREIERRITE K U RS T
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« Synthesis, crystal structure, and characterization of novel multinary
inorganic compounds

« Development of thermoelectric materials based on multinary intermetallic
compounds

« Development and application of synthetic processes of nitrides using solid
nitrogen sources

 Synthesis and characterization of novel polar intermetallics for the
development of functional materials

» Development of a low-temperature synthesis process for non-oxide
ceramics

LI BIA #ug
Takahiro YAMADA, Professor
TR L S DR & WA M ORI

Exploration of novel inorganic compounds and
development of functional materials
takahiro.yamada.b4@tohoku.ac.jp

MEF %7 ahs
Akira HOSONO Assistant Professor
FEEALYIOD T O > U Bl & AR

Development of material processing and physical
property on non-oxide compounds
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FRERELEY NaMgBi DfERIBIE L BF8IE

Novel intermetallic compound NaMgBi; the crystal structure and calculated electronic structure.

Exploration of novel inorganic functional materials and development of new synthetic

processes

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

9TiO2 + 8BN + 18Na
‘zrz,//”%i;ﬂowc
8TiN + TiB2 + 6NasBOs3

ZURVREBFBRRICAWEEREICEK ST Tio2 O SEREE N TiN BiERMN
Faceted crystal grains of titanium nitride prepared from TiO2 and a solid nitrogen source
of boron nitride.

{EEEERZE= / Taku J SATO Lab

EMNH - F—-T7—F

PR IRRMREL PR TFRSEE,BFAEV R EEE M
Y

neutron inelastic scattering / neutron magnetic scattering /
quantum magnets /itinerant electron magnetism and
superconductivity

ELMRT—X

- IR RREL )RR DB R

« PEHEFHRSIBEEREANY b UVETEDRF

c BFAEVRICHE 2 ERNEFIRROME

- BEBFRICHT 5 RIEHIE SBEEDOME

c FEBRAEVRIEBITDHIRF LT F 30 RDHE

» Development of neutron inelastic spectroscopy

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

» Novel macroscopic quantum phenomena in quantum magnets

» Antiferromagnetism and superconductivity in itinerant electron
systems

* Ordering and dynamics in aperiodic spin systems

ik = sus

Taku J SATO, Professor

PHEFHEEBVEEERORE Y 21+ 30 AHZR
Neutron scattering research on the spin dynamics in
condensed matters
taku@tohoku.ac.jp

3\ = ¢

Kazuhiro NAWA, Associate Professor

PIETFEEE AU LV BRI PRSI O RR
Exploring new magnetic orders and excitations using
neutron scattering technique

S eist s

Katsuki KINJO, Assistant Professor

PHFHEAEIC S 2EBBIEEMORBEREIC
ERT 2HEEZEFIREDHZ Research on unique
electronic states originating from internal degrees
of freedom in intermetallic using neutron scattering
technique

PEFIFEIEEEL Z AVWICEFAE VR CBREEMEADIE Y X1 2 U AR

BADTIV—TTEEFAL Y DEZAERAICL 2HFTLEE
FHRORREZDHAZEIELTVWEYT, COBNZERT
Bfch. AEVOEFNEBEZERFATZHILDTES DM
FIREMRE Z X ARBRFEL LTVET., EFEFRD
MEZZDEREMICHTHAEME (FRAY—)ZANT
BEY 5HERDOBAICHAREINTOE Y., EFRICBITS
bRODAIVEEEIE T DRRNGAHTT, HLEIDED

& MRODAIVGEEEREERICE S B RENE (ERT) IC
WLTHEEL, EFREHEMEA 1< —HE BayCuSib0eCly 1T
BWT M ROVAIGHRSENFEERRELE Lk, fic
EHMEAERO M ROV AIVEHS T 7 AF v —Th IR R
H—ZFVDBNZAFZ7 ADEAPE, EFAEVEFED
FROTVAIVEHEEDEBEHNEA TVET,

Hor K (rlu.)

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

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

Quest for novel quantum phases and elucidation of them
in correlated-many-electron or quantum-spin systems is
at the heart of condensed matter physics for decades, and
has been our mission. Neutron inelastic scattering is a
powerful tool to achieve this goal, enabling us to directly
observe spin dynamics in condensed matter. Recently,
the advantage of using invariance on continuous
deformation (topology) becomes widely recognized for
elucidating physical properties of many-body quantum
systems; a celebrated example may be electronic

topological insulator. We searched for such topological
states in quantum magnets, and found topologically
nontrivial quasiparticles (triplons) in the quantum
dimerized antiferromagnet Ba>CuSi2OgClz. Another recent

discovery is the intriguing slow dynamics of the lattice
of skyrmions, a topological spin texture in an itinerant
chiral magnet. Our activity to find and understand novel
quantum phases, in particular characterized by its
topological nature, is advancing.
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T/ A7 — VSR B RER 2552 EF / Nanoscale Magnetism

INAT )y RF /2 AT LHAZRS2EF / Hybrid Nano System
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FAH2AFZE = / Satoshi OKAMOTO Lab

HFINE - F—T—F

B BERETR, AT 24 F 20 X/ BRABBRSIGE
Ferromagnetic materials ,/ magnetization measurements ,/ spin dynamics
/ high-frequency magnetic response

FIFHART—<

o (IR S SO T /1 ZRIR

- DR AHAMEIORIEHZE

- EREHS IR ORI

- BRKHESIGEDZERR

- BRRERAEY 21 F 37 XFHARRRR

» Low-loss soft magnetic materials and devices

» Magnetization reversal processes of the high-performance permanent
magnets

« Ultra-high-density magnetic recording technology

« High frequency spin dynamics

« Ultra-high sensitive spin dynamics measurements

A BE #ig
Satoshi OKAMOTO, Professor

{EIBREBMEMRIE KU T/ \1 R / B IERE R AREA MR
DREBHR / Ea R ER KRR iR

Low-loss soft magnetic materials and devices /Magnetization
reversal processes of the high-performance permanent
magnets / Ultra-high-density magnetic recording technology
satoshi.okamoto.c1@tohoku.ac.jp

A S8 %
Takuya TANIGUCHI, Assistant Professor

HWEBHRKOME / ALV RGERROHAEAE
BF%ER LIHRMRRER

Magnetic domain-wall motion / Spin-wave propagation

IR & %
Hiroshi TSUKAHARA, Assistant Professor

EERETEIC K BRALES DM / BEMEMRNC ST 2
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Theoretical analysis of magnetization dynamics /
energy loss mechanism in soft magnetic materials /
development of micromagnetic simulator
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Nano-scale physical properties of ferromagnetic materials and developments of advanced

magnetic devices

Ferromagnetic materials are widely utilized for various
fields such as information communication technology,
electronic devices, motors, generators, and so on.
These various functionalities of magnetic devices are
governed by the nano-scale spin dynamics. Therefore,
it is essentially important to understand the physics
of nano-scale spin dynamics and to control it for the
advanced magnetic devices. For example, the recording

density of hard-disk drives can be significantly increased
by controlling the spin dynamics of microwave frequency
range, i.e., microwave-assisted magnetic recording
technology. The high-performance permanent magnets,
which are indispensable for traction motors of electric
vehicles, can be developed by controlling the nano-scale
spin dynamics at the grain surfaces.

BT ERZCE / Kiyoshi KANIE Lab
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Organic-Inorganic Hybrid Nanoparticles ,/ Hybrid Liquid Crystals
Nanoparticles-based Mist-Deposition  Ligand-protected Metal
cluster
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+ Design and Synthesis of Organic-Inorganic Hybrid Nanoparticles
Liquid Phase Precise Synthesis of Inorganic Nanoparticles
Controlled in Size and Shape

» Development of Functional Thin Films by Mist-Deposition Method
Precise Control of the Assembly of Ligand-Protected Metal Cluster
and Their Physical Properties

» Development of Functional Materials via Controlled Assembly of

Nanoparticles as Building Blocks

B B NTMHICHT-2ZTREBEEHIC
SR I vy

HEEEMEMAIE. BB EEFEZZBBDTDNFE
TY., TN, HOTEHREEEMHEORBREIE. XRELVEDL
FEDETBETETERUTT AT BIE ERDEHE - Ei-
NAAORIEHITE SDONT . BEREERETH S BT
BaEET - B LTVWE T, GHOTLEBOMBORRM%Z " /\
A7)y b 528k RAOBRGZEREHEICEES
¥ FREBZAEREEORE. Ihbb, b5t
MROKEBICEAYET,

ZOBRBDT. TNETIT, i) B\ / RFADB BB
D5 &K BZEFRIROEE, i) Bt L TEHT BT & THhe
EREZEDF /A0, i) IR RIBSEEEE T B8
BINFEMEEE, "INTT 1)y FME" ITED < EEeMMH
EMICEYHLTEL L, SHLERERDIEH. INHS5EH
ST MR ORRICRVBEHET,

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

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

BLER sz
Kiyoshi KANIE, Professor

WM R /T DY 1 X - FLERIERAESHEE /N
A7y FMEBEIRADER Size- and Shape-Controlled
Synthesis of Functional Inorganic Nanoparticles and
Application to Develop Self-Organized Hybrid Materials
kanie@tohoku.ac.jp
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Masaki MATSU BARA, Senior Assistant Professor

TREBEEER N\ T )y FF/ RTF ORI
Development of liquid crystalline organic-inorganic
hybrid nanoparticles

Bl & < Jr s
Megumi SUYAMA, Assistant Professor

BERTOBESEICLZEMTRESRBY 7 X
42— D& & T DYEERRR
Controlled-assembly of Ligand-Protected Metal
Cluster in Atomic Precision and Its Application
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Takehiro YACHI, Assistant Professor
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Development of Functional Materials via Controlled
Assembly of Nanoparticles as Building Blocks
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& BIHRERETIAZE S / Metallurgical Design for Material Functions
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$HTEERTZEZ / Hiroshi KUMIGASHIRA Lab

FEIEARFZE = / Satoshi KAMEOKA Lab
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HeEM S /E BT LY bOZ Y R RE - REiptE REt
Functional nanomaterials  Oxide electronics  Surface and
interface physical properties ,/ Photoemission spectroscopy
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« Control and design of novel functionalities of oxide nanostructures

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

» 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

#HEE L& #iz
Hiroshi KUMIGASHIRA, Professor

TGS EETRICE D CBML 7 / #EDHRERET
Design of novel functionalities in oxide nanostructures
based on synchrotron analysis
kumigashira@tohoku.ac.jp

TN A AT R
. Hakuto SUZUKI, Associate Professor
- HIsJEsE M X REELIC K B EFEDRFIREDHZE

Resonant inelastic x-ray scattering study of
elementary excitations in quantum materials

HE R s

Takuto SOMA, Senior Assistant Professor

SBIROERICFICED CEFMRORREFRET
Discovery and design of electronic materials via thin-
film synthetic chemistry

o | =
EEH K% o
Daisuke SHIGA, Assistant Professor

BRALY 7 / iSRG AR S M ERRGT
Synchrotron analysis of functional oxides and
synthesis of oxide nanostructures
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Control and design of novel functionalities in oxide nanostructures

Our goal is to control and design the novel functionalities
appearing in the nanostructure of transition metal oxides
by the best possible combination of the sophisticated
oxide growth techniques using molecular beam epitaxy
and advanced analysis techniques using synchrotron
radiation. The wide range of properties exhibited by
the oxide nanostructures makes them one of the most
interesting groups of functional materials. The novel
physical properties arise from the interface region
between two different oxides. Thus, in order to control
the novel functionalities, it is desired to obtain the
knowledge of the interfacial electronic, magnetic, and
orbital structures.

For this purpose, in our laboratory, we utilize state-
ofthe-art spectroscopic techniques, such as angle-
resolved photoemission spectroscopy and dichroic X-ray
absorption spectroscopy using synchrotron radiation,
which enable us to probe these structures in the nm-
scale region.
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metallurgy for catalytic materials / intermetallics /~ quasicrystals
hypermaterials
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+ Creation of novel catalytic materials using intermetallic compounds

and their microstructure control

Metallurgy for structured metallic catalysts

» Research on precious metals alternative alloys

Novel creation, structural analysis, and physical property

evaluation of hypermaterials

« Electronic structure and structural stabilization mechanism of
quasicrystal-related materials

BB B g
Satoshi KAMEOKA, Professor

FEeRE - SEMEMBORET AR

Research and development of novel metallic
materials for catalysis
satoshi.kameoka.b4@tohoku.ac.jp
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Nobuhisa FUJITA, Senior Assistant Professor

ERRBLUREENEDOHE - A - WMEICET S
EBERIE

v Basic science related to the structure, formation,
Mf et and physical properties of quasicrystals and related
DRI materials.
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Creation of catalysts in terms of metallurgy and exploration of alloys with novel structures

The research of our laboratory is focused on creation of
catalytic materials with excellent properties in terms of
metallurgy and exploration of alloys with novel structures.
The main research theme is to design and fabricate
metallic materials with novel catalytic functions. We will
create a catalytic material with a unique structure and

(r = 1+V5

3 , golden mean)

1/1 approximant

2/1 approximant 3/2 approximant

Icosahedral quasicrystal

morphology that cannot be obtained using conventional
chemical methods. We will also study about the synthesis
and structure of quasicrystal related intermetallic
compounds, to take advantage of the knowledge gained
as the basis of novel catalyst development.

Icosahedral quasicrystals and their periodic approximants of
different orders in Al-Pd-TM (TM: transition metal) systems
share two common building units: pseudo-Mackay clusters
(red) and mini-Bergman clusters (blue). Their catalytic
properties are of particular interest owing to the presence of
catalytically active transition metals as well as their unique
structural features.

RILKE STBERFHRERR

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University

- B SIHIDH

ST )

18)UBD UYoIEBSaY UONE8I-00) B UOISIAI] YoIBasay @AlRIOqe||0D

- gt

BRI H L SHF

yolessay s|elaiew-olg pue -olueblQ o uoisiAig

BUERHEIER

yoleasay |BlIIR|\ OlUBBIOU| JO UOISIAIQ

BRI SHEH - NINUN A O\,

Buieauibug wasAg pue ssa8201d JO UOISIAIQ



BIEEAE L ERZEH S / Environmental Inorganic Materials Chemistry

B AR 22 EF / Inorganic Materials for Chemical Transformation
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% EFZE= / Shu YIN Lab
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Mixed Anion Compounds  Solvothermal Process  Morphological
Control of Ceramics  Environmental Responsive Functionality
Pigments
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» Development of inorganic functional materials by environmental
friendly processes

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

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

» Gas sensing property characterization of semiconductor
nanomaterials

« Synthesis of rare-earth contained photo-functional nanomaterials

« Creation of novel pearl pigments
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Creation of Environmental Responsive
Inorganic Nanomaterials by Solvothermal
Reaction

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

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

B% 5 #uz
Shu YIN, Professor

JU—rTOCRICEZ LTIV I RADBRERE
#% B2 £ Bl B Creation of environmental responsive
functionality of ceramics by green process
shu.yin.b5@tohoku.ac.jp
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Takuya HASEGAWA, Associate Professor

B L2 IR U fyerdpe i AR DB SE
Development of new photo-functional materials
based on solid-state chemistry

RINRA s
~ Ayahisa OKAWA, Assistant Professor
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Development Functional Bulk Ceramics Using
"‘ Liquid Phase Reaction Field
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Lei MIAO, Assistant Professor
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Development of Semiconductor Gas Sensing
= | Materials with High Selectivity

12 T B
= = Qiuyu CHENG, Assistant Professor
- FRERERNOARE LUZDOGAICET 2HR

Research on the Synthesis and Application of Novel

“ Inorganic Pigments
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Working models for IR shielding smart windows

Ce3+ BABRNOTAAA DA A=K
Schematic image for novel Ce3*-introduced layered perovskite

INEE =SS = / Hideki KATO Lab
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Photocatalyst /” Inorganic material chemistry ,/ Energy conversion
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» Photocatalytic water splitting

» Photoelectrochemical energy conversion

» Development of solid acid-base catalysts for biomass conversion
* Exploration of new inorganic compounds

fNAg St s

Hideki KATO, Professor

IKDRNARIE S KT/ N A A XAEARD fe b DE bR
DEFE

Development of inorganic materials aiming at
photocatalytic water splitting and biomass conversion
hideki.kato.e2@tohoku.ac.jp
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Ryota OSUGA, Associate Professor
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Development of advanced heterogeneous catalysts
for sustainable carbon utilization

TH EX px

Shunya YOSHINO, Assistant Professor

AT EmRZEIER Ll TR V¥ —ZHREL AR ORISR
Development of photocatalysts for energy conversion
aiming at artificial photosynthesis
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Water splitting using photocatalyst
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Construction of highly active inorganic materials for chemical reactions

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

Design of element-substituted compound
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FEREMEAEM L 229 EF / Atomically Precise Materials Chemistry

B HE—BFZEZ / Yuichi NEGISHI Lab

HFINE - F—T—F

SBYSAE— / TRIVF— - RIBHE K OREAARE RIS
Metal cluster / Energy and environmental catalysts ,~ Water-splitting
photocatalysts  Fuel cell
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« Precise synthesis of ligand-protected metal clusters

« Activation of water-splitting photocatalysts by the use of atomically
precise metal clusters

« Activation of fuel cell electrocatalysts by the use of atomically precise
metal clusters

« Creation of atomically precise metal cluster-connected structures

RV XX —DRBEREZMICELD
KRHROBEICER

IXIVF— - BREBESRALT 25 2U—>T
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Sourav BlSWAS, Senior Assistant Professor
Structure control of metal clusters and their catalytic
application with integrated photophysical characterization
/ ol
—
L

WRF HE— sz
Yuichi NEGISHI, Professor

SRV SAZ—DBERIEE TRIVF— - BEMEADISH
Structure control of metal clusters and their application in
energy and environmental catalysts
yuichi.negishi.a8@tohoku.ac.jp

IR TRA #esus
Tokuhisa KAWAWAKI, Associate Professor
B SRZ—DEEHIHE T xIVF— - RIEBEMEADISH

Structure control of metal clusters and their application in
. energy and environmental catalysts

Saikat DAS, Senior Assistant Professor

Discovery of new metal—organic frameworks and covalent
organic frameworks for energy and environmental
applications

ChaOQi CH EN, Assistant Professor

FREBY SR Z— DM - EHIH & RIBAEANDGH
Preparation of new metal clusters with structure control and
their application for environmental catalysts
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Contribution to the construction of a hydrogen society by using atomically precise control

method for metal clusters

We have established techniques for the precise
synthesis of metal clusters and their use to control the
metal clusters on the supports with atomic precision. By
using the obtained materials, the correlation between the
number of atoms/chemical composition of the supported
metal clusters in each material and the material function

has been clarified with atomic precision, and through
such research, clear design guidelines have been
successfully obtained for the further enhancement
of water splitting photocatalysis and fuel cells
electrocatalysts.

HBER S+ / TEZE9EF / Supercritical Fluid and Hybrid Nano Technologies

== PEIFZCE / Takaaki TOMAI Lab
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Supercritical fluids  Nanomaterials / Process engineering /
Electrochemistry / Carbon neutral
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» Nanomaterials synthesis in supercritical fluid

+ Control of multi-scale hierarchical structure of nanomaterial

* Innovative hydrothermal electrochemical processes for carbon neutral

« Highly efficient material-energy conversion using novel nanomaterials

 Development of highly efficient electrochemical devices by precise design
of catalysts-electrolyte interface

EE =2 %52 FrS)
Takaaki TOMALI, Professor

BERFRRGERALEIXF— - ERRTOLX
ICB8T BHI%E

Advanced process for energy/materials conversion
using supercritical fluids
takaaki.tomai.e6@tohoku.ac.jp
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Kazuyuki IWASE, Associate Professor

RS/ MRS & BARRES IR S5
Development of novel nanomaterials and application
to electrocatalysis
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Development of Novel Nanomaterials and
Innovative Material Conversion Processes
Using Supercritical Fluids

Supercritical fluids provide unique solvent environments,
enabling the synthesis of nanomaterials inaccessible
by conventional methods. We design advanced
nanomaterials to drive innovative chemical processes
powered by low-temperature waste heat and renewable
energy. Central to this approach is the precise control of
multi-scale hierarchical structures to optimize process and
device performance.

We further develop electrochemical material-energy
conversion systems using supercritical and subcritical
fluids, with a focus on carbon dioxide, biomass and
waste electrolysis. This work aims to establish the
scientific foundation for high-temperature, high-pressure
electrochemical systems and accelerate the transition
toward a sustainable society.

Development of novel nanomaterials for
electrochemical energy conversion

——

Control of
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Aggregation
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Control of multi-scale hierarchical
structure of nanomaterial
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Our target: Carbon circulation utilizing renewable energy and waste heat
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L—H— /" HAA=D VY L—=TOtR EFHEFE
laser / optical imaging / laser processing ,/ electron optics

- EREBEZERDONDORE L E— LIFIEDRET
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» Generation and analysis of structured light

» Development of high performance imaging techniques and novel laser
processing by structured light

» Femtosecond laser pulse processing

« Interaction between laser light and electron

L= =% SGHRE 2 fekifiid® < OMBRRFICH S
HRMBRTH S L. BRERDBFMRZEST SR
THLHYVET, BLF. LY —SCRPICEEIEG ST 5
FTIRHGARTE T+ b =0 ARKMORARZESHEHS. INh
SEEME LTHEMBLEDREDY ICERZEVH LLMIE
MEMENOREMZBIELTVWET, J/ER. X (BER O
RIBAE. RYE. & SICIIREIRAG EDEXBMZ/NS A —
TR MY - KRENG " #BiE " IcEB L. TORE[N
GHRIEICK > CHIFET 2H LUV ORBESAZFROE L
FEHARICBRVBEATOE T, BAEMICE. Bk LR
M2 R L e mi® s 3 RoTie A A — 2V I PR GERMES
EDHFHAMOBEFRE. 7T LM/ IVAL—T—KIc&B L
—Y—HEIITICHT B LWINITEDRE. HEBFOHEE
ERICEDCBFE-LOKEGIHEICET 2MRG EXHEEL
TWEY,

Photonics technology utilizing laser beams is essential
not only for fundamental technology in various research
fields but also for advancing scientific research. We
focus on developing novel optics and photonics
technologies for advanced laser sources and controlling
light waves, targeting to expand into new materials
science involving the interaction between light and
matter. We are interested in controlling the spatial and

INEE fhTH s
Yuichi KOZAWA, Professor
HE(L LI DRE & FERZE

y.kozawa@tohoku.ac.jp

FH3Z #&TH B (sakura)

Ayano TANABE, Assistant Professor
B/ VA L=V —lc & HMEIT

AHL—H—E—L]

temporal “structure” of light, such as amplitude, phase,
polarization, and even temporal waveforms, which
can create novel light properties applicable to various
research fields. The present research topics include rapid
three-dimensional or super-resolution imaging using
structured light, laser nano-processing by femtosecond
laser, and the wavefront control of an electron beam by
the interaction of light and electrons.

Structured light enables super-resolution microscopy (a) and high-speed three-dimensional microscopy (b) and (c).
In (a), each bead was clearly recognized in super-resolution imaging. In (b), the rapid Brownian motion of 200-nm
beads suspended in water is recorded three-dimensionally, realizing the 3D tracking of each bead, as shown in (c).
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solid state ionics / energy conversion / operando analysis /

electrochemistry
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» Improvement of performance and reliability of fuel/electrolysis cells and

rechargeable batteries

* Development of advanced operando analytical techniques for

electrochemical energy conversion devices.
* Basic research on electrochemical phenomena at hetero-interfaces
+ Design and synthesis of novel solid state ionic conductors

RIFEE, IXVF—BEZRRAL. HEtRZRRY
BT LI 21 HIEDRFE - BIEICRESNKREGTRE
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Koji AMEZAWA, Professor

TINA ZDBFFE

koji.amezawa.b3@tohoku.ac.jp
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Yuta KIMURA, Associate Professor
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Kosuke KAWAI, Assistant Professor
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Scientists and engineers in the 21st century have a
great responsibility to solve environmental and energy
problems for achieving a sustainable society. Our
laboratory contributes to solve above-mentioned problems
throughout fundamental and application researches on
environmental-friendly energy-conversion devices, such
as fuel/electrolysis cells and rechargeable batteries. In
particular, focusing on solid-state ion-conducting materials,
we are challenging to establish an academic discipline
on “solid-state ionics”, and applying this to develop novel
materials and to improve performance/reliability of the
energy conversion devices. We are also working for the
development of advanced operando analytical techniques
for solid-state ionic devices.
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Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
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TOERYIaL—2 a3y / BERR SHER/ATE
process simulation / transport phenomena ,/ multiphase flow  thermal
engineering

- EMEET O ADZERIGY I 1 L—2BH
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» Reaction process simulator for material production

» Development of energy recovery, conversion and storage

« Boundary layer control to improve reaction and transport processes

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

« Exploration of formation mechanism of interfacial fluctuation structure of
phase change melts

HMICRREINZBEEBMPROBETOLADER - Tx
IVFE—EBEIIFEAT. INSEMEIL. BRAETSORAIC
BIBRHDEEHNKRDHONTVET, TDOAKRELT. BT
TOCRAOEMEL. EBRREOEE., EHHNT O ADORE
LELHY ., ZORBOISHICIE, BIFENE Ot AREIC
MA T 7O ARETE C2MBHERRPEHO RIS &
BREL. 7Ot AERF L TWKRBELNDY £9, AH
ENFCIE. BEEARO IO ABRICEIT T, REEME
EOMMEEL RSO ANZE. BTH. BERKHORIGT
Pl EDOFEICK 2B, EMBETOLRICECESN2E
ERBIRKORMENZ. MHEIZEEOFECLIERLE
7L TINS5 OB EEIHAA ERITIGO TR ORAEI
FRVREEMEE 7O ROREY 1 L— 3 VR
P& EEFHE - FREHIRWVBATOEY, £l FifckBT
XIF BRSSO 7Ot ADBERELESTVET,

For the reduction of energy and material resources
consumption in base metals production, improvement
of process efficiency, enhancement of flexibility to raw
material resources and development of novel processes
are required. One of our approaches for this issue is
numerical process simulation to reproduce and evaluate
the materials production processes, based on the
theories of multiphase fluid dynamics, reaction kinetics,
thermodynamics, thermal fluid engineering, transport
phenomena, powder technology, and so on. Using the
results of the process analysis and the fruits obtained
through the modeling of unit operations, we are trying to
develop novel material production technology. Additionally,
we are trying to develop new processes for recovery and
storage of thermal energy.

RALRF S BRI ARRAR

& F sum
Hiroshi NOGAMI, Professor

[RISE R ICR D  EHEN T 02 X DRF

nogami@tohoku.ac.jp
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=i Shungo NATSUI, Associate Professor
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Nobuhiro MARUOKA, Assistant Professor
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High-speed imaging of envelope flame formed around FeS, sample

SRR RERRNR BT OBEE
chemical metallurgy  solidification and crystal growth ,/ thermophysical
property / in-situ observation
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« Structure and physicochemical properties of melts and glasses

« Solidification and crystal growth mechanism of metallic and oxide
supercooled liquids

» Development of immobilization and stabilization technology for
radioactive waste

» Development of low-carbon ironmaking processes

« Development of recycling technologies for non-ferrous metals and rare
metals

SRBOUBHELIV YA VI ERZCHETEZEMTOLA
TlE. TELERTHRD SR EUE « HiE - [IEDOEEH
IKEWTEBREREREHNFBAITNTVEY, 7OELXD
SRRLICIE. BRRBICHTZERTEDHE - DEHETE
P, FHEAS LUCERREOLEN - YPENEEEZESH
ICT 2RBBLRG Y ET, FIZAILARYT 1 BEPSBRMAD
BRER M EEOSBEBEHE T Ot A THRH (EE
ThHY. INSOYMEEEMBEDMER - BEDORHR% fZR
LTVWET, £ MBORB /Ot ACHIT 2 REER%E .
EEARZBECTHBLTVEY., BRTIETB(LRES
EoBEEMEIE LAEVREICPET LT OERBEHR
HENTHY. BHIAPL 7 AZIVEWVOTEEBEMDFL
WEET O RDBEEEIT>TVEYT, Bahdasn
REZBELT. MEREE 7O A HEDORE] ZE Y
b—ICHAREESH TVE T,

In metals processing, various reactions occur between
solid, liquid, and gas phases at high temperature. To
improve process efficiency, it is necessary to elucidate
the extraction and separation processes of elements,
as well as the chemical and physical properties of the
materials. Thermal conductivity and viscosity of molten
silicates and metal melts are important in metal refining
processes, and we are elucidating the relationship

SeH A s
Hiroyuki SHIBATA, Professor

BE L USBORRFE

hiroyuki.shibata.e8@tohoku.ac.jp

Bhok I s

Sohei SUKENAGA, Associate Professor

TABRIERZERMEE KUHS AOYBILFNEE
EHIBE

R e

Gen KAMIMURA, Assistant Professor

SRBOMBHTIOLIGSTITI YA 7 ILEHD
¥

Silicate melt

|
=)

Measurement of Structural

physical properties characterization
-Viscosity -NMR
-Thermal conductivity -Raman
etc. etc.

between these physical properties and the composition
and structure of the materials. We are also elucidating
interfacial phenomena in materials processes through
direct observation. For environmentally friendly process
designs, we are developing new production processes
for metal materials. “Integration of materials processing
research and physicochemical property research” is our
motto for realizing a sustainable society.

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
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HAIRFZE 2 EF / Quantum Beam Measurements

EMEAIERFZE S B / Structural Physics and Crystal Physics

BEFHRE

/ Atsushi MOMOSE Lab
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/ Taku SATO Lab (¢)
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Imaging /* X-ray /" phase measurement / three-dimensional observation
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» Phase measurement methods based on interference optics.

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

« X-ray phase microscopy/tomography

* USAXS imaging based on decoherence

EER & ¢

Atsushi MOMOSE, Professor

XIRNIABA A —2 > T FEDORE
Development of X-ray phase imaging
atsushi.momose.c2@tohoku.ac.jp

BE &=F sy

Yoshichika SEKI, Associate Professor

P - XERGARFTRIA DR
Development of phase measurement with neutron
) and X-ray

EFE—LONETES
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HMEEEE B KRS IRFER B ESERR

recise crystal / magnetic structure analysis under multiple extreme
conditions ,~ Development of neutron and X-ray diffractometers
Magnetic ferroelectrics and Hydrogen-bonded dielectrics ,/ Development
of ultra high pressure synthesis

FHEMRT—<

- PEF 4 EEITEEB S 7 DOIGEEDRE (JAEA 28 3 B4F JRR-3MT2-2
FONDER)

- MIBBURRER TRV B NIRRT ESEERITEBDRE (J-PARC
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+ 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

i =2 598 (30

Taku J SATO, Professor

BFE—LERERVEEERR

Structural science of materials using quantum beam
experiments

taku@tohoku.ac.jp

I = e
Hajime YAMAMOTO, Associate Professor

FREGSRRILMEREBFE—LZRWEE
IERAZE

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

« Electron density distribution and proton density distribution of hydrogen-bonded compounds
» Neutron and X-ray scattering study of structural physics and magnetism on multiferroic materials - Imaging of 3d-electron-orbital
» Development and structural physics research of novel material by ultra high pressure synthesis
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72 Quantum beams, such as X-rays, are used to visualize innovated in X-ray imaging technology by developing E,Wi'b%;m& Lft%ﬂm"  FriAEDRIIRE € DREMIEHZIC =7
”’2 internal structures of various materials having the X-ray phase measurement, releasing groundbreaking BEY A TS, 2021 EEICHEES) LTCHZR JRR-3 Tl 2 ).b
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I\E materials consisting of light elements, such as polymers, experimental environment and pioneering advanced EX)
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3 2 phase contrast based on the wave nature of X-rays is practical applications, and we are also conducting Ferroelectric polarization induced by magnetic order in magnetic ferroelectrics 2 3
P4 - significant for overcoming this problem and enhances the various collaborations with industry. We have been developing the methodology for high- the electron as well as nuclear densities. Figure shows g v
Fg  usefulness of quantum beams tremendously. We have resolution crystal and magnetic structure analysis the complex magnetic structure of magnetic ferroelectrics g I
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+ : under extreme conditions such as low temperature, spin structure in this material is thought to be the origin +
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2 : studied structural phase transitions to understand the of novel neutron 2-dimensional detector for structure 2
| o microscopic origins of functional properties in solid - state analysis JRR-3 reactor. |

B materials based on the accurate distribution analyses of
L Cyeloddal structure af Mn®* spin
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=29 FE L FIIEHE / Polymer Physics and Chemistry

BF 70OV 7T« 7HAZESE / Frontier quantum-beam metrology

RS TIEFZE= / Hiroshi JINNAI Lab

SARTRFZE = / Wataru YASHIRO Lab
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Soft Matter Physics ,/ Self-Assembly in Polymers  Polymer Crystals
Polymer Composite Materials
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» Nanoscale structural analysis of semicrystalline polymers

* Analysis of nanoscale deformation mechanisms in organic/inorganic
composite materials

« Atomic- and molecular-scale structural analysis of organic/inorganic
interfaces

+ 3D observation and molecular-level analysis of self-assembled
nanostructures of block copolymers

« Direct observation of single polymer chains using electron microscopy

PR 75T s

Hiroshi JINNAI, Professor

BFEMBEZAVNY 7 b T U T VORISR
Analysis of nano-structures in soft materials using

electron microscopy
hiroshi.jinnai.d4@tohoku.ac.jp
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Tomohiro MIYATA, Associate Professor
EEETEME LBV cRD FMRORT - 9F
- TIRRRERRMT
: Atomic-scale analysis of polymeric materials using
J transmission electron microscopy

TR H8 e

Shusuke KANOMI, Assistant Professor
TIHEFEMELZ AV R FMRORRBIEE 4
A+ 20 XD
! h Analysis of internal structure and dynamics of
‘ ; & polymeric materials using advanced electron
microscopy
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Quantum-beam optics / Metrology / Data Science /
Micro/Nanofabrication

TEHMRT—<
< SURXER CT ORI

XBISANI ST 14 DR

« AR—=I VT EEERITORA MO

c BFE—LHFERTF - VAT LORE

cEBFREKAEFBLIEA A=YV RO TOY T« 7 DR

« Millisecond-temporal-resolution X-ray tomography

« X-ray elastography

« Fusion of structural analysis and imaging techniques

* Quantum beam optical elements and systems

 Exploring the frontiers of imaging technology using quantum phenomena

KA fin #ug (sris)
Wataru YASHIRO, Professor

Py S

BFE—LAA—IVTEDRRE
Development of quantum beam imaging methods
wataru.yashiro.a2@tohoku.ac.jp

BRANE sz
Chika KAMEZAWA, Assistant Professor

XBISRA NI ST 1 EDRF
Development of X-ray elastography

Tt — AT 4—=TV %
Stephen FENNER, Assistant Professor

XEREFRTFDORF

Development of X-ray optical devices
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— EMBRICHIT DERAEIER « JEFEER (BIZ I, RED Err— . S—
—_ MDD BMED. EETEMEE) OFfEERICOES ittt -
> g BT TEL. BAREAeDRRICET M - <10 J. Synchrotron Rad, 28, 322-326 (2021) g T
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i § E?liﬁ#%%g@%ﬁ\ Lﬂ\‘(t;ti%)d)ﬂi‘ﬁ@*%ﬁ%ﬁﬁﬁﬁ& 8\ _F}Q Real-time 4D observation of rubber tensile fracture process (10 ms temporal resolution) § "
§'+ g Fig. 1 HRNCE BRI ERIREES EBHFLTVWET, g g'Jr
,E,‘EU 2 (a) Morphology and spatial distribution of lamellar crystals 2 ;E:EIJ
i \% (white region) in a high-density polyethylene specimen. . . % J\
Sz (b) Tilt angle map of the polymer chains inside lamellar crystals. Explorlng the frontiers of the 4D world - —— aAq
7\ ) ‘Propagatlon of shear waves ‘ Distribution of storage modulus 2 7
7 ] We live in a "4D world", but in the 4D space-time a 3,
“'¢  Nano-scale investigations of structures and region of less than um and ms, there is a vast unknown o g v
Ko . . . . world that is inaccessible even to the most advanced - = ok
Eﬁ% dY”am'CS in soft materials using electron measurement technologies. In our laboratory, we are - | K %E);—LF
J’% microscopy. taking on the challenge of developing new imaging '4-’ " loE loE 3&4
> Polymers are essential materials for industrial techniques that dramatically exceed the conventional - - :i; "o 3 >
3 applications due to their lightweight, flexibility, and * limits by exploiting high-energy quantum beams - - . 3
I processability. Their properties can be extensively i such as ?(-rays, advan'ced mlcro/nanofabrlcatlon "= — - |

controlled by adjusting chemical structures, blending technologies, and data science techniques, and to open  sample: polyacrylamide gel
different polymers, and incorporating inorganic materials. up the uncharted 4D world. Our imaging technologies 3.0 + 0.91kPa
However, the connections between microscopic T o e R 5‘ will not only lead to a new understanding of various Appl. Phys. Express, 13, 042004 (2020).
structures and macroscopic properties of polymeric “¥os 2 L i || & irreversible and non-equilibrium systems in the material X-ray elestography by visualizing propagating shear waves
materials (soft materials) are not yet fully understood. Sy e ?n_-: ki and life sciences, but will also have diverse ripple
Therefore, we have carefully observed the microscopic g -# U B effects on general society.
structures and dynamics within polymeric materials to ! #& e '1"1!! e
reveal the microscopic origins of macroscopic properties. BO0Rm. P e
500nm -y g o
T — LS iR o
Fig. 2 (a) Transmission electron microscopy image of the vertically-
elongated inner structure of a rubber with silica nanoparticles (black parts).
(b) Local strain map of (a).
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EFHILY bOZY AMAFESDE / Quantum Optoelectronics

A YR AR LIS ERET ARS8 / Synchrotron Radiation Microscopy and Informatics

By

SjusWaINSEs| JO UOISIAIQ

—mn
m

=\ A SN A O LS IR D

ABinjeiapy pue Buissasold |elaully 10} Jayuad

FRACEBEAFZEE / Shigefusa CHICHIBU Lab

HFINE - F—T—F

FBUNTINA R BFEE/ Fv T EAF IR/ EEEEDEDH
Wide bandgap semiconductors ,~ Quantum nanostructures / Carrier
dynamics  Spatio-time-resolved spectroscopy

B B wum

Shigefusa CHICHIBU, Professor

TA RNy RF vy TEERET S/ BRI & Bz
PR AN ORI~ Exploration of wide bandgap
group lll-nitride and group ll-oxide semiconductor quantum
structures and spatio-time-resolved spectroscopy
chichibu@tohoku.ac.jp

IS R s

Kohei SHIMA, Associate Professor

TA RNV FF vy THEGERVENENBEFTN
A ADBAZE

Development of high-efficiency optoelectronic devices
using wide bandgap semiconductors

B M o

Moriyuki KANNO, Assistant Professor
F/ T/ aY—- Lk Oy YT

Nanotechnology and advanced functional materials
processing

FEHART—<

- BRIBICE LV (BALGa,INN BKT (Mg,Zn)O BT A RNV RE¥v v T#
BN IRSEE AUV, BT EEOMBEERICED<HLLOE—L
> RO

c VLML ELUTT7 L MEFEEALE (BALGaINN LT
(Mg,Zn)0 274 RN\ R¥ v v THEEET F / BEORBZEE DR
N7 bOxaE—

- BRERBEFESHEICE2F T —(C& 5 (BALGaIn)N REF T/ HEEFA
EREINGRNT INA AR
* (Mg,Zn)O RES(LHFERDAN ) I VEFR TS AR ANy B2+
— EHEREMERR LB R A

* A new concept coherent light source based on light-matter coupling
in environment-friendly (B,Al,Ga,In)N and (Mg,Zn)O wide bandgap
semiconductor microcavities

 Spatio-time-resolved spectroscopy in semiconductor materials

« Design and fabrication of (B,Al,Ga,In)N quantum nanostructures: epitaxial
growths by metalorganic vapor phase epitaxy

* Helicon-wave-excited-plasma sputtering epitaxy of Il-oxide
semiconductor(Mg,Zn)O and fabrication of multifunctional oxide thin films

DA R vy TS AR EERSRR K Y FOX I —

HFR (BHER) CETR (BET) OBEAMATEEE B 0 U Fry TN BENEE +/ HEDTESF AT
FHET A\ ZBLEGEE LT, BHSEICHY T 2 HER GaN 20X S REBEZ A X

200 nm BOREMED SIEFNEE CLERE H/N—L. IR ’T
BICHEABEFRICEHELVWT SRy bOr T+ X7 BN, AN, o =

GaN, InN Z0 Il RZE(LHHZEAR® ZnO, MgO F D || iREE 1L
FER. NIO P TIO2 ZDRBRILMFERICAKRY bS5 A+
EYHTC IE2F I vIUERRREICK > TRERFELANIVTE
BARE - REEFDOFER T/ EEEPEEOEMEITVE

FEFBLUANLTHEGRERRE - REHEIC L SBHERK

B Tz LM~EaR/ LREREFRERAVZTARNAUR oy THEBED
B - BRI RARINORIE—IZ kB /HBEF )T F A2 X5HA

BiaEEMRE

BMINF - F-TU—F
WY Je—L> b XENT B A=V T/ T—2RE

/ Yukio TAKAHASHI Lab
B8 =4 552 (R15)

Yukio TAKAHASHI, Professor

Coherent X-ray Optics /~ Synchrotron Radiation /” Microscopic Imaging

Data Science TEROOIE—L 2 b XA A—IV TEDORIRE

Z DA Development of next-generation coherent
X-ray imaging techniques and their applications

EEMERT —X ytakahashi@tohoku.ac.jp

CEIRAE—L Y N XRERAX =YV FERB KU T — 2 BIFFED ?""' aL\ e
2% L IT & LIS #%dE (SRIS)

< Bt - AIRME OMMEE - LFREA A -V U TICLBRGHEE Kj;ZO SHINODA. Associate Prof
}55:0%\“:;'@*%@%&3 , Assoclate rrofessor

% - IESRBUSE T O R BSEME R DO TTRBIRN RS
TERRIT &L FEIRAE T

Element selective characterization of local structure
and chemical state in materials related to ferrous and
nonferrous smelting processes

FAIER EA5 Bh% (SRIS)
Masaki ABE, Assistant Professor

o TERFEERT N ZADIEWR=T01A A =TV JIC K BREE & MERE
(SRR DRZER

c EBRMEOME - 5ERBROBNA A —TI VT ICLB/EM - MR
AAZRLBLUER - BIEZ A3 ADEE

- SLTECF RIS T Ot XA & RET DT 6 DR PSSR

Development and experimental demonstration of novel coherent X-ray

diffraction imaging and data analysis methods

Elucidation of reaction mechanisms and degradation processes in battery
and catalytic materials through microstructural and chemical-state imaging
- . ) ) DISHA

+ Elucidation of nucleation and growth mechanisms, as well as deformation Development of advanced X-ray microscopic imaging
and fracture dynamics, in metallic materials through dynamic imaging ’ . techniques and their applications to materials analysis
under heating and tensile conditions ]

* Elucidation of nucleation and growth mechanisms, as well as deformation

and fracture dynamics, in metallic materials through dynamic imaging

under heating and tensile conditions

Local structure analysis for elucidation and design of chemical processes

in mining and industrial chemistry

IEEHC TRIBDORFZEMZ AR L. MERIEZ F3

N =\ %2 — = N
SNSRI = 5 =175 7 1 |- & B3R - EFGRED TR

S5IUA—FIVAT—IV (X70) IEEZET. BEENDD e
R~ LHBERE L THY . ZOMEDEAZZER - BRI JE—L Y Xk liEx T —SRBME7I0—F
BB A X —VES BRESEEEOR.E Ah =X LEE
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AEREFIRAEIC K BB - ZEEEFD RO ZITU. Wi Eos F/HBRA7 00 &SI IR U ie R ORFZER]
<5 EEBIIHEFNR - BFHR FrUTHIFIIIP nrw Bl AT —IVTOBRE - BATICIYBATOE T, #ic, Ik =<
|7)— i_, SRR E DA L) OWIBICBY Y, T, FNSEAL s = 440 460, 480 500 520 —L Y b X#EEHRAE T —2 BRI TO—F e LI i_) |7)_
7 g W BRETINARZ (BN - S - SIS E IS ARLETD fg@?;g%giﬁ{é,é%ﬁ A —oBo—h BAAT ST 4 &mHRKE LT, ERFETIIRZI SNGED D § i
VL hemETOBRET %) ORREFVET. 8 e e o (o, ZEIP R FEBRREORRIERRLTNET, Thicdy, Bl " e
£t 3 | By mEEcess FREARHC B 2 RISHIB PSR, REARFEET /1 _m’t_:ﬂiz;;m@ 3z
Az - ! ADHEIE & e - (SRR, SEMBOLIA - HEP z A
! TR - BIEA AT IV AOBREZFMEELE T, = A
?? Design and creation of wide bandgap semiconductor quantum nanostructures and spatio- . . . : : . L ??
J g tfime-resolved spectroscopy Exploring Materials Science Frontiers via Synchrotron-Based Visualization of Unexplored ¢ i
Y3 - ; g
£ o o _ Spatiotemporal Scales S
i Re;earcrtl obJecttlves of th? Ia:)oratc:jry ?riltofdeSIQn -lfmr:'rﬂﬂ:;l;:ﬂ::!mmmmmm uLﬁ?Eﬂms:m::::“ i Many practical materials and devices exhibit hierarchical Tender X-ray ptychography system z bt
5%5 ?n :‘frea ‘|3 qUtan IUmtnan.OSdrUC.U"es esklrabl e ordnew s e ’m' ;-'-'r'\'ta P Tuen and heterogeneous structures spanning from atomic to equipped Wlth advanced X-ray optlcs and detector 9%5
> unctional optoelectronic devices workable In deep & 200 & * 1_.‘: - Go millimeter scales, with properties governed by complex ., g ; >
% uItraonet, visible, ar.1d optlc?al communication wavelengths g Ll |. ouae | &7 m.;‘ﬁfiﬂi‘ N e . spatiotemporal phenomena. Understanding such systems |s %
| using planet-conscious wide bandgap semiconductors, 2 . loan 2505 S ¥ requires quantitative insight into structure—property |
namely (B,Al,Ga,In)N and (Mg,Zn)O systems. We are & s ﬁ:m R e ."“ relationships across multiple scales and dynamic conditions.
growing quantum structures by metalorganic vapor & . Cogw BN 500 = ;:;i:":;*“r “"";?‘;::: Eﬁ] Our laboratory develops advanced synchrotron-based
phase epitaxy and unique helicon-wave-excited-plasma g FoN ﬁ“::ﬁ Dir.j;]]ﬂ;umﬂrlvpl:::: "mmm i imaging and spectroscopic techniques with data analysis
sputtering epitaxy methods, Ultrafast recombination T TRy T [a00) th:..::::?:*f:: poRanlial packels methods to explore previously inaccessible spatiotemporal
dynamics of excited particles in nanostructures are studied LATTICE PARAMETER & (A) 8. F. CACH aF, MBUTS ListHr 3, F10 (2008), regimes. In particular, we place super ptychography—
by time-resolved spectroscopy using a femtosecond laser, integrating coherent X-ray measurements with data- |
and very local carrier dynamics are proved by focused driven approaches—at the core of our research, enabling |
pulsed electron beams using a home-made, spatio-time- visualizgtion of dynamic phenomena beyond the reach of
resolved cathodoluminescence system equipped with a conventional methods. These approaches advance the
photoelectron-gun understanding of reaction and degradation processes in
) battery and catalytic materials, structure—performance—
reliability relationships in semiconductor devices, and
deformation and fracture dynamics in metallic materials.
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EAFRmEIIEMZE 2 E / Solid Surface Physics

F ./ EF 7 O—JEIEHAIZESEF / Nano-Electron Probe Diffractometry

) || E SRS = / Tadashi ABUKAWA Lab

EAEAIEE / Kenji TSUDA Lab
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REWEE /B FOERR WEFA( IV

surface structure ,/ synchrotron radiation " new materials exploration
material dynamics

FIEHART—<

- FTLOREBIEBITEDRHE

- FREYEOIER & REEEHFT

- WRRRIRIFIC BT BEHNEIRER LIRS
< BE R BWEIE S A F 2 A3

» Development of novel techniques for surface structure analysis.
 Synthesis of novel surface materials and surface structure analysis.
« Explore new materials under extreme conditions.

« Study of material dynamics using synchrotron radiation.

BC)1| EF] #8 (sris)
Tadashi ABUKAWA, Professor
REGERRIT & EFIREERRART

Research of sturucture and electronic structure of
surfaces
abukawa@tohoku.ac.jp

Sl HHY B8 vorn
Akari TAKAYAMA, Professor

ZRTTIEROYE

Physics of two dimensional materials

B K #5458 sRris)

Taiki HOSHINO, Associate Professor

Je—L > b X REELFEICK BIETE - Fig—
RDA A F = XM Dynamical analysis of non-
equilibrium and heterogeneous systems by coherent
X-ray scattering technique

LA & i

Hajime YAMAMOTO, Associate Professor
VBB BRBLFRREETFE—LERAVEE
MRS Exploration of new transition metal oxides

and structural science of materials by quantum
beams

BEE E BFEHIC K D EIRKRE - FREOER CHYIERIRK

ARSI TlE. RAGHEZR > IcXRE - REDAIR
ZEELT ERRE - REEET LNV CERT 203,
WNT, WRRIRIE T CHIc e R I DMEDERET> T
WET,

INETIL. REORFET % 3 RITMICAIRLTES
FLOWRESERITAZIREICER L E Lz, ZHUCA T,
HEFIEME (PEEM). EEETFIEME SEM). EE LRIV
BEMEE (STM) 72 E DEEMFEZBRE L THEEEESHIC L,
T 5(Z NanoTerasu DI E AW TEFREL AN T
HEDANZALEEALET,

BEEMAEICEBMEFRRTIEAIVAFTA FRNFITL
BALIEB LR AEIT > TVWEY, COWEBIXEET
NFIVLZEEDHERICKVELCS, BREESLUVETF
REDIEEEIEEENTVET,

E5lc, XRNFHEEDE XPCS) DEELZRBL T,
VIIITUTZ IV CHETBEREMBRDEAF IV
AREICEBYBATHNET,

W-RHEED J&(C & > THEBA L fe REHEE & Nanoterasu TDRER,

Characterization of Solid Surfaces and Interfaces and the Synthesis of Novel Materials

With the aim of creating surfaces and interfaces with diverse
functionalities, we conduct research to understand crystal
surfaces and interfaces at the atomic level, as well as
synthesize materials with novel functions under extreme
conditions. We have developed a novel, proprietary surface
structure analysis method capable of visualizing atomic
arrangements on surfaces in three dimensions. In addition,
we utilize microscopic techniques such as photoelectron
emission microscopy (PEEM), scanning electron microscopy
(SEM), and scanning tunneling microscopy (STM) to
elucidate the structure, and investigate the electronic states
using synchrotron radiation from NanoTerasu to clarify
the mechanisms underlying the manifestation of physical
properties.

We are also conducting research focused on ilmenite-type
vanadium oxides as part of new materials exploration using
a high-pressure synthesis method. These materials are of
particular interest due to the exotic structural and electronic

phase transitions related to the formation of vanadium dimers.
Furthermore, through the advancement of X-ray photon
correlation spectroscopy (XPCS), we are also engaged
in research on the dynamics of various material systems,
including soft matter.

Left: High-pressure cell and a newly discovered material.
Right: STM images of chiral surfaces.

SMNEF - F—T—F

INREFEIT 4D-STEM (HERFRE « 7/ F XA VS BIHENMNZ D5
HR

Convergent-beam electron diffraction (CBED)  4D-STEM ,/ Crystal
interface and nano-domain structures / in-situ observation with electric
field application

FEMRT—<

 WREBFEITEICL 2 BAERIES - BERT VY v IV REFEADR
i nvyze!

« AD-STEM EIC K BIERFE - 7/ AL VIBEDOBFEE - 8K 7
¥ v VD TRERIT

- BEEMAMEIONBENNICE T BT/ B RAEERRAT

- WEREBICHT ST/ B REERR

- BIOFEIRETEICEK % 3D ED 7 — 2 D RS ERIT T ADRE

22H 875 #ur
Kenji TSUDA, Professor

INRBFETEIC L BDEPTERIEE - BERT Vv
IV TRERTEDRR &G

Development of local crystal structure and electrostatic
potential analysis and its applications
kenji.tsuda.b6@tohoku.ac.jp

)| K s
Daisuke MORIKAWA, Assistant Professor

AD-STEMEIC K BIESAME « 7/ P XA VHEEDR
Frtéis « BERT Y v VDRI

] Local structure and electrostatic potential analysis of
‘-l'. crystal interface and nanodomain structures using

4D-STEM

» Development of local crystal structure and electrostatic potential analysis and its applications
* Local structure and electrostatic potential analysis of crystal interface and nanodomain structures using 4D-STEM
» Nanoscale local crystal structure analysis of functional materials under applying external fields

» Nanoscale local crystal structure analysis at structural phase transformations

» Development of crystal structure analysis program based on the dynamical diffraction calculations for 3D ED data

sjuswalnseal\ 10 UoIsSIAIQ
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T/ BFTO—TZRWIRAEE - B8R T > v LD
*ﬁ%ﬁ‘é‘lﬁﬁ*ﬂltiﬁb\f\ 7‘/7\/7__/1/0)%}3)"[*%%)@%%% - K ‘:Nano-electronpmbe gy-fi f i

A VREICERT 2HERCMEDORENMENMLTEY. B
iR BERITOEERENSE O>TVET, ID&HITIE.
BRBFEMFEZANAL T T/ YA XIINRLEEFTA
— 7z BRS T 2 INREBFEIHT (CBED) AN EDLHTH
MTY, AAEDEF ClE. CBED EE AW THHERF (%

EHEL) BERFBICEDCEENERFAERBERITZE

FICKHERITTRRL, BFBLSI v 7 AMR FEHKT
NA A BFRREEMEEMRSFICERLTVEY, J/AE.
EBBBEFEME STEM) A& BED EZEHEDET
AD-STEMEZZER LT, #ERF{E « 7/ FXA BED LS
ZIEEHR - RNE—BED SRFERIEE « HERT Vv
DEMECZEERNTT 2FEDRREICERVEATEY . B
FIEE - REICER YT 2FRREEMHREICFST 5T L
ZEELTVET,

Atom positions, ADPs,
electrostatic potential,
electron density ote.

Energy-filter

Multiple scattering (dynamical diffraction) simulations

Simulation ¥
code: MBFIT Keoh A | Keom H‘ .

on PC cluster alwm

Incigdent e g e i

electron wave i, . II I
. . - L

Quantitativéanalysis

i

CBED £l & B RFERIBIE « BRERT ¥ v ILDTREN
Local structure and electrostatic potential analysis using CBED

Nanoscale local crystal structure and electrostatic potential analysis using nano-electron

probe

Local crystal structure analysis is increasingly important

in functional materials that exhibit intriguing physical *;"‘-_"a'n '-:Ln;q'u"b“u’u o on /
DD 0D R0 0 00N 000 0

LBt s |

properties induced by nanoscale local structures and
crystal interfaces. For this purpose, the convergent-
beam electron diffraction (CBED) method using nano-
electron probe is extremely advantageous. Using the
CBED method, we developed a quantitative analysis
method of local structures and electrostatic potential
distributions based on the dynamical diffraction (multiple
scattering) theory and applied it to various functional
materials. Furthermore, we are developing a method
to investigate spatial variations of local structures and
electrostatic potential distributions in crystal interfaces
and nanodomain structures by using the 4D-STEM
method.

TRRR RS S

Ps,
N T e e W WL . . . n -
SaDes oD -0 0 ﬂh{)-.-j‘.. .qu.‘pr.-.ﬁi..p’ﬁ!grq_‘

A

7.9nm ~TTidisplacement =10 displacement

[Sim] A B

[EXP] | 5nm .

BaTiO3 3&FAE 90° F X 1 VEDIBEE T /L. BINFEINGES K URER TSz CBED
I / Structure model of BaTiO3 ferroelectric 90° domain wall, dynamical diffraction
simulations and experimental CBED patterns.
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BFEIT - DYEeHAIRFZEEF / Electron -Crystallography and -Spectroscopy

FB O— T EHRIMTFZEHE / Advanced Scanning Probe Microscopy

) ES) @0 BFZE= / Tadashi ABUKAWA Lab ()

“HEEE @ BFZE=E / Hiroshi KUMIGASHIRA Lab ()

S
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HFINE - F—T—F

BEFEME BT I RIVF—IBRDH X IRREND IR EFEIHT
electron microscopy  electron energy-loss spectroscopy

soft-X-ray emission spectroscopy ,/ convergent-beam electron diffraction

FIEHART—<

. KEBEME T/ R — Ui O AR AT

- BEFENMET I RIVF—BRONEICK DAFFETMFEDRE
- AR SXES B UL e EFHEREITADRR

< IV ZABEFRZE BU fc HIBIREIIE A DRE

 Functional analysis of nm-scale materials by TEM-EELS

« ldentification of electronic excitations by momentum resolved EELS

« Electronic orbital analysis using angle-resolved SXES

» Resonant vibration excitation method using GHz pulsed electron beams

B)IER %8 @

Tadashi ABUKAWA, Professor (C)
REGERRNT & B FREREN

Research of structure and electronic structure of
surface

abukawa@tohoku.ac.jp

i B s

Yohei SATO, Associate Professor
BFIRAEL AT AU TR R AT

Analysis of Material Properties Using Electron Beam
Scattering

yohei.sato.c4@tohoku.ac.jp

A = BhEk

Takatoshi MATSUMOTO, Assistant Professor
|=rJ1r Fsiﬁligc%o ICL2BRE - BEIRNGHEEEREDR
Bezign and development of high sensitive and

selective functional reagent in silico
takatoshi.matsumoto.a5@tohoku.ac.jp

SNEF - F—T—F

TR EE IOV BROR NSV IRE S REVYILY
aZo7 X

2D-materials  scanning tunneling microscope  field effect transistor
spintronics

THHART -

« ZRTERIEORFIEE L BERMWMEEOIEREAZA

o FEER N O XVEREE (STM) ZRVDFER - 51

- BFEEBRZAVEHIGER - BREXTF YV I TINA ADREE
cREVMOZV R - EFOAVE1—Z2—OEBREEZRE O

- BN IRF EDFRFOREICEZREHE - Hifm

« Correlation of atomic structure and transport properties in two-dimensional
layered materials

» Observation and chemical characterization of single molecule using
scanning tunneling microscope (STM)

» Photoresponsive, high-precision molecular sensing using atomic layer thin
films

« Spin control for molecule spintronics and quantum computing

« Interface engineering to combine Si technology and molecule electronic

HHEE L& s 3@
Hiroshi KUMIGASHIRA, Professor

TG RICE D CBLY o / WG DI RERRE
Design of novel functionalities in oxide nanostructures
based on synchrotron analysis
kumigashira@tohoku.ac.jp

=) 5 s
Tsuyoshi TAKAOKA, Associate Professor

ZRTMR FET ZRWeR TV o > T B DRER
Exploration of the mechanism of molecular sensing
by 2D-materials FET

Jvxry b UATI—EY %
Janette Rika SIMON, Assistant Professor

STMIZEBREY - + /16, BEEE ZReis
DIEEIFRR

The interplay of spin-nanostructures, superconductivity
and 2D-materials investigated with STM
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'U)/ g Development and Applications of nm-scale Crystallography and Spectroscopies Tsio, % '\ﬂ
ko Our lab develops accurate nanometer scale characterization LA L R L B R B AP Rt B B L B “Substrate Si ok
E%% methods of crystal structures by convergent-beam AR cxi2) %Ej{i
+ electron diffraction (CBED) and electronic structures by +
> electron energy-loss spectroscopy (EELS) and soft-X- ol . ) ] . . ] ) . 4
'f ray emission spectroscopy (SXES) for evaluating new ‘§ Characterization of Surface Properties of 2D Materials and its Application to New Devices 5|<

];L::c;g:n\?vlergz\t/iﬁ:a Zor:e\?vegg‘ilﬁl?;lrngle%?rljr:a;isctrrc?scct;jp:: 3 Our laboratory develops advanced instrumentation, establish design principles for future electronics. We also
and a ;efinement soft-ware, which can perform not only B Diamond ' primarily Scanning Tunneling. Microscopy (STM), to develop highly sensitive molecular Sensors. Furthermgre,
atom positions but also electrostatic potential and charge E 1 h\ perform mea§urements at the smgle-atomland molecyle we manipulate .chemlcal. regctlons by controlling
distributions. For electronic structure studies, a high- E §ca|es. We aim to.apply fgndamenta! physwal properties molecqlar adsorptlonl and Q|ﬁgs_|on at the nanoscalle. By
resolution EELS microscope and SXES instruments were E Graphite | 1 into next-generation devices. Spe0|f|gally, we anal_yze govern!ng the.behawor of |nd|V|§IuaI atoms, we strive to
developed. Figure shows carbon K-emission spectra of how defegts and edge s.tructures in 2D materials create innovative nanotechnologies.
. influence field-effect transistor (FET) performance to
amorphous carbon-nitride and other carbon allotropes
obtained by using a developed SXES instrument attached V| M P——
to a scanning electron microscope. 130 135 140 145
Photon energy (eV)
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AT S erkRe R 5 AR 2S99 BF / Functional Materials Science by Synchrotron Radiation

L AERZEZE / Susumu YAMAMOTO Lab
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Operando measurement ~ NanoTerasu  X-ray Spectroscopy ./ X-ray
Optics / Soft X-ray Microscopy

FIEHART—<

- 3 GeV SHEERET /R NanoTerasu OF|7ER

o XA RS 2 FEHAADRRE R UMEEM RN DISA
o TEAFEAMBE BT X RAFRTORME

- IEREEERTFOH X IRBEHBENDISH

« Utilization of NanoTerasu Synchrotron Light Source

« Development of X-ray operando spectroscopies and application to
functional materials

« Development of soft X-ray optical components for next-generation
semiconductor lithography systems

« Application of next-generation semiconductor optical components to soft
X-ray microscopy

LA 2Z #48 (sRIS)
Susumu YAMAMOTO, Professor

A X 84 N Z > FEHAIIC K B AR RER F O
Catalytic surface science opened by synchrotron
radiation X-ray operando measurements
susumu@tohoku.ac.jp

LB B s (SRiS)

Takeo EJIMA, Associate Professor

B X #FRAERABARUE DR & T DL YRR RIS A
Development of Soft X-ray Correlation
Spectromicroscopy applying to Bio-cells

PZFF B 8% (SRIs)
Tadashi HATANO, Assistant Professor

BXIRBERERS 5 — D%

Development of soft X-ray multilayer imaging mirrors

TRETIE X #RIC & B HBEMBIRIZ D F3

AHEDEFIG. REBBSLXIEERBVTHR O
R|ADZ X LZHEB L. FaEMME OREeH Z ML
THIEEBEELTVET, TOEEERRT BRI
NanoTerasu (Fig. 1) Z1& Cé & T 2 & tim X @A ROK &
AT EDDNFRF - SeFHl - FRsHRAIEORRZET>C
WET, FICRIATIE. AEPEMNG EOMBOLBELTWVS
EPEEZEEES (XS F @EHR) ) sHRADRH
ICHEANTVEY, e, ESMMBICHREZITOTESR
ZEEI -G EDHXBAERT 2 R L SR
BB X IRBEMEBICCA T AMREITOTVET,

Functional Materials Science Revolutionized by
Synchrotron Radiation X-rays

The mission of Yamamoto Lab is to elucidate the working
mechanisms of functional materials using the state-of-
the-art synchrotron radiation X-rays and establish design
guidelines for developing novel functional materials. To
realize this goal, we develop optical elements, optical
techniques, and novel measurement methods to take
full advantage of brilliant X-ray light sources such as
NanoTerasu (Fig. 1). In particular, we focus on the
development of “operando” measurement methods that
enable direct observation of materials under operation,
such as catalysts and batteries. We are also conducting
research on the application of soft X-ray optical elements
such as multilayer mirrors, which we have been
developing in-house, to next-generation semiconductor
lithography systems and soft X-ray microscopes.
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IRIVF— - BREMR(CZBNZRUEIE SRR
energy & environmental materials ,/ chemical thermodynamics
properties of high-temperature melts / crystal growth

- E{LMFEROBRMRR EMEEE

- EEBRIMETRIS X T LORHE

- EEEME ORI

c IRVF— - BRIEMRO IO REIR
- SERHR T O AR

« Crystal growth and physical chemistry of nitride semiconductors

» Development of high-temperature thermophysical property measurement
system

» Thermophysical property measurements of ultra-high temperature
materials

» Energy & environmental materials processes

* Metallurgical processes

HHARZETIE, CFBRNFEN-RICTRIVF— EFIFITR
MDOF LWEIRMRDZ D 7O ABHEICET 2R E1T> T
WEY, AIZIE. ZEMFERIE REPERDF COISCAD
B EN2ENRNT N A APEIRICDBEDB/INT—7/\ A
ADEHEMEE LTEEEINTE Y. SMRETIE. TOH
FREEMRTOCRICET BMRZTOTVEY, £l K4
BEMRTOCRICET 28 - EBRSHRREY I 1L— 3y
I B, BHOFIE L HHIBEEFEDE T BEDRAE.
BEER, MHE BESIUCRERNSOEEZ SHEEIC
PRI 2EBEREWNESOAIY R T LOREZEITO>TVWET, &
DEAICL 2T K- IFRDEBRER. HEMMHOBRRER.
AT O, EFVEORKE. RFFEXFROET )V
7. Bl BELERAGMRDBNERT S5 LIKMA T,
RDERBANFZZFIET DHARZITOTVET,

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

Bl 8w

Hiroyuki FUKUYAMA, Professor

ERRINEZ U RRE R ORISR & B HRE DRI

hiroyuki.fukuyama.b6@tohoku.ac.jp

KIR 5 s

Makoto OHTSUKA, Associate Professor

SHBEEMRIOBBEE L IR T/ \ 1 RDBES

TE B #ss

Masayoshi ADACHI, Associate Professor

27 IV 20 LERBROFRREMREDRSE

FTHE AT s (%)
Masahito UCHIKOSHI, Associate Professor

SHERREINZED LIS RREEDHE L
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- Sen LI, Assistant Professor

Fe-Cr 75 v 7 ZZ AUz AN BIEZ DB BRMRE
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Secd crystal
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itz AN FEREMEREDRMS

(a) High-lemperature thermophysical (b} Density measurement

propery measurement system
{PROSPECT) .,, Eﬂ ™ o
PR High-speed & epacder i g
camer .
Laser of O = !
spectometer Baam spiittar Sl E & @
- - Ri.cod 4 3
Gas in

{c] Laser modulation calorimetry

_ Sample Modulated

High-temperature thermophysical property measurement system (PROSPECT)

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University
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BEREMT Ot vV JHMERSE / Base Materials Processing

HREMERR T Ot ABATES

2% / Powder Processing for Functional Materials

HER#ERFZE= / Shigeru UEDA Lab

NNARAE A 2T 2=

/ Junya KANO Lab
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Material processing / Iron and steelmaking ,/ High temperature physical
chemistry / Material recycling

FEHRT—X

- BEAZ S U H 50 AEIREINY

- REICHSIT 2MEBBEFRIG

- 2R - B - SR TE & RISGEE
- FEM T O AR

- SRR

» Recovery of phosphorus from steelmaking slag

» Control of mass transfer and chemical reactions at interfaces

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

« Development of novel material processing

 Physical properties of multiphase flow

N YA
NEFH % #im
Shigeru UEDA, Professor
BIREMTOEX
High temperature material processing
tie@tohoku.ac.jp

= Rz v
Takayuki IWAMA, Assistant Professor

R - BREM IO U170 7aeX
Pyrometallurgy, hydrometallurgy and recycling
process
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BELEMLTVET, COBRICIFRETCORRGEERSE
By, BEICHNEENSELS LU COo PAELRIEY
REQMBELBENLTEE LT, TOBBORTREN DR
ELEAAEBET 2. BEEIINVF—BRELURN
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TRIVE—IE. BENOYES L URB & WV > it R RS
FHELARIS IO ADEEEEELET,

Control of chemical reactions by controlling interface phenomena

Optimization of high temperature processing
for base metal

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

SAERER LA
(FER¥RED

A ERER{EAE
GIELEN- )

#72&¥w
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Analysis of reaction mechanism and control of high temperature reaction

SENEF - F—T—F

WEIZ/ YIal—2ary/HE7atR / KEIRIVF—

powder technology / shimulation /" powder processing / hydrogen
energy

FHMRT—<

cOAVE1—RYIal—YavicE BT O ADEEL

- BRI FER 7O ADY T 1 L— 3 VDRI

cHF - FRARTOCRYI ALY 3 VDRI

- N AR ABLUBISEENH S DEIRAREET O ADAIR

+ Optimum design of powder processing by computer simulation

» Development of simulation model for grinding processes of fine particles

» Development of simulation model for multiphase flow

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

HEEMMER IO ADAIE > S al—> 3>
L2700t 2D&EL

WEE R, PRIRRS 5 NERICES & T D e AR
D% - WERODDBREBA TH D, ZOME ORI
ZOBERE T TR, HRPORFREBEICEAS

KL, MFREBSIMENFORFELZTDDHE

EtE - BREICKESEESND,
LEeAioT. BREBDPEDERSE
DT OE R EEBICHE L, FRET
DRFHEIE L. HOFET BHEER R
BEY BRI, DB RE, HFL BE.
FESRRRT 7 & D# R 7 02 R & BRI
W BZRELD D, KARETIE. WA
TOvRAEBEICEBICHIET 5o
Y=L LTDYZal— 3 ViEDE] .
BEITO>TWD, A¥Zal—¥avic
E-oT. B TOLRERBT BT &

£V, IR E—PEERER
>2TW3, Ffe. BETOCRD—DT

BOBRBECE S TRETEAN /S @ BA

TAHINBRREBRAITER L. #BHIL
WHhsDeB YA TILPNA AR
DESDRIIXIF—ICETAHAREE
HALTW3,

r._..._.!
(a) 28K -

N0AA it sy

Junya KANO, Professor

HEEMRG IO RADRIfEY T2 L—2avickd
MR 7Ot ADORE Development of New Functional
Powder Processing and Optimum Design of Powder
Processing by Numerical Simulation

kano@tohoku.ac.jp

BH TI0 #58 (vaxrxrrxor)
Chika TAKAI, Professor

M7 DORIEERET & WEe b B K UFHmF A DL
Structural Design, Functionalization, and Evaluation
of Particles

AER 5 g
Kizuku KUSHIMOTO, Assistant Professor

RINAR—IV 2 IVABRNL T DEEN S L UTRIEREE D
<X a2l —%¥ 3> Simulation for analyzing dynamic
and breakage behaviors of particles in wet ball milling

M Wi EasE

Junko IKEDA, Visiting Associate Professor
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Aya MIYASHITA, Assistant Professor
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(a) EABTREISFHDORIFDIE - K. (b) BREIOMFEEE,
(c) CAE I & ZREHDRET. (d) BRI FOEMRM AR

Development of new functional powder processing and optimum design of powder

processing by numerical simulation

Development and manufacture of high functional
materials have been actively made, and most of
those raw materials, intermediate products and final
products are particulate materials. The properties of
the high functional materials are greatly dependent on
the particle packing structure in the materials as well
as those chemical compositions. The particle packing
structure is also highly dependent on the particle
properties and characteristics such as particle size and
its distribution of the particles, which depend on their
preparation processes. Therefore, in order to obtain the
function desired, first of all, the preparation process of
the particles as a raw material should be elaborately

controlled, and then the powder processing such as
dispersion, grinding, mixing, and compression molding
must be controlled exquisitely.

In our laboratory, we are carrying out development
of computer simulation method for control of powder
processing. Optimizing the powder processing by the
simulation is performed for energy saving and resource
saving. In addition, we are developing processes for
recycling of metals from urban mines and for hydrogen
energy generation from biomass and plastics by using
the mechanochemical effects which are obtained in the
grinding process.
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BEHMEE/BF Ny I I R /BEILEE ARt E
Radiochemistry  Nuclear waste management ,/ Decommissioning /
Solution Chemistry

- BEHMEZET TO—FIC &L BREEHEFEMD/\ Y 7 T FIEHE

< TALTOF U LBARICERRANDOBHE

o FREBHITR 75 5 VI RBRIER DO BSHERIE DB TR BT

« EMPRBICETENZRABGHENE (NORM) RIEDE

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

« Solution chemistry research on Protactinium

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

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

2011 FEDREBE—REFRICKY . BREEDRLGEH
SEREMORE LE L, TOFRIIIART TG ER
KR TIE7 72 AD RSN, WRPBROREL EHFRBL
RYBODELVERNHSENE T, INS5IE5E 30-40
FZ=MFTERRY HEN, RECPEERE(CLEZTE L.
WRENBRAHTY ., TNZEFRIRT BICIIEENDOHERY
BENSBHRERZERICIEET 28BN H Y EITH. EE
MicizEELE ALEEFDEMEEADT VF /A Fak

Nuclear energy is one of the most important energy
resources of our modern society, therefore, it is strongly
demanded to make nuclear fuel cycle more reliable.
Also, decommissioning of the severely damaged reactors
by Fukushima NPP accident in 2011 and recovery of the
contaminated environment, are urgent issues in Japan.
To respond these demands, our group investigates

WS 5 #iz
Akira KIRISHIMA, Professor

L 77 A2 JVEAR DR

kiri@tohoku.ac.jp

Tl K& sa6m

Daisuke AKIYAMA, Senior Assistant Professor

IRRY A 7 IVDNy VTV MEESLUNORMESS

DILIE - S5 DFRZE

1aH B8 %
Yuki YOKOTA, Assistant Professor
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EHEENT T, HRRETIE. TORETREICHI LT
770—FILLBREBMR TR BATVEY, BEMITIE
BT 7 VEM - SICKDRET T ) OYIE - (LRRFHED
B BRKNDT 7 F/ A FOBLEEFAE. & SICITH
REBMORENS K UBEERCEDRESZT O TVE
¥, ThickY . REDBRICHIT 2REHEGTFEECT
HEREF—REOELILEBBICKZOMEEL LTERT S

ZEEBRRLTVET,

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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Nanotechnology  Advanced functional materials processing  Post
lithium-ion battery /” Low carbon emission energy technology

c LTAZIWTV—DRA M FILAAVEM

- 2EAREM

- TBCRROBRULFHER IO R

- TIRMREMHN Oy VY

s FRUDLAFVEMR

+ Critical metal free post-lithium-ion battery

« All solid state battery

« Electrochemical CO2 conversion to useful chemical products
» Advanced functional materials processing

+ Sodium ion batteries

AEARETIE 21 HIEORFERMHOR Y HECREERE CH DM
BEFHEAN - BREMSBROBICST /77 / 0V —ZFALE
ERBEIRIVF—RIMOT AV 7« 7HREZTVET, BREAH
oty vyl / MRBREI7RME LT 2BFE
e FRUTLAFVE ML LT AZIVT ) —BRELSOEHN
BEMTN\ARZAELT. RRELSHEE BETRIRIVF—
TR EHIEECNED A/ RN— 3V ERITIEEENELT
WET,

BFNIXIF—TNA AERFT 2Reolc. BRFEMH (J
S7xrv. BRERLEN . T/ RF. F/R-5AME. il
BtE¥. ELEMR. BHENE. BRERE. BEFRE - K&
BT Ot RO BE in-situ DT O LIHHEARIRIF Z R
L. ZhoDkmiyF / MRBEZZERPEE L C2EFSEL. L
TARIVT) —EREL. TRICRERBHEET/OE AL EERKE
L SBREEERFNRICET S IRIVF—T /N1 ZADHZEH
RETVET,

Our research goal is to realize renewable energy innovations
and contribute to global environmental sustainability through
nanotechnology and nanoscience of advanced functional
materials research. Using environmentally friendly materials
processing and the exploration of advanced functional
nanomaterials, the Honma laboratory investigates the frontiers
of nanotechnology and nanomaterials for CO2 electrochemical
conversion processes to useful compounds, all solid state
batteries, critical-metal free battery, processing of functional
nanomaterials and on-demand fabrication of battery devices
by 3D printing technologies, thereby contributing to innovative
solutions for global sustainability, renewable energy, and for
a low carbon emission society. Our fundamental research
is focused on advanced functional nanomaterials such as
monoatomic layered materials, nanoparticles, nanoporous
materials, multi-ternary compounds, metastable materials,
organic molecular electrodes, novel inorganic electrolytes
for all solid-state batteries, supercritical fluid & hydrothermal-
electrochemical processing of advanced functional materials,
and operando spectroscopy analysis for all solid state batteries
using synchrotron light sources.
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Itaru HONMA, Professor

FT/70/09— SiREEEMET 0Ly 22 T ERER
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itaru.honma.e8@tohoku.ac.jp
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Saneyuki OHNO, Associate Professor
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Jan HUEBNER, Assistant Professor

ARG EN (SSB) DMKERET. A, 70X
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Peng SONG, Assistant Professor
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B 25 K
Yi HUANG, Assistant Professor
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eg. ). Am.C) 140, 16330-16339 (2018), Chem. Mater. 31, 4936-4944 e.g., Chem. Mater. 31, 8328-8337 (2019), Adv. Energy Mater. 11, 2101370 (2021),
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EREREERY AT LS EF / Metallurgy and Recycling System for Metal Resources Circulation

R FZeRA4%IE 7 0t X325 / Atomic Site Control in Inorganic Materials

LEFR M EREFZE 2 / Etsuro SHIBATA Lab

IIMRER FFZ2 = / Takahisa OMATA Lab
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Non-ferrous Metallurgy / Metal Resources Circulation ,/ Recycling /
Waste Treatment
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« Fundamental study for copper smelting with high impurities

« Development of extractive metallurgical processes for new mineral
resources

 Synthesizing technology of scorodite particles for stabilization of arsenic

» Development of novel electrolysis processes using concentrated aqueous
solutions

« Development of component technologies for optimization of metal
recycling system

SeHR BN #iz
Etsuro SHIBATA, Professor

TMulti-metal Smelting] | &k 2&BEFREER A T LDHEE
Establishing a metal resource circulation system
through "Multi-metal Smelting"
etsuro.shibata.e3@tohoku.ac.jp

TE iR B

Ken ADACHI, Assistant Professor

N RL—F X)L MR- BRERICEIF 22EO
LE(a

Electrochemistry of metals in hydrate-melts and
". molten salts

MMulti-metal Smelting] IC& 2L BERBER> XA T LDEBE

RADIHRURNF CIE. ZRERECERERDBELRBR

SENEF - F—T—F

HREEREAR, BATXIVF—RBT /1 R/ RFZEEmHIE

inorganic materials ,~ power generation devices using natural energy /
ion-exchange and intercalation

FEHART—Y

- WEEMEEMME OMERST AR T O ADBER

« FO—F vy TRAFEEROBRENABRFDGH

- ALEWMFEE - TOCADBEREE TRIVF—T/\1 ANDISH

- FIRETEHEY MBI EROERME DR

« NMR (2 & 2 BRI O

» Design of inorganic materials and development of their synthesis
techniques

» Development of narrow-band-gap oxide semiconductors and their
application to photoelectric devices

» Development of compound semiconductors and their processes and their
application to energy harvesting devices

+ Development of elemental materials in intermediate temperature fuel cells

* Analysis of battery materials using NMR spectroscopy

IMR ZX #i2

Takahisa OMATA, Professor

T RIVF—RORIR
Development of inorganic energy materials
takahisa.omata.c2@tohoku.ac.jp

AR —F asum

Issei SUZUKI, Associate Professor

Befet) « FIVDTF A FEEGD TR IVF—IGR
Application of oxide and chalcogenide
semiconductors to energy harvesting devices

JIPGE BRF A508 (snz7krv kAot
Sakiko KAWANISHI, Associate Professor
IRIVF—ROERE & AR

High-quality energy materials and new functionalities

LR 25 2 Bh

Tomoyuki YAMASAKI, Assistant Professor
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x§ el RRAEAROEERERLECSKicbrONATR AT ARCTREES TOET. T, REAEOFHRARE ENOMEEERELAY =%
7 Bl AN g Al . REBAMNELS EOBRMHOMIEL ZORF . e -
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;,HL; Establishing a metal resource circulation system through "Multi-metal Smelting Development of environmentally conscious Thin-film Sofar Cell Intermediate Temperature b /ﬁg
~ S In non-ferrous metallurgy, "Multi-metal Smelting” is @ ----------- . materials based on atomic site designing AT Fuel Cell %
o A A B} it . Collecting system ! Cu concentrate '2 B-CuGaOz ~ H a1
73 crucial concept for achieving advanced circular utilization | 1ne sy Cusscrap 2 ¥ 7 e ;@ rochemical 3
@ i ic i i | OfEwaste | sk Most innovations have been triggered by advent of - . o rocnemica 2
g of metal resources. It involves the organic integration --——-----_' v ____ Studge s FResovay a2l \ 99 Y 72 He-injection g\
I{ 3 of major metal processes—such as copper, lead, and : pre reamens P sabilizaton of - new materlals., and the present energy, environmental i, g g<_/ s f{
Eﬁg zinc—into a sophisticated system encompassing mineral | Physial separation | <E'°°"°i¥“°c“> D LoGsdeco andt rgs:)urc\ﬁ |sfsues are texpectled to be solvted_ bly nevc\j/ . . ®® g o
go 8 processing, roasting, pyrometallurgy, hydrometallurgy Nd magnet etc . " re materials. VVe focus on to explore new materials an o % e
Ze ) , ) ) node slime Residues (As, Hg, Cd) . . . . Lo =gy
t and electrolytic refining, among others. This approach o ofacive meis | éfé’sphe’n%dTgiﬁlﬁ’(ﬁ'.’,":;Psdﬁ) ) their synthesis routes using ion-exchange and ionic 3 +
< enables the efficient recovery of base, precious, and minor | fernimges. | Residuo (C1) sl (Ca N intercalation techniques. Proton conducting phosphate . Y
/’T metals from natural ores and complex secondary materials Purifcation (Cu) By-products Cudross glasses applicable to the intermediate temperature fuel = /’T
like E-scrap. Practically, we focus on process integration oo e I cells (ITFCs), mixed protonic and electronic conductors 2o
by optimally redistributing intermediate products among Residue Wi i | N , suitable to electrodes for ITFCs and narrow gap oxide £,
existing facilities based on their physicochemical i o) e e - and onaleogenids semiconductors applicable in ViSibee 3
i ; et L Aode stime d NIR regions have been recently developed. Thin-film 08
propertles_ Residue (In, Ga) Purification (b, In, Zn, As) (Pb, Sb, Bi, Ag, Au) an g y p
i (Cd, Sb. i, As) ] solar cells and fuel cells using those materials are bein
Qur Iabpratory re.searches novgl resoliiee provessing. égmsglﬁl:g) Pb-Ag residue (Pb, Ag) P e developed. New materials cgonsisting of elements noqt
innovative smelting technolofies, and toxic element Foctotyte 2 | ispcrude b (b, S, S, Bi, Ag A (Eleetolytic Pb) 3 _
Stabilization Although Chemical thermodynamics serves Pb concentrate CUI'I'enﬂy UtI|IZGd are a|SO under eXp|OratI0n. | ped
. - - ) Zn concentrate Waste Pb battery n-type film p/n-homojunctuion
as the core academic foundation for our work, we actively Crude ZnO (from BAF dust ) Sludge etc.
engage with technical problems that extend beyond the Linkage among copper, lead and zinc smelters to recover valuable metals from various type of resources
reach of thermodynamics.
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LEGREMN B F =0 R/ EHRERILT T x)VF—EHitk
All-solid-state batteries / Solid-state ionics / Solid-state electrochemistry
/" Energy conversion materials

- 2EREMEBRMRE LU/ \L—2BOF v | 7 EXEEDFNR
- BRILF 70— 7= BV ERERILE /L D= REYEEF E OREY
- SRR BRI DB

« Al 235 LTEREREBICE 1 2 ERERLFE ) VO

» Analysis of charge carrier transport behavior in electrode materials and
separator layers of all-solid-state batteries

« Investigation of spatial conduction properties in solid-state electrochemical
cells using electrochemical probes

» Development of novel functional cathode/anode materials

« Al-based analysis of solid-state electrochemical cells under nonequilibrium
conditions

FARDEH CTIE. 2EREIZTETHERIX/IVF—T
NARTHBFBRIE - @ERROEBFERLE. THICEDLC
IRIVF—H - IVRFHEH ORI ZBEIELTVWET, £
EfFEMOEEELICE. BRESRELUTE/INL—2EIC
B MG BFREEORPHRAIRTY, €I T A
T BFOHERREFMICAT TS L Lblc. BRILE

Lithium Metal Anode

Improving the performance of solid-state energy devices,
particularly all-solid-state batteries, requires design
guidelines derived from elucidating the complex charge
transport behavior in composite electrodes and separator
layers. In this research field, we aim to deepen the
understanding of reaction and transport phenomena in
all-solid-state batteries and to establish materials and
cell design guidelines based on such understanding.

RILKE STBERFHRERR

JUrgen JANEK, pistinguished Professor
FreaIrILF—MR ORI

Juergen.Janek@phys.chemie.uni-giessen.de

S H JEAER g%

Kotaro YOSHIDA, Assistant Professor

EFESIEFEIVRICEIT B 1 F > - EFEEEE
DFRH

kotaro.yoshida.a2@tohoku.ac.jp

70— 7z 8E L TEGRERILF IV NERDZEEM TS
HEaRll c BB IS LEBELTVWET, &5l T
NS DMBICEDWIHT B Z T 5 BBMEORGT -
FFEICHEEVBATNSIED, Al FERME L IcRTmORNT
BKiTORFEICHE VA TOET,

Cathode Composite

Lij-yMi,CoMny. O + xLi. + xe”
=+ LiNi, CaMny_, .0

To this end, we seek to analyze ionic and electronic
transport phenomena in detail and to visualize
and quantitatively evaluate the spatial conduction
properties within solid-state electrochemical cells using
electrochemical probes. Furthermore, we are also
engaged in designing and developing novel functional
anode materials, as well as developing cutting-edge
analytical techniques using Al and related technologies.

FEFRIEZE

4% / Quantum Electron Science

?%*%E%EE?%E

HMNEF - F—T—F

NFRZRFERYES EHETEELE MERIGEHE

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

FEHART—Y

- RISBERDEFH S URFREEDA X —T V7 LR RIGOREFED AR
- DFHEOFEHRZEEA A —T 2 T EDFIREICK 2 EFHERBARDEHDHIZE
« BFEHEDNICEDEFRRODFREBDA A —T VT ERFRIBOHE

- EEFETECF ORI L T DRIEMENDEH

« ZRFTAREHANHIC L ZET - DTFEROMELANFIIR

Visualization of the driving principle behind chemical reaction by imaging of the
motion of electron and nuclei in a transient, evolving system

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

+ Studies on intramolecular atomic motions by electron-atom Compton scattering
Development of momentum space chemistry and its application to medicinal
chemistry

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

/ Masahiko TAKAHASHI Lab

EiE [EZ #us

Masahiko TAKAHASHI, Professor
BFHREAVHNE SUBHH TR
Molecular science using electron collisions from

the static to the timeresolved regime
masahiko@tohoku.ac.jp

e 7 ks
Noboru WATANABE, Associate Professor
EFHEASAEAV D FAEFEEDHRE

Investigation of electronic motions in molecules
using electron scattering spectroscopya

WA e —BR A

Shinichiro MINEMOTO, Assistant Professor
BFEREAVCDTERENA—T VT
Momentum imaging of molecules using electron
collisions

BEFIT L EELZFRBLICMEORNS LT
BRI E D AR
H5OBMER 2 BEOHEHT. THDEBTLRTRY

B R BRI 2O DHR

SHRENES, LEA>T, RSHPOMENETS SNEOSTE * RTEBIRE EMS; Electron Momentum Spectroscopy)
—%%@@ﬁ%ﬁ@ﬂmw%ﬁ¥MﬁﬁVﬁﬁfﬁw

ZRGHEIR. MERNTOEFOEHERFROEHELUZTN

SEBOHEICES B A, YHE=IE. 75 LEED {5x1§g}5§0)

BEARMGERICIS, BREFREMERE TSI T M EEL

EEFELEMBOH LW EZRAR TS LITEY. ED

BIH JUEBMMEBEDOIRRNIER & EHOBEEDYBEND 5%

BiELT. UTDO=D2DBEEAFDICHEEEDTVET,

MEBFAVT MU BEICEZEFLERFROYNEREED
AA=DVY

(2 BEPMEFIY 7 UHELICK B EERISORBFEED
aI{RML

() ZRTEEHRADHICKDET - DFEHROULEKL AT =
7R

Visualization of static and dynamic nature of
matter by means of electron Compton scattering

Properties of matter, such as reactivity and functionality, are

.,..
11y ey al
l'/u
o, b - N ..
¥

Rev. Sci. Instrum. 73, 2242&2002)
\ Meas. Sci. Technol. 22, 075602 (2011) /

/m m
dennty
.',___'—‘ oscillation
l I DBl

1
Y. (p) = W ZS%S(P)
x [exp(—ip - Ry) + exp(—ip - R,)]

Hl

R
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@

\__ Phys. Rev. Left. 94213202 (2005) __/ \___ Phys. Rev. Lett. 114,103005 (2015) _/

\__ Phys. Rev, Lett. 108,173201 (2012)
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determined by the motion of the constituent electrons and RV kLI \ M i Dt ¢
, [ : : v RIS P 7 N J <ros-t<ps S
nuclei and ’Fhelr concgrted effect. For this reason, we aim at Y TR+ AR lff'llff YRR TR ) bt
understanding of static and dynamic nature of matter at the ﬁgﬁ ' 2y
most fundamental level and exploration of materials having | z ' xe it cn t
desired f ti liti by d lopi d original E ; 4 O ifeEh R S/
esired functionalities, by developing new and original | ¢ H A N P
spectroscopies that would visualize the motion of both ¥ T. Iﬂn\mﬁ » — [
electrons and nuclei in matter. They are all basically based | £ | Ry — s
on either of electron-electron and electron-atom Compton | .__J . B ,.au< F(r) >
. h [fut | Ral 4,
scattering e e O il
(1) Imaging of the motion of electrons and nuclei in matter & Sei. Instrum. 88, 063103(2017)J
by electron Compton scattering,
(2) Visualization of the driving principle behind chemical
reaction by time-resolved electron Compton scattering,
(3) Stereo-dynamics of electron-molecule collision by multi-
parameter coincidence experiments.
Institute of Multidisciplinary Research for Advanced Materials, Tohoku University 70
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INA Ty RIREF/ #MRERZE2EF / Hybrid Carbon Nanomaterials
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/ Hitoshi KASAI Lab (c)
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/ Hirotomo NISHIHARA Lab
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nano / micro analytical devices  imaging microscopy  interface
chemistry

FEHART—<

« BUINVBEBREREROY VT IVA R MR

- HARADPHEBORRETVATY TAL/ T v
- RAOKEEBWBINA LT vEA %

« Kinetic analysis of protein aggregation nucleation at the single
event level.

* Development of fluorescent polarization apparatus and one-step
immunoassay

« Bioassay utilizing aqueous microdroplet

T/ - A VOZ[MOIEF D

T/ RAVOEREMB LIS - EFOERLETE
LIcEE T 2D BRI ZROICHARZES T, EA-RIE.
B IETOCRAGEENRE LIGED - BEIDHEE
DOR|BHYAFTEE T, Ffe. B MRENRET S0, B
—DFLANIVTORHEE. HOFELSIFFESNEVERE
FHRAIT 57 /\A R« SHAIRTRIRICHKE L F 9, TDKS7%EH
LW DTesITiE. EEFM T COERIE - RERKEE
DFFEZBASHNCT 2EBCFRRDBEICBINEY, TDf
HDY—IVELT. AT ORGBREBREBE L, BHA X -T2
JEIE EMICBIDE VB ERRFEDRRZEDE T,

RIS - ¥ EEREDFELF

SHsE @
Hitoshi KASAI, Professor

RERS / EH DRI

Creation of new generation nano-drugs

faIl ER a0
Mao FUKUYAMA, Associate professor

A7 OX— MY A XOFREEFALHMEDT
{LEIRIEDRRFE

Interface chemistry in micrometer scale for the
miniaturization of analytical systems
maofukuyama@tohoku.ac.jp

2 & s

Hao LIU, Assistant Professor

RATVAORETINA R AV TcBRERNREN
RFRAEEDEREINA T —H—DINDISH
Development of Microfluidic Fluorescence Polarization
Immunoassay for Sensitive Biomarker Analysis

= B g

Yao LI, Assistant Professor

REMEERICEDC T YRR FMHOEIE
IS BERL

Structure Control and Recycling of Fluoropolymer
Materials Based on Interfacial Interactions

B —inRafRin

1RTY T e INAMA T vA

‘/ T BRI R
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- E

Chemistry in nano/micro space: measurements & applications

We study advanced nano-micro technologies in chemistry
and biochemistry and their applications to integrated
analytical devices. We investigate easy and automated
analytical technologies for life science, environmental
science, food safety, and industrial process. We also
investigate novel analytical technologies such as single

cell analysis, and single-molecule analysis. For the
advanced technologies, fundamental chemistry such
as chemical reactions and interfacial phenomena in a
confined space should be revealed in detail. We study
unique advanced measurement methodologies such as
microscopic imaging.

HPING - F—7— 1
T/ =Ry /S RE S TRIVF—EE S BRI

nanocarbons  adsorption / energy storage / solid reactions

FEHART—Y

BEYSTIVNSMB T/ ZAAEDRIR

- BT Y 5F/ SHAADEIERTH LOEBLFRS

- SR —RURZRIR L,T;I?\)lxif—ﬁ?ﬁ - At
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—RUMHI Y VYA FOBES
—a“\‘\/;{éﬁﬂfﬁ@/\)bx#/—’ﬁﬁf\wﬁﬁﬁ

» Development of nanoporous materials with single-layer graphene walls

» Study on new physicochemical phenomena induced by elastic
nanoporous materials

» Study on energy storage and conversion using advanced carbon
materials

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

» Advanced analysis of carbon edge sites

* Application of carbon-based materials to healthcare field

PAIR JER %8 (AMR)
Hirotomo NISHIHARA, Professor

RER/NA T v PR OB EISH
Development of carbon-based hybrid materials and
their applications
hirotomo.nishihara.b1@tohoku.ac.jp

S SRS s

Takeharu YOSHII, Associate professor

— RV R EFTHRIDBIETAZE
Interdisciplinary study of carbon-based materials
and measurement

Rt 158 o
Hirotaka NAKATSUJI, Assistant Professor

A—RVEMBEOTA70 « F+/BEDFIE & ZD
N AT TIVISHE

Bio application of micro-nano structure controlled
carbon-based materials

—RURME RO LISEREMH O ER

LMRETIE. ERISEEHIHEEERELRE TCH oI
BBEEFRETEA—AVRMBICEL, BRERPILFERIE
REDFEEZBAVTRT - DFLANIVASDR LT v TH
MHERZTV. BEEROL S IEEERETEZEBH—
RUEER. V570D 5755 3 RTEEhEIE o, Bh
DFLWA—RVRBEGRS L UTEEMHORAMEESD T L
%, Ffe. FEDH—RUMHEOEMERNAL. H—RVR
MHORIGH. THEM. MEES. RLREENEEE D TR
FICEE L. ZORBESIEEZT > TV, E5lc, ARMLH
EIRE Z—/N—F v )\ ZREB, HEEDL E— FR
V7 FRIXIVFE—TINA R, HEEEMREM. fE. NIV
TTEERLEVABENSET 550 %. ERADZEOMZTE
BB LUNEEEELDDEDH TS,

Development of advanced functional carbon
materials

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

FHERER ML FEIHZE N B / Photo-Functional Material Chemistry

T B1THFZEZE / Tomoyuki AKUTAGAWA Lab

M) | |BSERFZE = / Masaru NAKAGAWA Lab

HFNE - F—T—F

EREBTFMR DTFHER  HTFEFBE S DTFESHE

organic electronic materials  molecular conductors / molecular
ferroelectrics ,/~ molecular assembly

)BT 80z
Tomoyuki AKUTAGAWA, Professor

SERENZE T 2H LODTFESHEDAIR
Fabrication of new molecular-assemblies with multi-
functional properties

HPING - F—7—
MRRE s/ F/ ATV b A2 A b

material science / photochemistry ,/ nanoimprinting / metasite

H) 1| B s

Masaru NAKAGAWA, Professor

F/AVT IV TS5A A MEIBIFIC L ZER
F /&R - MEOMEMEY - TOEXRE

Material chemistry and process science for ultimate nano-

— > B . EGMET X figuration based on development of nanoimprint and F—
) EHHRT—F akutagawa@tohoku.ac.jp e w R R 1y o L= ? achnoreal P P )
SR 9FAAF I RERB LA - SR - MESAORER T RS BT /AT Y RRROLI A TR T2 A masaru nakagawa c5@1ohoku.ac.p 2 &t
5% g BEBEEATRSMTIAAOME HE BR sz . L= IAMREREEC £ 37/ U Y 557« TOE AR g Eﬁ#
oo & ﬁ?g?i%ﬁ}f@?ﬁ%&%ﬁ?ﬁﬁ%ﬁﬂﬁﬁ Shun DEKURA, Associate professor - HRCHELKIC S BRBEMBEDE BB W) A s S oo
é‘r; s o L et o AL A s £ KE ) A4 — BRI FEAGOMRE 55 - BIF - FEAS / BEEDTBBNHAE LRI - BSERES , 5 ax
b o - B(LBRTTER AR T EFRIEEMS S UL BEAEDRESR " = == AL P EIEADRS Tomoya OSHIKIRI, Associate Professor & &p
Fis LR Developments of hydrogen/ion—electron- i rr LA HARINTIC & > TR LT F / B BISE AU iR s Ml

% « Ferroelectric, pyroelectric, and thermal conducting materials from corﬂ?Iated molgcular assemblies and their novel © T SRR LT IR ORE5E ﬁ‘ﬁ%t?}iﬁﬁ%d)ﬁﬂé& ) = - %
2 molecular dynamics physical properties « Single-digit-nanometer figuration by development of resist Creation of photochemical reaction field by controlled/ 3
 Molecular-assembly devices based on charge-transfer interactions materials and alignment technology in UV nanoimprinting modulated near-field on metallic nanostructures.
* Novel molecular conductors, magnets, and ferroelectrics 1R 8K Bh « Development of nanolithography process using laser-drilled screen
* Molecular proton conductors o Tetsu SATO, Assistant Professor printing
» Redox active organic tr-electron and/or metal-coordination compounds SEOK - MRS AT P T AR R . é"gnrent ?nfd It()ju"cf“ng ?]y tﬂuor:esc_enfe anc:_scatte(l;ing ; "
Exploration of concerted functions using metal * Creation of tields Tor photochemical reaction and self-assembly
complexes and functional organic materials control by controlled/modulated near-field on metallic and dielectric
nanostructures
» Development of measurement technology for physical property
using nanostructures
&6 o ®
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Bt 3@ElerE7 39 FUEMEORIR FIAVT JA/ﬁlj\ﬁfﬁEHhDIL_uﬂﬁﬂ L 72 HEE 2 B
Do AWHTORMBEECES LIEATESHOSBRIEDN Uni-directional ARTA HDORI% = 5
2 S b7V " S = N— B - ) S< Y Ich b v fffO—>o7T BIRHZ B
os %%&U:.\\%MH&@/\T7 ) Hl:’a’:‘itf’%_?b\iﬂ'o%eari A= 0 rotation EDDIVILHEIT S mﬁgﬁ}g_w}@‘ "D?b’%ﬁiﬁiﬁ + Microprint and nanoimprint method =S + 2 [
; g Wit - BFEEORRN L. DFEMHEZRFTL. TOEEK 'y N_\ { JMIAKDF /A7) > bEffiomiE 7o XDOHE%E g E
o g REEEIEHTIET. IVFT77>0 aFIbEnFEMEOR — = -x"\H;,'C T e et HEDHTWND, REHEBEY DEBYLHEEED T / BEEDIFE AT m : UV nanclmprinting é pns
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L BMAERTEST. HFLAF IV AOBRE - Wi - 5 o (= LN FOIMLLOMPIRRUICES CHR - HROILE T W N -7
< PR . YN N 7z MCTlE. —H17/ BEDIE : <
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H \ ST L S = = =
s s o " g DWEAMRORERERTOLR, BELICET 31 /#
—=  MMEORRICKELERNGHAERAITOET, S o N =
=3 Ferroelectricity EDTSAAY N TOCREME. 7/ UVISTAICETS o
1 % IvFrITOCROMBEED TS, R - FEADTF/ ;‘—, 1)
/71/ ? Fabrications of multifunctional molecular materials BEHES LORBICHL T, FBOLFRLPIERR =5 : //_l//
. 5 _ . . B2 EEENE LT—HMF /A XDEEE TAIHICE R R o ) s .
gﬁJﬂg We arebﬁ\tteTptlng to contitrugt multlffunct(;onal Toleculgr SNTIEFFE " A2 A b (metasite)’ EI208 L. A 251 k RAGATIV b - S/ ATV MEZROWHEMI 70+ 2 3 ‘EEIJ
A Z assemblies focusing on the design freedom of organic Sarmicondiicti . F oot e Ay T M
/'f\é molecules and their hybridization with inorganic materials. il s To iy DRREFTET 2o ES /4,\
7\% Multifunctional molecular materials are obtained by . . . o AR %7\
)8 designing molecular materials from the viewpoint Photo-funptlonal materlal science basgd h:spol:tfallgmedrn!uqy 817
e of conductivity, magnetism, and ferroelectricity, and on metasites fabricated by nanoimprint s v
F'© by controlling their assembly states. For example, lithograph ok
EJ:I: > g p y > Eﬂ:
78 * ferroelectricity can t?e rgallzed b.y dgslgnlng degrees of Nakagawa group conducts research on materials and o, L Rl ok A S ge
T freedom related to kinetic dynamics in molecular crystals rocesses for mold-using nanoimorint technology. one SRR T
> and by inverting dipole moments. Precise control of P ising P gy, © U S >
2 frequency, symmetry, and directionality of molecular of the next-generation fundamental nanofabrication  FHEEHE e 3
| dynamics makes it possible to design various properties technologies in manufacturing. Using our developed resist | er g o I
of ferroelectric materials such as transition temperature, materla!s and allgnlment an.d nan.ollthography proces§es, : daplh 70 prm oot |
response speed, remanent polarization, and coercive we fab.rlcate mgtalhc-and dleleCtI‘I.C nanostructure§ strictly PR s g - e gy g s e
electric field. Our research targets a variety of molecular as design and investigate the optical, photochemical, and  sscusity artfact motrics i i i dfersrce ity
assemblies such as single crystals, plastic crystals, liquid physical interactions of molecules with the nanostructures rmcrisrn i Sl Rep 2001, 11, 16550 - - E E
crystals, and gels, and we are attempting to conduct and nano-clearances between/among nanostructures. U R Y. )
fundamental research necessary for the realization of Herein we propose and pursue “metasite” as an artificially : nde ool oty iy i
molecular materials in the future. created nano-clearance with nanometer sizes using the : o o sm O AT ot
arrangement of metallic and dielectric nanostructures, FIAVTUY Y EST 4 ck B AR EEER
where unprecedented chemical reactions and physical
phenomena occur at hot spots of the nano-clearance.
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B - N1 A+ / FREFZEHE / Organic- and Bio- Nanomaterials

INA 7F TFZE7EF / Bioengineering

L HIGHZEZ / Hitoshi KASAI Lab

#HRERRZEZ / Eijiro MIYAKO Lab

FINF - F—7—F
BT /KT T/ BE AR

Organic Nanoparticles / Nano Drugs  Organic Functional Materials

SH Y wE
Hitoshi KASAI, Professor

KRS/ EH DRI

Creation of new generation nano-drugs

HMNEF - F—T—F
B ME DA RSV ITTINI =V RT L
Drug Discovery / Bacteria / Cancer / Drug Delivery System

|"'*F‘. ;

B ZRER sz
Eijiro MIYAKO, Professor

BN AT ) 77 IV EMEYZRE L ERR
Functional biomaterials and microbe-based medical
technologies

— TR hitoshi.kasai.a6@tohoku.ac.jp EHEHET o eijiro.miyako.e2@tohoku.ac, —
SO - PAZBEE AR ST O - WS/ N AT T IVDRE & RS i o myaxe: ack o=t
?g| 5 T A U EENIUEE S/ ERIDRIR & F DFIBHR 1 ; < RN ERITAEY X T LR L = > ?ﬁ|
E# S /SRR ZOREHE ) LS ez  EEBAREERAEEE B o AR =H B E g% 3 E;JF
7o o c IXIVF—R) - B - T - EFESHEEMEEEMROR R Kouki OKA, Associate professor « BEIHRFRMAIEE X H = X LOfEB Seigo IWATA, Assistant Professor e, 7e
= g - FftRTRe Rt RICEIF T ) A 7 ILEIRER R D FA R DRI BHHEART 2P — g - WEMERERE LIRSy ITUNY—Y T LOEE BAMEE R DRIR 5 £
Fg g N . . . Creation of innovative organic energy materials Development of bacteria-based cancer therapy ‘_«_% Fg

°3° : Fabrlcgtlon of S|ze-cont.rolled orgqnlc nanoparticles . + Design and biomedical applications of functional nanobiomaterials %
g * Creation of new-designed anti-cancer nanodrugs and their - Development of near-infrared-responsive theranostic systems g
¢ pharmacological activities , ) o N « Cancer therapy using tumor-derived bacteria ¢
: Prepa‘ratlon of nano eye dropg and the.|r pharmacolpglcal activities ﬁEE' Ej\( BhE * Elucidation of immune-independent antitumor mechanisms
« Creation of functional organic materials responsible for energy . ) « Microbe-based drug delivery systems
creation, storage, transformation, and activation Keita TANITA, Assistant Professor
« Creation of recyclable polymer materials for a sustainable society BRI F DY A RE—bFEOREILENAFF ./
MEADISA Fabrication of organic particles with
N e N . e R narrow size distribution and application to develop
/Tﬁﬁé?éﬁ']?idi UI*)Lﬁ—E‘U ° % ° m_x\ ° 7%% bio-nanomaterials
BS>EHT / HTFORIS o
» ol - o L o HBENE /S 1 A HHR L MBS & B A A
KRG IRBOBERS / MTFOIERFETHS IBLE) (KL Hiroi SEI, Assistant Professor Ae i ] b /B3
T0 ERLT. BMBEOYAX - BRTS/HFEERLTLS. DR - HFORM - il - TEHHOBE AFRRDE TId. BEEM/ N1 471 7 )b EMAEYIHEAE S B & %
o ARBRFERCE O TFRINGS / RAISEWS TR TR 5;;:;1;7;";";;;;:g‘;;a‘;:;;;ﬁr;;“g' and conversion B LEH LVBHT  AERMORIEZBIELTOET., i, 5 &
Ei Blcth. —RMGEF v UTERVDBELEREYF v UTIEES EFRNNTGE EOMRI RV F—ITET 27/ mMRe. EBR 55
= 8 BIERDOENEL. SEENENEFANICE S GEHIENG LM BE S mh RN CERS - BT AMIEICER L. AAEIZLSHET g 4
; g BEMNMIFTES (LT, Told. @BEZ—YMER LEWEEM B Aki SHIBATA, Assistant Professor ZHAME SR T 2 EHMESRY 2T LAOBEAEH TNE g E
BFE B ERTREREZISNEZLV, BEENE - BE/ AMERLSIX e gﬁ%ﬁfaﬁﬁﬁﬂﬁﬂﬁﬁﬁ T, ThETIC. F/ H—RUMEDRESEF / RFEBL o
5% 2 IWHF—E@ - B -Z - BREICELNDTEERELTWS (BET), advanced organic nanomaterials TERBEZ—AREREMD. AR K Z2ECTFERFEZE s 9);
Zﬂ% Fabrication of The Novel Designed EFRFELTCER L, AFiE. BEERRRMEZAVRR 5 g
= . : KE M sr YD ARIRE WS FITABER AR L. REREIT T =
< Kohei OKUBO, Assistant Professor HETH > I EDRETABIELTWOET =
We are actively engaging in the research of organic = AT 2N At ,J C/RTR - B °
) . SEGEE R D TR ORISR
nanomaterials for drug delivery and energy storage & Creation of high-purity functional polymer materials

— conversion. The nanoparticles composed of hydrophobic —
. molecules can be obtained with less than 100 nm in size, Innovative Cancer Therapy Using Functional -
> % utilizing our original reprecipitation method. We are aiming at ffﬂ %’:*@ HEBh Biomaterials and Bacteria M 1F/INAATT T VBRI 5- >
e the practical applications of these nanodrugs for the treatment Takahiro AMI L . . . Ol
T = of cancer and ocular diseases. In addition, we are developing Specially Appointed Assistant Professor Our research fgcuses on deYe'Op'"Q lnnova.tlve d'aQn_OSt'C =7

5 pece’y b and therapeutic technologies by integrating functional 3
7 @ these organic nanoparticles into electrode-active materials, gas BHREZIEOMILERIBRGT 58 U o ¥aErain . . P . . .g y 9 9 . g v
_ S Functional development through pore environment Iomaterials with microbial sysiems. In particular, we 3 _°
=43 absorbents, and electro/photocatalysts. ctior >lop gh p b t l th bial t I ticul S =
?ﬁlJ g design in organic porous materials design nanomaterials responsive to physical stimuli 8 ?EIJ
N such as near-infrared (NIR) light, as well as bacteria g N
1 “ADZI=IIDM AR ELTNET ] I that selectively accumulate and proliferate within tumor & A
3 § microenvironments, aiming to establish advanced medical % a
- /e MRE Reprecipitation method ™ systems for the treatment of cancer and other intractable gy
S g ( HP LSRR ERERRALC S RTEFE | diseases g S
@ . @

Figs ] HESwOER We have developed various theranostic platforms based Rl
Zé‘ on nanocarbon materials and liquid metal nanoparticles, f'g
> including photothermal gene regulation systems. Recently, >
2 we have proposed a novel cancer therapy concept using 2
| tumor-derived bacteria that exhibit immune-independent I

i PR B antitumor effects. This approach represents a paradigm

\_::mmum shift from conventional material-based strategies to
Hig RFEAVEHERS biologically driven therapeutic systems.
P e —,
b gigpd $-0[0) 1 IR —-RERE~ OB
BRI 28 < " A et s B3R RBCEALY WWHR (Co,) BRCHWSLV
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Mauricio TERRONES Lab

S aun
e

By

sjuawalnsea| 10 UoISIAIQ

EPR e84 %5 / International Research Excellence Field

BN - F—T—F

A=KV AERTTHR S RIS TRIVF—T AR

Carbon materials /* Low dimensional materials /~ Defect engineering ,/
Energy devices

FIEHART—<
C3RFTA—RY. TFT7 TV 2RTMEN AT OBEREESTGHR
F/ R — VIR OGRS & UEsaET

o /AT = )VIE ORI EHMES KU Z DR (in-situ)

- BEXTMEOXRMBIF

- EXTHROBRME. B, DF/ N\AF LTI REANDIGA

» Synthesis and theoretical analysis of novel nanoscale
materials, including 3D carbons, graphene, 2D materials,
heterostructures, etc.

« Characterization and in-situ studies of nanoscale materials

 Defects engineering of low dimensional materials

» Applications of low dimensional materials in electrocatalysis,
batteries, molecular/bio sensing, etc.

TAXR BUIH zasus
Mauricio TERRONES, Visiting Professor
A=KV ZRTMBE XUANTOBEDYE - 1t
FICBIY B FIRHIBRTE

Multidisciplinary study on the Physics and Chemistry

of carbon, 2D materials and heterostructures
mauricio.terrones.c2@tohoku.ac.jp

R ME s

Wei YU, Associate professor

SEETE MMV Fe BRI DRRET B L U2 DI
1A

Design of functional materials and in-situ
characterizations for advanced batteries
yu.wei.a3@tohoku.ac.jp

—\! A N O\ SH IR

ABinjeiapy pue Buissasold |elaully 10} Jayuad

YRR 2R Z B EHIE L 7o / ME O FRIBIERETHICHIT T

HRMIFHRARIRILF— RIFEZ2) T GiRE
BEMNDFTELNRE SR, T/ AT —ILiRIEZDEIEP
Heex BEICAE TEZREICKY . MEOTEEEE LT
WET . AHETIE. MR ZRBRICHIE L 7R

H=—RYF/F1—T 3RTH—RY. 7571V =R
TR AT OBES EDKEMEERRIC. B EIERR
HaRE L. RFLANILTOEE - HEBRDRAZBE L

9, Tolc. BELREMMELUZDE (in-situ) AE
FEERVT. MEOBNT O A PEEE(LZFlIcRE
LET. £fe. BFHME M. AP0, axitz
HET2EMEFEE LT KBTI Z7 )V JICHERY
HHET, SRHNICIE. BIBE. BHELEOTXILF—F
BYAT L. DF - N A= DSRICHIF o= RE
MROBERZBELC T, REROIXINF—HLUN\1FTER
RiiNOERZBIELE Y.

VI T U7 IVIRZEE > 2 —

Advanced Imaging and Modeling Center for Soft-materials

MRBZEOAFICHEN T, Al B 9T — 28D
BlckY. MROFA - 27— 2 & AV THERB D&M,
BEIX MEEBIEY (7 —2REEMAFERE] OB EHD
HRABETMREINTVEYT, TOHREHRNDT. <7U7
WHALIVRESATHA I ROBRFICHT BT —2ER
EFRMEREE A, EFBEMBEEPZIC. IR S EE
BT BRIVFE—ZIVEHRAIE. RIVFR T — Vg ZE BRIt
THATDZTLICLVETMICEESE. VI FTUTIL
DFHBEHRET - BV ) 21— a v EHRICERT R L%
BMELT, 2020 E8 BIcY 7 bT U T IVIIERHLR % 5%
TWelE Lfc, LT 2024 4 4 BICSoinBRISZ ISR
VIITUTIVARE Y 2 —Ic L E LT

RIEXZF(E. EFEHBEOMRTIERVELEREET L.
HRICEESEBMHEZIZCOHETEITUTIVARERZ R
TEF LIz, SBMRAPERMA TR, BREEPEFIRE
BFIEMES - ETHICK BRI EHBEDORBICK > THS

g T s | AT

o

MMEL. MHEIBEDHREIC K B8 - MEDHRE Y AT
T4 v ZICFRT 2T —2REBOMEERT FO—FHa
HEEBES>TETVET, —A. NEEDFHLVHLR"ITD
GA-kERF -4V TL- 304K 1L R& - #b5t -
chERF (ZVINJE. B, DNA) IRED“VY T T
U7V E AT —IVDEGZHRLGEEHEMIEEEEE
STHMESNA . TBEBI IL&hbEIVFE—ZIVEH
BERIVFRT— IV ZBEICREETE 5 EDRNETH
W, 7287 TO—-FIERZ TEH Y £ A.
TR Z2—E ITVT7IVTA IV ADBEDIHEST
SATHA TV AOERHR, EE - Bl BREENOXG
PINAFTY /AT —FEEFICAN LEEV T IT
IV LT, sHAE R E ZIREICEE LEN S, B -
B - 58 - AHZXLEBBAE TE F—2IVICRSERTD
RtV 2—TF,

RILXZF SchBER AR
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1) 9 Image 1. 3D polymer printed models of double gyroid structures (left) and atomistic Image 2. Representation of a layered transition metal 5
Vs model of periodic gyroid surface decorated with graphene (right). dichalcogenide with crystal structure belonging to 2H-MoS,. e E 5
Fgo e
B 2 - . o . . . A AR
5e = Towards Predictive Design of Nanoscale Materials with Tailored Physico-chemical Properties
r . . I - %1 BALRET 7= AIHR— o 2—
> As gI_ong demand for sustainable energy, enwronmer?tal structure-property relatlt_)nsmps at the gtomlc Ieyel. We 50 EASTT « B IB AR T 21~ A — T f SN 3 SRS R
2 monitoring, and advanced healthcare technologies use advanced characterization and in-situ techniques to
I grows, nanoscale materials present unique opportunities investigate dynamic processes and material evolution. In
due to their tunable structures and functionalities. Our addition, we explore defect engineering as an effective VIMRTUT IR 2—K a3
research focuses on designing, synthesizing, and strategy to control electronic, catalytic, optical and Reiph S5 ) suse e & TRE) #EF—TJlcLTHEY . —Si@ed T+
understanding novel nanoscale materials with tailored transport properties. Our ultimate goal is to develop high- - .“:' L THE | BEIPNAAEEELTOET, BEDLSIC
physico-chemical properties. We integrate synthesis and performance materials for applications in electrocatalysis, Hiroshi JINNAI, Professor EHB 751 Uik, Bé LEERD AMcS DFIZERRITE Y.
theoretical analysis of advanced materials, including energy storage systems such as batteries, molecular/ . HANKET DA A—IERLTVET,
carbon nanotubes, 3D carbons, graphene, two- bio sensors, contributing to next-generation energy and ==
dimensional systems and heterostructures, to uncover biomedical technologies. V7 AT UTIVER Y 2
4 g HREE Y IV—T (1B M) AIM S
B 1 022-217-5331 C
Mail : softmaterial-contact@grp.tohoku.ac.jp bl
URL : https://softmaterial.tagen.tohoku.ac.jp/ AlMcS o
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I E}l: %i?ﬁ%ﬂ% Research Support Section

- IR EREE

MR EMIEETIE. BABE (URA) 32EEBL. LTI 2MREBOESGE5BLICHIT T, TETEEMRAZEERE
BELTVWEY, BORFPHMBERLHAETOY 10 bOBEHAE, NEEEOEESE. BrakEeBUHRRRORE. BF
FLOERICL DMERROUSRELIELG L. HROEE L AR EDERLICRVBATVET,

- BB

ZcEIT MR - BEFHDOXERBEZT o CVET, BHR. ASR ARBHFROOSLHMHRE. BAFHR BEFR BER
EERENSGHRERCTHEB SN, —RAGEBNEBRITITEH BEEPRE - KEREDY R— . HREDHHFP. A1V
PREOEEMIG L. BRITOZEBZTOTCVET,

cREE

MEPERORE. HEFA. SEHAE. FEPHRICKEZEROBA. RALGLEOEHZE. NEOETGERLEEZS ST,
MRESZ3 R L TV E T AMREREICAE L RILKFICFIR Y 2EME P ENFIB TEIREELFEAN-ZALBATVET,

- REEER

STHMOMAERE - 22 - BXICET 2BEOCERUER. [R2<X=17)0) OREOM, TEHNGKEDOREG E. HERAOR
LZEHERT HHOREBEEREHZITOCVET, Tfo. EHREAREPHIFE TRET HELDEENDNGLEHTO>TVET,

- [RERIFHRE

ZMCH T BIEMEBPREG R Y b -V REOBREESIKICOIAXBEBZTOTCVET, FEZHH LIGFHBEERG L,
HEFROLRGETITHORE « 1T, web U0 FEE, TLRAVY R ARV FZEEEDEHEZTOTCVET,

e

BMETIE. 2 20OMHE (BEA14. BEBA22EZ20) B\ AREOEBISATEECEERMEFUERBLENSR
BHIRZYR—FLTVEY, MRENSEFINDRMZEEISKRTHY . BR RifiZED LTZOEFIISZ 2Ted. BADD
Wi E L TCOMRZERIMOBELICBHTOET,

| £ifr=

- TS

RIS Cld. MIREOERICS CTeREBREBDORE - HfF BEOEBOYREL EZTHEHE LTVET, — Xyt - =Ryt CAD
VAT LR CNC TR, #T87 « VIREIIHG EZIEREA L TRBOSHEEILZRY) . BOEITE THRE TR G IIFKE
ICBBASNEELOB4 TEE (/) DK Y] IKBRVBATVET,

FEHBEO—RELTUT THRANKERS) - TBRRIEREFEEES) ZRELTVEY, . HEENEE L LTRFPHE
EWSEBREBOERELSHNIE. RIFANETOTVET,

REIBOBENMEELTVEIH TOKIICEDHE LEHOMIRFEEZHET 2NBIHIELENICLDE BT, 4
HEPROFEDV EDICE>TVET,

- S RTH
HSADE TIIARED SHKBEENCRBRBLPREZRELTVET, FEALED
HRERIITHRAIARDE D TH W HRTRETHEE L +057% L. MIROBMNICERDS
RLESKDICIREABRZERGTHSBELTVET,
BRENALy I RBE BREGREDHSAZ/N\Y FIIT &N S Xhel. .
PG EIC K AMIZ#Y) RGNS TERAICEETEY,

- SIS
FEM IS Tl HREFEOERICS CIABEBETME - B\ - REHE. FHEGEL VAP
7T X LDBHERUKER PRGMBOUIMAEES 217> CVE T, @EREIRIHD
REMAEHNEVBRARD S RAERTRIEREMRZ L -V —FHHATAELELS
MIL. ERBEOREDDEVLDEMEY EIF5REMER>TVET,

Sanan

« Machine Shop

+ Glass shop

+ Project Support

- HOEHER - IR T DY MR

BEA1 4. BEER 1 RZ23E6 2280 HEWKES - FER - RfF (S5t CAF) OBRE - BEZTTV. HEFBLEMELR TH2H
RARDFESZZELTCVET, FRICZTTCAF ERBTBHTHETOI TV FOZELITO>TEY.. SRERM TETHRES TR
DIRZEMAZY T7ELTXEL, FEEMOEEAICERYBATHEY, RilT A2y 7IZEFER. BaEZ. KRS - B8
DOFIF - BR. AE - §#Y 7 b U 7B BREMR. ERE. CFE9N. L—Y—2 X7 L £ - N\ A BEERING E ORI
BREHFL VAT ARIT4— MeEWERBOXEZTO T ETELDXBRBABITSATVET, o ZEORREEPREHE-
BEICHEDY ., ARLADORRICERLTVET,

FHEDO—A
W 2B 7Y LBROIFRE FTRBAEIC LD T/ A RHELEHE

TA—TRy U ARTLER) F7 LBHRZEREL TLSH%T EBRTHEBEE

Intensity (arb. unit)

30 25 20 15 10 5 0
Loss energy (eV)

5mm

HEeEREICRE LIGBRE U FOLLAY U r—h

UFILLATUr—hDINY RE 4y T
J.Am. Ceram. Soc., 103 (2020) 5139-5144.

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

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.

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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I %7775 CAF Central Analytical Facility in Institute of Multidisciplinary Research for Advanced Materials (Designated as Tagen CAF)

LT ERFHZERT Central Analytical Facility (B&#5: 27T CAF) 3 EFBEME L X IEOEE. KHESIHBOTEE (NMR), L—H—
DHADMEBG EAFHREBZ AV CEBMBODITTMMZ X L CEHBAMHEESL. 207/ MEMRE Y 2—DXES L
U/ 70/ —3FOMRHEZBNE LT, SHHORAIREEACKVRIENFT /T ZAIVSRE@E L. 2010 F£E
ICHRBLE Lz, %7t CAF TlE. IBEVHHEROMESEZ BHIC. RSO OINTMEEEROERE - EEZT>TVWET,

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

W e —%
A HHRKDITEEE  Apparatuses for ultimate analyses

s TTEROWERE  Elemental analyzer - SIBERIRMOEE XRAEFHNES)
1R - KE - BREOWEE  C-H-Nanalyzer Multi-functional material analyzer
2. BERDITEE O analyzer (X-ray photoelectron spectrometer: XPS)
3.N\AY Y - SHIFERE  Halogen-S analyzer
4. 8% - BRDWEE  O-Nanalyzer * X IRABEFONEE
5. (k% - IREDHERE  C-Sanalyzer X-ray photoelectron spectrometer (XPS)

* ICP BIADTEE AT A A VEEDITEE
Inductively coupled plasma emission spectrophotometer Time of Flight secondary ion mass spectrometer
(ICP-AES) (TOF-SIMS)

- UNEBREE X IR EE - BARFERE /I AVEEDTER
Electron probe micro analyzer (EPMA) Inductivery coupled plasma mass spectrometry (ICP-MS)

B. DFI8&fRATIEE Apparatuses for molecular structure analyses

- S HESEE (A% NMR 400 /500 /600 MHz) « INIVR EPR
NMR 400/500 /600 MHz Electron paramagnetic resonance spectrometer (EPR)

TS TINARAFVEZAFZ O REHREE - =& NMR i EE
(E{&F NMR 400 / 600 MHz) High Temperature NMR Analysis Systems System

Nano device ion dynamics analyzer TSN S Y
(Solid-state NMR spec-trometer) ﬁ’ij? SAA=T2T ./ZTL\
High Speed Raman Imaging System

C. 1B ERBETEE Apparatuses for crystal structure and microstructure analyses

- BRI EEBT A
Field emission type electron microscope
(SEM,EDX,EBSP)

- B R BRI AR B F AR

o L=t — & ALERSIFLEE (MALDITOFIMS)

Laser desorption ionization mass spectrometer

- UER - RITEBEEE DS (Q-TOF/MS)

High resolution field emission type electron microscope Quadrupole time-of-flight mass spectrometer
(High resolution FE-SEM) (Q-TOF/IMS)

- LA X FEIITEE < BADHTEE  Thermal analyzer
Automatic powder X-ray diffraction devices (XRD) . EEET RS

Surface roughness measuring instrument

- B X RDTEE
X-ray Fluorescence (XRF) c KBIZ F—UERER T O— T IEMEE

- 5B X $F5EE  Xeray diffraction devices - WUNBEI O X IREITS X T L
1. SmartLab SE X-ray Diffractometer for Micro-Area Analysis of Phases and Stresses
2.RINT-H

3. /\AEELZE  Small angle scatter-ing device
4. X'Pert

D. E#8:%{& Base facilities

SRIFEEMIAT R T L Liquid nitrogen supply system

« AUDILHRENEERE  Helium gas recovery device

- BEE/UVABERMFEERE  High Voltage Pulse Selective Crushing Equipment
- EREER VR E S ER

- SEMERIZ  Sample Preparation Room
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BAEMBEDRIE Position of Japan and Sendai

Shin-Chitose Airport

Access to Sendai Station
Sapporo - From Sendai Airport to Sendai Station by railway : 30m
- From Tokyo Station to Sendai Station by Tohoku Shinkansen
(Bullet train) : 1h40m

Sendai From Sendai Station
T 2 JAP:L\N L — 38°N - On foot: About 20 minutes
Sendal Airport - By taxi: About 5 minutes
olokyo

Osaka Narita International Airport

Fukudka Aiffsort
Kansai International Airport
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