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194138 #HHE 2685 (BHl) (<KW BILRERMZF RiE March 1941  Research Institute of Mineral Dressing and
. — Metallurgy, Tohoku Imperial University was

193518 HEESET (BH) ICkIRTFARZER B8 fourgon) P Y

1944 F 1B BHFE 75 (BR) 12KV IFKBRIEFAMAR RE January 1943 Research Institute for Scientific

1049 5 8 EUPRBEAICL Y. ELMSTRA. RPEOUFIER. 3K Measurements, Tohoku Imperial University
ERICEHRRIG. ZNZNRIAZHEHRFRE 55 was founded.

1990 4 6 5 S BIC & U R HHRIBISRAT B ARPIBIO BRI 2 January 1944 Ghemical Research Institute of Non-

Aqueous Solution, Tohoku Imperial

1991 F 4 B ENIFREBEEDBEIC K Y IEKERICERZRFR % R EHZE University was founded.

FricesAd May 1949 These three Institutes were reorganized

1092 4F 4 § ENrSERBEEOBRIEIC & U RS HIZeRr & 20 T S HIZeFrIC as research institutes affiliated to Tohoku
W4E University.

2001F 48 FHTHHRACHSHARAR L RISCEMEFEmEgEs  AP1991  Chemical Research Institute of Non-

L. SodEr s Aqueous Solutlon_was reorganlzec_j as
(FFZELR - B RFRSR) . 2 roRsHRRZeERpY. Institute for Chemical Reaction Science.
ZITHIERZRERPT. SITRRTBRZRERPT. April 1992 Research Institute of Mineral Dressing and
BE Y AT LBAZEEFS. ERE: - BEMRLEY 22—, Metallurgy was reorganized as Institute for
IR TA EMR > 2 — Advanced Materials Processing.
2002 F 4 B SRR FRIMETHAITERP] & (~ 2005 %3 A) April 2001 Research Institute for Scientific
— N - Measurements, Institute for Chemical

2004547 ZyF/HEREY 2~ KB (~201053A) Reaction Science, and Institute for Advanced

2005 4 B HEFAIEMEERRMAR LY 2— BRRKEMREDEEESE) Materials Processing were restructured and
oE consolidated as Institute of Multidisciplinary
SoSEEE B (Ll s T JeaEE ShEE (2007 4E 3 ) Research for Advanced Materials (IMRAM).

20066 45 BT/ HENSHITHHTRE RE (~ 20003 5) April 2010 IMRAM started the activity as a member

of the Network Joint Research Center for

2007 F 1B RMEBLS I v AFMHZEEFT RE (~ 2009 F 12 B) Materials and Devices.

2007 £ 4 B BEMEHANEMER LY 2 —%RIEL, SimtillEtL > 2—% March 2018  Research Center for Sustainable Science
0B and Engineering was closed.
Z(YERFAZEEFT B (~ 2010 F3 A) Ao . o

= " IITLER ] B ) DA pril 2018 Collaborative Research Division of Non-
RA N AVE - 7\A RBIREREM T 47 > ADHER ferrous Metallurgy and Environmental
(~2010%37) Science and the Center for Mineral

2008 48 TKMF/ - TLY hO=4 ZAMEEL Y 24— BB Processing and Metallurgy was started.

201044 5 STTRETIRA. STHEPIRI. S@MBRSr. e  November  Collaborative Research Division of
D27 NI BRLL L. i - SRS, EE 2019 Advanced Synchrotron Radiation Metrogy
FIZEERrS. 70w RS A7 LTEFZEEM. sHARZEr s e started.(-June 2020)

BREW - BEWREL Y2 — ZuT /MRRRE Y 2— FiE May 2020 Collaborative Research Division of
ERSEYBEBRIAR LY 2 —ZRELEL. YRATHTIVEIF Advanced Analysis of Iron and Steelmaking
MLy 22— BAF N Ty MR 2 —5RE Processes was started.
L= SEOHEFEF - HEFFZHLE (R — /7R . L
e T’\'ﬁ\_“" AR - KRR (% FT—0H) August 2020  Collaborative Research Division of
DIEHREEE RS ;
Advanced Electron Microscopy was started.

20124 4 B %ﬁ%é r;;i E?iz ;gmﬁ%t YA—EBILL. ## Apil2021  Center for Advanced Microscopy and
Hb','jl— - I e Spectroscopy and Phlymer-Hybrid Materials
FOTRBDEMERAHR R (~2017 £ 3 5) Research Center and Center for Exploration

2013F 48 F/HREIYIZT VI HEHRE £E (~ 2016 F3H) of New Inorganic Materials were closed.

- - . Materials-Measurement Hybrid Research
2016 £ 4 B & - 7/\1 ABHERMATILE (kY bT—VBIHERNA - & Center was started.
BEZEIR) ORE. WSAEEES ) ) - . .
April 2023 Dexerials-Tohoku University "Photonic Meta
2018F 48 HYRTFIIBIFHMRLVZ—%ZFELEL. @BERTOtLAH Sensing Co-creation Research Center" was

BV E—%RE
FEE BERIRIGR FHIZAFT RE (~ 2023 F 3 A)

2019 £F 11 B MEP Rt REHRARI SRR IREF] RRE (2020 F£ 7 B, EEK

BA/RN—=2 32« AR— MARE Y 2 —\BE)

202058

BT O4 ASERAEGN (J FERF—IL) HEWHERLRY R
B (~2023%F48)

started.

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

2020 8 B

REREFEMBRMHL RN RE (~2024 F38)

2021 F 48

FimstABRL Y 2— BOF - NA TV Y FRARLEY 2 —,
R ERRME L 2 —ZFELEL. T U7V - FHRIN
A7)y FRRE Y2 —%ZRE

2023 F 48

TR TIWVAXRIEKRE AR THAIRZEFR &KE
(~2026 F 3 B). ke BRFRERPHRMZEIMN (BEHH)
BB (202843 A)

&< L
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Institute of Multidisciplinary Research
for Advanced Materials,

Tohoku University

Director

Masami TERAUCHI
[ N T

LUBERERER WU, 2T 1. EROXRIDE
Ic&EShbnEn. W8, MRET TR, ZNEEHHT S
OCAPTHEEME CELEE. H5WZ"EHD " FETH
|CHIZE T 45 R & LT 2001 F£4 BITHEREL. 22
EMBEF Lz, TORIE. AU 1941 FLERZIH#HANT
EZTHDRIE Th 5 RIS R TEHZEFT)
RIESHAIAZERR. FEKRRACERZEFR (RIMEZERAZEFT) D
AUy b THY . EABEHTIVIEWNTEZ OHES
FLEHN LOHAERREN. TN &G ETHIcs | EfH
NTHYET, 2018F 4 B 1 ik, Ffclc T&BERY
OvAMEL 42— RBEELG>TERN, 2021 E481H
ITIFEBSURICE Y TRTUTIL - 5HRINA T v RHiZEt
VEA—] DERBEGODTENTBVET,

T3 LTETHTld. BRN SRR E TORIRICHE
DB TOCREM ", BB (T RESSPZE
EIC"WMEEH". T LT, F/HhBI7OFTOIIVFR
—)Vix " SHMEETAER T . N T )y RIch/N\—=LT &
BN TEHF MBI S ITONTVET, Z5 LIcHZED
—iEE. A [ZRHHE] TBNALTOET, INTINTER
— B VENS, ZITHATIE. "HD " " AN KD
INATJy FEBRST MBMEARICEELTWSRT EN
TEWERITAELEREVET,

2010 =L SIEF ofe. ARG R Y kT — 7 BIHEFEFIA -
HEMENRTH S a7/ 1 ABEEEHES] (£
TEHROM, LBEAZEFRFEMITFR. BRIEAZHIE
TR R Z2 b b 2 A AR I 3R FR. ABRAE B R FISTA.
FINAZENECETRT & DEESE) Tld. =FA

EBEHITHES TADOAERRNEENTH Y E, 2022 &
EbSiExy b=V G IS EIHICAY., ZE TA
EHEMBTHREKER DV OART—IN=T AT VA B
DAEEE LT, MERNH DIENICEETEEN ZT>TEWLY
ESE

—A T STHHEIRERD A/ RX—2 3 VAIRICERELRS
HEFEER X 4R AR Tdb 5 RIS MR FTEHEHE D E TR
BE LT, 2016 FEH SEBAICHRMNMCZ DEE S A EH
L. KZ - BEEZ L THRIBRERREESR L EHITERL
TEF LTz 20194 3 AXRICIE. FILKRFEFELFHF v~
INATERTIENRZ— M LE Lz, FE 10 BITIEmMEtH
FERDODZFWER [EFBEN1 / N—3> - AR
— MLV Z—1 BDEEL. ZTHLSEEOWES IV
—THhBBLTZDEHELZATHEVET, S&kiE. D
NanoTerasu % Z Tt DMIFENCED L D ITTERT HH &
WOBRHOEEGERMEE G > THEVET,

ET. 201N FE3BDREXAEBELS R EMBBLEL
feo ZTHREHBEMHAZEIC L ZEIEENOSEKE . B
KEZ L THADKRREEE OIERBIDEBREHEREDE
HE, SHREBENICES>TVEVWEY, HEHRADELZD
CREEECRBEOLVTERLEIFREEHICSEED.
EHoHRTHEEBIVETLIOBLIBEVELLETFET,

202348 WER FRIED

Our institute, Institute of Multidisciplinary Research
for Advanced Materials, IMRAM, is called TAGEN-
KEN in Japanese. 22 years have passed from its
foundation, April 2001. Nowadays, the word TAGEN
is widely known, since the research in our institute
has been carried out over "Multidisciplinary" fields of
science and engineering for wide variety of materials.
Our basis is, unfailingly, in the successor of three
prestigious research institutes of Tohoku university:
SENKEN (Research Institute of Mineral Dressing and
Metallurgy)-SOZAIKEN (Institute for Advanced Materials
Processing), KAKEN (Research Institute for Scientific
Measurements) and HISUIKEN (Chemical Research
Institute of Non-Aqueous Solution-) -HANNOUKEN
(Institute for Chemical Reaction Science). SENKEN
was established in 1941, KAKEN was in 1943 and
HISUIKEN was in 1944.

So, about 80 years have passed since the foundation
of the former three institutes. Their research spirits
are passed down to us, so that the knowledge and
experiences integrated from prestigious institutes allow
us to establish so many collaborations among members
in different fields of our institute. Thus, a plenty of
noticeable research results have been achieved. This
traditionality led to the establishment of new research
centers, Center for Mineral Processing and Metallurgy
on 1 April 2018, and Materials-Measurement Hybrid
Research Center in 1 April 2021.

Our institute has been conducting a new activity
as a member of the Network Joint Research Center
for Materials and Devise from 2010, composed of
five national university institutes, Research Institute
of Electronic Science (RIES, Denshiken) in Hokkaido
Univ., Institute of Multidisciplinary Research for

Advanced Materials (IMRAM, Tagenken) in Tohoku
Univ., Laboratory for Chemistry and Life Science
Institute of Innobative Research (CLS, Kaseiken) in
Tokyo Institute of Technology, Institute of Science and
Industrial Research (ISIR, Sanken) in Osaka Univ.,
and Institute for Materials Chemistry and Engineering
(IMCE, Sendouken) in Kyushu Univ. This network
is open to anyone in Japan and the world including
colleges, institutes and private companies, who
wishes to collaborate with the institutes. Based on the
collaborations among the five institutes, the "Crossover
Alliance for Open Innovation Bridging Human,
Knowledge and Materials" was founded as a national
project in April 2022.

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

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

April 2023 Director Masami TERAUCHI
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H&éi& (2023 £ 4 A3RTE) Faculty & Staff (as of April, 2023) jlr_;-fk ° TT;EHj m%R (2021 £ &) Annual Revenue & Expense (FY 2021)
B & HHIE & ED B WS (8 = =
Professors Associate Professors ;enior Associate Professors Assistant Professors Researchers 2021 Eg EAWER Revenue for FY2021 2021 Eg ﬁ_ﬁtHWﬁR Expense for FY2021
48 (4) [1] 26 (3) [0] 12 (2) [0] 56 (9) [7] 7(2) [3] 3.1%
ExHa" Es kA= BEAME wmn |FEUHE GRR) | FEHHE com | AF
Administrative Staff Technical Staff Re-employed Technical Staff | Part-time Staff (Research) Part-Time Staff (Other) Total 5.3%
33 (17) [0] 57 (25) [0] 4 (0) [0] 21 (4) [2] 55 (49) [0] 319 (115) [13]

% () MIlEzE. A () indicates the number of female staff included in counts.

¢ [ RIEAEA. W% [ indicates the number of international staff included in counts. 20.8% 39.9%
*‘ M. PRESZHMBE 6 . W% 6 Purpose-Limited Administrative staff included in counts. A= 41.3% AE_I_ 9%
*2 N, FREFMBE 124, WE 12 Purpose-Limited Technical staff included in counts. [==] ET ==

) 41.2 g 520% 41.2 gm
%BF?EU?&E&WER Faculty Members (as of April, 2023)

e w g |(AHE @B B A B F ; 18.8%
Research Division Professor ssociate Senior Associate | Assistant Research Total
Professor Professor Professor Assistants 6.7% 12.1%

Bl - LRl F IR
Division of Organic- and Bio-mczilterials Research 8 S 2 1 0 26
AR AT ERPY 10 4 3 9 0 26 IEEEL{TE Operational Grants BB 4 AfEE  General Grants for Salaries and Wages
Division of Inorganic Material Research BFHseE#B)E&%  Grants-in-Aid for Scientific Research SEEELTEYEE  General Grants for Supplies and Eqiopments
TOv R AT LITEHIZEERFY Z5THIZEE  Funds for Commisioned Research NERE 4 AFE  External Funds for Salaries and Wages
Division of Process and System Engineering 6 4 1 6 0 17 H[EHIZEE  Funds for Joint Research NEREEYHE  External Funds for Supplies and Egiopments
SRR ZTERPY Z {4 Donations
ATATITE
Bivision of Me;surements 10 6 3 10 0 29
ERBER/ O AT 2 —
Center for/MineraI Processing and Metallurgy 7 3 2 8 0 20 - _ .~

_ N N . it%%ﬂﬁﬁﬁ?}?j*}ﬂ (B : M) External Research Funds (in units of 1,000 yen )
X7 UTI-FTRINA T FBizRE > 2 — 6 2 1 10 0 19 e
Materials-Measurement Hybrid Research Center Fisél Vear 2017 2018 2019 2020 2021
gﬁﬁ%)ﬁ#ﬁf—hﬁﬂ?—ﬁﬁ%f S 0 1 0 0 0 . —

R D N N
Vitally and Enonmental Scence - A eecen 555,259 591,326 707,069 606,410 772,864
Rk T Ot XS E TR R ZE AR 0 0 0 1 0 1 Jp—
Shalyos o fon and SeEMaking Processes HERAE 271,799 310238 | 332,380 | 278483 | 218,626
T E F IR ER AR 0 0 0 0 0 0 —
Eioton isaseopy " on o Advaneed HetoiRe 619,375 486,342 517,039 601,919 858,651
HA R T HAIREFR
Photonic Meta Sensing Co-creation Research Center 1 = 0 1 0 3 ﬁfﬁﬁ 81,807 93,289 129,212 72,825 129,386
A%t
=e 48 26 12 56 0 142
I Fl f Buildi 3
?E& (2023 & 5 A37E) Students (as of May, 2023) L%% LEF Total Floor Area of Buldings 38,318m
AR - 2R FH L ERIEETHA B ERZRH
Schools Under Graduate Masters Program Doctoral Program

TEHzeR - T5E
ey A 46 (8) [2] 95 (22) [13] 36 (7) [15]

BATH O o JESAT o [SHEE
By - 29 7 (1) [4] 46 (8) [12] 17 (1) [8] w :

T el

ST AT oY
T T 0 (0) [0] 15 (4) [7] 7 (4) [6]
e T T T e
e ot 0 (0) [0] 39 (9) [6] 20 (4) 18]
oy 53 (9) [6] 195 (43) [38] 80 (16) [37]
Tota 328 (68) [81]

¥ () AL, WER () indicates the number of female students included in counts.
¥ 1 RIEAEA. A% []indicates the number of international students included in counts.
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Promotion of network-type cooperative research among 5 research institutes based upon

the Joint Research Center of Materials and Devices

ME - 7/\1 AFEEHEREAERR ] & B EAFE
REFAERT GERBFH (RACRZEZ T ERIFMRAT (R
FEXRZTTH) . RRILERFHFRIMAIBA R L EaT
FHRFT CRIAMEBLER) . ABRARFERRFHRA (R
REH) . NKZREMECERERR (WKREEH) HE
BL. 2010 FE (FpL 22 FE) ICRELIERNGRY b
T — 7 BHEFERRIRDOV EDTY, HEMZEMSIE R
L7y TR—RHERBAR. b v T2 EEEH-EREZH
e, 2EDERIIIRT. BF. EMEKELERICF
B 5MRENSDHEAEMELEHELF LIz, ZOM. Eiz
REOHBERENDFELREFICAN. KRR, /N
—¥ 3 VA, BEFAMBER. 70—/ LICEFERIICER
M 2015 FE (P27 FE) OXEHFEEICLDHR
FHMECIE Ry b T —VBlRE LCH— S Sl ER L&
Lfco ETcE 1816 FRISRAEMZAREE L TEHLT
TELA 2016 FE (F28FE) hoDE 2 HAIFR
RS THADNAREBEHE D, 2018 FE (FL30FE) DOH
Bl £ U 2021 FE (S 3 FE) DEARME T "S" 51
HzFTHEIET. HARRLRNARZ—FLTHSD 13
FMET 5500 hZHBA 2 HEMEZHEL. BRNDHEE

BEZE). BNCEFRHEENBBNICRI ST A HE T
% [CORE S R&EREMAZRI. Z L CHRAMZEZE L TEICH
HAZR, ITKZRICHEET HENFEEE T HAERE.
KELESE, FE% Pl (Principal Investigator) & L CHIRY
BIRHREFHEMARI G ESEEHEMRE B ES L.
KURELHRAMAFREBZREBEALTEYET, £l Mk
BICHFE OO+ FDRREICRE T BZT BT IE DB
FRIABZTV., BB RHRREMREHEL T E
T, WITNDOTOT S LE. AEBRROH 55T, ZDHER
EEHFHTBRITHSEMAREEZET S TAMER Zil=.
TIAT VABEICBITAKRERT—IDUEDELTVE
T, 2023 F 4 BliclE. ZTMRNIC [ ERFHERHE
BIFZEMEE Z5RE L Fzlc 1 OFEHEE DI AN,
FEEAEGT & - 7/\1 AESEREMZHLR ] ZFHEL
£Y, ZLOMBREN ORI ERIBHITERL. ADRY
OV RS TCBITAZEZBVET, £lekxy FT—
RHEREHA N B AT O EHREOMEEIZI 1=
T 1 1359 500, FBBNNERIIDONK 6,800 LEFBZ. REERF
EABFSLOCHEMREII 1 =T A DREICKECETBL
TWEY, BIC 2018 FE 3 AIciEBM Xy b7 — 7 BIHERF

2016 EENL S DEE), HAEILH SEE THETT 2R TIA
MeEB-BAOY T )T BEHE L. 21 H#IEICH
WTREB L TEDBVWEFED TESHEORBICERE
N33 DOFERAR IO/ ELT 1) ILy bAO
ZUOZAWE - TINAR (G, 2) REIXIVF—ME- T
NARX - 7OER (G2). 3) SmEeEME - T/IN\A R - &
AT (G3) ZEIBRMICERE L. MIZSFREEE O HERZE
EHELTWVWET, 2022F 48K, FI3HH TAEHEY
BTREERDVOARAF—N=T AT VA IHBAZ— b L.
EEEGI~G3VIV—TICINA T 2022 4 BT 4) 1558 - 502+
ATHEEICET 27 IL—F (GO #HREBEL. &7 IL—TH
DY ORF—/I\—IC KB HRFERFCE TGI8
FHEAZ—FEEE L, VAOXF—IN\=T 547 2 AH#E
DIz DBBRED—RE LT 2022 F 4 BT CORE? 3@
YU A—ERILAFZTHARICREBEL. 7717V AHEE
BERPY (AORA) BK U747 AF v+ E2)LEFT (ACMO)
1T 2 BOFHIER A WDZ AN, FR2OEHTT7 2147 A%

SRARRBT S AT ATAI 1Y FEE

EEWELTEYEI, 2023 F 4 BIcld, #Ffzlc CORE? #
B 2T 547 A SRR RE L. EFEE
ELHENLEY., SHRMA3JTIL—TICFEY % PlIE
150 %Ic LY. EFMREFZIDLEHHEHRDHES
13400 R EZBAHREEZBLTCVWET, &fee 7OXF—
N=T ATV AEBEF xv bT—78 & - T/)N1 R
EEHRMZHR ] SAEEND DBRLEEEZRY . HER
BEDRRICHEIT fz TCORE*-A S RDFREL. [BF FS HRER
Bl ZE BRETOYSLEEE - ERALEY,

ZDESIT, 5 DDEIRFEAARAD. ELDEESD
FCHEIGEE - Xv bTU— 7 ZHEIEHE - BI85
ZEWB. EVSKED) BHEMERRE LT 7O =N
—7SA TV ABRERMITBOAN G WE - TINAX Y
AT LABEREIMZRERICERS . R2OTEDRL
FEDTEDHRRIENKECHF ST A ENBFEINTL
£Y,

AT 1SFADSAEERFERNTHEVET, IR TH BHEHICE - ERSTRIS, EHERTH Bk TN - - B
2022 F4ABKYEIHAN A2 — b L, RILKEZTHL BIAZEHLR S AE OO GEEICEE T 2mEEME L. KYLL SSRKEN DzFTIYT
SARAFEMRICATZHE L. F1H8H 5D TERILER X274 \DEMRZERLTEVET,
% (IB—REREMR) | RO (R - REFAREMRE —%. [(RERRUTSA 7270V 19 FEE] Ik S et R
MZ. YORA—N—TSATVR (@) EORMED  BNTHE TA - BEEMEE KRS A/A—S 3 VEIME R e T
= - - _ . . o~ . , ALLIANCE B
FLWEEHZ MmES 707540 & LT, BEBREFR AFTIVY - TIAT VA Z5HRFAEOEE O T BIETRLF— YE - T/ X - TAER
N ~ N TS N _ OB TEIE D%
RRBEESICREEE, 2y FT—VBSERATAM 4 e LTHELTES Lic (2005 FEIR2— K LT R - T/ - VAT R ER O
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DR « BEFRAREICLZTOT T FRED. FEREEMAEICEN Y Z 5 3 EERHEEOM,. mAZDFEICK S Flash
Presentation 171N % LTz, /. Poster Comperition Ti&. MAFEH S 3ZTOEFHREKE (B 2#xETLFLI

ISR

| 2022F 6 B | AIVRIVYKRZEDI a1 bI—0 > 3y TR

[ 2022F 11 B | XIVRIVYRZEDY 3A Y b I—=02 3y TEXUA =R NS 1 THE R (AS) B%
6 529 B. XIVRIVKREZES 10 ADKFHREANDKRIEGEM - 7/ 75 AERDHITREENK Lz, 25, Justin
Zobel IR S 5 BAZTHHCHBA L. AWKV KZEEY a4V N T—0 23y TENAT) Y FBELE LT

11 Bicld. BROEMFBREME ST, BME %R - BEORZD 18 AN AIVRIVVEFHRIL. A—X bS5 U Filgt e
(AS) DRZE, BLUAIRIVYKBILTI a4V b T—0 3y IANHBELE L, BEHMEREE TIE. AS D%
BEEBITHTRBREY T/ T RADBNETVE Lc, F£le.7—7 2 3y 7BV TE 3ERY [THERMENRIR L.
19HOEES LU 17 ORI Z—RHKREZITV, HE - ZEERATRRERDEITENTEF LI

o) e 3 el ] . . . _—
. %{I‘I‘]'ﬁclm,%m Academic Exchange Agreements with Foreign Institutions * ACEARS {7 T AR Agreement on the University Level

Hiriag HEd% fRrEaE

IERAFEF / RZHMTHFZE4Z > 2 — | Center for Nanoscale Science and Technology Peking University 1998*
JEFKEE | Peking University 1999*
FRERI R RE N FEE TR IIERRZEFR / Changchun Institute of Optics, Fine Mechanics and Physics 2000
FEFRFEMBRIZF TFEZPR / College of Material Science and Engineering, Huagiao University 2001
BB K | Chongging University 2001~

ﬁi LR AE [ University of Science and Technology Beijing 2002*
BRI AR AR TR B / College of Materials Engineering, Zhengzhou University 2003
M AR / Lanzhou University 2007*

797 JEER T A | Beijing University of Technology 2010*
Asia FEREAE AH « T RIVF—22EB/ Faculty of Materials and Energy, Southwest University 2017

BT ER BRI BT / 1TRI South, Industrial Technology Research Institute 2009
[ETIFEHE KRS | National Tsing Hua University, Hsinchu 2009*

B [ Taiwan
ET B3R K TR BT / College of Engineering, National Taipei University of Technology 2018
Ez AR RS | National Taipei University of Technology 2019*
2K / Chonbuk National University 1991*
Y/ 7 )V KZERR | Seoul National University 1998*

#E BEAT\1 T v SRR

Korea Institute of Hybrid Materials for Information and Biotechnology, Hannam University 2003
IR REE R R RO TR > &2 — 2003
Advanced Materials & Process Research Center for IT, Sungkyunkwan University

Hiriag HE% fraaE
s8[E BREE K FAR / Chosun University 2004*
73757
/isi a/ / Korea R E BRI B ZER / Korea Basic Science Institue (KBSI) 2021*
2 A | Thailand F 150> 30—/ K%/ Chulalongkorn University 2011*
FRIAER gx—Fh 71— MRIERZERR 2013
Middle and Near East Kuwait Kuwait Institute for Scientific Research
A FUZ BE U —F H 0> IUARREITRHIE 4 — AN HZERR 1996
United Kingdom Daresbury Laboratory,Council for the Central Laboratory of the Research Councils
W—=<=7 L—H— - TS5XT - iEEBE IR
) . ) . f 2006
Romania National Institute for Lasers, Plasma and Radiation Physics
RV F—5E—KZ2/ University of Bordeaux 1 2005*
77 IV ESLEILAE [ Ecole des Mines d'Albi-Carmaux 2006*
lZa;e/X T YEREER Y L A 1 | Synchrotron SOLEIL 2013
F > b REMFIBFZEFR [ Institute of Materials Jean Rouxel,University of Nantes 2014
INY B9 LK | Paris-Saclay University 2020*
INYHY— 3 Y2 LY AR S TEHER e
Hungary Faculty of Materials Science and Engineering,University of Miskolc
NIV > BERKEYIERZEL | Department of Physics,Free University of Berlin 1997
ALF - 7V=RUvk « I —KEERYIEHZEFR 1999
Koy Institute fur Festkorperphsik, Freidrich-Schiller-Universitat Jena
Germany #E SR B RFAZEFR / Institute for Crystal Growth 2006
J—Ow/s§ Ry YT R T 57 BB ZEFR | MPIK, Max-Planck-Institut fur Kemphysik 2009
Europe H—IVAIV— T IHKZ: | Karlsruhe Institute of Technology 2011*
. TRU—F - 7 kRS 2013
ANRA Y Chemistry Department of the Universidad Autonoma de Madrid
Spain — -
771 537 T REMFERZEFR | Materials Institute of Universidad de Alicante 2014
A1) 7T | ltaly b1 T X7 HRGTAERFEFR / Sincrotrone Trieste,S.C.p.A 2007
O PRET 17 S — BRI 1093
P.N.Lebedev Physics Institute of Russian Academy of Sciences
b AR ITRIKRZ R FAZYIERZTAT / Nuclear Physics Institute, Tomsk Polytechnic University 1997
O 7RET HT I — LT TR
: . . . 2000
Oy 7 P. N. Lebedev Physics Institute of Russian Academy of Sciences
Russia A 7RIFET AT I MR ERE G T 0 AR .
: ; . . 2005
Institute of Automation and Control Processes, Far Eastern Branch of the RussianAcademy of Sciences
OV 7HRETHT I —HERRE - HAFRSETIZER 2013
Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of Sciences
TR TEILKESNEBRZER | Faculty of Physics of Lomonosov Moscow State University 2018
9951+ PP R TSR 2006
Ukraine Institute for Problems of Materials Science, National Academy of Science of Ukraine
_ A JVRIV > KE I The University of Melbourne 2016*
AeT=T A—ZbS5UT - S
Oceania Australia F—R b S U T RFAREEMERE (ANSTO) 2020"
Australian Nuclear Science and Technology Organisation (ANSTO)
RFIVAFEERE T O AFIZEt > 2 — 1 McGill Metal Processing Center,McGill University 1998
g:;—df O PRESRE - MREIEFFRL/ Department of Metallurgy and Materials Science,University of Toronto 1998
2 #—2—]L—KZ | University of Waterloo 2006*
07 ET7 KPILEHEL 1 Department of Chemistry,Columbia University 1995
OOV ET7RFIBT FERIER - FRIZT SR}/ Department of Earth and Environmental Engineering, Fu
. — . : . T 1998
Foundation School of Engineerigand Applied Science,Columbia University
gy A2 KEE BT S Department of Metallurgical Engineering, University of .Utah 1998
North America 511 T FIVZ T KRFIN—7 L—#  University of California, Berkeley 2008*
7XAUAH =R T AR 1) —TKE | Case Western Reserve University 2015*
USA N N S ~ — e =
RUYF1—ty VIBRKEEFIFMARKUOT AT O R T LTS
Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories (MTL), 2015
Massachusetts Institute of Technology (MIT)
77 )L 3> XEITHRZEFR APS / APS/Argonne National Laboratory 2020*
O—L X « JN\—2 L —EIHZZFR / Lawrence Berkeley National Laboratory Advanced Light Source 2020*
SLAC [E TR ERHAZTAT / SLAC National Accelerator Laboratory 2021*
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IESRIE=

Director

sl S
EEREs
Administration
Meeting

T — LA

AFTEEEE =REE

Management Strategy Managers’ Meeting
Office

BR=

Faculty Meeting

BEERER

Subcommittees

IS - 757> AR
Joint Usage/Research Center & Alliance
+ CORE2%fEtz> 45—
- MERIR - SeimsHRIEATTRIRE S

AZTED MiEERZT RS

Research Section

At - EeaRIFERFTERR
B TR ERPT

Division of Inorganic Material Research
B JOERI AT LATFHARERR
Division of Process and System Engineering
u HAEAZTERPT

Division of Measurements

RRE>5—
Materials-Measurement Hybrid
Research Center

(SFEAZTEFT)
B RS R RSERIE N A HRAZTERF

Collaborative Research Division of Non-ferrous Metallurgy and
Environmental Science

BT O B EFRAMTI(JFERF —)L) HREAZTERFT
Collaborative Research Division of Advanced Analysis
of Iron and Steelmaking Processes (JFE steel Corporation)

B R EFERRIR AL A FTERPT
Collaborative Research Division of Advanced Electron Microscopy

B SOTRUTIIAXRILKRE KA S D O HARRR
Dexerials-Tohoku University
Photonic Meta Sensing Co-creation Research Center

Annexed Research Section

n EEERIOCRHARE 5 —

Division of Organic- and Bio-materials Research Center for Mineral Processing and Metallurgy

B IFUPIL - EHRNA T Uy R

e !

Research Support
Section

u LERERE

n TREERF

Safety Planning Section

u MEE
Library

u %5tCAF

Information Branch

Reffr= E b
Technical Service Administrative
Section (0jjfe]
u TS u HFEER
Machine Shop General Affairs Section

nASRTH u R

Glass Shop Finance Section

TAGEN Central Analytical Facility

® JOBRSRF LATFHFEM

P
@ A - EmPFHAFEPF
Division of Organic- and Bio-materials Research
SEatEED FEMIEF / KR B
Synthesis of Organic Functional Molecules

SantEERIEMIE(LT / FIE 2

Functional Photochemistry and Chemical Biology

ERDFHEIE / THE X

Biomolecular Structure

fHletRE D FEF /KL &

Cell Functional Molecular Chemistry

WD FikEEstRl  KE Thia

Nano Biophysics

EMDFIAFIOX / Bis B

Biological and Molecular Dynamics
EFE-LEBEEMLE / Bk RET

Quantum Beam-based Structural Biology and Chemistry
B\ TV R iESRR

Organic and Hybridized Nanocrystals
BAF/I\ATVUY RFIHR / FYE FRIRF (SRIS)
Polymer Hybrid Nanomaterials

VD iR S BEHRIR B B

Soft Materials

Division of Process and System Engineering

BRI/ ITF / EE S8 (Fris)

Supercritical Fluid and Hybrid Nano Technologies

FMERIFE Rk B

Laser Applied Material Science

EWRA AZDR - TINAR / Wi &R
Solid State lonic Devices
RIEESRMTOCR / #E #
Environmental-Conscious Material Processing
MRIDBTOER / RH & o
Materials Separation Processing

JI\AT Uy RFJHFTIOTR / L 3ZFF (sris)
Hybrid Nano-particle IM

TOERIRFT A / EEHIE FIB X

Process System

{

&REROCAMRE>H—

Center for Mineral Processing and Metallurgy
SERIEEE /Bl Bz
High-temperature Physical Chemistry of Materials
BEREHMTOEYS > /iR %

Base Materials Processing

HEEEMEM AT OEX / h #ith

Powder Processing for Functional Materials

IRILF—EBRIOER /B8 B

Energy Resources and Processing

TRILVF=FT/)INAEF /AR 4§
Chemistry of Energy Conversion Devices
EBEFRMBIRS AT A/ %H REB
Metallurgy and Recycling System for Metal
Resources Circulation

RFZEMEEHTOER /MR ZA

Atomic Site Control in Inorganic Materials
RISESERMTIOLER / #E ¥ G
Environmental-Conscious Material Processing (C)
MRDBETOEX / %H & GR) i
Materials Separation Processing (C) % 78R

@ FIXEEBBRRIENFIEHFAIN
Collaborative Research Division of Non-ferrous
Metallurgy and Environmental Science

o RBIDLAREMITINMOFERF— ) )t FEFFERF]
Collaborative Research Division of Advanced Analysis
of Iron and Steelmaking Processes (JFE steel Corporation)

@ RUABTFIRHIERIMISEHZEIF
Collaborative Research Division of Advanced Electron
Microscopy

@ Z7LYPNXxFILKRY HATE S 2D HAlAFR
Dexerials-Tohoku University
Photonic Meta Sensing Co-creation Research Center

O B RITAZEERF

Division of Inorganic Material Research

EHEEGRAEUES /1B &R

Inorganic Solid State Materials Chemistry

AEEFYE / hE =

Quantum Spin Physics

IR —)VESHERE /A B

Nanoscale Magnetism

INATVUY RFISRFTL /BT BE (SRiS)
Hybrid Nano System

>R ES  HEER LR

Nano Physical Chemistry

EHEARMRIERE / ILAR A8t

Inorganic Crystal Structural Materials Chemistry
EEEERST B BB

Metallurgical Design for Material Functions
RISEHMEMEE B &

Environmental Inorganic Materials Chemistry

EZIRIEAIR DR Sk

Inorganic Materials for Chemical Transformation

I\— RAHR / BERIE 5K B

Hard Materials

sHRIEAZEERFT

Division of Measurements

EFE-LFHH /BE &

Quantum Beam Measurements
wiSvRE kg = (R
Structural Physics and Crystal Physics
EOFIMIBLT /A iEE

Polymer Physics and Chemistry
BFIJ0O27T« 7508 /KK A (sris)
Frontier guantum-beam metrology
EFRAILOIPOZIR /B ER
Quantum Optoelectronics

IRET RIS EIERE TR/ BAE £ (sris)

Synchrotron Radiation Microscopy and Informatics

EARREE / BUI EF] (sris)

Solid Surface Physics
F/BFTO-TEWRETRA /R &4
Nano-Electron Probe Diffractometry
BT - HHEDH/ FX ES

Electron -Crystallography and -Spectroscopy
FEBTO—-TEHAGN /KB B3
Advanced Scanning Probe Microscopy
eI /@GR / SH &t (sris)
Synchrotron Radiation Soft X-ray Microscopy
BN/ BRI AR

Measurements

RFUZI - sHUNAT VY REARE> 5 —

Materials-Measurement Hybrid Research Center

BFETFHNF / BIS EE

Quantum Electron Science

>/ - RAOOHANEE /15 ()

Nano/Micro Chemical Measurements

AT Uy RERERFT/#R /TR S (AIMR)
Hybrid Carbon Nanomaterials

I\ T Uy REFRBIR 7)1 81T

Hybrid Material Fabrication

SRBEMBMER /Pl B

Photo-Functional Material Chemistry

oL AN O % v v B

Organic- and Bio- Nanomaterials
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B - EaREHZREM

Division of Organic- and Bio-materials Research

—DFRIRL. HBIRA A—T VT WEERN 7RG L e EmiRERRRE. G5 UICZN S DHEITRE SRRIZEFEEZRE LIRBEZRIMO RS v /T VN -2 R
TLBEGEICRYBATONET, ESICEMHEELMBRREERE LI/N\MF I AT v I AMBAIRG S, EniRiBE i MBESREERNIEUDIF3 T itk
YitR%E ) — R 9208 - TNA REIREEBELTVET,
Research activities of our division include design and synthesis of novel molecules for controlling biomolecular and cellular function, development of single
molecular methods for elucidation of mechanism of biologically relevant macromolecules, and biochemical and biophysical studies for understanding

enzyme mechanisms of physiolodical significance.

42 | Professors

7—_\K:K EE Fumi NAGATSUGI

*DE Eg Takehiko WADA

*I’Ellﬁ ﬁ:k Kenji INABA

BEFRBEOCFHEIEZ B8 LA RO
Development of the strategy for the control of gene
expression

REERLS - £t % E A LI Emae O Rima s
B FAEFNRISROBIN

Chemical Biology and Functional Photochemistry

HIEADZ >IN EREEEY AT LD FES
Molecular basis of the protein quality control systems in
cells

KE Shin MIZUKAMI KB A Koji YONEKURA =15 B’ Satoshi TAKAHASHI
HREME S FRRETIC & B MBAIIEAEDRIRIL & 7 BFR=RICRERIBIERIT. BOEEY 514 EM —DFEABRICL D2V NVEAD T+ —IVT 4T &
Imaging and regulation of cellular functions with functional Electron 3D crystallography, High-resolution cryo-EM HEREDARER

molecule design

g BET Eriko NANGO

PR FRIKF ORI maiko NISHIBORI

B INVBEZAF U R EDFRIEADISHA
Analysis of protein structural dynamics and its application
to molecular control

EEHIZ | Visiting Professor

[l Hiroaki SUGA

AEBU% | Associate Professors

FIR F0YE  Kkazumitsu ONIZUKA

gg]A ZIRMIC LR LE Y —ILDB

Development of novel chemical tools
targeting RNA

EO th Tasuku HAMAGUCHI

BOREERN TN, N EVS T —
High-resolution single particle analysis,
Tomography

586 | Senior Assistant Professors

%ﬂ T@Y Hirofumi KUROKAWA

TEHIE T —IT K BFIRD FERH
DR

Novel Molecular Recognition Mechanism
by Chemical Sensors

Bh# | Assistant Professors

Ahmed Mostafa Abdelhady

Development of functional nucleic
acids and their application

JNFOER 81T Toshiyuki KOWADA

RN/ N F & AU AR REDFIRIE
LI

Visualization and manipulation of
biological functions using functional
small molecules

Boke

%ﬁ %ﬁg Takaaki FUJIWARA

B EAIEIC K 2 ERR D FOIEREE
DA

Elucidation of mechanism of
biomacromolecules by time-resolved
experiments

Bi# | SAKURA 7OV b

#WA ZF

Satoko SUZUKI

TSI X RO AWV BRI RIR A A Z X
EHER A A F S ADMEBA | Function expression
mechanism and structure formation dynamics of hybrid
materials using synchrotron radiation X-ray analysis

ﬁ7k 1%% Yasuyuki ARAKI

R BRI DR & EED
FEHEOWEZ(LRENDIGA
Development of new circular dichroism
spectroscopy and its application to the
conformational change dynamics of
biomolecules

82 BN Kiyoto KAMAGATA

2 NG BOIEIE - BWEEA A F SV 2D
BOFEHRIEBORET

Development of single-molecule

| measurements for protein dynamics

(SRIS)

E* #:F¥ Sachiko MAKI

SRS EHAE £ BT/ R — VDR
& - HREERDZ THRIRIL
Multimodal visualization of nano-

scale structure/property ensemble

- by advanced synchrotron radiation

JEEB B Satoshi WATANABE

SEAA VERELZ VNNV EREER
OIS LS

Structural biology of metal ion
homeostasis and protein quality control

BlE —F  ppei TAKASHIMA

AIRFR2 VNV EZIGH LTl
REDAIRL

Application of artificial molecules and
proteins for imaging cellular functions

measurement

HO BEEZ  vasahiko TAGUCHI

B BSEER &EHE LS RRIRIC L 2%
D FHEEDIRRE & T DIGA
Understanding of biomolecular function
by computational science linked with
time-resolved experiment and its
application

Dynamics of proteins based on single molecule
fluorescence detection

Fﬁ% TE Hiroshi KADOKURA

TEFLEYIRRS R R BT B R N
BOIR)IVT 1 FEGHAREE
Mechanisms of protein disulfide bond
formation in the ER of mammalian cells

Bh#K | Assistant Professors

fﬁﬂﬁ %%E Hidenori OKAMURA

IR & L) TR gIcE D <
FIREREATD FORMKE
Development of the intelligent molecules
targeted to nucleic acids based on the
molecular recognition

KB HEX
g N LT s > BREEIRI
oA

Yuta AMAGAI

Molecular mechanisms of protein quality
control systems via vesicle trafficking

Bk BE  wjion

—DFENAEEANR Y INIELA
29 RDfRA

Investigation of protein dynamics

by single-molecule fluorescence
measurements

(SRIS)
= H Sho NINOMIYA

XIRAA—DVTEART MV Za
L—2 avaBO RS —R R/
EE DR IBFE | Formation process
of nanostructure in heterogeneous
materials using X-ray spectroscopic
imaging and spectral simulation

B H AR

Division of Inorganic Material Research

BREFMEMEERRDET. AEVEFMEMRNT. +/ X7 —IVESHEEEREDE. N\ T Uy FF /Y RT LAERDE. 7/ HEEMECERRS T, ERE G

HENAELE. &R

ERIE - MEOBEAECPRMERIEL 7/ \1 R1b. HEERRIBOMAEICRES 2MRETT>CVET,
Division of inorganic material research consists of laboratories of Inorganic Solid State Materials Chemistry, Quantum Spin Physics, Nanoscale
Magnetism, Hybrid Nano System, Nano Physical, Inorganic Crystal Structural Materials Chemistry, Metallurgical Design for Material Functions,
Environmental Inorganic Materials Chemistry, Inorganic Materials for Chemical Transformation, Hard Materials.

#3% | Professors

WA Sia Takahiro YAMADA

thiE = Taku J SATO

SHRARDE. RIEEEMEMEEMRLT. METRERMEMESE. /\— FMMRAESE (B8) TERINTVWEY., SHESF T,

A4 BB Satoshi OKAMOTO

FARER AV DIRER & AR DR
Exploration of novel inorganic compounds and
development of functional materials

BET 7&K ORD Kiyoshi KANIE

PUFEEZBVEGRDREY 41 F 39 AR
Neutron scattering research on the spin dynamics in
condensed matters

188 LE Hiroshi KUMIGASHIRA

{EIBRBBNER S KO T /31 XA / BIERERARIR

MEDRIEHAZ / e R ER SR O

- Low-loss soft magnetic materials and devices

- Magnetization reversal processes of the high-
performance permanent magnets

- Ultra-high-density magnetic recording technology

iR A8 Hisanori YAMANE

HREME B S/ RF DT A X - FLRERIEREE M &\
Uy FRBEREANDER
Size- and Shape-Controlled Synthesis of Functional
Inorganic Nanoparticles and Application to Develop Self-
Organized Hybrid Materials

RS Satoshi KAMEOKA

TRESEHRICE D EBELM T/ iEIEDHRERGT
Design of novel functionalities in oxide nanostructures
based on synchrotron analysis

B% & Shu YIN

FRSTRERCEMDE M EEREERT, BT
Synthesis, structure analysis and characterization of new
multinary inorganic compounds

Y Hideki KATO

FEER - ARAEMR ORGSR

Research and development of novel metallic materials for
catalysis

EEHIZ | Visiting Professor

A BR

Kiyonori SUZUKI
AH$E | Associate Professors

%t B8 Nobuaki KIKUCHI

BREBBALA A S0 RO / B A
2T T )VEA

Magnetization dynamics in microwave
frequency / Magnetic metamaterial
technologies

HEHIE | Associate Professors

ER BF  Rayko SIMURA

FRETREBEMDER & X RS
SEAEERRAT
Synthesis and X-ray structure analysis of
new multinary metal oxides and related
materials

58T | Senior Assistant Professors

KA 3RE  Takuya HASEGAWA

B LRI I U e Re AR D
A%

Development of new photo-functional
materials based on solid-state chemistry

‘ :
Bh# | Assistant Professors

aL®EN

Keisuke ISHIGAMI

NA XTI E % B LTk AR
EMRONBIEE DR
Understanding the external field
response of permanent magnet
materials using Bayesian statistics and
machine learning

(FRIS)

AR A Hakuto SUZUKI

HIBIEHE X RHELICL 2B FMED
RN
Resonant inelastic x-ray scattering study

) of elementary excitations in quantum
materials

:él:ﬁ $9& Shunya YOSHINO

A EREER L TRV F—Z0E
FERRIRDBAZE

Development of photocatalysts for
energy conversion aiming at artificial
photosynthesis

J)—=rTOERICEB LTI v I AOBBEIGE L
B | Creation of environmental responsive functionality
of ceramics by green process

BB N Kazuhiro NAWA

PR BREL & AU T L OB R
SURHEEDFAF

Exploring new magnetic orders and
excitations using neutron scattering
technique

5287 | Senior Assistant Professors

AR IER Masaki MATSUBARA

REREERER Ty R/ RFD
A%

Development of liquid crystalline
organic-inorganic hybrid nanoparticles

Bh# | Assistant Professors

ﬁiﬁﬁ ﬁﬁi Katsuki KINJO

PEFHEAEICLDEBEILEND
REEHEICRRY 2 REBFIRE
D | Research on unique electronic
states originating from internal degrees
of freedom in intermetallic using neutron
scattering technique

B & CFt Megumi SUYAMA

BERF OB & SERAFRES
BV 5 A2 —DERLE T DHEERR
Controlled-assembly of ligand-protected
metal cluster in atomic precision and its
application

B8 #i—  Junichi TAKAHASHI

FOIRREME R DRRER & RIS
Research and characteristic evaluation
of new functional materials

?ﬁ iﬁ}ﬁ Chu-Wei Hsu

(&b n i Ny Sa ) 3
Water splitting by oxynitride
photocatalysts

KD EEABES K U/NA F X RAEBRD e HDEFEE
D B F | Development of inorganic materials aiming at
photocatalytic water splitting and biomass conversion

EFH NF  Kohei YOSHIMATSU

BmERITEROSM & BFERR
Synthesis of high-quality oxide thin-films
/ and investigation of electronic properties

BEFE {HRA Nobuhisa FUJITA

ERERIBEDRMARE AT HER
B E ZNICEDCBERESER
UMD BEER | Geometrical modeling
of quasicrystals and structure-based
studies on the stability and physical
properties of quasicrystals

AOEW  Takuya TANIGUCHI

HEERBBRROME / ALV RIGHERR
DRESHER P2 ER LR R
Magnetic domain-wall motion / Spin-
wave propagation

EB K5 Daisuke SHIGA
B/ S DMET YEHR L B RET

Synchrotron analysis of functional oxides
and synthesis of oxide nanostructures

K| RA  Ayanisa OKAWA

BIBRISHBE RV TEEE/ LIS
BRSO N0l

Development of Functional Bulk
Ceramics Using Liquid Phase Reaction
Field

27 RALKE ST ERFHRAR
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70X RV AT LITFEHFEERF] TR

Division of Process and System Engineering

ELR=

Division of Measurements

TOER YR 7 LTEMREAIE. BERST/ IT% AMERE. B4R - 7/\1 X, BEEEEM 7O MESBTOER N TUy F+/RF70 TG EREMEERZOE LT BF. PR L—T— I 70K, XiR BENEEDRLGRFPEREERWN T, # - R FARREHELE T,
TADENHFERRT HEFICTH Y REMIRZERNICEREL TCOE T, WOIFEMIE 7/ LNIVHSI VO LNIVE TEHEZER CI D ER &R SFMISMERILE. Fle. BWERROAD-ALBRESH T BREGDRETF - DFONFE. KERE, +/RERE. BERNERZE EOMRBEOHEREZRY £7.

EHTH. TOCRIFEHEETT,

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

Aiming at new high-performance materials, advanced measurements and analyses methods are developed using various particles such as electrons
and neutrons, lasers, electromagnetic waves, X-rays, and synchrotron radiation. Including interpretation of the underlying mechanisms of functioning, we
will achieve a new development of the research areas of atomic and molecular spectroscopy, surface science, interfacial nano-science, and condensed
matter physics.

4% | Professors

EE S RS Takaak TOMAI 1EE B— Shunichi SATO mE A Koji AMEZAWA
BEARGEANRLEIXVF— - MEZHRTOEXIC LW DRFERER S MEREADIGA BAA A4 =7 RICUM U RERMA TRV F—ER T
B9 9 B gL Exploration of new features of light and its application to INA ZDFAZE

Advanced process for energy/materials conversion using
supercritical fluids

materials science

Development of environmentally-friendly energy-
conversion devices based on solid state ionics

H®EE Hiroshi NOGAMI SEl Hiroyuki SHIBATA R JZB] RS Awsushi MURAMATSU
RIGENHZEFICED  EHNHEM T O RORH Bt H LU LBOEREFE BRI DS/ HFERE YA X - FZREDFREETIE

Development of Novel Material Production Processes

ZEBHH | Visiting Professor

SIS Ak

Kazuo TERASHIMA

#HI% | Associate Professors

INE FRT vuichi kozZAWA

1B LIt nRih L ISA
Development and application of
structured light

Bk T sonei sukenaca
T A BIERERMES LUHS A0
EEHIMEE & HiEE

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

58EM | Senior Assistant Professors

%iﬁ %DE Kazuyuki IWASE

FORT / MRETE & BRARGEIS AR Y
SR

Development of novel nanomaterials
and application to electrocatalysis

Bh# | Assistant Professors

J:*Z *E% Yuuki UESUGI

HICE BBEFE— LHIEEDRR
Development of electron beam
controlling technique by light

Bi# | SAKURA 7OV b

3 #ETH Ayano TANABE

High temperature properties of oxides and metals

A ERB] Takashi NAKAMURA

IXIVF—T I\ ZBMROBEEERIR
B ORRBE

Elucidation of the electrochemical
properties of energy conversion devices

AH B vuakvura

SBICE D TRIVF - BTN
AR ORI
Tuning the properties of the materials for
the energy storage/conversion devices
with an external field

Fusae KANEKO

Highly functional nanoparticle synthesis with precisely
controlled size and shape

BEH BB shungonaTsul

BRILHHEZRE LIRBOBRONF
YRR

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

}*L[ﬁ] 1$5¥ Nobuhiro MARUOKA

BR7AOCAERBE T R/HAAES R
T DB

Development of sustainable system
based on the high temperature process

BH &x

Tomomi MASUI

##% | Professors

BE K Atsushi MOMOSE

i = oo Taku SATO (¢)

I Hiroshi JINNAI

XARAIAEA X —2 > JFEDRA

Development of X-ray phase imaging

KA A SRS wataru YASHIRO

BFE— LREBE BV ABEIERTE
Structural science of materials using quantum beam
experiments

B Bl Shigefusa F. CHICHIBU

BFRINET I T4 ZBBWEY 7 MR T U T IVOREEE
XEfRART | Analysis of nano-structures in soft materials by
electron tomography

EIE FE SRS viykio TAKAHASHI

BFE— LA ATV TEDRR
Development of quantum beam imaging methods

4E)1] ET) SRS Tadashi ABUKAWA

TA RN RF vy THERE T/ HBIERI B & BRI 22
R EEANRY FOXOE—| Exploration of wide bandgap
group Ill-nitride and group ll-oxide semiconductor
quantum structures and spatio-time-resolved
spectroscopy

R A Kenji TSUDA

‘;ﬂgﬂiﬁo):l E—LY b XIRAA—I Y TEDBRLEZD
Yz

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

FH ES Masami TERAUCHI

REEERITE F 1+ 20 AFHAICE D < HilseRmD
Bl | Research of new functional surfaces by analyzing
structure and dynamics

K Fah Tadahiro KOMEDA

URREFEWIEIC K 2 EATEREE - BERT Vv

DIRERATEDRER LIS | Development of local crystal
structure and electrostatic potential analysis and its
applications

= S SRS Masaki TAKATA

B—3FDALYBHEEZ BT/ \1 XFHE
Development of Devices using Single Molecule Spin
Degree of Freedom

HHR | Associate Professors

B &3 Yoshichika SEKI

PIETF - X SRAABSTRLE DR
Development of phase measurement
with neutron and X-ray

(SRIS)
TEH 50E  Kozo SHINODA

2 - JESKREE T O v ABEE R DTER
BIRMBPTEIERRT &L FIRAEST
Element selective characterization
of local structure and chemical state
in materials related to ferrous and
nonferrous smelting processes

(SRIS)

IB X Takeo EaMA

X ARBRISEMUE DRIFE & Z DAY
£y

Development of Soft X-ray Correlation

Spectromicroscopy applying to Bio-cells

§8EM | Senior Assistant Professors

%Iﬂ %Q Tsuyoshi TAKAOKA

EWAREICE IS B0 FDOZEEIE DR
Exploration of mechanism of molecular
motion on solid surfaces

=H EHHR  Tomohiro MIVATA

BENEFEMEEZ BV cRD FE
DRF O RRERRM

Atomic-scale analysis of polymeric
materials using transmission electron
microscopy

)| KBH  Daisuke MORIKAWA

AD-STEMEIC L 2 fERRE - +/ F
AAVBEDRFREE BBRT
v )LD FEEHT | Local structure and
electrostatic potential analysis of crystal
interface and nanodomain structures
using 4D-STEM

Fakruddin Shahed

2FMLED 77 ERW R RFEEE
FET lc & 1L FTE% 559 2 FET DF L&
VH—DBREFNT U - RFERE
FET $514 571f | Development of MoS2-
based FET sensor for the detection of
molecular species

BHAICEZ2MEDBFREL NIV TOARILIEE
£ % D # F£ | Development of Materials Structural
Visualization Science via Synchrotron Radiation

(SRIS)
1A = Susumu YAMAMOTO

Y X8 A RS > REHRIC & B it
KRERFORME
Catalytic surface science opened by
synchrotron radiation X-ray operando
measurements

(SRIS)

E I At

Taiki HOSHINO

JbE—L Y b XRBELFEICE DT
& NI—RDAAF 7 BT
Dynamical analysis of non-equilibrium
and heterogeneous systems by coherent
X-ray scattering technique

586 | Senior Assistant Professors

FUFE BABE  Hionori MARUBAYASHI

BT IAR; i’éﬁﬁb‘f;‘%a‘%‘l&nﬁ%@ﬂ%
B&ELAM1FTIUR

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

BI# | Assistant Professors

fl\ Ryosuke UEDA

rH

ot

XARA A= T HEDBEREROIGH
Development and application of X-ray
imaging

57@ Bj%:].:- Xiaoyu LIANG

4D XA A =DV TV AT LDRE
Development of 4D x-ray imaging
system

A BF|  Takatoshi MATSUMOTO

In silico |2 & BRRAE - EIRIRMTE AR
HEHREDOREHF

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

(SRIS)
qg%ﬁ & Tadashi HATANO

PXIRSEERR I 5 — DRFE
Development of soft X-ray multilayer
imaging mirrors

BFERMEE AU S - BRI
Electron crystallography and spectroscopy by electron
microscope

FEHIF | Visiting Professor
*’%Eﬁ 1% Tamotsu HASHIZUME

I8 #5 Kohei SHIMA

TA RNy FF vy THEGERN R
WNENETF T/ \1 ADRIF
Development of high-efficiency
optoelectronic devices using wide
bandgap semiconductors

kB BT voheisaTO

BFF/TO—JERWF/ITIT
VBRI

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

FRAE FEABR  zentaro AKASE

BFREAOYZ 7 —HBLU0O—L Y
BEWEAIC L BT/ R — IVEREFEHR
DEEL

Advanced electron holography and
Lorentz microscopy for nanoscale
electromagnetic field measurements

IJ-I$ n¥n Hajime YAMAMOTO

HREGERBMFREBFE—LE
FWTABE IR

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

(SRIS)
BE X Nozomu ISHIGURO

ﬁ ﬁﬂli‘fz‘s‘fﬁﬂhct%% EMEMRIOEFE

Chemical state visualization of functional
materials by advanced synchrotron
radiation measurements

JE*E)% /J“Z Yasuyuki SAINOO

BEETAEIC K DREMBRRICE D
RENDICEDRFE

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

RILKRTE S ER TR
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EBER/OLAARELY Z—

Center for Mineral Processing and Metallurgy

ERERTOLA LY 2—ld SRORIL - MERTOLRAZEFELHE LT BEEMERLTOLR BRRTOLR BRER MEBTOLX, HHdhL7OER %

LITH LT HREBEZZ RO - MERDIEZBAEL. HFLLEREE

ACADKRKZERLET,

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

enzyme mechanisms of physiolodical significance.

B Professors

*EIJ-I T@Z Hiroyuki FUKUYAMA

B % Shigeru UEDA

ﬂﬂﬁﬂ ﬂ'@ Junya KANO

BB RIS AUV TCHBEM R ORISR & SIS RIE DR
]

High-temperature processes and measurements of

BREM 7O

High temperature material processing

R T O ZADRIRE Y S 2 L—Ya vtk
70t XDRiEL
Development of New Functional Powder Processing and

materials Optimum Design of Powder Processing by Numerical
Simulation

HE & Akira KIRISHIMA NGRS Itaru HONMA S PRER Etsuro SHIBATA

IR A 7LDy Y T FIEEELIUNORMES F/TV/ AV SRR T Oy v T &R RN ETEBR L LSBERBERY AT LOWEE

G LT AR VRO RESH Establishment of Metal Resources Circulation System

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

MR EX Takahisa OMATA

Ff T RIVF—FR ORI

Development of inorganic energy materials

HEHI® | Associate Professors

j(}% Eﬁk Makoto OHTSUKA

SRR OREE L EHART N
A ADBIFE

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

j(ﬁ EZ Saneyuki OHNO

SeIREREMRIFRR & 2EIR B
Development of advanced functional
materials and all solid state battery

58T | Senior Assistant Professors

ﬁ'i% .I-.E% Masayoshi ADACHI

BALT IV 0 LBEROFIRRERE
TEDRFE

Development of novel liquid phase
growth method for aluminum nitride
single crystal

Bh# | Assistant Professors

BE BE  shingoISHHARA

HWFEYI1L—Y 3 VICKBHRDE
TV ERET O R
Modeling and Simulation of Particle
Breakage and Design of Powder
Processing

ﬁﬁ *iz Moriyuki KANNO

F/TY/OY— EkEEEERR T O
yvy

Nanotechnology and advanced

j functional materials processing

ANT— ZF+ Nithya HELLAR

MRI/NMR |Z & % B OREHT
Application of MRI/NMR to Battery
Materials

Bh#R | SAKURA 7OV 7 b

ﬁ ﬁi& Honami HANABUSA

Nanotechnology, advanced functional materials
processing, and next-generation secondary battery

! T8 HET vasanio uchikosh
IR ED LT IRk B RR

EOYE LR

Novel non-ferrous metallurgy based on

the technology of ultrahigh purification

Ak EM Miwa MURAKAMI

BRI AL NMR ICK B 1 F VRER
[2): 2

| Application of high-resolution solid-state
| NMR to ion-conduction materials

ﬁ%* _% Issei SUZUKI

BEALH - FIVAT A REEEO TRV
F—I5A

“ Application of oxide and chalcogenide
semiconductors to energy harvesting
devices

R/:t..:\zk ﬁ Kizuku KUSHIMOTO

SEHAR—IV 2 VBRI F DEE S K U
BEREHD 2L -3y
Simulation for analyzing dynamic and
breakage behaviors of particles in wet
ball milling

EE ﬁ Ken ADACHI

N FL— AV AR - BRMERICELT
3&BNEXULSF

Electrochemistry of metals in hydrate-
melts and molten salts

Based on Nonferrous Smelting Industry

BH T chikatakal
HFOMIERET S R LS KUTHBF A
(] v

Structural Design, Functionalization, and

J Evaluation of Particles

*kLU *Eﬁ Daisuke AKIYAMA

BEEF—RFNREBAFRICLVELK
RLT T DAL - AN ODERZE

Study on Fuel Debris Disposal at
Fukushima Daiichi Nuclear Power
Station

L F8Z Tomoyuki YAMASAK
KE(AARDEF 7/ \1 RISHA

Application of hydride materials to
electronic devices

RFUT IV - FHRNA Ty R 8 —

Materials-Measurement Hybrid Research Center

RTUTIV - FHRINA Ty R 2 —TlE. B9

BRUSOMRBR - - X ERICEE LIFBEITUT)

F - N\ Ty SR ORIRKRUTSRERZERIRF &
EFZRRL. RRESDER(LICEMLET,

IZEDNAT )y FEHERRIC K HEEL.

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

##% | Professors

B E2 Masahiko TAKAHASHI

AR JEE0 AMR)  Tomohiro NISHIHARA

T BT Tomoyuki AKUTAGAWA

BFERE BV BNE LTS FRIZ
Molecular science using electron collisions from the static
to the timeresolved regime

Rl B Masaru NAKAGAWA

REFRINA TV v R OFRER S ISR
Development of carbon-based hybrid materials and their
applications

TH B Hitoshi KASAI

SEREMEET 2 LV D FEEHOAIR
Fabrication of new molecular-assemblies with multi-
functional properties

FI/AVTIUE - T4 A MREMBIRICK 2BR S
/IR - BEOMMES - TOE RS

Material chemistry and process science for ultimate nano-
figuration based on development of nanoimprint and
alignment technologies

R | Associate Professors

Be A Noboru WATANABE
BFRAANEBHTARTEDO
3R

Investigation of electronic motions in
molecules using electron scattering
spectroscopya

#8Ef | Senior Assistant Professors

*ELL] Eg& Mao FUKUYAMA

RA7OA— MUY A ZDOREEFIAL
THBDCFIRIEDRF

Interface chemistry in micrometer scale
for the miniaturization of analytical
systems

Bh# | Assistant Professors

BB B/ vuuki oniTsuka

BFIV T b VEEEBVIALERISS
A+ I ZDHE

Dynamics study on chemical reactions
using electron Compton scattering

Hirotaka NAKATSUJI

A—RVRMBEDOTA 00O - ./ 1BED
FIHEZDINA AT )T IVISA
Bio application of micro-nano structure
controlled carbon-based materials

/\B§ BE  voshitaka KOSEKI
HA S/ RFOAREFREZ Y IT
N =2 R T LD

Creation of nano drugs toward novel
drug delivery system

RS/ R DRI

Creation of new generation nano-drugs

Y] Bt tomoya OSHIKIRI

WHBINTIC K > TR L 7/ 185 DR

5% AUV R E R RIS ORIR

q Creation of photochemical reaction field
s | by controlled/modulated near-field on

metallic nanostructures.

E jd[\ﬁ Masao GEN

I7aYVIVOSURREICEIT B
Quantitative understanding of aerosol-
climate interactions

H:II%: % Shun DEKURA

AR A MR DR L IERR
Development of functional organic
materials and exploration of physical
properties

AR BER Ry suzuk

EYRRBEHBRDOT /Tl km
ARl

Functionalization of Natural Pigments
from Organisms by Formation of
Nanoparticles

EFH XBE  Takeharu YosHII
H—RU R EFHRIDOREZE

Interdisciplinary study of carbon-based
materials and measurement

¥R BIE  Hiromasa NINOMI

F /BSOS BE L e B oA/
1L & ISR DBAFE

| Control of self-assembly and
development of physical property
measurement technique using near-field
on nanostructures.

EHE BE  Toshihiko ARITA

MFHEESEICLDMELTZ—D
TEREBDFMEDWR

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

31 RALKE ST ERFHRAR
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Collaborative Research Division of Non-ferrous Metallurgy
and Environmental Science

BENH - F—-U—F

JRkE BRI HHILLBNTF BRI

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

FRHAERT -

- B - BERENORRNEBRICE D 7Ot 2ADEMEl
* ERAERAN SRR M DORFE

- RS BRBIC ST DERNANT T — 2 DR LT

- EROERMERER CBRMEMR O

» 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

Bl Ee s &o

Hiroyuki Fukuyama, Professor(C)

R 2R g8 (D)

Atsushi MURAMATSU, Professor(C)

e S mis D

Hiroyuki SHIBATA, Professor(C)

FTibk FET sy

Masahito UCHIKOSHI, Associate Professor

masahito.uchikoshi.b5@tohoku.ac.jp

b T SRR ED LIS R
BUREDYE HFIRER

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

INER (B— ez

Shuichi OGASAWARA, Visiting Professor

IHRBBR DR ENFERD I

HREBDETHL2ERIEMDLEMEDHITIE. HBEXDR
ENEREHVLEENT Y, BRREREIT. BRERSZLLNT LM
A EFEDIHADHELY. EENFHRFOBLEE. BLOIKRIC
E5ENTVET, A, FEin 8. 7IVIZU L BERBELED
FEICED S IR BEBENFHRNICRET 2ol
1. SRR UE LA S DF e Bk DIElL
2RI vy aviteBiELICRREHERENZERT ek

RIFHE
3. RIBRIAD 5 DAEHERE DR AT DFHFE
ZEDRERRDBECTH Y. ZDIDDAMBEREXRDEEE Ao

AHFAREFIS 2023 FENSE"HEZDZ. 2BER/AL
AHRL Y Z—LOBEGHOBFROE & FFRSBREHIIEA S
REMRZENET HARZHROMICHER. AREZELILHRAL
KEE - KEREDKRBNEB ICKDAMEN. FFRSBREER
EDEHEICKLDEXRDREZRY) T

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 practical minded

education and stimulation of non-ferrous metallurgical industry

collaborating with industrial society.
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Fig. New speciation mechanism of chromium aqua and chloro
complexes dissolving into aqueous solution.
[M.Uchikoshi et al., RSC Advances, 12 (2022), 32722-32736]

BT Ot AR ERFEN (JFE XF—)b ) HERAZEERF]

Collaborative Research Division of Advanced Analysis of Iron and

Steelmaking Processes (JFE steel Corporation)

EMNE - F—7—F
BHTOVR /BEETIV/ TOV AR/ BERETOER

Iron and steelmaking / Mathematical Modeling / Process Simulation / Ultra-low
Carbon Processes

FHEMET—X

- IRMERRMEE T O AT DR

- FIEE T O ARICH VT B S IERB DEREVEEA

- WH T O AROH - YERS) & RSOOSR
cBIFOBESFEYI 1L —2—DFRE

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

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

+ Development of advanced process simulator of ironmaking blast furnace

B E s D

Hiroshi NOGAMI, Professor(C)

nogami@tohoku.ac.jp

BEH BB axim &0

Shungo NATSUI, Associate Professor(C)

Siahaan Andrey Stephan Bh#%

Andrey Stephan SIAHAAN, Assistant Professor

DFAF
Development and analysis of
advanced ironmaking processes

BIZET % RS T Ot 2 &7 ORI

BRI - R IEEBEA @ T

NEHEOERME Th 2# A EET 5 70 XADEREL
& ERAHLDERBRDBEETY ., COREERD=HITIE. XK
D7 OX AMEREICNA TRREMITE S NE WESEDRR
DRETY, ZOEDHITEFBRNENZ IO ARBICMATIO
T RAAD RSP ER T )L F — DHEHE L EUAER D:EEPIIED
I & WD e B HENE T O RO ECAREINTT,

AHFEAZREFIE. REBOEBRET UV IV BLUTOLRER
WOEMERWT, B 7Ot XARADIIVF I —X - TILFT
ATV IR RIVFRT—ILDLE - YRR OBEAEEC T,
BERES TR ORRZEELE T,

iron slag gas velocity

OA— Y AFVEBADAL - BRIR S Y - ARDTRENET

Toward Highly Efficient and Environmentally
Low Impact Iron and Steelmaking Processes

Mitigation of carbon usage in the iron and steelmaking
processes that provide vast steel products as base material
of our society is one of the most urgent and world-wide
concerns. For its solution, development of novel ironmaking
process as well as the efficiency improvement of current
process is required. To realize the low carbon ironmaking
processes, not only thermodynamic process principle but
also sophisticated/advanced process control technologies
from the viewpoint of dynamics/kinetics are indispensable.
This collaborative research division aims to realize novel
ironmaking technology with ultra-low environmental impact
through multi-phase, multi-physics and multi-scale process
simulation.

Flow path analysis in packed bed
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TIt)7 )l/7§‘><$:||§jt—7—
AR TH

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

RUBRZEFR

RIEREF

SRR T L B ST ER P

Collaborative Research Division of Advanced Electron Microscopy

ERINE - F—TU—F BN - F-U—F

FAN EC s @0

kazuya.hayashibe.a3@tohoku.ac.jp masaru.nakagawa.c5@tohoku.ac.jp

fir. BRERGT + A F— FAETIN\A A0OEMZER L. BRGEE
PEUI VIR LHET BT A P ADHITELNT, £EBETN
TORWDEEP CNE TITAEVKETORRI - ®fn - V) 1—-2 3>
DRI DD 2 EFRNGHERR T - DRREHEETTS

(2) AMBR
74 b2 ADHICBEWTRERZIES AMEERT 2

Outline of activity

< V7T TV T VRS ETFIEMBE RO
© 951 A BFBEHBEIIET BB 1R B e e
« IRIVF—DREMOBER L Yohei SATO,

Associate Professor(C)

AR SLEE smem e

Hironori MARUBAYASHI,
Senior Assistant Professor(C)

BN ERE =ams
Toshiaki HAYAKAWA,
Visiting Professor

TRE B— wiopms
Yuichi AKAGE,
Specially Appointed

Associate Professor
. ! . . - =+ 3
1) Pursu!t_and expansion of joint resgarch sub]_ects ) ) o Iﬁﬂ /ﬁ l%l:li LB
By utilizing our mass production imprint technology using high-precision

microstructure roll together with high-sensitivity photodiode optical devices, we will Yuina KOKAI, -
explore new technologies, products, and solutions in photonics field such as high- Specially Appointed
speed optical communications and sensing that will lead to creation of new business Assistant Professor
area at unprecedented levels.

(2) Human resource development

/X-I—H-,TJCEE EW%%}&?;HE%% :Il‘:ldeu\;\;lrll/ :Z;ije.lop personnel that can play central roles in the new era in photonics

BFEMEIE. T V7V TINA ZABRODEF L FIAB EFBEWEHRORE - £EZT > CVSHATFHRARTEH
ENBRFTEL RUR—RAEBEEHIBEITUT ﬁb REDHIFRE & CEORMEDHBICL Y, Hh3T
IWABAOLEAHYBRSN, HikhBFEMBRITHNG AT UTIVA/N— 3 VEIET 35 BFEERERTE LT TIRITIVAR BRED 3> [Value Matters S TEAH 2fe

TIA/R=Y 3 Ve o TETETEEE BT B, HANFETHT L ZEET. LOE. WRADEEICEHLOE.) OLE, BT D, FEHH,
e e e SN EBAEEPHORE - B35 - BAE TG 54 —H—T,
ASFEFRHACH IS, AFOBTRAGHI > — X% H MM TORERE LCRBOO—1L o O— LB ER LTHY

% g V7 RRTUTIVEFEREE 05 A BFEMEE BFTRUF—R%K  pasami TERAUCHI, Professor(C) o K NER ARSI IY YA~y g éﬂi\
B & DI EXERFSEDH . Photonics / information /” meta-sensing / solution & ; 2 [E
s i i i 7= : S
Eﬁ % Electron microscopy for polymer materials ,/* Cryogenic electron microscopy masami.terauchi.c4@tohoku.ac.jp IS **':'B *D%— RrE#O I:FU I I H% HiE GRE) %_ Eﬂi
TR Electron energy-loss spectroscopy / Soft X-ray emission spectrosco = NV &7 = Kazuya HAYASHIBE, Masaru NAKAGAWA, 3 7L
B2 . . o P Py Y P P BEW /%E.l % GRD) 7k)E' IjJ/I:I B D) (1) HERZET —< DER S AR Specially Appointed Professor Professor(C) o=l
P98 FEWRT - Hiroshi JINNAI, Professor(C) Koji YONEKURA, Professor(C) BEEEE LTS SBESKEEE Rl NERN A YT M BEREEEE BHHREAE 2 P
g g
o 9
< =
) E
- g

« Development of a new electron microscopy for polymer materials
- Improvement of cryogenic electron microscopy for materials application

A
+ Improvement of EELS and SXES methods 7= | j($$ B# Gt

Daisuke MORIKAWA,
Assistant Professor(C)

=HER v @0

Tomohiro MIYATA,
Assistant Professor(C)

FEENFROE Y B IERRHERDRIRICEIYT 5 REAHARDERH

Ffo. BENERERRT —< ORK EAEOIEHEEL T,
BEEIBIE - RRTRLF—ICEDEBERHAMEEE L,
FRAREES NHOERERELE T

B SIFHELDHY - FEdt
BESIH N EHF - gt

yoseasay sfelsrew-olg pue -ojuehiQ Jo uoising

yoseasay sfeusrew-olg pue -oiuehiQ Jo uoIsinig

ij—o / - N / \ \
WA B4 HAIFRR T FOEUFIVX (%) REXF
FoETIVAY IV—THET B HEREER\ORR BHRENT - 754 X Ml

X%&3> bO—-IV9 B8

O-Jb to O—-)LANTD
122V MEER - J67 )\ Akl

BT C o 2 MMM TR P+ E
TR, REXENMRET 2515
EEHAL MEmMIERT -+ /LA
IVTDES - BEILOZE N ZEHE

Y BHRARERE(CLZTILALTD
RIEBEESR I - BRI

. . . N TS A&
Developments of new electron microscopy techniques for soft-materials PHITIER

;2 bEIHRT — < DRRICEY 8 (AR ;|
;{?7%1 = Structural and spectroscopic analyses based on Electron microscopy &9, TLT, oT HREXASERE Q‘ gfﬁ
P electron microscopy (EM) are critical technologies for soft materials FBEPHEL YV ITHEDT + b =4
Ejié not only for inorganic materials but also for novel ZUARFICEWNT. *TEF;%?EL*TL X a § @D}
?ZT'Z 2 polymeric and bio-related materials (hereafter called Structure analysis o Tb‘ﬁb‘fﬁ_\ﬁf\?gﬂf?‘h JL:VK’% e S 3 i’li
F‘Iﬁ 5 "soft-materials") at a high spatial resolution. To clarify for biomaterials é; TOFEM - #@H -V Va1—r3> n‘: ) 5 F‘ﬂ

= the functional mechanisms of the soft-materials from - DEIHZBELTVET, BT USIIA Crsmessrs-am) Lt~ DT FLAREDR 4 36 /4> TS MRS 5

Py the atomic-scale, further developments of instrumental ' 20223 £ 2HEUPIIN— i b

é and analytical techniques using EM are required. ? N : AN < / é

This collaborative division with JEOL develops such
next-generation EM techniques suitable for soft-

Carry out next-generation research to realize our near-future society composed of photonics
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materials, made public to the academic and industrial
communities in the future.

<> «
-

QQ Electron spectroscopy

-

Energy Loss (V)

©2% 0 02% 05 075 10 125 15
Momentum transfer (A-")

Development of novel (analytical) techniques for soft-materials
using next-generation electron microscopy.

and information.

Dexerials Corporation is a manufacturer providing functional
materials for use in smartphones, automobiles and other
domains in accordance with its corporate vision, Value Matters -
Unprecedented innovation, unprecedented value.

This Research Center will have an operating structure under
which highly skilled specialists from both parties will work
together to further step up academic-industrial collaboration
and expand joint studies. Tohoku University owns science and
technology in new materials, high precision measurement,
ultra-fine processing and bonding and stacking at atomic and
nanometer levels, while Dexerials Group holds technologies
in materials, micro-nano fabrication and other processing and
optical semiconductors. Based on these technologies, we will
aim to create new technologies, products and solutions in the
field of photonics at unprecedented levels in unexplored areas.

In addition, we will accelerate development of personnel that

can play central roles in the new era in these fields.
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Synthesis of Organic Functional Molecules Functional Photochemistry and Chemical Biology

Fumi NAGATSUGI Lab - Takehiko WADA Lab

EINE - F—T—F 7T<:k e \ BN - F-U—F *DEE' @% wiz

{E g BCFRITGE AT /7 0R ) > 7H]/ Heelt RNA Fumi NAGATSUGI, Professor . TIRVNAFOT - REER S NERIBISE IS T R IREAZER & TEF Takehiko WADA, Professor 2 ;i'i
@] % control of the gene expression / intelligent artificial nucleic acid ) A A Chemical Biology ./ Oligonucleotide Therapeutics /~ External Function Controllable ) B % [
%f %_ cross-linking agents ./ non-coding RNA fumi.nagatsugi.b8@tohoku.ac.jp Material /~ Analysis and Utilization of the Photo Excited State takehiko.wada.d3@tohoku.ac jp %. g{i,
0 2 o IR FOSE o - K 1R s » 2R
P9 § EBERRT—X Kazumitsu ONIZUKA, Assosiate Professor FEMRT—< Yasuyuki ARAKI, Assosiate Professor § P9

S - #ABAN T OB F RIS EE Bis L BBRICHERE DRF = BRNEAEAIZR RNA YT GRS 5B TR EED RIS _ s

o BEEREEICRATHATHTFOME R F5hd s - EEIEIROEN RN THE DO AN {ZF e sakura) o

& - RNA Z428y & LT3R by — IV DRE% Hidenori OKAMURA, Assistant Professor = AR EINER S X T LODFEH Satoko SUZUKI, Assistant Professor &

3 - EEIZN E LTIe D FERAEICE D CHRBMEA TS TORE s ERBDFEARFRISE L T DB FAFREZORBE 3

TINAR ERLT77 TTTIVINT A o SERRRAESIEIE S < SRMRAF S AT BE HEE B

Ahmed Mostafa Abdelhady, Assistant Professor = Development of artificial nucleic acids with highly efficient target RNA cleavage activities

= Development of cancer cell-specific artificial nucleic acids medicines

= Development of cancer cell-specific drug delivery systems

= Constraction of Supramolecular asymmetric photochirogenesis utilizing biopolymers as chiral
reaction media

= Development of novel circularly polarized luminescent (CPL) organic materials based on
photoexcited state control

- 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

B o — N p o - N . vy -
0 EETEEOMENHEERELLT SV (4O EEFERERORR 3
% g 5/ LRIFAMET L. RRICEBEE LTRRENSEETIE TNJA (J - ent&EERE D T 3REER & HITHEEE DIRER - JehhETIRAEARRA & TR a %
DI;L % HIH 2%DHTH Y. Fx' D 98% IE5 \//{;7%%]_ FLZRLN &j- s ; S ‘c;': LHZRETlE. DNAP®RNA G EDIKEEZ L TR VNV B E O peptide Ribonucleic Acid (PRNA) % %EI-
ah] noncodingRNA(NCRNA) & L CEMIREDMERFREIICIRS TER ‘\J ‘ 2 EFERAFO. RERAVTUI TV MRS/ NAABBEEN oo X e 2
Gz BEEELTOBTEARSHLEOTETLET, TNEOE _,ﬂ B DEMEBIEL. RENHE - OREMBAFNTREFALL | Ww A 2 2
R § CFRERGEEBICSIT WA, RLGERIORRAICES T \ HeE / MR A RIS A LT UWE T, FIZ L. B H:?-"HGH . - é =
Fis EHS. FIGRAIEENLE LTOBRBEEE>TVET, kb k DIER TR R RS OBESICSE L. FEEBETILE i s M
7 @Eﬂ%ﬁf“‘i\ AN CRETRREHE T SREED T ERE neRA FERARE LGRS - ROGEMIOBAERE & BIBEERR  wors s roctve ofgonucioatds Trss 3
C |oBEh- Bl BEODF TRTERL MR R OAL RO AT SR DRAENLS T A TREEEOMEY, + X5 ANTHEE 2T ERNT (o - :
NFORREBRICHRETOTCVET, BURBEOWRET  — mgaﬁsmaﬂﬁ‘“sﬁ T BRESSHTF }— RNaseH % & LIZ8) RNA D= tIEikaez 5 L A DA duplex RNA PRNA .
TR IS ORBERL LT, BBEFINLEY RS> b N r( h B TRBEROR - SR, 7 L CH - BB TOE = % E P
o PRRECREPRTSA\IEEEREL. DERYSRETIR h? e OO ERICIUEA TOET, & 5ICEEHTORMBRERRI LD o 2 ]
;?‘i%‘ S $|J1EI]LL55§ID L/Tb\ia—" Lk?_fL‘ TE{?¥§:§EET§EE*%HE?%E C‘ 0 < %ﬁ*ﬁﬁ”ﬁj‘ﬂ%%ﬁ*&*ﬁﬂﬁﬁﬁ‘l’?a%H%?&K % L—CQ i \7 gtﬁ |Effective Oligonucleotide Therapeutics Function | E ;?‘%‘
po  TCEHIDOTERBEBIREICERT 50T ORI /o oy EHEES FERERISHE L OERT 2 REBNLES TIH N 2
i ALTLET, JiE ISLIRAEIEALITORRZREL oo (éf \ s~ctmoncki ] REISREG L7, BMEED MBS, 7L Ty 25
s CHRETOTLET, b o o HE CIELVHRERELTVET, e
26 < L = &
Fig : . : T 3 P
g C(_)_nstr_uctlon of molecula_r systems to control biological functions and elucidation and g
% Development of |nte”igent Molecules for the Cross-linking to target Alkylation to G4 utilization of the phOtO'eXC”:ed states %
g Regulation of Gene Expression in Cells RNA Wada Laboratory aims to utilize biopolymers such as photoreaction systems using proteins and other S
Our research activities have focused on the creation nucleic acids and proteins as next-generation intelligent biopolymers as chiral reaction media for the trying to
nano-biofunctional materials through rational design, realize of a sustainable society.

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

synthesis, and physicochemical methods to evaluate
their function. For example, 1. Design and synthesis of
cancer cell-selective artificial nucleic acid therapeutics
that respond to the specific environment of ischemic
cells such as cancer cells and cerebral infarction cells
and suppress side effects on normal cells, 2. design and
synthesis of chimeric artificial nucleic acid therapeutics
that efficiently and catalytically cleave target RNA
with RNaseH and demonstrate the efficacy of the
concept at cell and animal levels have been conducted.
Furthermore, we have been working in a wide range

G-quartet(G4) DNA .
g”’?u:l” -2CI Ag,d,¢,l = con:
58 ‘ 1
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expanded to "In Cell Chemistry” in future. % d‘N of fields from organic chemistry to physical chemistry . . AS o ——b
Az and biochemistry, including the design and synthesis of e oo S A e e o 17 .
©. _ HN/\/O\/\O/\/HEJ novel circularly polarized luminescent organic materials Wavelength/nm masion oo s s e 10 nd
$ e _,}"H ..... RNA py based on the eluc_idation of the photoexcited state_s, Fig2 MEH CTHEL ERE - BREIMOET 2 CD AITLEE
NI and the construction of supramolecular asymmetric
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Biomolecular Structure Cell Functional Molecular Chemistry

Kenji INABA Lab Shin MIZUKAMI Lab

JAN: - R R YN, EMNE - F—T7—F N
HFIHF - F—7—F iy e K i iz

:/EI‘: g X iRfE S ERRT MRER I 2 N\ HEREER L Py IR/ Kenji INABA, Professor ,\471—4 g _:)’7‘/§%jn_j/%%ﬁgﬁﬁ;/§eglﬁ . . . Shin MIZUKAMI, Professor g :’E":
B ‘gr’ BV I LAF . bioimaging / fluorescent probe ,/ photofunctional molecule / protein engineering — - . %’ |
E.}i %_ X-ray crystal structure analysis / cellular homeostasis ,/ protein quality control kenji.inaba.al@tohoku.ac.jp shin.mizukami.a6@tohoku.ac.jp %_ Eﬁ
7L o redox / calcium ion N . FRRZE S — = 3 7L
2 2 FI8 I s SRRl NAIER BT B 2 &8
9 § THEAET—< Hiroshi KADOKURA, Assosiate Professor . ;ggégzﬁggzitg;ﬁégg%J STFINA Ty RO Toshiyuki KOWADA, Assistant Professor § Fg

S ~ /N c i S Z > N * IR FARBAD — /N J\ 1)y RAAEL RS 5

g - AV EREEBICED B I RIVT « MEATA - BRR Y ~T— 4 O, S it - 5

o (e, A R . TEER R mh  HERNTEES FEME RIS BRITOME EIE —F gy s

. e N, o — AT sl ) ) <

21 BSR4 R A SRS CEh B R S Y R — 2 — DI, e Satoshi WATANABE, Assistant Professor - BIEE L — U BRI B B R B RO Ippei TAKASHIMA, Assistant Professor )

S F. SERsE - EERMSAEDMERR & TR AEE E R E ORI ]

. . . ) o 95/5\ 161( Bh# + Development of fluorescent sensor for imaging biological activity
' Structgre, mechanism, and phy5|olog|cal fur?cuon (_)f the protein disulfide bond Yuta AMAGAI, Assistant Professor - Development of protein-small molecule hybrid materials to investigate diseases and
formation/cleavage network involved in protein quality control biology

« Structure, mechanism, and physiological function of membrane transporters

) - } L + Development of technology to control biomolecular activity by light
involved in the metal ion homeostasis in cells

+ Development of light resistant fluorophores for strong laser-based microscopy
+ Elucidation of enzyme function and development of new functional proteins

52 28
®e sy — SR e v g it
Ld  SERERMHEROMAITEEL AL E DT LAV TRERNT R IcE OV T RRIRAE DRI R £ FE S
6‘E§ - e . e < LEAB I CEERATIE. ERE - &% - BEEDRA RERIE T ZRAR LE T, BAENICIE. BREEDHERR > § iy
S iy iy KARATHVEEEBLASSBELTVET, Tho0E 7 IVEES L 04 ARIEEERIICRET 23470~ B
o 2 b SR TR B 0 A TR & RS - BHELY ) _ HHFOADEEERBT BICIE. MOEFDFLOMEME P ABFICL > TREOUIMIREERLES I FRT T/ — o B
li?ﬁ g . *ﬁiﬁf#ﬂ—? . fE'ﬂf,?'u; . 7°|:| FAZHZ - %EH@E#%?E’\J%E%% XS S s AT a [o— ﬁﬁb‘{%thfﬂkﬁ?\\ ?tb%i%fcﬂk%f%h5®¥@ * *% o l"ft’é’#ﬂ < JAboOzZY 71[2@#@%%@7’:@?%%&@145 g %‘E
Fi § EEL. BB 2T EABIELTVET, SIcsif. b MaBED o = - BEEERIDHILHEETT., SMRETIE. BRILE - B DIERRIERMORREE EZITVET, INSOREEEDF § F9

2 INEHKIE BB 2T A Y OBLETEN LRy kT—5 &5 et _ <2 : ﬁ?{t? . EEIE{ti%wﬁﬁitzgﬁb\f%ﬁ?”cl’;%ﬁ‘é’r&ﬁ? HEEAEMERERMAHFEDES T LITKY . EEFIRREIC 2

% W g A DT A REE T B 5> R A— & — : = rall | EEET - AR L. NG EERWERD FORIR LR P B BELRDFORBEDREMBOKRBIBY T, g

ICESZHCIEMRZEBALTVE T, AARREZERTI AT
Loy, ERATERT 5327+ —Ib K2\ BERENE i

o TECTEROBEODT LA TOREEHIC LS L ' _ _ _ - Y
e ThET, ey s Development of functional molecules to image and regulate biomolecules in living samples 1
o In a living body and cell, various biomolecules such interactions with other biomolecules are maintained. oM
%3 FYRIARAERICHDS YR T « FEAERHEF Y b7 —7 ORH as proteins, nucleic acids, and sugars function by Using organic chemistry, macromolecular chemistry, 3%‘#
%g interacting with each other. To understand their precise and protein chemistry, we design and synthesize ‘§ e
IR 2 biological functions occurring within a cell, it is important functional molecules, apply them to image behaviors or 2 R
P& . . . . . . . to investigate the activities or behaviors of these activities of target biomolecules, and then regulate the & M

> Toward elucidation of cellular mechanisms underlying protein and metal ion homeostasis target molecules in living systems, where all of these functions of these targets by utilizing light. :

% The biological kingdoms have evolved elaborate systems g

to maintain the cellular homeostasis. Employing structural,
biochemical, proteomic and cell biological approaches,
we aim at deep understanding of mechanisms by which
protein quality and metal ion concentrations are controlled

(EFICE D  EFHEREEITXTORE ST - REEDKIEIE
KRS T

in living cells. We particularly focus on how the protein hv, &=
disulfide bond formation network and calcium and zinc A

ion transporters present in the early secretory pathway p— }}H’) %L

contribute to the cellular systems. Structural and mechanistic 4 R

insights gained in this work will provide molecular insights »

into neurodegenerative diseases, diabetes and other fatal Miar R~ DiER{E EEnF - BEEDTRIL
diseases caused by impairment of these cellular quality ; =

control systems. '
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Nano Biophysics

Koji YONEKURA Lab

HINE - F—T—F
BOMEREY T4 F EM S BFRERTREREERT Al T —2RE

KB B #uz

Koji YONEKURA, Professor

FETS T4 —
High-resolution cryo-EM / Electron 3D crystallography ,/ Al data collection koji.yonekura.as@tohoku.ac.jp
Tomography R N
B th s
TEMEF—< Tasuku HAMAGUCHI, Assosiate Professor
- Lp, M = R -
EREEEN TV T A 7 EM i E;E_[ T@Y gp

c BYINVE, BRDFRINERODBFR=RITHERIBIERT
ALRIEEZEDY S 44 EM OFERFE
* XFEL I€ & 2B FOMUVERASERET

« 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

Hirofumi KUROKAWA, Senior Assistant Professor

TJIA4F EM TR VINVE, BEDFOBEAHZALITES

BYINVEPERDFIE. EMEIIEEEEA L T, HaEZER
RLEY. FARZEE. REWMDY 51 4 BFEME (EM) Kifiz
BWT. KYBWDERE. BULMEETINS DRBOEEZIRE L.
ZTOWERBZRIELE Y, AIBET —2AEYT — 2@k L
DEMAFEDEDE T

BFRIIMEERBEERY Bfcd. 2V I\ VED—HFDBK
PMEENEYT, CORMZFIRT HDONBERFREITT. 2>V/\VE
DEFOERBEMEONE T BERLPES ELRAD I LLTE,
BESAF IV AMBRLARETY ., Fle. BHVVEERDSTHE
IFHRENBTcH. EFM=RITERMBEIN TIIDFIEEE LY 5
SN T ENTET T, MREBPRE CRE—REEEISTL
Td. BFRMNET ST —IC KV IAEEERRITLE T,

TS X RO AAMRICFIAB L. BEEM. TEL. HiERRIC
Eff T 2KRRFPEFDBREATRI L. EMEDTFOBEAD
ZXLITEYEY,

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.

BVERDEFIR=RITiERIEERT
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Biological and Molecular Dynamics

Satoshi TAKAHASHI Lab

5M9EH - F—T—F

RYNTBEDTA—IVT 4 VT ETHA > fis 2 > 1\ B p53 Dikae,/
—BFEIE

Protein folding and design /* Function of tumor suppressor p53

Single molecule fluorescence spectroscopy

FHEMET—X

D TFENDHEERANEVINVBD T+ —IVT 4 VT RAF IR
- 2% 2 > 1\ & p53 D DNA RS D AR

DTV R—EBVHI LW R VN BT YA VU FEORRE

B8 B sy

Satoshi TAKAHASHI, Professor

satoshi.takahashi.a6@tohoku.ac.jp

B B s

Kiyoto KAMAGATA, Assosiate Professor

Rk BE o

Yuji ITOH, Assistant Professor

+ Dynamics of protein folding based on single molecule fluorescence spectroscopy

+ Sliding motion of a tumor suppressor p53 along DNA

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

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

Proteins are natural machines that perform various functions
that sustain our lives. To be biologically active, proteins,
linear chains of amino acids, need to 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. However, it is still
extremely difficult to understand the relationships among
the amino acid sequence, the folded structure, and the
function of proteins. In our laboratory, we develop now single
molecule fluorescence spectroscopy and observe the rapid
process of protein folding directly. In addition, we observe the
functional dynamics, a sliding motion along DNA, of a tumor
suppressor p53. Furthermore, based on the knowledge
of protein folding and function, we are developing a new
strategy to design artificial proteins.
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Quantum Beam-based Structural Biology and Chemistry

Eriko NANGO Lab

HPINF - F—T7— K

XREREFL—T—/ XigEREEmRmn B siE S 4 /N EREt
X-ray free electron lasers / X-ray crystallography / time-resolved measurement /

rational protein design

FEMRT—<
CXASEREBFL—T T &K B2\ BIEERT
- BROIEIERRATY — IV DRAF

- G- 2V I\ BHERZGEEOTEELHIE

- BIMIEEIERIC L BN FRET

« 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

% BB g

Eriko NANGO, Professor

eriko.nango.c4@tohoku.ac.jp

IR ZE px

Takaaki FUJIWARA, Assistant Professor

HO 5 p%

Masahiko TAGUCHI, Assistant Professor
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Capturing structural changes in proteins at work by quantum beams

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

In our laboratory, we use a quantum beam such as an
X-ray free-electron laser, synchrotron radiation, or an
electron beam to visualize actual chemical and structural
changes in proteins. For instance, we will reveal
the switching mechanism of light-sensitive proteins
and the reaction mechanism of enzymes catalyzing

unique reactions. Furthermore, we aim to design and
create protein molecules with new functions based on
precise information from dynamic structural analysis.
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Polymer Hybrid Nanomaterials

Maiko NISHIOBORI Lab

EMDE - F—T—F

BR—ERN\CT Uy N/ R BEREBEIE 2130 X TG X AR
organic-inorganic hybrid nano-materials ./~ hierarchical structure on multiple time and
space dynamics / synchrotron x-ray analysis

FaYE FRIKF #38 (sris)

Maiko NISHIBORI, Professor

maiko.nishibori.d8@tohoku.ac.jp

B FTF #65 (sris)

Sachiko MAKI, Senior Assistant Professor

= e (sris)

Kakeru NINOMIYA, Assistant Professor
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+ 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
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& I BEEHMROBRICRBRARTT, Micbid/ \A 7
v R/ HROME L IEOIEREE L CBRY B1oic, 1B
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Dynamics of hierarchical structure for hybrid
nanomaterials by synchrotron X-ray analysis
Soft- and bio-materials form complex hierarchical structures
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in large space-time scale. Nanoparticles combined o

with organic molecules and polymers cause interesting P
phenomena such as phase separation, self-assembly, and et Y e
change of chemical state and local structure with space-time s

scale. Understanding the function and structure formation ) i

dynamics with the hierarchical structure of nhanocomposites
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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Inorganic Solid State Materials Chemistry

Takahiro YAMADA Lab

HEMDEH - F—T7—F

ERMENT VY VLR AEMREERS

inorganic materials science / Zintl compounds / thermoelectric materials
low-temperature synthesis process

FHEMRT—X

- ZRRERBEMERNRE LIABMHRORA

- ERRERFE BV 2 BRILDER T Ot DM EGH
CFREEERECANORRL . BRREMEADIGA
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Takahiro YAMADA, Professor

takahiro .yamada.b4@tohoku.ac.jp

« 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

#LWERCEYD - HeeEME ORI & RS AUEDRE

BEMEOZJIEBPER, BRIMOABLSNTOETH
EP2RECENE EDEREEMOLMBLE LTORVERT
Yy IV EBLTVWEY, ZRROERILEMICIE. ELRES
NTWEWEDP, BALEITH > THZ DHED+2ITHES
NCENTOEVEDOEZFELE Y, KARDHF TR, #
RUCEMDRRITHAR S, FRGAAIC L DMREFHDEA.
e, TNE DOYPEFHIE-PHEERIRD X 1 = X LDREEZ RERP
ERstBICL o TITS T LT ABMEL. BEESIVvIX - &
B, BEERG EDFRICMR e Zi s LIHRmR
ZFHEI BT EZBIRLEY, 5 LR bLT v TEIDMZEIL.
MERDMH OB R ZE —8nE BB K S MREPHEEZ B LB D
KEICDGHBERERED DY KFICSWTHE L TIT O NER
RCHBEEZET,
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FRESBELEY NaMgBi DfEREIE S BEFHEE
Novel intermetallic compound NaMgBi; the crystal structure and calculated
electronic structure.
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Quantum Spin Physics

Taku J SATO Lab

HMNE - F—T—F
PIETFIRRMREL DU TFHREEL EFAC VR BEETFHME SBEE

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

N Lo BN =
TAHI%RT < AR A7 e
- IR EEL S LSS DRI F Kazuhiro NAWA, Assosiate Professor
- PEFRERIEEMEREL AR Y VAT DB +
- BF AL VR B BERNETRROFRE UL Se i pa
 BEEFRICHIT B KRN & BEEDRZE Katsuki KINJO, Assistant Professor
ARV RICBIT DMEHFEE LA F 27 RO
+ 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

i =2 #us

Taku J SATO, Professor

taku@tohoku.ac.jp
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—#'& BayCuSir0eClh ITHWT b ROY DIV IR ER F R
KELF L, MUCEHHEERTDO ROV AIVEHRT 7 AF v VI gR A nt
—CHDIETAN—ZIAVDEVNEA T I AORAZE, EFX (aub) Observed dispersions of triplons along H (or K) with the K (or H) integrated around
to\/$0) '\ /_J_\ol:l :/7]}117;’&’50)%@5}375‘5&/1/?(/\??0 (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.
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Exploration of novel inorganic functional materials and development of new synthetic
processes
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Most inorganic materials are based on metals, alloys, and
oxides, while inorganic compounds such as nitrides and
intermetallic compounds also have high potential as functional
materials. There are many inorganic compounds that have
not been discovered or whose functions have not been
completely revealed and understood. We aim to develop
novel inorganic compounds through exploratory synthesis
for use as functional materials such as thermoelectric
materials, hard materials, and superconductors. We also
intend to prepare high-quality samples by new synthetic
processes and characterize such compounds by determining
their functionalities and demonstrating the mechanism
simultaneously through appropriate experimentation and
theoretical calculation. These fundamental research efforts
can aid the discovery of the so-called game changers in
materials science.

9TiO2 + 8BN + 18Na
/1000—1100"0
8TiN + TaB2 + 6Na3BOs3

ZRVREZBERZRRICAVCERZEICL T Tioz hSIERENf2 TiN BiE&H
Faceted crystal grains of titanium nitride prepared from TiO2 and a solid nitrogen
source of boron nitride.

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

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.

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
guantum dimerized antiferromagnet Ba,CuSi>OgCl>.
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Nanoscale Magnetism

Satoshi OKAMOTO Lab

EMREH - F—TU—F

B, BESEHRL REY 24 F 29 R/ ERAEBSISE

Ferromagnetic materials /~ magnetization measurements  spin dynamics
high-frequency magnetic response

FEMRT—<

- EIBRERLMEMR B KU T/ XBIR

- BERERA A MR DRIEFHZT

- B TEMR SRR DR

- BERHBSISE DEENFRA

cBERREAE Y A4 F 2 AFHAEMRRR

* 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

RS BS #uz

Satoshi OKAMOTO, Professor

satoshi.okamoto.cl@tohoku.ac.jp

ot {ERBE s

Nobuaki KIKUCHI, Associate Professor

A 241 e

Takuya TANIGUCHI, Assistant Professor

AL g

Keisuke ISHIGAMI, Assistant Professor
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Nano-scale physical properties of ferromagnetic materials and developments of advanced

magnetic devices

Ferromagnetic materials are widely utilized for various
fields such as information communication technology,
electronic devices, motors, generators, and so on.
These various functionalities of magnetic devices are
governed by 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.

NAT )y B/ RT LRARDE
B LEEMRE

Hybrid Nano System

Kiyoshi KANIE Lab

FHNG - F—T7— K

BHEMN\C Ty R/ WF/INAT VY RR&/ 7/ RMFIA TR v 3>/

ALY VisEMR
Organic-Inorganic Hybrid Nanoparticles /* Hybrid Liquid Crystals ,/
Nanoparticles-based Mist-Deposition / Phospholipids-based Artificial Materials

FEMRT—<

s ERERNC Ty R/ RFOTHAY - B

= B X - FERERIEEENS T/ MF OB ERIBE AR

s SZAMTRY WY 3 VALK BB SR ER
FIMGEEATY VEEBEDRG - 6L <Y OB ARG
BEREME A AV RIED D FREHI K BH STt 70 AFEHE
= Design and Synthesis of Organic-Inorganic Hybrid Nanoparticles

Shape
= Development of Functional Thin Films by Mist-Deposition Method

Macro-scale Self-Organized Structures

BT R s

Kiyoshi KANIE, Professor

kanie@tohoku.ac.jp

FAIR 1EA8 saem

Masaki MATSUBARA, Senior Assistant Professor

FaLL &b <+ mr

Megumi SUYAMA, Assistant Professor

Liquid Phase Precise Synthesis of Inorganic Nanoparticles Controlled in Size and

Design and Synthesis of Stimuli-responsive Atrtificial Phospholipids and Control of the

= Development of Novel-type Extraction Process by Molecular-level Design of Task-

specific lonic Liquids
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Functional Materials based on Multidisciplinary Precise Synthesis Across Organic,

Inorganic, and Bio

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

Hiroshi KUMIGASHIRA Lab

FHNE - F—TU—F
Rt /B BAMTL Y FOZ I X RE - REWE S REEEFO N

Functional nanomaterials /~ Oxide electronics /~ Surface and interface physical properties

Photoemission spectroscopy

FEMRT—<

= BLYF/ IS MAERET - I
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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

HBEE LK s

Hiroshi KUMIGASHIRA, Professor

kumigashira@tohoku.ac.jp

L /N/NS T =" ¢

Kohei YOSHIMATSU, Assosiate Professor

NE E j(JL. Bh#

Daisuke SHIGA, Assistant Professor

A BA 8% R

Hakuto SUZUKI, Assistant Professor

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

heterointerface using synchrotronradiation analysis

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

spectroscopy

Bty / #EEE BIEICERET - Bl FTLULEEE

BALM DRI, BIRBEELIARE S E DT < NEREEITE
ZRIEDHHINEYT, LVWhIE RF R ZETT, HHRETI
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DHIRICEDWNTH GRS /MEZRRET 2T LICHRYE
ATVWEY, BENICE, BIEMDFRIEZF— (MBE) &
WSBMEF / BEERFLANILTHELGLS D<) #if
& MEEE RV kiRt Rl (BEDEAETFIIE - ARRRD
HGE) EVDLFE - EFREZ [#5) HKificZR/LLNILT
WMETBIcKY . BRIOBOFR LM ZRET - FIH LD SH
LUWEBESE - /MEBEOREZIEL TWET., Tl Bt
T/EEERERE LT, BRMEPRFEBMELELDANTOR
BERET - BT AT LT RERI LT bOZ T Xicmls e
HREDAIRZ BIEL TLE T,

EfNEERINET B

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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Inorganic Crystal Structural Materials Chemistry

Hisanori YAMANE Lab

EMDE - F—T—F
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inorganic structural chemistry ./ solid state materials chemistry ,/ ceramics ,//
materials synthesis

FHEMERT—<
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Hisanori YAMANE, Professor

hisanori.yamane.al@tohoku.ac.jp

HH BT s

Rayko SIMURA, Assosiate Professor

=8 Mi— e

Junichi TAKAHASHI, Assistant Professor

+ Synthesis, crystal structure analysis, and characterization of new multinary inorganic

compounds
+ Synthesis of nitrides, carbides and silicides using a Na flux

+ Development of novel synthetic routes for advanced ceramic materials using active

metals

+ Structure analysis for direct determination of site occupancy for a specific element using

X-ray anomalous scattering
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Synthesis and crystal structure analysis of oxides, suboxides, nitrides, and Zintl

compounds
We are searching new inorganic compounds, analyzing
their crystal structures and characterizing their properties.
The novel methods developed for the synthesis of the new
compounds are applied to the preparation of conventional
ceramics and inorganic materials in order to improve their
qualities and performances.
+ Synthesis of oxides, suboxides, and nitrides by the solid
state reaction and flux methods
« Crystal structure analysis and characterization of new
inorganic compounds
- Development of multinary-oxide and nitride phosphor
materials
- Development of novel synthetic routes for advanced
ceramic materials using active metals

Sn, polyanion N-centered Sr octahecron

Sr7N2Sng: A layered antiperovskite - type nitride stannide containing zigzag
chains of Sny polyanions
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Environmental Inorganic Materials Chemistry

Shu YIN Lab

Metallurgical Design for Material Functions

Satoshi KAMOKA Lab
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- Creation of novel catalytic materials using intermetallic compounds and their - BTESEEEE S/ MEOER

microstructure control ) + Development of inorganic functional materials by environmental friendly processes
* Metallurgy for structured metallic catalysts - Synthesis of mixed-anion type high sensitive visible light responsive photocatalysts and
» Research on precious metals alternative alloys their multifunctionality
+ Novel creation, structural analysis, and physical property evaluation of hypermaterials - Development of inorganic ultraviolet / infrared light shielding and transparent electric
« Electronic structure and structural stabilization mechanism of quasicrystal-related conductive thin films
materials + Gas sensing property characterization of semiconductor nanomaterials
+ Synthesis of rare-earth contained photo-functional nanomaterials
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SHTIREICE MBS/ RO - ERILE - BRE - fLF Summer (T=Tc) | Thermochromic
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2 i — @ ~ix @ - CoH(@) (C=3.4) — CH(@ Creation of Environmental Responsive 3

H Inorganic Nanomaterials by Solvothermal g

Reaction

The development of environmentally responsive inorganic
nanomaterials with controllable morphologies and

Creation of catalysts in terms of metallurgy and exploration of alloys with novel structures

Buneauibug walsAs pue ssad0id Jo UoISIAIg

BOENEEH NN N ON,

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

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

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.

Ces+ %)\JEH(’\D T2BA m/rx VK

Schematic image for novel Ce3+-introduced layered perovskite
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Inorganic Materials for Chemical Transformation

Hideki KATO Lab

HPING - F—7—
KA THARMES TRV F— LR

Photocatalyst / Inorganic material chemistry ,/~ Energy conversion

EHIRT R
- YehERIC K BKOE

RESEN TRV -2
« INAFRRABHD T DEABE ISR AR E DR R
- METHRO fe D DFHERIR

* Photocatalytic water splitting

* Photoelectrochemical energy conversion

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

ek Stal sz

Hideki KATO, Professor

hideki.kato.e2@tohoku.ac.jp

=F £X ux

Shunya YOSHINO, Assistant Professor

R $EEY %

Chu-Wei Hsu, Assistant Professor

Rl R D e DR HBE GBI ER IR

HHARZE IR EHRICRARBEALRER P/ F A
THDT-HDEBRMBBRZITOTCVEY, Bl Wi, &
Z. XU VEIBG ESHREERNEEZNRE LT, &SR
W&, BRTHR. REBIEG EDOBERL SEMMEOSEEELZ
KoTWEY ., ATHEM TIEFEMRIAIEIC K BKDEITEN
L. FURBROHKICGEL, FUBVWEFINETKEDBETE
HHAERDEHEEZBIEL. N\ FRT VY vIVHIEIC K BI6E
RRERICHFERIE, RIGEEREASIOF ¥ U7 ~Z v THl
HDfzHOEREEM. T LTERTOALAEIVKRR FSENE
ICEB LOMERREED TWET, e, NAFIIAERD
5DHEALEMBERED c HDEGEBIEREMERES K UORIST
At ARELTOTVET, T5Ic, ERMELFORRDSH
PR CEIGBIEREMIE & L THEET 2HIE DR - DT
TWEY,

Water splitting using photocatalyst

+1/2,0,

s

AG® = 237 kJ mol!

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

FRERR 7/ TEMTDET
EE=RRgEE
Supercritical Fluid and Hybrid Nano Technologies

Takaaki TOMAI Lab

BMNE - F-U—F
BERARE /MR TOe A TR BRILE h—RYZa— b3

Supercritical fluids ~ Nanomaterials / Process engineering /~ Electrochemistry

Carbon neutral

FEHET—X

» BEFRREICE ST/ MHOBERIEER

= /R OEREE S S

REERICET 2EHNAABIULF 7O X

= F/HRERVERENE— TRV
RERBBREHC L DBMRERILFE T/ 1 AR
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 nanomaterials

EE S8 %2 Fris)

Takaaki TOMAI, Professor

takaaki.tomai.e6@tohoku.ac.jp

B AE s

Kazuyuki IWASE, Senior Assistant Professor

= Development of highly efficient electrochemical devices by precise design of catalysts-

electrolyte interface

HBERSFURMARIC K 2T/ MRAIS S EHAMEER T Ot AR

HERFURETIIKEERMAE—ITRE YA S LE. BEDE
B ORETIER LAGVARNERENTREAVET, OB
BRAREDRHZFNATSL. BEERTELVWIZ—VRF/
MEDERTEE Y, RLADARTIE. MEERT O AIMER
SHEK VIR T/ MRZRE L. TNSDOMRZEERALEE
HREI RN —CHESHT2EHNME—IX/ILF-EBRTOLR
DEEMEICRRAT 52 L ZBIELTHARZIT>TCVWET., 8
DA « #BiEZRD. F/RFODH - Bk (R—Z X&) I
ERZEMREBEZRBICHETSILTTRER - T4 A
DEEICEVBEATHNET,

ES | EERDOBRFRAEOIEICER L, HBERR - BmERFURE
ZRISHE LTRWCBSRILFERR. BENICITZRILKERS
FROKERICSAL. REeENEILFROFEEREICHEY
HATWET, ERZBELCT. FHARGHRDORRICERT S
TEEBELET,

Development of novel nanomaterials for
electrochemical energy conversion
i Control of .
Facet,
- Composition,
d and
Aggregation

V

Control of multi-scale hierarchical
structure of nanomaterial

Development of Novel Nanomaterials and Innovative Material Conversion Processes

Using Supercritical Fluids

The high controllability of solvent properties is
the advantage of supercritical fluid. For example,
supercritical water is miscible with organic compounds.
The unique characteristics of supercritical fluids enable
the synthesis of unique nanomaterials that cannot be
synthesized under conventional synthesis process. Our
research group aims to develop innovative chemical
process driven by low-temperature waste heat and
renewable energy by designing unique nanomaterial.
We are working on improving process/device by
precisely controlling multi-scale hierarchical structure
of nanomaterial from the composition and crystalline
structure to the dispersion/aggregation (porous)
structure.

Moreover, we are developing electrochemical material-
energy conversion systems using supercritical and
subcritical fluids as reaction fields by focusing on their
unique properties, specifically carbon dioxide and water

electrolysis. Through our research efforts, we aim to
establish scientific principles for high-temperature, high-
pressure electrochemical energy conversion systems
and contribute to realizing a sustainable society.

ﬁ" Renewable energy

Waste heat
(CO,) 002*2H‘*29‘-’ CO#HZO

€U, (Blomass) CH,0 + 2H'+ 26 — CHj + 2H;0

\ (Waste plastics) CHj + H,0 — CO + 2H,
co,

Biomass ’
‘ y

MeOH
4
Ethylene

Propylene
4

Fundamental

chemicals

Waste
Plastics

Waste heat

Fuel (wastes)

Our target: Carbon circulation utilizing renewable energy and waste heat

UOISIAI] UoIeasay aAIeIoqe||0D

yoseasay sfeusrew-olg pue -oiuehiQ Jo uoIsinig

yoseasay [euarey olueBliou] Jo uoisiAig

6LIIJ.QQLII6UE| LUG]SAS pue ssadold JO uolIsinig

BERFHEHININUNF O

BESIHINH

BESIH N EHF - gt

BB

RILARF ZTEN AR

Institute of Multidisciplinary Research for Advanced Materials, Tohoku University 54



B SHIDH

UOISIAIC YoJeasay aAneloqe|oD

gt

B IFHNELEDHT
yoJeasay sfeuarew-oig pue -ouebiQ Jo uoisinig

BERHEIL N

yoseasay [eualely oluebioul Jo UoISIAIQ

AR ERS T
ERRE—HRE

Laser Applied Material Science

Shunichi SATO Lab

EDE - F—T—F
L—%—/T % b ZV X/ MRBZEEFHFE
laser / photonics ./~ materials science / electron optics

FHEHAET—X

- BRERDBICHIT HMERHETOL X

- WIS LIS DRE & E— LD/

BB LI ERW T /A A=YV T LR — Y —IT&
s 7T LMV AL—Y—IIT

LY EBFOEEER

* Material conversion process in intense optical field

+ Generation and analysis of structured light

 Development of nano-imaging and novel laser processing by structured light
» Femtosecond laser pulse processing

« Interaction between laser light and electron

i B— sz

Shunichi SATO, Professor

sato@tohoku.ac.jp

INE PR s

Yuichi KOZAWA, Associate Professor

A2 thE

Yuuki UESUGI, Assistant Professor

FHZ #&TH B (sakura)

Ayano TANABE, Assistant Professor
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Multidisciplinary research of photonics and materials science

We are intentionally and intensively attempting to make
the best use of the excellent properties of lasers for the
advancement of materials science. The state-of the-
art photonics technologies are our useful and essential
tools. Our current research themes are the development
of material conversion processes in high-intensity light
fields, comprehensive research on structured light, and
research on the interaction between laser light and

a focused femtosecond laser pulse as a field for new
non-equilibrium, nonlinear, and ultrafast processes.
Designing and synthesizing of structured light with
inhomogeneous spatial distributions of amplitude, phase
and polarization for its comprehensive basic and applied
research on laser processing and super-resolution
microscopy are also our important research projects.
Moreover, we are developing a method for spatially

BEURA A T R « TI\A APFEDE
~| ~ I_._I

SR E

Solid State lonic Devices

Koji AMEZAWA Lab

EMDE - F—T—F
BEAF =0 R/ TRIVF—BH S FRZ Y FHH/ BRILF
solid state ionics /” energy conversion / operando analysis / electrochemistry
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Koji AMEZAWA, Professor

koji.amezawa.b3@tohoku.ac.jp
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Takashi NAKAMURA, Associate Professor
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Yuta KIMURA, Assistant Professor

+ Improvement of performance and reliability of fuel 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

RIBICPE LV IR F—EHT /NA ADRE - ERICAITT

BIEME. TRV —MBERRAL. FREHaERE
THTEIE 21 HIEOREE - BTEICEEONfRER
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EETH ) BERSZDFEAF VHASRBI TES Bk
FZORX"#MRUCEB L. BRICEIT 51 4 VX, REk
5. REBEEICDOWTDREEBEFRT B &I, ZNITED

Detector for
fluorescence x-ray

Incident x-ray
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Toward the development of environmental-friendly energy conversion devices

Scientists and engineers in the 21st century have a great
responsibility to solve environmental and energy problems for
achieving a sustainable society. Our laboratory contributes
to solve above-mentioned problems throughout fundamental
and application researches on environmental-friendly energy-
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A electrons. Concretely, we are involved in the synthesis controlling the phase and amplitude of electrons by light : ! 9
0 of new materials using a strong optical field formed by using the interaction between light and electrons. conversion devices, such as fuel cells and rechargeable 5 0
+ § batteries. In particular, focusing on solid-state ion-conducting g +
A materials, we are challenging to establish an academic s R
v § discipline on "solid-state ionics", and applying this to develop § P
;\g novel materials and to improve performance/reliability of 0 é
3 . N N =1
NS the energy conversion devices. We are also working for the N
I% development of advanced operando analytical techniques for g T
{?}2} - solid-state ionic devices. 3 %
S B—FEHNICE 5% LA BIBICE T S
= ® 500 nm TObEEOXBRBETETIL ® E
=1 I =1
Bk @ fS
Structured light innovates (a) super-resolution microscopy and (b) high speed three-dimensional
microscopy. In (a), each bead was clearly recognized in the lower righthand side. In (b), Brownian
motion of floating beads is volumetrically imaged. Il
55
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Hiroshi NOGAMI, Professor

process simulation / transport phenomena /~ multiphase flow ,/ thermal engineering

F EMBET O ADZHERGY 2 1 L— 2%
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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

nogami@tohoku.ac.jp

B BI1E enm

Shungo NATSUI, Associate Professor

AURE ¥ Bh%

Nobuhiro MARUOKA, Assistant Professor

* Exploration of formation mechanism of interfacial fluctuation structure of phase change

melts

KM ARENSZBEBMBORETOCRIE. TOREE
DFERELS, ER - TXIVF—DBEBELEAT. ThS5%Eil
HIL. BREHRORRICET SLHDEENRDBESNTVET,
ZDA%EELT, RIT7OLROBMEL. ERMEO®RE, &
N7 O RADBERGELNH Y. ZORRDHITIE. BNFH
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BORIGFEZERE L, FlcG7OLRZR A LTOHBEDLD
DET, RARSHF CIE. RBESREO 7O ABERICEIT T,
BEEMEROIIHEPRICKEDORNF, ATE, BHREH
PRIEILFG EDFEICKZMHA. EMBETOCRIILCRES
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LZ1TL NS DR Z FinDERIARRT FiEZ AU CBURE

Mixed melt_ \joiten Si0,-Ca0-AL,0,

TABE Bt RERRRR ROV T DSREHE

silicates / thermophysical property ./ solidification process / refining process ,/
in-situ observation
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+ Structure and physicochemical properties of silicate melts and glasses
+ Solution growth of SiC crystal

+ Solidification mechanism of metallic and oxide super-cooled liquids

* Recycling of steel slag

* Realization of high efficiency SnS solar cells

+ Development of immobilization and stabilization technology for radioactive waste

EMORER - W5 - VYA 7ILOEBTOLATIE, TFEE
SRS MBEE  RE - [BEDEWVCERTRISLEH S
TLEY, TORBEEREL, TOLXDOEMERILERIRT I
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WEY, TORHICRHIEHEVDH, R TOZEPEBBDOR
EDEFEN. MENMETY. XA M BRIEPEBRED
BREE, MERSEOBR T OCATRO CTEEGFHEELE
T INSDWEEIEZTDMEDEEZBRICKRT Dfcsd. 1)
MORBMEZMBEDOBEL OBENSHIALTVET, DK
Sl MRS 7O REBEICED S o, MHmERs 7
Ot AMERORE] ZEY b—ICHAREZEDHTVET,
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Hiroyuki SHIBATA, Professor

hiroyuki.shibata.e8@tohoku.ac.jp
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Sohei SUKENAGA, Associate Professor

Silicate melt
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Recycling, refining and solidification processes of motto for realizing sustainable society.

For the reduction of energy and material resources materials are important to sustain high efficiency Functions of the materials should be clarified from

consumption in base metals production, improvement process for manufacturing products. Each material micromechanism of each phenomenon to develop high

of process efficiency, enhancement of flexibility to raw separation process is governed by many chemical and efficiency processes for materials separation as well

material resources and development of novel processes are thermophysical properties of materials and interfaces as crystal growth by means of in-situ observation and

required. One of our approaches for this issue is numerical among materials. "Fusion of materials processing measurements especially at high temperature.

process simulation to reproduce and evaluate the materials research and physicochemical property research" is our

production processes, based on the theories of multiphase Copper smelting Solidification Crystal Growth

fluid dynamics, reaction kinetics, thermodynamics, thermal Gas formation between matte/magnetite  Micro segregation imaging Large n-type SnS grown by flux method

fluid engineering, transport phenomena, powder technology, ’m%o;p;

and so on. Using the results of the process analysis and the ?J ‘

fruits obtained through the modeling of unit operations, we X : ‘ -

are trying to develop novel material production technology. ._J!’:Of"ma"";_.

Additionally, we are trying to develop new processes for l‘"

recovery and storage of thermal energy. High-speed imaging of envelope flame formed around FeS; sample .- ’ 200 ym
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Hybrid Nano-particle - Quantum Beam Measurements

Atsushi MURAMATSU Lab Atsushi MOMOSE Lab
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. WEPEEANEEA S A A DB EART » Phase measurement methods based on interference optlc_s. _

+ 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

= Preparation of organic-inorganic hybrid nano-particles

= Development of nano-sized metallic particle and application to functional materials
= Preparation of novel catalysts by liquid phase synthesis

= Synthesis of metal-containing zeolite catalysts by mechanochemical method

= Precise structure analysis for zeolite catalysts using synchrotron radiation
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Why don’t you order us tailor-made, well- NTORFBALTS A PHIRIES 555 V867 TV > 7 Imaging by using wave nature of quantum beam 27
: o B . . ) gl ' 3 With PAIGe-MF iy . . g
identified, nano-hybrid materials g o Quantum beams, such as X-rays, are used to visualize o\ s 'i
Highly functional materials, such as metal-containing zeolite bl e 7 internal structures of various materials having the scales S
catalysts, ITO nanoink for TCO, niobium-based oxide T £ ° e ranging from atoms to human. However, there is a problem &g s
Silicalite-1 = w 3 ’ oL “ . . . . .
particles for lead-free piezoelectric devices, titania, perovskite o, w £57 o °m aaBoRee that sufficient contrast is not obtained for materials consisting %
metal oxides, semiconductor nanoparticles, organic-inorganic o . Chum, s G000 Rty Temp. 1C of light elements, such as polymers, light metals, and t
hybrid nanomaterials, fuel cell, and alloy nanoparticulate @ Pd/Ce-MFIMERTRINC BN THRISOCMEIL ZR T J biological soft tissues. The use of phase contrast based ;
72 catalysts, etc. have been widely provided on the wave nature of X-rays is significant for overcoming |
73 A ) . MET¥EEHAE R L2 AR B O BTSSR :
Eg Their p'I’OdL'JCtllon methodg are based on the particle- &gﬁfﬁ“:}mm“ b (Fek) Feiﬁmmf . this problem and enhances th.e usefulngss of quantum
23 synthesis principles, (1) strict separation of nucleation and e wf T Teo R beams tremendously. We have innovated in X-ray imaging :
<3 particle growth, (2) perfect inhibition against aggregation, b [Fel-MWHuc(30) 12F e technology by developing X-ray phase measurement, PRI E TR LT AR A— YV I BB T ANY b Gd KBS F
A % (3) precise control in particle synthesis mode. Namely, the PR o ;: [ releasing groundbreaking results beyond conventional
Z % physico-chemical theory for the_stat_)ili_ty of coffee or miII_<, and Z [SiFel-Pre(30) 24 h :i,,'_ﬁ_ expecte_ltion. .Based on. quantum peam physics', we gre
Ta the very good foams of beer, is similar to the formation of H = oaf developing unique experimental environment and pioneering
=3 nanoparticles precisely controlled in size and shape. What 2 N ARARAY advanced imaging research. This technology is attractive for
B & kind of nanomaterials do you need ? We'll make it. ! pndl deta Al practical applications, and we are also conducting various
iE 2 i v 24 hrﬁ—}bs}l«’élﬁ% LEBRE collaborations with industry.
= e Fel-MCyu @A 42 LT
F‘Iﬁ a s T E::;uy [nV]mnD 280 ‘[ﬁe&l’tl“é L dpn. Peirol, Insi., 68, §7-77 (2022).
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Structural Physics and Crystal Physics

Taku SATO Lab (¢
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Precise 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

FHEMET—X

ik 2 sz (3@

Taku J SATO, Professor

taku@tohoku.ac.jp
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Hajime YAMAMOTO, Assistant Professor
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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

« Electron density distribution and proton density distribution of hydrogen-bonded compounds
* Neutron and X-ray scattering study of structural physics and magnetism on multiferroic materials - Imaging of 3d-electron-orbital
« Development and structural physics research of novel material by ultra high pressure synthesis

X #R - PUEFRBEEEITICE S 1 RFRAEFIEORIRL

HHARETIHMER - 58835 - BETDOSHRERERAHDT T, X
- A - PHEFERVcR DR RIEERIT DD DFHA
HiftEiL L. BBELEEFBEED D VISR FREBEDDTARTICE
DB DBEREE RUEDHEREFBEDRIRIC OV THEZ
T2o2TV%, RITRIDIF. FHEFE X RIEERNTICK Y EIRIE
INIKFREEEFERDRFHREEN L. KERFICEAEL
EFE ENH THB. BERFICRENIKRRFAT. BRF
BREBFOEMIBHAINDSEHICKLY. 1 EFRTCEXRGESS
B(BEFABELR) DELCTVBEEERL WS, ZOHICE,
B EARICHIT 2 EARBIMWRNRICDOWVT., & - BXE
BT DINEH 5 T DMRMERZBESNMNCT HMEHITOTY
%, BlIcHAIIBEERZER L LIFME - FiksEDRIBET
DEEERERICEIVBA TN S, 2021 FEICHIEE L
P JRR-3 Tl PEF-RRESFORFE L TNZRAVER
BEOBERITFEDRREZIT .
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Ferroelectric polarization induced by magnetic order in magnetic ferroelectrics

We have been developing the methodology for high-
resolution crystal and magnetic structure analysis
using X - ray, Synchrotron radiation and Neutron beam
under extreme conditions such as low temperature,
high magnetic field, and high pressure. We have also
studied structural phase transitions to understand the
microscopic origins of functional properties in solid
- state materials based on the accurate distribution

analyses of the electron as well as nuclear densities.
Figure shows the complex magnetic structure of
magnetic ferroelectrics derived by neutron magnetic
structure analysis. Cycloidal spin structure in
this material is thought to be the origin of electric
polarization. We also engage the development of novel
neutron 2-dimensional detector for structure analysis
JRR-3 reactor.

Cycloidal structure of Mn** spin
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Polymer Physics and Chemistry

Hiroshi JINNAI Lab
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Soft Matter Physics /* Self-Assembly in Polymers / Polymer Crystals /
Polymeric Hybrid Materials
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= Atomic-scale analysis of organic/inorganic interfaces

N 75 E] gus

Hiroshi JINNAI, Professor

hiroshi.jinnai.d4@tohoku.ac.jp
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Hironori MARUBAYASHI, Senior Assistant Professor
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Tomohiro MIYATA, Assistant Professor

= Elucidation of nanoscale deformation mechanisms in organic/inorganic composite

materials
Nanoscale structural analysis of semicrystalline polymers
= Direct observation of single polymer chains using electron microscopy

= 3D Observation and analysis of block copolymer self-assembled nanostructures

BEFRICK DTV I IRTUTIVOEEE XA F IV A %8S

EAFITBREM - REE - MIMGEEICBNMETHY, &
FMEE LTEERMICECHAINTOLE T, aRFHEOYHT
& (EFEE PO FEIDOHIEICMA. RERDFOERNEE
BETAHILETRACIY bO—ILENTVET, LHL, MR
DOREICTERENDDF « 7/ AT —IVOHHIEE & BRI
T - HEBEDMERIRIRIZEBREIC I D TE 5T KW EMERE - SikEe

FENFMRZHRGT 5 LTI OBRROMBEANECKRHSNTL
LY, YARETREFOE BB FRHIFEDRFEICE ) HH
DD BAFMRINEORMIEED X 1 3 U A= RERICERI L.
BRI - Mt ORBBFREZMRAIZIEZBELTOE

o BEMICIE. 7/ RFERAMBOREDRFIEEERLE
WEAT IV ADRE - @R F&EDFT /BEvEY T - B—
BN FHORFORERR - 7/ EOBBED 3 RTEHRFICH
DHBATVETY,

50 nm

Fig.1. 3D structure of the ordered bicontinuous double gyroid
structure in a diblock copolymer.

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

microscopy

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

Fig.2. (a) Transmission electron microscopy image of the vertically-

elongated inner structure of a rubber with silica nanoparticles
(black parts). (b) Stress map of (a).
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Frontier guantum-beam metrology

Wataru YASHIRO Lab

HEMDEH - F—T7—F
BFE—LAR A/ TR A IR R4 -/ 77TV =3
Quantum-beam optics /~ Metrology / Data Science ~ Micro/Nanofabrication
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* 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
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Wataru YASHIRO, Professor

wataru.yashiro.a2@tohoku.ac.jp
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Susumu YAMAMOTO, Associate Professor
2 BEF o

Xiaoyu LIANG, Assistant Professor
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Real-time 4D observation of rubber tensile fracture process (10 mstemporal resolution)

Uniaxial displacement

Rubber

Wire

Sample | (optional) '+

l’]"“"“*
Wvﬁy

Irvefter-driven molor

Woid due to
tensile stress

J. Synchroron Rad., 28, 322-326 (2021)
bt wwwe tagen. tohokn ac i lab news._press/ 20210208

Exploring the frontiers of the 4D world

We live in a "4D world", but in the 4D space-time region of
less than pym and ms, there is a vast unknown world that
is inaccessible even to the most advanced measurement
technologies. In our laboratory, we are taking on the
challenge of developing new imaging techniques that
dramatically exceed the conventional limits by exploiting high-
energy quantum beams such as X-rays, advanced micro/
nanofabrication technologies, and data science techniques,
and to open up the uncharted 4D world. Our imaging
technologies will not only lead to a new understanding of
various irreversible and non-equilibrium systems in the
material and life sciences, but will also have diverse ripple
effects on general society.

‘ Propagation of shear waves
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Appl. Phys. Express, 13, 042004 (2020).

X-ray elestographyby visualizing propagating shear waves
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Quantum Optoelectronics

Shigefusa CHICHIBU Lab
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Wide bandgap semiconductors /~ Quantum nanostructures /~ Carrier dynamics
Spatio-time-resolved spectroscopy

FEHRT—F

CEIBICELL BALGaInNBXT (Mg,Zn)0 27 A RNV R v v FTHERMU LR
BEAV. BRFEXOBEFRICEDCHFLLIOE—L Y MEROBMRE

cTILML—YBELUT7 L MEFREAV BALGaINNELT (Mg,Zn)0 %
TARNY FF vy THERET T/ BEDRBZEHHEANY hOXJE—

- BRSBEFESMEIE2FT—ICLD BALGaINN RETF T/ BIEFM & IRENMRE
HTINA X

- (Mg,Zn) O REBILHIHBARDANY DAV ERE TS5 AR A/ 2 TERF > — L iaEH
BRALSEREAZ AL

+ 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 ll-oxide semiconductor(Mg,Zn)O and
fabrication of multifunctional oxide thin films

MR B gus

Shigefusa CHICHIBU, Professor

chichibu@tohoku.ac.jp
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Kohei SHIMA, Assosiate Professor
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Ay Y - F/BEDT 1 LMYV AEREFRRIEIC K DB
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Design and creation of wide bandgap semiconductor quantum nanostructures and spatio-

time-resolved spectroscopy
Research objectives of the laboratory are to design and

W Envircnmentally friendly wide

itride and Il-oxide

create quantum nanostructures desirable for new functional
optoelectronic devices workable in deep ultraviolet,
visible, and optical communication wavelengths using
planet-conscious wide bandgap semiconductors, namely
(B,Al,Ga,In)N and (Mg,Zn)O systems. We are growing
guantum structures by metalorganic vapor phase epitaxy
and unique helicon-wave-excited-plasma sputtering
epitaxy methods, Ultrafast recombination dynamics of
excited particles in nanostructures are studied by time-
resolved spectroscopy using a femtosecond laser, and
very local carrier dynamics are proved by focused pulsed
electron beams using a home-made, spatio-time-resolved
cathodoluminescence system equipped with a photoelectron-
gun.
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Synchrotron Radiation Microscopy and Informatics

Yukio TAKAHASHI Lab
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& 2 L b X B0E5 MEIEFTRIGHRL 7 -5 Yukio TAKAHASHI, Professor
pil Coherent X-ray Optics ./~ Synchrotron Radiation ,/* Visualization Measurement
B ; Data Science ytakahashi@tohoku.ac.jp
% 5 ME s
e sammr< fEH 5LIE #%88 (SRIS)
F95 § . NN Kozo SHINODA, Associate Professor
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- SRR F RIS T A R REA & BRET D e H DIFPIBIERRMT
+ Development of X-ray ptychography and its application to nanostructure and chemical state imaging of functional materials
+ Development of dynamic coherent diffraction imaging method and its application to the moving image of materials science phenomena
» Multi-scale chemical state imaging of battery materials by operando full-field imaging-XAFS method
- Development of imaging data analysis methods utilizing data-driven approaches
« Local structure analysis for elucidation and design of mining and engineering chemical processes
'
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Visualizing material functions using advanced synchrotron radiation imaging and data
science

Most functional materials are heterogeneous and
complex systems with hierarchical spatial structures
ranging from atoms to millimeters, and it is crucial
to elucidate the correlation between microstructure
and function at the mesoscale when designing and
developing new materials. Synchrotron radiation imaging
and spectroscopic techniques allow multimodal analysis
of the structural, elemental, and electronic states of
functional materials. Coherent diffraction imaging
using synchrotron radiation is attracting attention as a
next-generation visualization tool to realize structural
visualization at the nanoscale. In addition, recent
developments in data science are making it possible
to extract characteristic information on structure-
function relationships from information on elements and
electronic states distributed in three-dimensional space.
We aim to establish a common platform for visualizing
the functions of materials by developing next-generation
synchrotron radiation imaging and spectroscopy
methods and utilizing data-driven approaches.
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Solid Surface Physics

Tadashi ABUKAWA Lab

HMNE - F—-T—F
REMEREZ A F IV X/ EFEHR/ T/ REDH

surface structure /* surface dynamics / electron diffraction ,/ nano surface analysis

)l ET] g8 SRiS)

Tadashi ABUKAWA, Professor

abukawa@tohoku.ac.jp

BB KB a2 GRS

Taiki HOSHINO, Associate Professor

FEMART—F

< H LOREASSARITADRR

- REEEZ A T30 XADOHE

2 RTBEFEBMEDORE & MRS
A0/ F/ EEOKRE

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

+ Growth and characterization of 2D atomic layer materials

+ Surface analysis of micro/nano-structures

[RF LAV TORERRE & FREDER & HEEDRIRK

FRARDEF TIE. BRAGHREZR > fcRE - REDRIAZ B
LT XE - AEZRFLANIVTERT ZMEZTO>CVET,
INETIL, READRERFEINE 3 RTHNICHRLT 2odic. &
EIERIEBUERELE. T M E NIV REEREFRIITEZ R
LE L, MEBROTAEUNIVY REERETFEIITETIE.
3R BREBEENICUEBRREDT —2%. DINE 105
THETERDBNLFETY, £fee RISZAT I 0 APPSR
BRI F IV AEMRT DHDIT. AN =T AASEFER
EEVWSREARFOERGEEZIRASHLOFEZRRELEL
feo TTF/BOSHIUMHEVSREVERER T, XA LD
RFDEEZRZADEDNTEET,

FG—MEXREZE S/ LNV TERT B e HITHBFRMIE

Structure ’ Growth

i— graphene

% (PEEM) & BT IMEE (SEM) ZEBLTLOET, PEEM T | il H i g -
3. 2RTEFEBMEORE /O ARERSTOLA0ER &= o DT PO T T

ETIEoTVWETD,

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

We investigate solid surfaces and interfaces at atomic level in
order to create surfaces and interfaces with various functions.
We have developed several original techniques for surface

analysis, such as correlated thermal diffused scattering
(CTDS) and Weissenberg reflection high energy electron
diffraction (WRHEED). In order to study reaction and phase
transition dynamics, we have developed a new method called

streak camera reflection high energy electron diffraction (SC-
RHEED), which captures high-speed movement of surface
atoms. Photoelectron microscopy (PEEM) and scanning
electron microscopy (SEM) are also used to measure non-
uniform material surfaces at the nano level.

Nano-WRHEED

Grains of Ni poly crystal and their 3D reciprocal maps by nano-WRHEED.
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Nano-Electron Probe Diffractometry N Electron -Crystallography and -Spectroscopy

Kenji TSUDA Lab Masami TERAUCHI Lab

HPIST - F—T— B A Hm SPng - F-7—F FN EC % |

52 UREREF[EHF STEM-CBED/4D-STEM /#83&HBERHs, #E G FRE - A1 VidiE Keni TSUDA. Professor - BTEME BT IRIVF—ERDN R XRFEED T REFEHT Masami TERAUCHI. Professor 1 I8 23
Az Convergent-beam electron diffraction (CBED) /' STEM-CBED/4D-STEM // ) . - electron microscopy ./ electron energy-loss spectroscopy : z A
@i ; Structural phase transformation / Crystal interface and domain structures kenji.tsuda.b6@tohoku.ac.jp soft-X-ray emission spectroscopy ~ convergent-beam electron diffraction masami.terauchi.c4@tohoku.ac.jp 3 @i
I B z 9%
I e TR E AR #em T —< 1ERE B sz 33
IS . msmrEitic L sRAESINE - BRAT VS v UHTARITEOMA L R - Wity Zentar0 AKASE, Senior Assistant Professor - Rt/ T OUIERRAT Yohei SATO, Associate Professor 5 M
g B & ARGEETAED T2 D BIRPIREHEERITDORIR 25 1| K my * BBIEOYAR EELS 12 & BUHIIESHIB A DORA% A =7 2
G - AD-STEM AIC K BIERSRE - +/ FAA VHBEDRASE - BBRT VY v L%l A _ - B EMEE SXES EBOMHE LIS LA = B , G
- BEEM AR D AIEENNIT ZBt_)L 27/ BTSSR Daisuke MORIKAWA, Assistant Professor CNEEFEIFES SO —LAOY £V S EFEITE B B EEMRT Takatoshi MSTSUMOTO, Assistant Professor
. Eiﬁ*ﬁﬁﬁt{?Lf%f{%Fﬁ%%ﬁ*%i\ﬁﬁ?*ﬁ/ o e « Functional analysis of nm-scale particles by TEM-EELS
FBTRRRT ST 4 —HLUD— LY VEMETAICL ST/ AT — VBRI AIDREL + Identification of electronic excitations by angle-resolved EELS
« Development of local crystal structure and electrostatic potential analysis and its applications + Development of SXES instrument for electron microscopy
- Local structure and electrostatic potential analysis of crystal interface and nanodomain structures using 4D-STEM « Crystal structure analysis using CBED and beam-rocking ED
+ Nanoscale local crystal structure analysis of functional materials under applying external fields
« Nanoscale local crystal structure analysis at structural phase transformations
 Advanced electron holography and Lorentz microscopy for nanoscale electromagnetic field measurements
49 %%%ﬁ%ﬁa L\TC%)EF[@*%E ° #@'lﬁiﬁ@*ﬁ%iﬂ@%%tmﬁﬁ 0%
\,g == o = . = S, FamE 40—~ 3 I\ - g\,
g g T/ BFT7O—TZRAVIEEE « #ERT 22 v IV TmiEh BETTAE S HADEIB I, SEE - ETXLFE—T & E
B = BREAERIEBU T, F/ 27— VORFHME DS - KA1 koo, oo imacoogaizs | mompasion 1% YINT FEREIET N\ APHNEOHADLETHY, a // 0001 a//1120 = B
25 YRECERY ZRRLMEOBESMEMLTHY, BRERE ey e ZORBIE, BFERHERRBL LIS/ 2y —LTD “ S 4
v EEMOEBMAEEOTCVET. IS EREFEM | - &S - MR EE DR & Z DBAARER TS, Th © i I
57}; EEFBLT, 7/ YA RRRLIBF 70— T #HRHIC RS iy r~ ETIE. RADBETHD [/ R7— VIS - IR o ° :‘:"?' 57#
75 THIREFEN (CBED) AN D THRHTT . AR T T W ] Y AT LOWR] ORREBIRL, BRYOBERBERT o 1 | s %
o BEDEERVTHAFENR (SEHIL) BRABICES(ER A 5 BANABTEMHES LORTY 7 b7, grxLy © g i W =L
4L WCRFRAMEEEMERRICEEITRRL. BEEESIY e i —HEREE EELS BT BHH. HROOBEFRENFEF 4 % 4
| € 7 AMEL B EEEM S, MBREFRMHFICER L - e gt £ BHEREGRE. 7D FIVIEFE - REDRHE L T DT \AN_ € |
TVEY, T, EEEBBFEME (STEM) A& CBED %48 e HEB | ENDISRETV. HIEORREE FHEOERIEERELT N e
N N ! = N A ~ M X
HE Dt T STEM-CBED/AD-STEM S5 75 L T, &@RE - +/ =y ISy & BS - FELf Bk MRERAHE LTALNBNTLS Cs e =S
RAA HED &SGR - RO SENSRFESEE -8 | D EEe R—TBL 5> 5 R T > DTS RE VEBORBR Sk Sl et i
<5 BRT VY v IVOREE(E ERENT ZFEOMRBICERY A cever il B & BEDREELS ICKWRAIE LIAITY, BERAKIX 5
6 o} THY. BAEE - AEICER T 2R MHREICE ST IV —TEET, ERAEICEKELT 2 DORSHTRIVF— 5 6
7 = ZolEBRELTVETD, CBED EIT & B RAERIES - BEAT Y v ILHTEIRIT DEFEEL. INSHEMEGERNCERIEREDERTH =7
o . . . . Q
}.[, % Local structure and electrostatic potential analysis using CBED F ¥ & ’a’:ﬁ@ﬁﬁ LE LTCO % ).[/
& e : &
E _ . — — _ ol
//r\g Nanoscale local crystal structure and electrostatic potential analysis using nano-electron Development and Applications of nm-scale Crystallography and Spectroscopies Z//r\
Y Py \
78 probe o . . ) Our lab develops accurate nanometer scale characterization ENE N S B S S A S S K S 27
'i 8 Local crystal structure analysis is increasingly important in methods of crystal structures by convergent-beam electron S 'i
g functional materials that exhibit intriguing physical properties diffraction (CBED) and electronic structures by electron 2L
W induced by nanoscale local structures and crystal interfaces. energy-loss spectroscopy (EELS) and soft-X-ray emission 5 3 B
2y For this purpose, the convergent-beam electron diffraction spectroscopy (SXES) for evaluating new functional materials. £ 2%
t (CBED) method using nano-electron probe is extremely For performing crystal structure studies, we developed a 5 L
'}é advantageous. Using the CBED method, we developed new Q-filter electron microscope and a refinement soft- & ,;
| a quantitative analysis method of local structures and g ware, which can perform not only atom positions but also < | piamond |
electrostatic potential distributions based on the dynamical | e S o A electrostatic potential and charge distributions. For electronic 2 4
diffraction (multlple scatterlng) theory, and applled it to Lom D“Qb Schematic structure of twin boundary structure StUdieS, a high_reso|ution EELS microscope and 5 :
various functional materials. Furthermore, we are developing STEM”‘E“”""""“”""""V ., SXES instruments were developed. Figure shows carbon £ Graphite
a method to |n\./est|gate.spat.|al variations of local structures 3 ' K-emission spectra of amorphous carbon-nitride and other
and electrostatl.c potential dlstrlbupons in crystal interfaces carbon allotropes obtained by using a developed SXES
and nanodomain structures by using the STEM-CBED/4D- instrument attached to a scanning electron microscope. 0 il 5 ¥

1 i 1 | 1
135 140
Photon energy (eV)

STEM method.

CBED £ & U STEM-CBED JEIC & % CaTiOs DM EEHFHFR DB PiidiE T
Local structure analysis of twin boundary in CaTiO3 using CBED and STEM-CBED.
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Advanced Scanning Probe Microscopy ’ Synchrotron Radiation Soft X-ray Microscopy

Tadahiro KOMEDA Lab Y Masaki TAKATA Lab

PIHG - F—T— K S FaEL s £ . N =H S #g (sris)

EH—XEUBEARDONTEY . RAIFE—IAEYOBEEE ELTWEYT, INETCRENMEBICRAREES TERX
DERE. DFOBEEEL LEAVEDFRAEY FOZYRE ISEHR - BB - HWEDFAIFARURFIILIY MO
FORREEDTNET, C—kh & OERBEROBITFEE. 7/ 75 ADEE

F /A TDRAE Y « BSEEODIIEE FISHNBOREA L P, 0 Sutdoo; al ] THREDHBRICERT 5T ET. XIS/ TR LHEMD
RABRMTHY . ZO—2H F Y XIVBHSIEAEBANTRAEYD B . BHEBIELET, o, PHMECENBERAICHITT
BMEERELLSETBLDTHYET, HAIEDFTHADN 1% 1 DREGF — LZIEDH LWVESEEDOR (0771
AR E—5SFUEEBLT, N-SEOLTAH EEREH vav GERa) - 3ve7h) @2) 280, /7

£t 2 EET/O—THEME 2FAE1—2 ALY ILY FOZY R,/ ESR-STM - RARETEHEER X $RIEF B X SRR , g
S s . . . . ) . Tadahiro KOMEDA, Professor A . o . . . Masaki TAKATA, Professor =5
/,EIJ 5} scanning tunneling microscope / quantum computing / spintronics ,/~ ESR-STM Next-Generation Synchrotron Radiation Facility / X-ray Optics / Soft X-ray Microscopy 53 /,EU
B2 tadahiro.komeda.al@tohoku.ac.jp masaki.takata.a4@tohoku.ac.jp o b
1 I - ~ e T
IO SIEESE EEHRT L& S s (sRis) ‘o
s - EED O R)VEEMEE (STM) ZREUVDFEZ - 518 Tsuyoshi TAKAOKA, Senior Assistant Professor ARSIV [/ 75 2 DRt Takeo EJIMA, Associate Professor E
3 - FYRIVHHERVSFIRS - VG EDF S R — IR . X SRR O S e & 2SR 20 3
3 WENTIETLSTEFORAICAG R - HiE EHRRE R ph# Rl st PZHF B 3% (sRis) c
RV NOZIR - 8FAVE1—2—DEBREEDAE D OHITH Yasuyuki SAINOO, Assistant Professor CE X SR - WS ET - B CEREH O Tadashi HATANO, Assistant Professor
 RRRIRO BRI R T35 « 5 F BRI VZ 24N |Q\ VAR I\‘\ E/\Y I\‘\ J7 /7 [/_“ ~ + Next-generation synchrotron radiation facility "NanoTerasu" project
' 2ﬁ:sr§;\;z§:)oen(gr_}?w():hemical characterization of single molecule using scanning tunneling S/ha‘:ed Syed(/lohammad FAKRUDDIN}AssiitarZ-P/Lf;s?rJﬂ * Innovation of structural science by development of X-ray visualization technology
» Chemical analysis using molecule vibration and spin detection with an atomic resolution Bgzg:gzmz:: g; zg:tt i::g Irirg;r(::()ssoclorrézsar;c:);fspIl;:sgodne:gclzz)orlsglcal samples
« Interface engineering to combine Si technology and molecule electronics ' '
« Spin control for molecule spintronics and quantum computing
* Molecule-surface interaction dynamics for environmental catalysis resear
&9 TSI X RRIC K 57/ AIRIE AT DRFE LIS 0%
Bt  AEVPRZIANAG LB—AEY ORi & BIF FREDTIE. BEH X BRI L W MEROBFAEEE S | gg
A = AHIEETlE. £E5R T O— JEMERBLE LI-EBERE JLANIVTRIRIE L. FL VR Z RS e ME Z BRI 2 =@
S BUT. F/EERFORKE K BHARNCRTATHERE HEHES AR T ST CERMELTLET. RE L2 § 24
D EBIEL. STORMEL) LERTEREETESS L LET, . . RBFIROY X WBEHAXRCHS 17 /7521 B1L |t
g EICRE. BFOVE1I—4—PIEY OS2 ZAADSEL S By o 2023 EEICHEEILFF v N\ RICKEBFTE) ABNICH %{#

=\ RN O

18.5

g 19.0
Frequency (GHz)

X § EHRSIEROEEL LTH LS. BBICK > TRESER T LITHK 57\?#—7"‘/ A/ NRN=T3VDREE L. FEEAIR § <
2 HLTLET, 8437 ESR ICRIFBTEEBERLTVET, = 7
% ERBELRACYHRFSARSABEFBET ST LEFBL E
. § feo ESR-STM ZRFE L. &V BEGHRSAIERNTORAEZT>T § .
E;lj } VET, 3 ‘gﬂlJ
Al T . . . . . I A
I\E Development and Applications of Nano Visualization Technology based on Synchrotron VR
g Radiation X-rays i
7‘ 3 . . . . . _ . « y 3 7‘
08 Single spin detection and manipulation for molecule-spintronics The mission of Takata Lab is to visualize electronic A —h i
/% The detection of a single spin is demanded for variety of stru_ctL_Jres of materials at nanq-meter Ievel_ using _synghrotron e it —— % Yy
E; 2 applications, e.g., for reading and manipulation of isolated radiation X-rays, and establish the design guidelines for = gassommm el — AT 2 El%
Ze spins for spintronics and quantum computation. We are developing new functional materials. Currently, we are E E A
+ developing instrumentation of the detection of a single spin CeP CeP . strongly promoting "NanoTerasu" (Fig. 1), which is a state-of- . ettt (MU SRR AR ICEAT A EA T g
4 using scanning tunneling microscope (STM). erec, erc, 4t s 20 the-art soft X-ray light source, scheduled to be constructed wE FO—LTRE—TIUE ORI >
7| Especially, a method that detects the Larmor precession Pc* ., Pc® on Aobayama new campus by FY2023. We aim to innovate & BENOBRERR ’3[‘

by monitoring a variation of tunneling current, called ESR- _C 4+ —C 3+ nrl X-ray nano visualization technology by combining the A EROFRMILLE

. L . . . e . € . dented light ti f N T ith 3 IO FIT DINE

STM, has a large advantage due to its compatibility with SOlid s M8 Magnetic unprecedented light properties of Nanoerasu with our own [

devices and atom-scale spatial resolution. We successfully Pc* Pc* & switch ¢ measurement and analysis method_s. In ac_idmon, we aim to B SR ORI

developed ESR-STM instrument which can detect the single " pagnetic 5 make NanoTerasu a cradle of open innovation through a new [

inin Si Magnetic w5 e of industry-academia collaboration based on "Coalition 2
spin in SiO layers. o i resonance typ stry-academi : s
In addition, for the realization of the molecular-spintronics, . Concept" (Fig. 2), in which academia and company form a

. . . -0N- i Fig. 2
single molecule magnet (SMM) is one of the most promising ~ ==~=~-"~ strong one-on-one team to solve social challenges. 9

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

BAFHADRT LV
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High-temperature Physical Chemistry of Materials

Hiroyuki FUKUYAMA Lab

HEDE - F—T—F

IRIVF— - BREBEMR MCRBNTRUAE SRR

energy & environmental materials ~~ chemical thermodynamics / properties of high-
temperature melts / crystal growth

Bl 1B s

Hiroyuki FUKUYAMA, Professor

hiroyuki.fukuyama.b6@tohoku.ac.jp

KIER B otz

Makoto OHTSUKA, Associate Professor

FTiHk M s

Masahito UCHIKOSHI, Associate Professor

L EF #em

Masayoshi ADACHI, Senior Assistant Professor

FEHART -

- Bt EROBREER MBS

- EERBMESTRIY X T LR

- BERA R ORI

C IXRIVF— - BEEO 7O XIS

- SRHH T O R

« 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

ITx)IF— - BRERORE 7Ot AR
LFRE T, LERANEER—RITTRIVF— L BEITRT
SF LLSi D Z 07O+ RABRICET BHEET > TVE
T FIZIE. BLMEERE, BEPERS B TORAIEHE
NBENRNT NA ZAPEIRITDHEHB/INT—7 /1 RDOER
MHELTIBENTEY, SHRETIE. TOFIA-ERRE
TOLRICET BWRET>TVET, £, BABMETOL
ReHI B8 - MEBHREEY S 1L—> 30T 20, B
R SHBEMZADY T, MEORER, MMEEE, K
%, BEHLUREENSORIILE SHEREICHT 3 BERH
IPEEHAIS 27 LOBRET>TVET, CORfcE> T, #-
FUOLEBUR. MEMMHORERE. WHAHORRE, B2
MHOBR, RFFEABHOET VY. #iE BEE AL
SARABABIRYT 5T &ITMA T RAOOBRRMRSE % BIE 1mm
TARRETOTVET. f=05s t=20s

27 IV T LERMRT NSRS

B8 hagh= ZiEm

ER &) Henh=> H 5 S

High-temperature processes for energy & environmental materials

Fukuyama laboratory studies novel processes for (a) High-temperature thermophysical
energy & environmental materials based on chemical property measurement system

thermodynamics with high-temperature thermophysical (PROSPECT)
property measurements. Currently, we are developing new
crystal growth processes to bring a breakthrough in nitride-
semiconductor devices such as ultraviolet optical devices

(b) Density measurement

High-speed
camera

Laseror .
— Beam splitter

utilized in environmental and medical fields and power

devices. Thermophysical properties of materials are needed (o) Laser modulation calorimetry

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

Modulated

laser heating \

various material industries.

High-temperature thermophysical property measurement system (PROSPECT)

BRI 7Oy IV THRRDE
> =

E]=aNARTIRAES

Base Materials Processing

Shigeru UEDA Lab

BN - F—-T—F
FEMT AR RGRE mIRIELE VT

Material processing / Iron and steelmaking / High temperature physical chemistry ,/

Material recycling

FEMRT—F

- BEIR S IH 5D Y AEIREUY

- REICHBT BMEBE S LFRE

- F - B - SAEROFE L RIGERE

- FIEM T O XBE

< IRABROMIME

* Recovery of phosphorus from steelmaking slag

+ Control of mass transfer and chemical reactions at interfaces

NEFR % s

Shigeru UEDA, Professor

tie@tohoku.ac.jp

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

+ Development of novel material processing
+ Physical properties of multiphase flow

SR7O0tvXICH T B RISHIEOREL

Rl E R ROONER T, BELAXAZHRIIT S
DITIIHRBEBLEBLDEMUBCEM TSI EHRUETT, H#
FROEMEERIIFELBML. XN—IXAZILPOLT AZIIVDFE
BHLEMLTCVET, COBRIISHAEECORRTZERTE
BHY. REFICHNERDLENS KLU CO2 PHEELEIEMHE
FOMBEIBEELLTEE LT, TDBREDHTRENDRE
BHERZBET BRI BREIXIVF-FHRELURERRD
Zled s IS HhHE BEREER CREMICEMDEER
BB 7O ADBELFREDOTVERBREDHRDBEN
EETY. 2EMEBLE. RETOLAIZZLLICER T
FIVF =G BIEMOHIRE KUFIB LV oIt 2B BIBE
ICREBELGRIGTOLADEEZBIELET,

Optimization of high temperature processing
for base metal

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

Control of chemical reactions by controlling interface phenomena

AP ERIEAR
CELREIN'Y)

PR
(AP E)

&7%&—m
Sio,

Analysis of reaction mechanism and control of high temperature reaction
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Powder Processing for Functional Materials

Junya KANO Lab

HEDE - F—T—F
MEIZ/ YZal—y 3>y / i/ KEIRIVF—
powder technology ./ shimulation ,/ grinding /" hydrogen energy

FHEMRT—X
cOAVE1—2YZal—YavicdamtT ot R0sEl

- BRI T ER O ADY T 1 L— 3 VORI

CHF - RATOERYZaL—Y 3 VDRIR

c NAFRRAB L UBBEBEZEYD S DRMEKREE T O XDEIR

= 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
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Junya KANO, Professor

kano@tohoku.ac.jp

EH F00 e

Chika TAKAI, Associate Professor

AR EE

Shingo ISHIHARA, Assistant Professor

AER B g

Kizuku KUSHIMOTO, Assistant Professor

5 TR B smmn

Honami HANABUSA, Assistant Professor

WREMEMA T O ADEINE Y I 2 L—2 a VI &AM T O ADREL

Wiz RER PRRERD S NNIERERET S

BRI DRER - WES VN DDOBREBA TH D, 7
DR DG Z DICBERTE T Tld i <. A0
HFREEEICE AT RE L. MFRESE T
HFORFEDZONHE SN - BEEICAT L
BEND, LEED>T. BREBDBEDEREED
WA T O R EBRICHE L. FIET 2RFERUE L.
D OFRET ZHEERIBE L BT, BEPHRF.
T, WAL E OBME T O 2 E BIEICHIET 20
BHBH D, FREZ TR, W T O % BEICHER
ICHIET BlzdDY—ILELTDYZaLb— a3 VE
DRIFEEIT>TWS, x"¥Zal—Yavic&koT.
WETOLAERETETElcEY, BIRILF—
LPEEREIER STV, . HETOLAD—
DTCHIHHIBIEICE S TRIRT AN/ 7 I HIVE
KERBEHISER L. BHLLLSOLBUY AL
RNAARRADSDRITRIVFE— BT 2 rRE D]

) Filling
Multl-diameter Particles

MAERKRELUOCHETOCRADY I 21 L—2 3 VICK 2 ¢ (a) EfERZERD

IXIF—FRT Ot RAARDE
= =] —

PRI T A

Energy Resources and Processing

Akira KIRISHIMA Lab

BN - F—-T—F
WEHEE BF Ny o T R BEILERARILE

Radiochemistry ,/ Nuclear waste management ,~ Decommissioning /~ Solution Chemistry

FHMET—X

cBEHLE 7 TO—FIc KB RBEEHRERND/\Y 7 T NTFHE
- 7O LT O F U LERICEHRNOBHEH

< FERHL T3 5 Cle RERBEH OB EZB OB TEEE

c EMPRBICETENSRABSENE (NORM) REDHIZE

W05 B iz

Akira KIRISHIMA, Professor

kiri@tohoku.ac.jp

FhL KEH B

Daisuke AKIYAMA, Assistant Professor

+ 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
and products

in materials

BEHMEE 7 7A—FIC K BBETEREYD/NY 7 T RTH

2011 FOREBE—REFHICK Y. BAGEDRLGH
SHERESEMONRELE Lic, CORITIIIAR T TVRER
KR CIE7 72 A REN, HIROBROEES ENRAL
BRYROOH LOERNHNZENE T, IN5I351% 3040
FEPF BRI HEN, RECPRERERACNIEZ L.
MRENBRIAHFTT, INZREFT BITITERYDOERP
BENSHEGREEZ EHICIEEY 2UBNH Y EITH. EE
micizFED® ALFEDNEMEELDT VF /1 btk

FENSENET T, HARETIE. TORHEGEREITHEHLF
77O-FITLBEBRAR TR BATOEYT, BEMICIE
BT 7 VA - DS KT 71 DR - (E24FED
B, BRKNDT VT /A FOBEEEAZR. E5IITH
REBRDRELS S UREMUEDRESZ1T O TVE
¥, ThcKY REDHRICHIT 2R REGETFRECT
HEREF—REOELEBBICKFOMREL LTEMT S
TEZBELTVET,

Research on Nuclear Waste Management
Radiochemistry

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

and Nuclear Facility Decommissioning by

group investigates chemistry of nuclear fuel debris
and leaching behavior of actinides in it by synthesizing
simulated fuel debris with actinide tracers. Furthermore,
we develop novel and unique nuclear waste solidification
processes using functional aluminum silicate minerals
as fixation agent.

LTW3%,

M FOERZEE, (b)BINR—IVI)IVPDIFOED) - BIREE), () RFPORFD
BACARES), (d)CAD T—2ZBVIAIFREED, (o) RATFTEROR FRITES)

issues in Japan. To respond these demands, our

Development of new functional powder processing and optimum design of powder

processing by numerical simulation

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

controlled, and then the powder processing such as
mixing, filling, forming and composite must be controlled
exquisitely.

In our laboratory, we are carrying out development
of computer simulation method for control of powder
processing. Optimizing the powder processing by the
simulation is performed for energy saving and resource
saving. In addition, we are developing processes for
recycling of metals from urban mines and for hydrogen
energy generation from biomass and plastics by using
the mechanochemical effects which are obtained in the
grinding process.
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Chemistry of Energy Conversion Devices s _ Metallurgy and Recycling System for Metal Resources Circulation

Itaru HONMA Lab _ N Etsuro SHIBATA Lab

S AR 4% wm e LEM BHER sus

S F/TU /AT MR T Ay Y S RA N U F I LA VB JESSBUE SRBERER YA )L, BEEIIE )
IR e Itaru HONMA, Professor ) ; ) ) Etsuro SHIBATA, Professor @ 3|
il & Non-ferrous Metallurgy ~~ Metal Resources Circulation / Recycling ./ Waste Treatment z A
@i a Nanotechnology ~* Advanced functional materials processing / Post lithium-ion battery itaru.honma.e8@tohoku.ac.jp etsuro.shibata.e3@tohoku.ac.jp ; -@i
= Low carbon emission energy technology . =5
*7 © N = o =
=i K B2 a5 AT T— LE 5k 9 25
Fﬁ § ThEHET—< Saneyuki OHNO, Associate Professor . %@;LZBH%%EEK%%WEH%LZEE?%EF%E’\JEH% Ken ADACHI, Assistant Professor § F"i
g LT AGITY—DRZ R F LA A B B Y g = 20041 FARICK B L ROREEELEAMTDOMSE g
v - 2EGE SET . - CEABHMAEDT SOFIBEANDA S ) —= 5 3
C CEMLREOBSLENTHR IO R Moriyuki KANNO, Assistant Professor « SERIEFERY A FIF L e “RYERRDEE & BT
v SEREHEAE N Sy S 4 = ZOH, @BVY A VIVYRT LORBIICHT L ERERRMFHRICET 2 ERHHE
s 3XFTTI YT A VI ERVEBHT NAADF Y TI Y FEE = Fundamental study for copper smelting with high impurities
i L = Synthesizing technology of scorodite particles for stabilization of arsenic
* Critical metal free post-lithium-ion battery = Screening for new flotation reagents to separate arsenic minerals
= All solid state battery « Carb dg d trati gd il t'p X kali t
= Electrochemical CO> conversion to useful chemical products arbon dloxide sequestration and u ”Z'? on usmg a_ a !Was es .
« Advanced functional materials processing = Development of component technologies for optimization of metal recycling system
= On-demand fabrication of battery devices by 3D printing technologies
o L NN — =~ Y - ~ ~ (@]
2L bR/ BEEMRBERICL BT RILF -1 /R—Y 3 VDRR 1 &
&3 AREZERZETIE 21 HROBFHMOE Y G REERR KBRLEERFIBRCICET B ITRIVF—T /1 XOHR s &
:EE B jL ’:_,_, F " pin H_E L = - yiTh Pan 1 ‘ - S 3T m ~ . P i:ﬁ
Do ChIMMEERET - EREHABEORICF /T /0Y  BREFVET, HBRERT AR L LIRRERMBEREY A7 LOBE =5
o - . e - — [P N )
JDC o —ZMABLIBEARIRIVF—RDT7 02 7 1 7ie%E s RSB REREMRZERINT 5 L CIEIMERAIRDESE o JDG
2 AVEY EREAETOEY YU LT /RS iy BITLF—-BHAGRERZRBHRORIR THY. SREFEBOROEES T ET. HEEENGHT BT IR BB U ERERRRS AT LOWHR 5 2
Do EOTEARE LT, ZEMbREZR, RER_REH, LT BEMEROTL S, Efe. SBADBMEREST. BR - BFH e gt
3T e N S NN =ETZIE— = 23 — g o . _ L s ot ZbE=h 0 2 2
3&“ % AT ) —BHEDEFHNIXIVF—T N1 RZEIEL BIFIF— - BHOZRIER_RE tﬂﬁﬂ%‘é B[OFAHIMEENICIBINT 5 EHTFRENDS, ERERZMET FRORIE, TEREN. REFENOLE, BESETROTELLE - j%
J0 T BSEHARRE BEAEIRLEERCHARL SERAS yIoslAoan o "’;.‘."’"" ’_‘4______ HITHRL T FBIT, BABHRICERENTOSREER oty e ol RIR D RO B ETTED e
| & WERDA /N—2 3V ERITTEEBNELTVET, S — ﬂ ) BAALTWRELH S, R St B Bt AR =i
FHENTRIVF 7\ REERT BB, BEFEHE it it J___ FFRDG T, L E BEE L SBEREEYATL e P o
(I57x>, BRE&ERILEM). T/ WF. 7/ K—524 = DWERITEIT TEAZEENZ 1T > T\ 5, LIRS & & T IETkBER R AR "b’ﬂ‘*’l’m( )
_ . . . , N . Pl S BT AR (8
B SR, BTN, SRENE. BUEEE ST LETES BTN DRERORMEH £ BA L RER AT o || i s
<= B, BERRE - KRBT Ot ARMPETHE in-situ 5 W, [RGB ERODEMERFER ERBFREDERZBIEL TV 4 BETER ORISR - FRARFER/3RER =<
l7_- g WEORHIGEMERFEZRER L. Tho DR/ M 4 %, IADHESTRBITREZEE LIERAGITRERDH LIRS J— ey g I7_-
73 N ° NN AR O ] — e — — N SJREIIEEL > AT DO 0T 78T 7 ' — o
7{% B aRBPEe LTRR NUFILAA VBl LT A4 _ _ e I SETBWHRI, WHBENOLE, BEABTRORELELS o Z 2
LB ) —Eil. —EIUREEFERTT /A & CIRRER E = = ERERICEITTZE - TATfAFEIC <. & TREBZT 2 )
; L71)—&; BLkRBRRT SO A x EERRLHT L uam-mwmsmws;llmﬂmme_mmm: JJ BERBEIRICAEIS TR - HiffRICEAL SRR AT ZE O HT f_;
£t 2 BT O ARG L, SENICRYEA TV, :s
al = =
/ﬁgg Nanotechnology and nanoscience of advanced functional nanomaterials for energy gf\g
;% technology innovations Establishment of Metal Resources Circulation %;
;s Our research goal is to realize renewable energy processing of advanced functional materials, and System Based on Non-ferrous Smeltin g
J 8 y g g1
vs innovations and contribute to global environmental operando spectroscopy analysis for advanced energy Industry pommmmmmmes ! o concentate S
R & sustainability through nanotechnology and nanoscience devices using synchrotron light sources. o _ _ j Collocia S '—l Cusarap &R
E}i 5} of advanced functional materials research. Using Non-ferrous smelting industry is necessary for achievement _ Sludge etc. “Rezaviry d g Eﬁ
ze environmentally friendly materials processing and the o === R of the resource circulation society. In the future, the use 1 Pretreatments | B8] cu smelter 1 stabilization of -, 7T
t exploration of advanced functional nanomaterials, fu\ RAPCO, R RE(TST/ BBMIRBASE of various electrical and electronic devices is expected to | Pl separaton | ‘E'E“"’iy‘““’ o L R t
g the Honma laboratory investigates the frontiers it increase with growth of population in the world. To secure N magre ec. Anode sime Residues (s, Ho, C1) g
""""""" (Cu, Pb, Se, Te, Ag, Au, Pt, Pd)
I I

of nanotechnology and nanomaterials for CO2 + ) i B EE RS metal resources continuously, it is necessary to recycle ER“"V;mfeiti;‘chiJ‘e‘a'si Decoperized slime (Cu, AS, Sb)

electrochemical conversion processes to useful [ EEE SRATEEENE ), | 75— FoRKengincering metals used in waste products. The main research aim is -- SR Resm”es(cgy_pr*ox‘z::y‘e(C"'Ni)cudmss
compounds, post lithium-ion batteries, critical-metal free p: to establish the metal resources circulation system based Cuttoss @y | (Treatment and Refining) | (P

battery, processing of functional nanomaterials and on- uy on the non-ferrous smelting industry. Research activities . o g, o Pt P R

demand fabrication of battery devices by 3D printing including non-ferrous metallurgy along with mineral @ Harris slag (51, In, P, ADN, oy
technologies, thereby contributing to innovative solutions & processing beyond the traditional framework are intended / Distlaion ©9) us o s ®0

for global sustainability, renewable energy, and for a ¢ hi the hiah effici irculati ¢ metal Resdie (i, G2) Bt gy 0 249 Po. S0, Bl Ag. AY

low carbon emission society. Our fundamental research 0 achieve the high efliciency circufation of metal resources Zsmelier | o | Pbsmelter
is focused on advanced functional nanomaterials and environmental conservation in the future. Researches oz | 159 crude o eb, S, Sb, i Ag ) e
such as monoatomic layered materials, nanoparticles, for smelting processes for primary and secondary resources, o e
nanoporous materials, multi-ternary compounds, gmﬂw i Al treatments of by-products and stabilization of environmental _ _ _ Sludge etc.
metastable materia|3’ organic molecular electrodes, nm&‘mm’rl:&a Is&?ﬁm:?‘u?:;*&-n |oad e|ements, etc. are conducted. Linkage among copper, lead and zinc smelters to recover valuable metals from various type of resources
novel inorganic electrolytes for all solid-state batteries, \ RERIBHS ORI/ AT/ ARHEZX S THLF—ZRHEONRA |

supercritical fluid & hydrothermal-electrochemical
||| |||
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Atomic Site Control in Inorganic Materials

Takahisa OMATA Lab

BHINE - F—T—F
HEEEEEARL BRI XIVF—FBT /1 R/ RFZEREGIE

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

intercalation

FHEMRT—X
- HEEMERAMROMERS EER TR ADEHE

IMR ZR %

Takahisa OMATA, Professor

takahisa.omata.c2@tohoku.ac.jp

B =50 s

Miwa MURAKAMI, Associate Professor

- FO—F vy TR EEORRE ENBRFNDGH §A7K —i gy
ALBYEEE - TOLADBERE TRIVE—T A ANDISH AR = R
. B CEIET B B DB TR DR Issei SUZUKI, Senior Assistant Professor
+ NMR (€ & 5 Bt H DT
= LI B2 8hs

« 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

Tomoyuki YAMASAKI, Assistant Professor

NT— ZF YV o

Nithya HELLAR, Assistant Professor

[RFEBZEEDOEHEDCREME - 7O1X - 7/\14 ADEIE
MNEAT N E TEER LT E A BEERE LR OBEH

Bt ioTHY. REBALTWAIXVF— B @R nntsa
ICBEDZHREICTLTEH. AT PEFNSEFRANLEEFMED _ O Li*, Na*, K*, Cu*, Ag*, 0%, 5%, F»++
HBETTT, EALBEDOBAICKY., HELHNBRICAFTES . a— BEPEES

& A EErAE 1#ABR, A F5K7; -
REGMAKGIEPTHEL O TNTHY, STi5H82LT v B L i (e masn
WBFHRIE A TEY PO &S | EARE CREN R \: Cu, Ag' Lit, 0%, §% F, CF+ -+
BEMED 55 BICENS Y FE A, I EOREETI. 20 b ﬁ AR
&5 REREMEEHEOTARES (B, EFNETL—L sl e
D=0 & THA Y LB RRT 2 EREER LS. A s

AIEAIE SR DRIE A 4 >~ DEHRPEAICK VAL, Th5
EREFEMBETINAX « VAT LNESATNCHAREESH TV
Y, RERK. RUAROFRABZEL. URFEREMHEMNL
EDEFRMBORELZDHEFL. RY H2EROAEZNERICE
THMIXILF—MEORREITOTVEY,

Development of environmentally conscious materials based on atomic site designing

Most innovations have been triggered by advent of new Intermediate Temperature

Thin-film Solar Cell

materials, and the present energy, environmental and 3w ] p-Cucao, Fuel Cell
. . 30 q(; o _| H
resource issues are expected to be s_olved by new matenal_s. =0 /8 ﬁg g o U e /% 7 Electrochemical
We focus on to explore new materials and their synthesis sz 8 3°¢3 l_ H*-injection
routes using ion-exchange and ionic intercalation techniques. ¢ , | i g g ~— )
Proton conducting phosphate glasses applicable to the oL ] . o0 e e
intermediate temperature fuel cells (ITFCs), mixed protonic O neray band aap 1 oV - -
and electronic conductors suitable to electrodes for ITFCs E
Temperature, T / °C
400 30 200

. . . o [2] @
and narrow gap oxide and chalcogenide semiconductors 51 #TTNg
applicable in visible and NIR regions have been recently - o L %“g,’%é’g
developed. Thin-film solar cells and fuel cells using those °

materials are being developed. New materials consisting of

elements not currently utilized are also under exploration. e
Energy band gap / eV

i
IR 1 | ,_
- \..-;\' o
] ——— \*

e
n-type film p/n-homojunctuion

Efficiency / %

10

log (Conductivity, o / Scm’)

FET ELo AN
BiEEEE=E

Quantum Electron Science

Masahiko TAKAHASHI Lab

EPINE - F—T—F
DFRZF RFERNES EHEER T MR RISEIF

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

FHEMET—X

- RISEERDEFELURFIZEBDA A —I VT LALF RIGDHFERIBDORRL
c DFPEDEHBLER A A — T VT EDFIRBIC K BBFREBEAIRDEH DI
- RFEFENNIC L BREFRODFREENDA X =TT LR FRIBDHE

- EHEEMLF DM S T ORIEMEANDRER
- BRGTRBEHAIDNIC L B ETF « HFEROIGEIAFTIIR

B 2 s

Masahiko TAKAHASHI, Professor

masahiko@tohoku.ac.jp

e Foems

Noboru WATANABE, Associate Professor

FRIR B8 B

Yuuki ONITSUKA, Assistant Professor

* 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

BFIAVT b UEEZFAB LIMEDENS SUBMMEEDRR L

HE5PBHMEIL 2 BEDHBIF. THEDOEEFLERFIHS
BRENET, LA >T. RIGHEPHEERG EMBDOSESE
FHEIR. MERNTOEFOEHERFROEHELUETNSE
BOBEICEDI MDY EBA, HAREIL. 5 LERLER
MEERICIIE, BREFREMEREYT 207 b EEZER
FELIIRBDH LWDNEZRET S Lick Y. MEDFHNS
KU EDIRRNIERE & LHOEBEDENDNE5ZBEL
T UTFD=2DRE = FDICHERZEEDTNET,
(1) BFIAVT FVHELICL B BF LEFROMERESHD A
A=Y

Q) BEPMREFIV T b UEELICK B EFERIGDORERED
AIfRME

(3) ZRTAETRDHIC L ZDETF - PFEEDIUKT A F =
S

BB RZEMU LR DT DRR

= B #EH) R (EMS; Electron Momentum Spectroscopy)
— BB R (Y (p)D) %25 FIE TS TR

BERID )
5%159%%0) spmmetnc sncoplanas gesmey /w g 1%0(:;]"2%
n * R T ot oscillation
1 °® I‘I 1;.:_'= OB

._ ————

Yi(p) = ﬁ%s(l’)
Rev. Sci. Instrum. 73, 2242 (2002) X [exp(—ip - Ry) + exp(—ip - R2)]
\_ Weas el Teemor 22035609 0011) )\ piye Reow oth 108, 173201 (2012)
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Visualization of static and dynamic nature
of matter by means of electron Compton
scattering

Properties of matter, such as reactivity and functionality, are
determined by the motion of the constituent electrons and
nuclei and their concerted effect. For this reason, we aim at
understanding of static and dynamic nature of matter at the
most fundamental level and exploration of materials having
desired functionalities, by developing new and original
spectroscopies that would visualize the motion of both
electrons and nuclei in matter. They are all basically based
on either of electron-electron and electron-atom Compton
scattering:
(1) Imaging of the motion of electrons and nuclei in matter
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.

8

BHSE IR [ 50 S 1B B 5
- RIS WA TR TBIC <) ORI

v RIEERENFHEORES) B

< F(r) >= i <p>
IosWBD | e 5 T )
VA, 23

wi 3
O WifsSh Bpe
A5 K R D SR R SR 52 - A

(momantum)

O 8B R K \
v TR T 71
v TEHAIH + Y AT

097 105V
o

F> M [arb. units]

RIS i
B IR N

w» HEELOERS

T <F@) >
A

L]
E

o s 0 1%
W HIRTRLF— [eV] WTFER

M. Yamazaki, M. Hosono, Y. Tang, & M. Takahashi, PPl BB S
Rev. Sci. Instrum. 88, 063103 (2017)
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Nano/Micro Chemical Measurements

Hitoshi KASAI Lab (c)

HEDE - F—T—F
F/ - RAVADHETEHA A =TV T RET
nano ./ micro analytical devices /” imaging microscopy ./ interface chemistry

FHEHAET—

= AVINTERERILRD Y > T IVA X

s HARADHEBORRE TV ATY TA L/ Ty A%E

s AU OKEERBWRNAFT v A%

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

TH Y sm @

Hitoshi KASAI, Professor

&Il BR e
Mao FUKUYAMA, Senior Assistant Professor
maofukuyama@tohoku.ac.jp

K KM s

Masao GEN, Assistant Professor

= Development of fluorescent polarization apparatus and one-step immunoassay

= Bioassay utilizing aqueous microdroplet

T/ - XA OZEDFEE D

T/ - RATAEMEMBLIE - £EFOERLLEBEL
<Y 2ARNFAEZROICHRZEHET., £ -RIF- B
e TRTOCRAGEENRE LIBED - BEINREEDR
B CEEY, £fc. B—MRRZNKRET S0 BE—0F
LNIVTORIREE. OFEDSIFFONGEWERZFTAT S
TINA R« FHAIRMRRICHE L E T, DK GH LOEIGTD
fedlcld. R T TCORERIS - AERERG EDFEZHS
MY 2EBMEFABEIBEICGEVE T, TDHDY—)LEL
T AV ORGREREEL. B|HA A -T2 TEGEMITHD
BTUOBEIFEOREZEDHE T,

RIS - PrEEXDRE(LF

1Z2TY T - IN1(FT7vEA

T2 - BIFDBE
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O
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Chemistry in nano/micro space: measurements & applications

We study advanced nano-micro technologies in
chemistry and biochemistry and their applications to
integrated analytical devices. We investigate easy and
automated analytical technologies for life science,

environmental science, food safety, and industrial
process. We also investigate novel analytical
technologies such as single cell analysis, and single-
molecule analysis. For the advanced technologies,

fundamental chemistry such as chemical reactions
and interfacial phenomena in a confined space should
be revealed in detail. We study unique advanced
measurement methodologies such as microscopic
imaging.

N Ty RREF /RS E
AARER R E

Hybrid Carbon Nanomaterials

Hirotomo NISHIHARA Lab

EMDE - F—T—F
F /=R & TRIVF TR EERIS
nanocarbons / adsorption /” energy storage ./ solid reactions

FEMET—<

BB 7T VHSMAT/ ZILEDEIR

- EUBH T B/ ZIEDE | ERT IH LUV R IRSR
AR MR EFB L IRV R - B

- B EEMFRICED EREA—RUHHOBIR & IS
cHA—RUMBIT Y I A FDOBEDR

« B—RUZRFHRDNIV R T 7R EFENDER

+ 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

FEIR JEFN #38 (AMR)

Hirotomo NISHIHARA, Professor

hirotomo.nishihara.b1@tohoku.ac.jp

HH XS

Takeharu YOSHII, Assistant Professor

it EE

THirotaka NAKATSUJI, Assistant Professor

A—RUEMEZEROE LISERBMR O ER

HHARETIE. (ERIIBEFELBEREOR#E CH O IFRE
ZEEETHA-—RRMBUCE L. BREHPLESIRREDF
EERAVTERETF - AFLANILDS DR LT v THGEMEERZTT
W BEEROELD ICBEZRETESIERA—RVIBER. 75
TIN5 3IRTHEEFRZIILH. BLADFLWA—RVR
BEGS LOEEMRORREED TS, Efe. FTEDH—RY
MRIDHIRMZRB L. A—RVEMEORIGE. TR AR
F. RAGTMEEZ D FRVICERE L. TORESEZIT>T
W3, &5, B8 LI Z X —/N\—F v /\> 2, ZRE M.
RIS, E— FRY T FRIRIVF—7 /31 X HEEERE.
AREE. NIVAT TR ERILVWRBENCAT 215 7%Z. BRANDSH
DRAKES LUREEEELDODEDH 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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Photo-Functional Material Chemistry

Masaru NAKAGAWA Lab

Hybrid Material Fabrication

Tomoyuki AKUTAGAWA Lab
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TR BT s d) 1| B s

:E g: ﬁif%'%%Mﬂ/ﬁ%’l&i—%ﬁs/ﬁ%ﬁﬁ%—?%{zk/ﬁ%I Lo ra=74 , Tomoyuki AKUTAGAWA, Professor Mﬂﬂ?(ﬁ‘ﬁ{t?/ﬂ‘/'f‘/?’u v b /)ﬂjh/r |\ ) Masaru NAKAGAWA, Professor g 3
/,EJJ < organic electronic materials ~~ molecular conductors /~ molecular ferroelectrics material science /~ photochemistry ,/” nanoimprinting ,/~ metasite I /EJJ
E}i ; molecular electronics akutagawa@tohoku.ac.jp masaru.nakagawa.c5@tohoku.ac.jp g @D}
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o & - Shun DEKURA, Assistant Professor BER Tomoya OSHIKIRI, Associate Professor 3
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- B{ORETEE AR T BT RILENE SULBREORR + Single-digit-nanometer figuration by development of resist materials and alignment
« Ferroelectric, pyroelectric, and thermal conducting materials from supramolecular technology in UV nanoimprinting
'r\;lat:;ltorsl o deui oced A o - + Development of nanolithography process using laser-drilled screen printing
« Molecular-assembly devices based on charge-transfer interactions + Alignment and building by fluorescence and scattering
 Novel molecular conductors, magnets, and ferroelectrics * Creation of fields for photochemical reaction and self-assembly control by controlled/
* Molecular devices based on organic-inorganic hybrid nanostructures modulated near-field on metallic and dielectric nanostructures
 Redox active organic 77 -electron and/or metal-coordination compounds - Development of measurement technology for physical property using nanostructures
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;@ Fabrications of multifunctional molecular materials e ’7f
¥ Multifunctional molecular-assemblies and hybrid organic- Photo-functional material science based on metasites fabricated by nanoimprint g0
'fg inorganic materials are examined from the viewpoint of lithography o I{
& structural freedom of organic molecules. The spin and Nakagawa group conducts research on materials and Our application studies by NIL 8B
% electronic states of molecular-assemblies are designed processes for mold-using nanoimprint technology, one of the """ epeen {eode e e fims ortestes A
t in terms of electrical conductivity, magnetism, and next-generation fundamental nanofabrication technologies L Setndostanieal t
,; ferroelectricity. For example, the designs of flip-flop motions in manufacturing. Using our developed resist materials and 1540 o — ' Sin o ;
| and dipole inversions in the crystals realized the ferroelectric alignment and nanolithography processes, we fabricate ot B Kakinima M. Nakaganact o |

properties. The hybrid assemblies with the supramolecular
rotators and magnetic anions formed the

multifunctional ferroelectric - ferromagnetic materials. Diverse
molecular assemblies from single crystal, plastic crystal,
liquid crystal, gel, to Langmuir-Blodgett film are our research

2 (PA),

2 (PA)

metallic and dielectric nanostructures strictly as design
and investigate the optical, photochemical, and physical
interactions of molecules with the nanostructures and nano-
clearances between/among nanostructures. Herein we
propose and pursue "metasite" as an artificially created nano-

L
300 400 500 600 700 800
Transmittance / %

S. Kubo, M. Nakagawa* et al.

Chem. Lett. 2012, 41, 1291

Split-ring resonator (SRR)
for negative index metamaterials
at visible frequencies

Induced

JP2020-085534-A1, JP2020-087565-A1
Aluminum electrolytic capacitors

Electrolyzed Aluminum
square 1.8 um

pitch 3 um \‘a\»\o N
depth 70 urrals\)es

A. Shiraishi, T. Nakabo, M. Nakagawa et al.
The 69th Symposium on Macromolecules, 2020, 1W07

targets. The researches will be essential for future molecular _— % ey clearance with nanometer sizes using the arrangement of el 1} Secumyarlte:ac‘tmemcs I
i . . 3 P . . . ny r region-selectively i . 1,
electronics. T metallic and dielectric nanostructures, where unprecedented " ,ﬁ sty o V“S“ Fep 2028 16550
e 4 . ~.= . . . Wi nm E S Induced synthetic quartz nanopillars
. PA e chemical reactions and physical phenomena occur at hot w | 7 oo BN P
> £ 4

Blue Blue-violet

spots of the nano-clearance.

T. Tomioka, S. Kubo, M. Nakagawa et al.
Appl. Phys. Lett. 2013, 103, 071104

e \‘ - (200nm, 50 nm)
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Organic- and Bio- Nanomaterials

Hitoshi KASAI Lab

BHINE - F—T—F
T/ R BT /T HUEE

Nano Drugs / Organic Nanoparticles /~ Anti-cancer Drugs

FHEMRT—X
YA ZHEENBE S/ HFOIER

BT A U DMEE NuRIE S/ R DRI & T DEIEHR
7/ RIREDRIR & DEEIHR

s N F T O RETHHTED LI EMDER

+ T/ RFIT K 2 E Y BRERDOEREE L

« Fabrication of size-controlled organic nanoparticles

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

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

LY sy

Hitoshi KASAI, Professor

hitoshi.kasai.a6@tohoku.ac.jp

NEE RE g%

Yoshitaka KOSEKI, Assistant Professor

K BEME B

Ryuju SUZUKI, Assistant Professor

EHRE s%

Toshihiko ARITA, Assistant Professor

BB EE VWD IERDB DD FERETCED CHFR T/ R DRI

RO EWDHRETE LTIE. HEHREE T HLEICK
BHEOBBMEEMITATEON—MHNT LI, ETAH. D
BICAWAERIDIZE. KA LGN EEICENIRET 5L M
FRICHEITE. BRELNSIEBREINYT VL L, EEERICHILELY
ERAYraN it\mmmuiwv47u¥%®%Ai <0
77—IVIKERTNR. FEIGEENS T LN TVWET
(Fig. 1,

UEMERSTF ClE. LEDFEZRIRT 518, D ATEMEE
{EEMICO L A7 0O— ViSRG EDH#ICREBIRERLFEMIC
EFETAHIEP2ERMEGEERT LWV DR EIFERDERIFE
FHEZRITT AT EITMA T, BT/ MTFOERETH 2BEILE
EEREST BT EITK Y 100nm LLTFDF/7ORZy 4 (Fig. 2)
EERT DEMEHII LE Lz, ZORBR. BEEEOMERAIC
FTHERNEZ RSy IF7 )N —HQalgeaieEr/ 70>y
JERAIHTES T L. ARMH REBEE EICHIRA < AR
TEBZTEDDPD>TEF LI, EVERTORALICET TE
EFTY,

L5 ~LH
(S|ze < &nm . HEIC L 2mE
YI7RA77=Y (size:>100 nm)
(3 Q () EXHJ%H ;5?#11*

(size : < #nm)

<"'x A 7 aEH
. Size: >100nm

S ER
® . om-10m | e ! oY o0
g = ° * . .
FEHTF (< Hnm) RS~

B (size : 10 nm ~ 100 nm)
HAMEANDEE

Fig.1

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

Compounds

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

In our group, in order to overcome the above problems,
we are designing the novel anti-cancer drugs composed
in the dimer or the compounds to which the poorly water-
soluble substituent such as a cholesterol derivative are
chemically linked. In addition, by utilizing our technique
of reprecipitation for fabrication of organic nanopatrticles,

we could establish the method to obtain 100 nm or less
of the nano-prodrugs (Fig. 2). As a result, we have found
that our anti-cancer nano-prodrugs themselves could
be delivered even within the cells of the tumor tissue,
and this strategy was applicable for the other drugs
such as eye drops and so on. We are aiming at practical
application of this nano-prodrugs in the near future.

Fig. 2 3 4 100 nm
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° :,HEE#E%E . BAZE Jovzyk 274 I %TL—, CA F Central Analytical Facility in Institute of Multidisciplinary Research for Advanced Materials (Designated as Tagen CAF)

BER3IAZEL 25 Bh . HBHEEE - MR - 52 (£t CAF) OER  EEZTV. HENBEEMRRILS TH HHMRAMDIEE

EHELTWET, FEICS CAF & BT AFTHE O T4 FOSELToTHEY . SEAEEH TSN D T DRZEE LT BRI IR Central Analytical Facility (B&#5: 270 CAF) (3. BFBEMER O X IO TRE. KBS HIEOTEE (NMR) L— —

B2y 7& LTHEL., SERTOSEICHLERYBATONEYT, B4 Y JIdEFE0N. BSHEIT, SN = Rk, PHOMEBE EARGHREBZ AV (EBMHONEHMEE ZE L CEE@BOITERE L. 2/ MRAEE Y 2 —OXES
WE. HE - B T b YT RN, SRR, BEE. (LSO L—H—Y X F L. Y - N1 AR S ORITERE KUOFH/77./09—DHFOMEHEEZBNE LT, RFHOFFIRBEAICKVRIIEIN T/ TV ZHIVSRER#RE L. 2010 F
BB IALAIT 74— ML UEROSTIELRTS T & T2 OSTEARICSATOET, /. SEDORBRISEDRLAKE - & ElcHRELE Lz, %7t CAF Tl BAVMEIRREOMESEZ BNIc, SOk DEE - EEZTo>CVET,
BlchiEDY ., ARFIEERORRICEIL TVET, Central Analytical Facility in Institute of Multidisciplinary Research for Advanced Materials (Designated as Tagen CAF)
was established in 2010, by combining Common Analytical Facility, which supported the analysis and characterizaition of
EFEDO—BI various materials using special equipments, such as the electron microscope, X-ray diffraction devices, nuclear magnetic

W 2EERY F 9 LEMOIER L RRERIEIC &2 T\ AT 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.

%

— H&HR—E
A. AR IHTEEE B. D FIBIEREITEE
3 Apparatuses for ultimate analyses Apparatuses for molecular structure analyses
A= Ry U AN TLEE F U LB MELEL TV DHF - TEROTEE - IS HLIRAETE GARA NMRA00/500/600MHZ)
(KK - KR - BER -BERONEEB. BER - BROMEE. KK -MEDTESR) NMR 400/500/600 MHz
W EESRY A BRI (IVF 7 A VB ) ORI S TITIE L) LS BRI H S R EHLAME T O+ R ORI, Flemental analyzer (C-H-N analyzer, O analyzer, S-X analyzer) C FITINA RA A A= H R (B nwRao0is00n:)
*ICP %%ﬁffﬁ%&% Nano device ion dynamics analyzer (Solid-state NMR spec-trometer)
Inductively coupled plasma emission spectrophotometer (ICP-AES) w LB aE - _
ety e ) - 5 - ORI MRS AERRAT S 2 T s
= e %‘M'% : W'J \EIBiEE X ﬁ‘?ﬁ*ﬁélﬁ The time and space resolution precision state analysis system (Laser Raman)
§ Electron probe micro analyzer (EPMA) . - _
g M, By o \ o BERRIGHRATY AT
z ° %*%ﬁb;:ﬂﬁ*jﬁ#’rﬁ% (X #RIEBF N EE) Super-high-speed reaction analysis system (Laser flash spec-trometer)
é Multi-functional material analyzer (X-ray photoelectron spectrometer: XPS) 5
= s » ) N + JNJVA EPR
X ﬁ&?ﬁ%?ﬁj‘l:%l% Electron paramagnetic resonance spectrometer (EPR)
i " " " " . . X-ray photoelectron spectrometer (XPS) . E}E NMR ﬁﬂ‘ﬁ%ﬁ
Loss energy (eV) . A= F—~ D2 —WAN Y=} . .
BSER ICRE L 1B U ED AU r— b UFILLAS U~ RN KE v THHE ARATESRIEL — X1 4~ B HTEE High Temperature NV Analysis Systrs System
J. Am. Ceram. Soc., 103 (2020) 5139-5144. Time of Flight secondary ion mass spectrometer (TOF-SIMS)

N BRI VAA—IVIVRTL
: 7 H _Tj& %Egﬁ *ﬁé% High Speed Raman Imaging System
Glow discharge mass spectrometer (GDMS)

- BRAKFEEE T IAVEENINTEE

Inductivery coupled plasma mass spectrometry (ICP-MS)

* Machine Shop

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

* Glass shop

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

C. I EHBARITEEE  Apparatuses for crystal structure and microstructure analyses

- BRI EREFIEME < B X IR RE
Field emission type electron microscope (SEM,EDX,EBSP) X-ray Fluorescence (XRF)
* Project Support < F/ITIT MY AT s OB X IREE
Central analytical and technical supporting group assists research with various Nano area analysis device X-ray diffractometers (XRD)
skills concerning electronic circuit, ultra-high vacuum systems, development or c EERTO—T IEMEE L#IR Powder XRD

2. ¥1>RER  High temperature powder XRD
3./NEEXEL  Small angle X-ray scattering instrument
4.3EFE  Thin film XRD

improvement of experimental apparatus, creation of software for measurement or : = Atomic force microscope (AFM,SNOM)
control devices, crystal growth, preparation of thin films, chemical analyses, laser £ — = - " - ”
ysia’ grown, prep Y ! : = - B REE AR UL R T A

. . Bera
systems, bio-technologies and so on. Our Staff can embody each researcher's =3 High resolution ield emission type electron microscope
ideas. Also staff take part in education for students, safety management and =~ (High resolution FE-SEM) . BED EED ¥ detap e
contribute to the advancement of our institute. " ; o — |l o —
- SEEMER X REITEE c ERFTRAVARX SR XIERBI AT L
Automatic powder X-ray diffraction devices (XRD) X-ray microarea three-dimensional stress measuring system

85 RILAZF BRI F e Institute of Multidisciplinary Research for Advanced Materials, Tohoku University 86



C. imERREITRE

Apparatuses for molecular structure analyses

« L—H—AF B EDHTEERE MALDITOFMS)

Laser desorption ionization mass spectrometer

- MMERR - RITREZLEEDITEEB QTorm)
Quadrupole time-of-flight mass spectrometer (Q-TOF/MS)

- BORRRET — ) TEMIFRND FIERT FriR)
High-resolution Fourier transform infrared spectrophotometer (FT-IR)

« EEKFT - EE D HFEIRSAIE LS (r6-0ma/cc-us)

Thermogravimetry-differential thermoanalysis/mass spectrometry simulataneous
measurement device (TG-DTA/MASS)

ﬁl/ \$ﬁ"':t Thermal anaIyS|s devices
LESRTEEEHRE
Super high temperature differential scanning calorimeter (DSC)
2. B aRET
Thermomechanical analyzer (TMA)
B REEH R Autograph

« LA TTIR FEFLEEET uv-Vis spectrophotometer
- =Y —EirNESTRRAELES

Laser diffraction particle size analyzer

%%E*H J ’Iiﬁ Surface roughness measuring instrument
c RBEUIRT— YRR TO—TBEHE
* W NEIEL AR AR X ARSI AT L

X-ray Diffractometer for Micro-Area Analysis of Phases and Stresses

D. BAZE%fE Base facilities

 RIRBEMHE T AT L Liuid nitrogen supply system
« ANUDILAAEYNIERE Helium gas recovery device
T — 27 BERIR Arc melting fumace
BEE/ UVAERENFHEE

High Voltage Pulse Selective Crushing Equipment

R ) AT A BRI
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