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

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

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

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

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

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

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

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

Research Center for Sustainable Science &
Engineering was closed.

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

Collaborative Research Division of Advanced
Synchrotron Radiation Metrogy started.

Collaborative Research Division of Advanced
Analysis of Iron and Steelmaking Processes
was started.
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Our institute, Institute of Multidisciplinary Research for
Advanced Materials, IMRAM, is called TAGEN-KEN in
Japanese. 19 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 a new research center, Center for Mineral Processing
and Metallurgy, in April 1st, 2018, where researches on
mineral processing and metallurgy for urban mine have been
uniquely investigated.

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

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

Nine 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 2020 Director Masami TERAUCHI
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EEJZE Members

B B 2K Facuity & Staff (as of May 1. 2020)

EL QS I # ED By # B F
Professors Associate Professors Senior Assistant Professors Assistant Professors Research Associate
44 (3) [1] 28 (1) [2] 10 (1) 70 (9) [11] 0
EBHE Es 0 A= BERES FEDHE (ARE) | FEHBHS (20fh) | &
Administrative Staff Technical Staff Re-employed Staff Part-Time Staff (Research) | Part-Time Staff (Other) Total
43 (31) 47 (11) 4 (0) 18 (4) [1] 78 (61) [6] |342 (121) [21]

% () MIELH (W, B0 6 B3, T 30 EERIAFZMHERMEREFZICHFIRIN: [RIERZZTMERZMEAR “ & —SAKURA” 7OI T N ICKWIRMA) THE
[ ] RIZABEATHE
¥ () indicates the number of female staff in counts.
¥ [ ] indicates the number of foreign staff in counts.

%I.‘ Fq ﬂ']-’kﬂlﬁﬁl’\]éﬂ Number of Faculty Members

BRF95 B B AT % B0 B % B F B
Research Division Professors Associate Senior Assistant | Assistant Research Total
Professors Professors Professors Associates

Bk - EeMFHFERT 6 5 )

Division of Organic-and Bio-materials Research

B LR FTERPY

Division of Inorganic Material Research

TOtR 2T LATEHTER

Division of Process and System Engineering

STRIEAZTERPT 7 4

Division of Measurements

i BRBIRIEN 2 FTE

Collaborative Research Division of Non-ferrous Metallurgy 1 1
and Environmental Science

EIER SRR 2 R 7T AR P
Collaborative Research Division of Advanced Synchrotron 1 1 2
Radiation Metrology

BT O 2 LRI R AT E T3P

Collaborative Research Division of Advanced Analysis of
Iron and Steelmaking Processes

EEEBR/OCIAMALE 5 —

Center for Mineral Processing and Metallurgy 8 S 2 16 31
FinstAEEE Y —

Center for Advanced Microscopy and Spectroscopy 3 3 2 5 13
Polymer - Hybrid Materials Research Center

Center for Exploration of New Inorganic Materials

&zt 44 28 10 70 152

Total

AR 2019 % 11 BREE) Number of Students (as of November, 2019)

BFTR - FER FER B ERIZRIHA BERI2ZHR
Schools Under Graduate Master's Program Doctoral Program

TEAFEF - TZEER
Eoneerng 47.(8) [1] 106 (17) [14] 42 (8) [18]
BEMTR - B
S 11 (5) [7] 49 (18) [12] 22 (1) [13]
EmBEmEs
Lifem;cienq(:es 7 13 (7) [2] 4 (2) [3]
BRI
Eﬁvironmz_nta\ Studies 40 (1 1) [4] 13 (1) [8]
a5t 58 (13) [8] 208 (53) [32] 81 (12) [42]
fotal 347 (78) [82]

) NIz, WEL () indicates the number of female students included in counts.

x(
¥ [1RIEAHEA. WE [ ] indicates the number of international students included in counts.
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ﬁrﬁl - Eﬁﬂjm%ﬂ Annual Revenue and Expense
201 8 EE ﬂlm%{\‘ Revenue for FY 2018

2.4%

E‘I’ Total

3,920 B5M

[millions of yen]

W EEHX(FE Operational Grants

B BEMREMHEE Grants -in-Aids for Scientific Research
W FEMRE Funds for Commissioned Reserach

I HEMFEE Funds for Joint Reserach

B K& Donations

201 8 EE ﬂﬂj W%R Revenue for FY 2018

E‘I’ Total

3,920 B5M

[millions of yen]

W EEBX (& AME General Grants for Salaries and Wages

W EEBEX(TEMEE General Grants for Supplies and Equipments
AEBEEAGE External Funds for Salaries and Wages

W S EREEYHE External Funds for Supplies and Equipments

Ifiﬂﬁﬁﬁﬁﬁé?ﬂﬂﬁﬂ (Bifsf : B M) External Research Funds (' millions of yen )

2014 FE | 2015 %FE | 2016 FE | 2017 FE | 2018 FE
FY 2014 FY 2015 FY 2016 FY 2017 FY 2018

AERTEA
Grants -in-Aids for Scientific Research 551 565 635 563 555
HEH 394 340 230 272 310
Joint Reserach
i 538 810 710 711 526
Commissioned Reserach

E% BUILDINGS(as of April, 2019)

EYDFSIEE & Total Floor Area 38,318m?

2019 FEE 7 BICmm LIcHR [m 2 SEE)
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2019.04.16 | 22T 4 FEEBABRICKLDIAIE EDOIIHEERRK IR EREZ R
—BERBASKHENSISRITHRENRBAEDRREMBICK—
FREESROR,. BMTIES

“Dynamic assembly of protein disulfide isomerase in catalysis of oxidative folding”

Masaki Okumura, Kentaro Noi, Shingo Kanemura, Misaki Kinoshita, Tomohide Saio, Yu-ichi Inoue, Takaaki Hikima, Shuji Akiyama, Teru Ogura,

and Kenji Inaba

Nature Chemical Biology, UK

DOI: 10.1038/s41589-019-0268-8

2019.04.24 | EMERDIVID LR TOESBREERES &S RIS % 208

—HREN A DD LB IFEBOWEH SIS TRRORREMBRICK—

FH L&, ERRE. REFR
“Structural basis of sarco/endoplasmic reticulum Ca2+-ATPase 2b regulation via transmembrane
helix interplay”
Michio Inoue, Nanami Sakuta, Satoshi Watanabe, Yuxia Zhang, Kunihito Yoshikaie, Yoshiki Tanaka, Ryo
Ushioda, Yukinari Kato, Junichi Takagi, Tomoya Tsukazaki, Kazuhiro Nagata, Kenji Inaba
Cell Reports SERCA2b &ZD 7 A 7 #— L SERCAla/

DOI: 10.1016/j.celrep.2019.03.106 SERCA2a MDEEER

2019.05.07 | 3RTMHFART /A A=V TETF—IHRZORME —BRWRE - BEMRIC ST BBERGOMMZE TRE—

aEEL
“Oxygen-diffusion-driven Oxidation Behavior and Tracking Areas Visualized by X-ray Spectro-ptychography with Unsupervised Learning”
Makoto Hirose, Nozomu Ishiguro, Kei Shimomura, Duong-Nguyen Nguyen, Hirosuke Matsui, Hieu Chi Dam, Mizuki Tada and Yukio Takahashi

Communications Chemistry
DOI: 10.1038/542004-019-0147-y

2019.05.10 | EFHMMATO MRODHIVERFOERRICEI
— bRODAVICRES N ER FIRREDFS—
BEMAE. ks

“Triplon band splitting and topologically protected edge states in the

dimerized antiferromagnet”

K. Nawa, K. Tanaka, N. Kurita, T. J. Sato, H. Sugiyama, H. Uekusa,

S. Ohira-Kawamura, K. Nakajima, and H. Tanaka

Nature Communications

DOI: 10.1038/s41467-019-10091-6

Ba2CuSi206CI2 TD kU 7O
DHEEFRE 2 AMNITEET D
SSH BEZBNTEBRLER. =
B3 SSH REUZHIT B REHIS
ZRkLTND,

2019.05.17 | X#FBRFHTHEDESERLCOERMICHKI —LYrorUicds XBORRNS 120 £TH—

BERE. LHER
“Real-time observation of X-ray-induced intramolecular and interatomic electronic decay in CH212"
Hironobu Fukuzawa, Tsukasa Takanashi, Edwin Kukk, Koji Motomura, Shin-ichi Wada, Kiyonobu Nagaya, Yuta Ito, Toshiyuki Nishiyama,
Christophe Nicolas, Yoshiaki Kumagai, Denys lablonskyi, Subhendu Mondal, Tetsuya Tachibana, Daehyun You, Syuhei Yamada, Yuta
Sakakibara, Kazuki Asa, Yuhiro Sato, Tsukasa Sakai, Kenji Matsunami, Takayuki Umemoto, Kango Kariyazono, Shinji Kajimoto, Hikaru Sotome,
Per Johnsson, Markus S. Schoffler, Gregor Kastirke, Kuno Kooser, Xiao-Jing Liu, Theodor Asavei, Liviu Neagu, Serguei Molodtsov, Kohei Ochiai,
Manabu Kanno, Kaoru Yamazaki, Shigeki Owada, Kanade Ogawa, Tetsuo Katayama, Tadashi Togashi, Kensuke Tono, Makina Yabashi, Aryya
Ghosh, Kirill Gokhberg, Lorenz S. Cederbaum, Alexander |.Kuleff, Hiroshi Fukumura, Naoki Kishimoto, Artem Rudenko, Catalin Miron, Hirohiko
Kono, Kiyoshi Ueda
Nature Communications
DOI: 10.1038/s41467-019-10060-z

2019.05.23 | L—H—BHRTOES FHHlZE X RLIHETHE
—ERFL—Y—NIO=RTEMFRIEICHEI—
BEH

“Development of pink-beam 4D phase CT for in-situ observation of polymers under

infrared laser irradiation”

Karol Vegso, Yanlin Wu, Hidekazu Takano, Masato Hoshino, Atsushi Momose

Scientific Reports 9, Article number: 7404 (2019)

DOI: 10.1038/s41598-019-43589-6

LR

asE

MEROKY TOE L > ORRIFéh L — — % BB LT LB
EED 4D {1 CT BEER, ERHRBOHETBEOL
D, HiBlE, L—F—BHEOBE,

2019.05.24 | EAVILDI/N\DEE - BRERE %L
— 3 R A BRE L =GR D#E 8 RMEEHR—
PME—E. BREH
“Quantification of the quantum efficiency of radiation of a freestanding GaN crystal
placed outside an integrating sphere”
Kazunobu Kojima, Kenichiro lkemura, and Shigefusa F. Chichibu
Applied Physics Express

DOI: 10.7567/1882-0786/ab2165 S AT ICRF S NICEBAK

1 U I/N\BRERBDHNE.
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2019.06.18 | 7/ DAEEDRARDENMRAL: BASETHETIEHEE— MRV TERE  —7/ZH0OERIC LS SRBEBEFR—
BIAESR. WM, HEREE. TR, RukE

“Force-driven reversible liquid-gas phase transition mediated by elastic nanosponges”

Keita Nomura, Hirotomo Nishihara, Masanori Yamamoto, Atsushi Gabe, Masashi Ito, Masanobu Uchimura, Yuta Nishina, Hideki Tanaka, Minoru T.
Miyahara & Takashi Kyotani

Nature Communications 10, Article number: 2559 (2019)

DOI: 10.1038/s41467-019-10511-7

2019.06.20 | DNA D54 iB&ERIRM LIS R IN "f‘m“""“‘, i
— R OFF-ON BUi%# 7 U UL #I & B 5 — '""“ ’”‘ o

FORE. RIFHIK C@
Rmnmﬂﬁ ?)— 1]

“Reactive OFF-ON type alkylating agents for higher-ordered structures of nucleic acids”

Kazumitsu Onizuka, Madoka E. Hazemi, Norihiro Sato, Gen-ichiro Tsuji, Shunya Ishikawa,

Mamiko Ozawa, Kousuke Tanno, Ken Yamada, Fumi Nagatsugi

Nucleic Acids Research e i n(,f
o DNA 51 OFF-ON BUf%

DOI: 10.1093/nar/gkz512 B o o

2019.07.01 DA VINOE p53 DRAZTHIMEEZNE L XTF ROATLRE —XRAZMS VN OEORIRICHE—
BN
“Rational design using sequence information only produces a peptide that binds to the intrinsically disordered region of p53”
Kiyoto Kamagata, Eriko Mano, Yuji Itoh, Takuro Wakamoto, Ryo Kitahara, Saori Kanbayashi, Hiroto Takahashi, Agato Murata, and Tomoshi
Kameda
Scientific Reports
DOI: 10.1038/s41598-019-44688-0

BUKE, (£Bk=E
“Deformation of the moving magnetic skyrmion lattice in MnSi under electric current flow”
D. Okuyama, M. Bleuel, J. S. White, Q. Ye, J. Krzywon, G. Nagy, Z. Q. Im, |. Zivkovic, M. Bartkowiak, H. M. Ronnow, S. Hoshino, J. lwasaki, N.
Nagaosa, A. Kikkawa, Y. Taguchi, Y. Tokura, D. Higashi, J. D. Reim, Y. Nambu, and T. J. Sato
Communications Physics2, Article number: 79 (2019)
DOI: 10.1038/s42005-019-0175-z

2019.07.12 | REFPDBRZFIL I A R FOERSENER K

2019.08.01 | ABEMDMEHIKSHD? —XOT2H1 M LEHRORKETHE -
Ne—IE. BRER

“Internal quantum efficiency of radiation in a bulk CH3NH3PbBr3 perovskite crystal quantified

by using the omnidirectional photoluminescence spectroscopy”

Kazunobu Kojima, Ken-ichiro lkemura, Kouhei Matsumori, Yasuhiro Yamada, Yoshihiko Kanemitsu,

and Shigefusa F. Chichibu

APL materials, 7, 071116 (2019)

DOI: 10.1063/1.5110652

APL Materials, Editor’ s Pick

RIRICHRS N ERNRNT Stk Faime LIzR.

2019.10.04 | XA A—D T EBEBMORMEICKY] —SERT nm 4 —5 —OEENBERITAATLEIC—
KR

“Probing Surface Morphology using X-ray Grating Interferometry”

Wataru Yashiro, Susumu lkeda, Yasuo Wada, Kentaro Totsu, Yoshio

Suzuki, and Akihisa Takeuchi

Scientific Reports, 9, Article number:14120(2019)

DOI: 10.1038/s41598-019-50486-5
X SEITEF AL VIBE SN O 5 U ROEE .
(2) RUNER. (b) WACIMEEZ. () EPEUT A IV M2 MK

2019.10.15 | EESHFNATV Y B/ BEOIHEHALIHEDIBMEICKI) —BEEKRA VTV I7/NA RRFHRAOMRE -
NEFFIERE. RIINKRE
“Third-Order Nonlinear Optical Properties of Layered #®&E&THYZ
Type Hybridized Thin Films Consisted of Oriented Z}:ﬂ;;e;ﬁ A R
Polydiacetylene Nanofibers and Silver Nanoparticles”
K. Wada, T. Onodera, H. Kasai, R. Sato, Y. Takeda, and H.
Oikawa
The Journal of Physical Chemistry, Part C (Section C)
DOI: 10.1021/acs.jpcc.9b05665
HE/HFRI T FLUF /T 7AN—DE
H%Eﬁtiﬂf/M%O)ﬁﬁ%ﬁ%?ﬁ‘b%ﬁiéﬂé#
VRAYFE [INAT )y RS/ EE] DBRE.

2019.10.23 EE:E:E/79:‘17°$®'§EEIJE&EQEEH
—REEHEFALUCHRESERITREOMRE & FHEICLDREREDZDIFRBRFEOHIL—
\BlEz. KiFH

“Study of solidification pathway of a MoSiBTiC alloy by optical thermal analysis and in-

situ observation with electromagnetic levitation”

Hiroyuki Fukuyama, Ryogo Sawada, Haruki Nakashima, Makoto Ohtsuka, and Kyosuke

Yoshimi

Scientific Reports, 9, Article number: 15049(2019). EROIHLBRTL TF Y oA E0REBIEDZDISE
. S At voa / NE1E ]
DOI: 10.1038/s41598-019-50945-2 B (5% LEHSEER) .
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2019.11.14 | ERNXOREEEZ T/ EFHESKEZALVTHRA

— I BEAER T 1 LY — M ORFEICER— Q@ 4
ERETE. SHES ,

“Anisotropic plasmons due to carrier electrons in Cs-doped hexagonal WO3 studied by momentum transfer [3) . ‘ ',

resolved electron energy-loss spectroscopy”
Yohei K. Sato, Masami Terauchi, and Kenji Adachi
Journal of Applied Physics 126, 185107 (2019) L]
DOI: 10.1063/1.5115068

Cs0.33W03 #E&REE

2019.11.29 | BHE/NIZAMXBL —F—BEORAMIAN_ILEZRE —F /25— LOBKES - BEMIATEI ! —
PZHE
“Controlled strong excitation of silicon as a step towards processing materials at sub-nanometer precision”
Thanh-Hung Dinh, Nikita Medvedev, Masahiko Ishino, Toshiyuki Kitamura, Noboru Hasegawa, Tomohito Otobe, Takeshi Higashiguchi, Kazuyuki
Sakaue, Masakazu Washio, Tadashi Hatano, Akira Kon, Yuya Kubota, Yuichi Inubushi, Shigeki Owada, Tatsunori Shibuya, Beata Ziaja &
Masaharu Nishikino
Communications Physics2, 150 (2019)
DOI: 10.1038/s42005-019-0253-2

2019.12.05 | —EBRIC—DODFRHEPERB I AL —ZHAVILRRNORRTANESBE - R - FIZARE—
PME—E. BREH

“Roles of carbon impurities and intrinsic nonradiative recombination centers on the carrier recombination processes of GaN crystals”

Kazunobu Kojima, Fumimasa Horikiri, Yoshinobu Narita, Takehiro Yoshida, Hajime Fujikura, and Shigefusa F. Chichibu

Applied Physics Express, 13, 012004(2020)

DOI: 10.7567/1882-0786/ab5adc

2019.12.10 | 571 2DHLWLVERE —BEAKRERICLZI5 TV ERRORIBER—
EESHE. BB, PRHEX

“Bottom-up synthesis of graphene via hydrothermal cathodic
reduction”

Takaaki Tomai, Yuta Nakayasu, Yusuke Okamura, Shunichi Ishiguro,
Naoki Tamura, Shusuke Katahira, Itaru Honma

Carbon, 158, 3(2020), 131-136

DOI: 10.1016/j.carbon.2019.11.052

AERBEESKRBRECLVERSINEZTS
JI>0 SEM (EEREBFEMER) & (JZ71>
EATORBRFEHMODEICHKTD L (wrinkle)]

2020.01.14 | YIWFE—LXBIAATS 71K —BEXEEVHETHNALESRRHEGIT5—
aEEL

“Multibeam ptychography with synchrotron hard X-rays”

Makoto Hirose, Takaya Higashino, Nozomu Ishiguro and Yukio Takahashi

Optics Express

DOI: 10.1364/0E.378083

2020.01.20 | HAMHESY VINOE p53 DEAFERIEAROER  — 1 AMEIHEORAICHER—
WA BA. BEE. JRE

“Liquid-like droplet formation by tumor suppressor p53 induced by multivalent

electrostatic interactions between two disordered domains”

Kiyoto Kamagata, Saori Kanbayashi, Masaya Honda, Yuji Itoh1, Hiroto Takahashi, Tomoshi

Kameda, Fumi Nagatsugi, and Satoshi Takahashi b . "

Scientific Reports 10, 580 (2020) a o - o 9 o 1 & 9

DOI: 10.1038/s41598-020-57521-w = : < : ] |
0s 50s 1008 1505 2005 2508 300s

Fig. Mo FHBMEZR\T. pb3 DREROZE R %
BE (FRERXOR 1 JJEH)

2020.03.19 | X#RICKWESZSHREETHRIL

ERAR P
“X-ray elastography by visualizing propagating shear waves” = L. ', -
Chika Kamezawa, Tomokazu Numano, Yoshihiko Kawabata, Hiroyasu Kanetaka, Maiko Furuya, Kotone e - q=. .zj
Yokota, Hidemi Kato, Akio Yoneyama, Kazuyuki Hyodo, and Wataru Yashiro -— _—= - —

XA A—D v IICEURDONIHR R
7OUNT I RTIV) ROKESBDEGLY Y
TOf HAHAOESHIRZE-BIBEE. b
THICEVEEANESINT\DIBE).

Applied Physics Express
DOI: 10.35848/1882-0786/ab7e06

2020.03.26 | X#BBREZEFOEIIVY A XKD 1/1000 LATFICT DBEGIAKOER
IS
“Demonstration of stimulated emission depletion phenomenon in luminescence of solid-state scintillator excited by soft X-rays”
Takeo Ejima, Toshitaka Wakayama, Natsumi Shinozaki, Misaki Shoji, Genta Hatayama & Takeshi Higashiguchi
Scientific Reports (nature research)
DOI: 10.1038/s41598-020-62100-0
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ZAMEMFMAMCTIE. BAORZORARBEFMIABEEHO. BN DMENICHRETER -2 23y TEmEL. M
RHBNEEZENE LIHBEZRITAND L E, BENICHREADREZTL. BEMALELZHELTLET,

FHEERD—223vTE (2019 FEXEE)

s EERBAEMHRNZEETIESZR (FE) (5 8. EET—o2 3w~ "TU-USTB Joint Symposium” ZFiE, BES. T4 - XF
REICKDRRY—T Y3 %ETD, 9B~ 12 B. ZRMOHFE 8 &1, EFERREARICENWTELREETROLRSRESRS
S

=2V IRZVUYF—TKE CKE) : 8 B. BHREE. £HHE. MRRRZICEIDIER L VRS AEREL,

s XKV RZE(R) (11 B.EET—2 3 " Tohoku-Melbourne Joint Workshop - Materials Science” Z [, 28BS RA Y —
Ly I oM. BEMES I VIR BETOEI BRIOES VIRBICBSII2ERAMABIUEFMREDRESICDINT
FAL. ZOBORMIROHEICEIL TV D,

ELEEEEITAN (2019 £FEEIR)
- /D T —RERETAS
- EFERRAR M RNE S TR

FIR AR E

* K2 HEMAER Agreement on the University Lavel

Hhigy E 1%E8= i
jt?‘:ﬁ?j‘/ﬂiﬁﬁi.ﬁﬂ%t\/g— . o 1998*
Center for Nanoscale Science and Technology Peking University
JEZRAKE / Peking University 1999*
mﬂﬁﬁ?ﬁéﬁ%i%ﬁ@&m%@ﬁﬂ%ﬁﬁ . 2000
Changchun Institute of Optics, Fine Mechanics and Physics
FERXF MRS TIZSMR / College of Material Science and Engineering, Huagiao University 2001
fE EEAS / Changging University 2001*
China BN RS AR TF252PR / College of Materials Engineering, Zhengzhou University 2003
BMKZ / Lanzhou University 2007*
JERRBFRAZ / University of Science and Technology Beijing 2007*
MK / Yangzhou University 2008*
JERIT ¥ K% / Beijing University of Technology 2010*
FEEIAS / South west University 2017*
7A:s/|a7 o AET 2R MiPRmE D PR / ITRI South, Industrial Technology Research Institute 2009
T;Iv:/an ESL5EFE KRS / National Tsing Hua University, Hsinchu 2009*
EiAtRHE RS T2 / College of Engineering National Taipei University of Technikogy 2018*
£JbKE4% / Chonbuk National University 1991*
BJE RS / Kyungpook National University 2002*
%@ﬁﬁ“’f?") v I‘fjﬂﬁﬁ?ﬁﬁ . . o 2003
Institute of Hybrid Materials for Information and Biotechnology, Hannam University
Sfra ﬁﬁﬁﬁﬁjﬁ%"—’%?ﬁﬁ%ﬁﬁ%ﬁ’f%%“é’ﬁiﬂ&lflﬁﬁﬂ%t Y — o 2003*
Advanced Materials & Process Research Center for IT, Sungkyunkwan University
9 )L KER / Seoul National University 2003*
BRE¥ KA / Chosun University 2004*
NMEISIAE 4R / Kongju National University 2007*
54 F 12V A K% / Chiang Mai University 2008*
Thailand F 150> 0—K% / Chu lalong korn University 2011*
WoN=T L= I5XT - AR 2006
omania
EERC RN T IVESKEILKE: / Ecole des Mines d'Albi-Carmaux 1999*
Europe 9522 RV R—E—K% / University of Bordeaux 1 2005*
France B HAEEE LA 1 / Synchrotron SOLEIL 2013
+ > NREMEIRZRER / Institute of Materials Jean Rouxel,University of Nantes 2014
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st = e e
AAY= | TDATNYREHRRETEHRN 2014
Hungary Faculty of Materials Science and Engineering, University of Miskolc
Gl;rlrria‘ﬁy NIV o EBRKXZIEZ R / Department of Physics,Free University of Berlin 1997
RV b A N THKE / TU Dortmund University 1999*
ATF - 7U—RUvkE - O —RZEFEYIBHATR 1999
Institute fur Festkorperphsik, Freidrich-Schiller-Universitat Jena
% FIVL 215y NIREKE / Darmstadt University of Technology 2003*
Germany _
TR TS O IBIFFRR / MPIK, Max-Planck-Institut fur Kernphysik 2009
F—0Ow/N
Europe H—ILZ)—ITITHRKZ / Karlsruhe Institute of Technology 2011*
INA TV K / Ruprecht-Karls-University Heidelberg 2012*
5+ KZ% / University of Granada 2012%
X;;;n/ YRU—K - 7T/ TRENFES / Chemistry Department of the Universidad Autonoma de Madrid | 2013
T T KEMRBRFRFR / Materials Institute of Universidad de Alicante 2014
S5y F N T R FHEIHRRFERR / Sincrotrone Trieste,S.C.p.A 2007
Italy F7R1) K% / University of Naples Federico I 2012*
AFIZ REY—F N D I)VRRIAFEEST — 2N RFRR 1996
United Kingdom Daresbury Laboratory,Council for the Central Laboratory of the Research Councils
, IR 79 = b 279 T — MRERFFRART / Kuwait Institute for Scientific Research 2013
Middle and Near East Kuwait
757 — S1)57
A7 = A= |\7 )7 X )UKV KE / The University of Melbourne 2016*
Oceania Australia
VEIAZEEE OGRS — / McGill Metal Processing Center,McGill University 1998
hrs bOY MREER - MHEEH 1998
Canada Department of Metallurgy and Materials Science,University of Toronto
7 —%—)L—K% / University of Waterloo 2006*
JOVE7RE{EHR} / Department of Chemistry,Columbia University 1995
JE 3 JAYEPRFETZEINK - RIETEH
North America Department of Earth and Environmental Engineering,Fu Foundation School of Engineerigand Applied | 1998
Science,Columbia University
|
Tjsijj A5 KEEEBTIZH / Department of Metallurgical Engineering, University of .Utah 1998
H) T AH I T KZ/IN—2 L—1& / University of California, Berkeley 2008*
YU F1—tYVIMKREEFIEMAMROYA VO RT LEIHRTRR
Research Laboratory of Electronics (RLE) and Microsystems Technology Laboratories| 2015
(MTL) ,Massachusetts Institute of Technology (MIT)
O 7HETHT I —ERPIEZATRRT 1993
P.N.Lebedev Physics Institute of Russian Academy of Sciences
N AR TRRZERFZADIBFHAZAT / Nuclear Physics Institute, Tomsk Polytechnic University 1997
o7 P. N. Lebedev Physics Institute of Russian Academy of Sciences
Russia O 7RZET7HT I —BRLEREEHIE T O+ HFRFRT 2005*%
NIS Institute of Automation and Control Processes, Far Eastern Branch of the RussianAcademy of Sciences
O PRETNT I —HIRRS - SHRSTF 2013
Vernadsky Institute of Geochemistry and Analytical Chemistry of Russian Academy of Sciences
T2 JEIMKZILZEER / Department of Chemistry, Lomonosov Moscow State University 2013
o5+ D954 FEILTE KRS / National Technical University of Ukraine 2004*
7 Ay —_ —
Ukraine MRRZERE TP 2006
Institute for Problems of Materials Science, National Academy of Science of Ukraine
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Promotion of network-type cooperative research among 5 research institutes based upon the

Joint Research Center of Materials and Devices

(8 - 7/ QB HBAFTRS] (3. LBERZEFH
SN (LREBEBFH) . RIEXRZZaMERZMFTA Fit
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Promotion of Quantum Beam Phase Imaging Research & Development with the leadership of IMRAM based on
the ERATO (Exploratory Research for Advanced Technology) program sponsored by JST (Japan Science and

Technology Agency)
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DIVISION OF ORGANIC-AND BIO-MATERIALS RESEARCH
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Research activities of our division include design and synthesis of novel molecules for controlling biomolecular and cellular function, development of single molecular
methods for elucidation of mechanism of biologically relevant macromolecules, and biochemical and biophysical studies for understanding enzyme mechanisms of

physiological significance.
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reactions of metalloproteins

EEEES
Satoshi WATANABE

EBAAVERREY VNY
BEREEERBOBSEENF

Structural biology of metal ion homeostasis
and protein quality control

BR ZF

Hiroyuki OIKAWA

—NFEADNKIEICLDER
DFDERERI AT IUADE

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

Satoko SUZUKI
SAKURAZO> T2 k

RIKRZE 2AMENZHAAR
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DIVISION OF INORGANIC MATERIAL RESEARCH

ERMEAIPIS. SIEMRRNZHESE. HAXARLERETAMEST. RAEVETYMMRSE. F/ A7 —IUBESHEEERTSE. /\(
TV R/ ORT LRSS, BRRAMERARAT CEBRINTOEY, SARIHTIE. BRRYE - MROBSHEELPEEHE, 7N 12
b, HEERIRBBORIAEICREY SMRZToCTL\EY,

Division of inorganic material research consists of laboratories of Computational Materials Thermodynamics, Synchrotron Radiation Microscopy and Informatics,
Quantum Spin Physics, Nanoscale Magnetism, Hybrid Nano System, Solid Surface Physics.

28 38 Professor
& BF

B5is F4X£

2 !

Hiroshi OHTANI
FRATERVHREDEFRETE EMHBRADISA

Development of new materials based on calculation of

thermodynamic properties using electronic theory

A B

Yukio TAKAHASHI

MU E SEBRLEORS IC L DMEREET R
DEM

Function visualization of materials through coalition

between advanced synchrotron radiation measurement and
informatics

BT BS

Taku SATO
PEFHELEZRVCBFRDOREY T A3 I U XHFE

Neutron scattering research on the spin dynamics in
condensed matters

gl EF

Satoshi OKAMOTO
B ADEREE ZDOHEICET DM

Study on magnetization dynamics and its controllability

a2 Visiting Professor
RE BX

Kenji NAKAJIMA

}E?ﬂ(}g Associate Professor
= EM hE

Kozo SHINODA

KREN O DRFAFLFE
‘ BREDI=H D2 L EREM K
)y FHIFE

Development of porous adsorbing materials to
remove toxic elements from water

2 B Senior Assistant Professor

MR B
Masaki MATSUBARA

TR WIERNA T Y K
P HTFORE

Development of liquid crystalline organic-
inorganic hybrid nanoparticles

E}J %’( Assistant Professor

ik B

Masanori ENOKI

Kiyoshi KANIE
HEEEME S/ KT OY A X - FRESIERIEER E/N T
U R EBRANDRER

Size-and shape-controlled synthesis of functional inorganic
nanoparticles and application to develop self-organized
hybrid materials

B} (=

Tadashi ABUKAWA
REBERTES A5 I RFHRICED HHERE DR
o1

Research of new functional surfaces by analyzing structure
and dynamics

Z IE#

Yuheng LIU

Nozomu ISHIGURO

Jungmin KANG

3 STEMZZER LB KBRFEZRAVCEZHRER SeIm AT RIS K D AR de—L Y b XgEEZAN
F%E (LT 27 MRDIEZREAT R eF )/ AX=2 VT EDRRE
EISA
Development of new materials based on Experimental research for phase diagrams of Chemical state visualization of functional Development and application of nanoimaging
computational science alloys materials by advanced synchrotron radiation method using coherent X-ray scattering
measurements
B K AR ME oot fRBR NI B—
Daisuke OKUYAMA Kazuhiro NAWA Nobuaki KIKUCHI Shuichi OGAWA
FEFEEZANEENY FiEFERELZ A N VCHT L UVEE BT/ BSOS - T/ REMBD CVD BREE
ZHEDITA IR DIRF [ PR SREDRFE By 1302 B RREEHEE DR T
Study on exotic magnetic materials with Explomné new magnetic orders and excitations Magnetization process/dynamics of Development of CVD process and evaluation

anomalous properties by neutron scattering

using neutron scattering technique

nanostructured magnets

methods for nano-carbon materials

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY
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DIVISION OF PROCESS AND SYSTEM ENGINEERING

TOERIZTLATEMRFTEAEE. BERT /T2, AMERZ. B4 - FNA R, REBESHFMTOER, MES#ITOEZ0EHEH
“{EE T SEMITHY . ERALAREERMICKEL TLVET, BOFMITT/LANASYIOLNIVETSESKRTTH, BERELEDEMIIN
B, BRT2 JOERTHEHBETT,

Division of Process and System Engineering contains contains Supercritical Fluid and Hybrid Nano Technologies, Laser Applied Material Science, Solid State lonic

Devices, Environmental-Conscious Material Processing, Materials Separation Processing so that we focus our investigation on the practical application of highly-
functional materials. Common basic academic fields are physical-chemistry, inorganic engineering, and process technology.

N B Professor
fI M (Gk. AIMR) EE B— WE &

Tadafumi ADSCHIRI Shunichi SATO Koji AMEZAWA
BERFAKERNVPEERTOEIEIVT/ 71 KD AMZ EMERZORMEHT BEA 7 20 M U IRBIAFE T )L F—ER T/
BRETHA Multidisciplinary research of photonics and material science A D%

Chemical reaction processes in supercritical water Development of environmentally-friendly energy-conversion

devices based on solid state ionics

BrE ¥ Sl EE

Hiroshi NOGAMI Hiroyuki SHIBATA
RICEHZENICE D BMMWEN 7O DRHE BIENE I UEROS BT
Development of novel material production processes High temperature properties of oxides and metals

EE%&E Visiting Professor

&

Tadashi KONDO

HEZHIE  Associate Professor

“E =B
8| Takaaki TOMAI
LOERBIRILE—FINARICE

NE T

Yuichi KOZAWA

Ay =T

Takashi NAKAMURA

Bk HF

Sohei SUKENAGA

L—H—XDRE - Rk - L IRIVF =T/ ZEMED TABRBRSERAES IO
TEMRTOCRICETDH HOZBHBMFEDBEFE LD R R IR WO S2DOMBILFHEE & HIB
R i : &
Materials processing for advanced energy Development of methods to control the spatial Elucidation of the electrochemical properties Relation between micro-structure and
devices distribution of intensity, polarization, and of energy conversion devices physico-chemical properties for silicate melts
phase of laser beams and its application and glasses
E}J iﬂ'( Assistant Professor
12 #hE A BX JufE R B ®RIE
Yuuki UESUGI Yuta KIMURA Nobuhiro MARUOKA Shungo NATSUI
BIURELABRRES T A HBICE DI RIF T BRI EERET D CBRACHEEZRSLIESED
. DEFEEZDINA TR T NA ZAME O EE] HATRES 2T L% ‘?‘ BCRDDZEIRK
Development of self-resonating optical cavity Tuning the properties of the materials for the Development of sustainable system based on Exploration of dynamics in high-temperature
system and its applications energy storage/conversion devices with an the high temperature process dispersion system by combining observation
external field and calculation
s ¥ M #75 L e
Sakiko KAWANISHI Ayano TANABE lkuna SATO
MDA RE Ly THEE  SAKURATZOD IO b SAKURAZO> T k

) AV A=A RDERK
&

Solution growth of silicon carbide

RIEKRZE ZMENZERRMR
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N JEE
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37157

T/ XA TORBERNDAT /A X EHIREDS
KiLZ

BFRNEISTA ALY T MYTUTINDRBERS
R

MR ER BEHE
KE Ina

DA KN Ry THERBF )/ BERIK S RHEEES
B2 MOZOE—

BHEEZIE

e 7 SR L Ng —f& 2% FH

BIHANKER TR X4 - T DARE A BN EBHEEBIT BH X 81 A= U TEOBRR

BFEHOFR 2 AL #IARE OB AT/ A OB | iR
BT 1HEFBED

L= PR ST BE R

LIGA 7O 2 & AL\ X 8 47 - AELEE BT BB XA A= D20 fIHBIY RSN

EBIET OB X {11 A& HERIESFHHO

A= IO BEBES 51+ 32 20RH
By 2%

By A& 2% LB BIX R 2 E®R

BHFBRCOBT - 5FY
1+

BREBEFL-—TF-EBEXZE
BWERF - BF - U525 —

BEFIVThUBEERNE
L2RIEY A F 30 XDWFE

MHPAXRRUREBREX RFZH
WEHILWXRA A—D2T

ke EE (N0 N al BR EvhFUVY
BESX BETAICBITDHE MIREBEERUNEREE | NAOOX—= KLY A DR Optical laser based trapping
firFA%E FE—LEZRBW-BEYEH EBEMBLIEHEDNLFE and analysis of aerosol
7 EDRI% | droplet surface tension for
atmosphere and weather
studies.
=l &R F E=5 s B

BRREEBFHREBEZAN
SN FHBDRF I EREERN

L REEBRETEMEER
WEY T b v —EBDZD
15 ol

DA KN By T
ERLEBNERTF 7/
20B%
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EE R O0CAMEEZY—

CENTER FOR MINERAL PROCESSING AND METALLURGY

ERERTO AR F—3. EBOEL-BERTOEZEEG

Sl 702 BEIC

)

EEVERCLTOER, BENTOER, ERER METOEZ,
LT, ASBBZXX5TRDE] - REDHEZHREL. HLVLERE

TOE2ROFKEERLFT,

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

Professor

BB
@l B2

BHE

L et

Hiroyuki FUKUYAMA
ERRITEE B o EEM R DRI & B EDRAE DR

High-temperature processes and measurements of materials

s B

Shigeru UEDA
SamEts®
High temperature physical chemistry

B K

Junya KANO
HEEMM A TOEZDBIRE S I 1L —2 3 VLK DK
TOtEROTiE L

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

5 1REB

Akira KIRISHIMA

BB A OIDINY VT MEeEELIOUNORMEZRD
L7 A5 IVIADLIE

Backend chemistry in nuclear fuel cycle and processing of

Itaru HONMA
IRINF—BE]T/INAZ - HREEESE L EREZET
=

Advanced chemical engineering for energy conversion

Etsuro SHIBATA
FHBRBEEZERE LEBERERS AT LOBR

Establishment of metal resources circulation system based
on nonferrous smelting industry

rare metal source containing NORM

R

N
IFHE

devices & materials

MR FEX

Atsushi MURAMATSU

SREEMENT / FERET A X - REDBEHIH
Highly functional nanoparticle synthesis with precisely

controlled size and shape

IR

Associate Professor

AE

Makoto OHTSUKA
ZHEEHRM B OSHEEL
ERRT/NA ZDRFE

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

B B
Akira WATANABE

ERBIVFEGURRDOTET
Ovolic&dk BFMES
ESepinkcyd

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

By 2

Assistant Professor

g EFRS

Masayoshi ADACHI

Ga-Al 75V U R&RN8
. BREETIVIZDLDKRE
-1 s

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

L AH

Daisuke AKIYAMA
BEBE-—RFHAREREBMIC
FWEUET T D -
- B DFHR

Study on fuel debris disposal at Fukushima
Daiichi Nuclear Power Station

Ken ADACHI

NARL—h X)L MR- B
BRICHITDEZENESIZE

|
Electrochemistry of metals in hydrate-melts
and molten salts

AR —
Issei SUZUKI

MLUWRIMFSEDRRE
M DRRER

il

Exploration of new oxide semiconductors and
analysis of their physical properties

Takahisa OMATA

ionexchange

DAYIR AT
Sven STAUSS

R ERESHEY A O OBMDMHE
" FEEZDIGA

Development and application of biocompatible
microbatteries

Senior Assistant Professor

BEARGETT

Sachiko MAKI

| SRR KL DS /R
TILDREIE - HEEEBEDS
TTHIRI AL

Multimodal visualization of nano-scale

structure/property ensemble by advanced
synchrotron radiation measurement

i

= e
| Xu GAO

ZRHOMEICLDEERER
25 Y DMK

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

/A BABR

Hiroaki KOBAYASHI
ZEFLRYIIRGZRA
UIeZREIER T / HED
- AR

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

\Ee F=E

| Motohiro KASUYA

e b zanzmEsni LR
EEDBITE & B LADRHED

ISR

Development of the novel methods based
on surface forces apparatus for the
characterization of the confined liquid

KSA PV ov—Ib

A A XBERIB LI TRV —RR ORISR

Development of inorganic energy conversion materials using

fux F

Atsushi IZUKA

LY - REMZFNA LIS
RXERAMEORFE

Development of high-efficiency water
purification materials

Satoshi TSUKUDA

BT - EBST/RNFNAT
Uy RF /DAY —DEMRE
Elkil

Formation and control of polymer-metal NPs
hybrid nanowires

i

alR
Shingo ISHIHARA
MFHESI1L—savick
ZWROET LT EET
e Otz

Modeling and simulation of particle breakage
and design of powder processing

=R ME
Kazuyuki IVASE

T/ BEDHIES NIHRE
BARMBORFEE Z DI

=
=

\

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

| BT iR
Mizuho YABUSHITA
REZEFRDAMEAZEBL
TeEMRRIR A R DRIFE

Development of heterogeneous catalysts
enabling efficient utilization of carbon resources

EF BER

KE HESE

Masashi MIZUKAMI

RAN - HERTUANEEER
y ENRICEDS/RE-BL
SADRIEDIHFE

Surface forces and resonance shear

measurement study on nano-interface and
nano-confined liquids

AER

Kizuku KUSHIMOTO
SERR—IU 2 IVRBRRLF D
BESLOWEZEHD I 1
=

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

R ]
Guohao YUAN

NOT AW ) F 0 LMREE
ZRAVcSEREGRERDR
B

Development of solid-state lithium-ion batteries
with high-voltage performance based on halide
lithium conductors

RAHMAN ASHIQUR
Ashiqur RAHMAN

L—#—=TJOtvs 2 I1c&
DWEEME T 1 )L LD

#‘;f.

i

Formation of functional films by laser processing

BH k=

Arunkumar DORAI
NMR % F |\ /= BB AR B (D HLBCR)
E

AV

R‘\’\fAﬂF_lesion measurement of electrolytes using

Fusae KANEKO
SAKURAZO> T k

Tomomi MASUI
SAKURAZO> T h

RIKRZE 2AMENZHAAR



SRS & —

CENTER FOR ADVANCED MICROSCOPY AND SPECTROSCOPY

SRt E 5 —3. BIEORKEZBAL CORATIREL . MEOKERFEETL. BMX MOPEIRIVF—EFR. SOIChURIVEFE

U

E&ERA L TRAMDSHAIRMRRAEZITD LEARIC. MRELERiEHtENETZIHILZBRFRELTNET, COMEDRERFEERIET B/

&, FEXA—H—0fth, WHTEL \MiHNZE L DRHAFFRORKIMNE & DEEZFEHITEDHTINE T,

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

collaborations with Technical Service Section and companies.

20 12 Professor

SH B

FA IES KH

3L

Masami TERAUCHI
ETIRMREE A EE - BPRERNT

Electron crystallography and spectroscopy by electron

Masaki TAKATA
BHEAICIDMEDEFEEL NIV TORAREEER 2D

Development of materials structural visualization science via microscope of freedom
synchrotron radiation
;ﬁ?ﬂﬁ Associate Professor
I8 Ui A 5E EiE BE
Takeo EJIMA Susumu YAMAMOTO Yohei SATO
BXREBBEMEDORERE 2 f BB XA XS > REHRIC BF S/ JO-TERALS
DEMBRBERICH k) FOMIRKRERZ DA J YT T I DEBES R AT
. AT h
Development of soft X-ray correlation Catalytic surface science opened by Analysis for dielectric properties of nano-scale
spectromicroscopy applying to %io—cel\s synchrotron radiation X-ray operando materials using nm electron probe
measurements
=% Bf  Senior Assistant Professor
TRREARER ST
Zentaro AKASE Tsuyoshi TAKAOKA
SR BRBFEMBEICLD BEFREICH T DD FDES
E R OERIZ M E S R DRZER
AT DRFE :
Development of advanced transmission Exploration of mechanism of molecular motion
electron microscopy for electromagnetic on solid surfaces
analyses of practical materialsa
B %k Assistant Professor
Nz B I KEH EHERK

Yasuyuki SAINOO
BEFWEICSLDREHRE
ICE D\ IRE D AEDFF

Tadashi HATANO Daisuke MORIKAWA

RXRZEEEBIS—DMH Ll mFERERRER - BS
F - BEBAFEOBELZON
e A

Crystal and magnetic structure analysis using Development of vibrational spectroscopy
electron diffraction based on real space imaging by combined
measurements

Development of soft X-ray multilayer imaging
mirrors

WA O
Tomoyo OKUMURA
SAKURAZO YT K

Tadahiro KOMEDA
B—NFOREVEREZRN-T/N1 ZFRHE

Development of devices using single molecule spin degree

SOAR VIR
ENYR T7ONTAY
Syed Mohammad Fakruddin
SHAHED

2HILED T FERANER
FREBIRFET ICL D LFHEE
#ATDFET 9F Y —DBREEART
R - RFIRE FET 514570

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

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY




POLYMER - HYBRID MATERIALS RESEARCH CENTER

LRREI—E. BHF - N TUY FREBEDIL Y FOZIZBEH, T4 b=UZ3H. TRVF—5H. BHEIF. R0TFH/7o/09—
DEICHT DIRBEEMERAF - /N1 TU Y FRITEBIROFIBECAREZITS I EE2ENELTREL. BHDHD 6 MRLFTEMR SN,
LRSI TOHE., EFEE. XAFREDHE. SIUEFHABEOERISBHLTEWET,

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

graduated students for future.

B B
NR EFE (RE)

Professor

AR A (F. AIMR)

7wl BT

Akihide HIBARA

HEF - IS - XIROMEFBIC K D HEENEDREE
WERTT

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

Rl B

Hirotomo NISHIHARA
RER/NA T Y REHORE LA

Development of carbon-based hybrid materials and their
applications

TH

Masaru NAKAGAWA

F/AYT IV - FHACHEL - RFEHRICSDER
T/ &R - BEMEORR

Hitoshi KASAI
IR/ BRI DRI

Creation of new generation nano-drugs

Tomoyuki AKUTAGAWA
ZEMBEMZE T DMLV D FESFDRIR

Fabrication of new molecular-assemblies with multi-functional
properties

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

HEZIS  Associate Professor

R &R

Takahiro NAKAMURA

| 2roL—v—Toey s
DFH % U R AR
HOBI

Creation of functional materials by innovative
laser processing

By #{ Assistant Professor

NEFFIEIE

Tsunenobu ONODERA

- soF - BT/ ER
ZEBETDH - BFMHOD
G

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

EFH #BAX
Norihisa HOSHINO

EANEREZERLIZH
HEM RIS ADRMTE

S XS
Takeharu YOSHII
=R UMK EHORE

i

LA BEAR

Masanori YAMAMOTO
AFIRICEDLS S
H—IRME DRI

-l

Interdisciplinary study of carbon-based Development of multi-functional metal

Synthesis of functional carbon materials based C
materials and measurement complexes

on molecular engineering

o LH B5E RE  Bth NE RS A T4 AV P
| Takashi TAKEDA Shunya ITO Yoshitaka KOSEKI Anh ThiNgoc DAG

BTEREET S0 HARS RESFHEICED RS SEHT / HFORRES K Egg%;;g%:g;‘;;‘;ﬂﬁ;j;ﬁgg

FOEREREERT /AT SRIYIS T Nl SUIFUNI—S 2T LD for biosensing applications,

A lo&kar /8w CEY degradation and stability of

Creation of nano drugs toward novel drug  highly functional protein materials

Nanofabrication by UV nanoimprint lithography 2
delivery system

Syntheses of electronic active n conjugated e
based on surface molecular science

molecules and investigation their function

BH &'E AR BEM

Toshihiko ARITA Ryuju SUZUKI

T REESEIC S DR EMEREREEDT /BT
T4 S—DEREBHFHE fic & BB HAEN

DBR

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

Functionalization of natural pigments from
organisms by formation of nanoparticles

9 RIKRZE 2AMENZHAAR



SRR ERERE 5 —

CENTER FOR EXPLORATION OF NEW INORGANIC MATERIALS

MBRERRNEREMTR 25 —3, BEWMPECYICE EXS5B VL STIHRERMEDRRRUBIREZBEL. ERIRERHTY. V7 ME
FRiTEEEE LRSS EORRERUFEBRZTOLLEIC. ENOMHEEMEZRAVEERRZEDS T EZEMELT 2012 FIC
RELEI LI BE-£35 IV IRARHTREDSH S 4 MRS TR SN BN COMEERBMEREMROREZBELICEBHERALE Y,

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

# &

Professor

LR 2B 134 &t Nk =
Hisanori YAMANE Shu YIN Hideki KATO

RS TRERCSMOER CERBERFT. LM

Synthesis, structure analysis and characterization of new

multinary inorganic compounds

Associate Professor

WWH Sk
Takahiro YAMADA

HMREREACEMOREEL B
BEBMBANDICA

IR

Exploration of novel intermetallic compounds
for thermoelectric materials

Assistant Professor

 EE M

By 2

Junichi TAKAHASHI

SIRBAEI R O RR & Hit
Bl

Research and characteristic evaluation of new
functional materials

BRE B

Hiromu KUMAGAI

I F—ZEBRBERISICES
ToemR / RBIIEFERDME
]

Development of photocatalytic/
photoelectrochemical systems for energy
conversion reactions

Creation of environmental responsive functionality of

ceramics by green process

Sy BF

Rayko SIMURA
DEBARTEEHETEOR
FIEDER & TR
B%:

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

BRE

Nobuhisa FUJITA
EERBEDRAFEEICE
TOERWAREZNICED
<BEREMRUMIEDRR
Geometrical modeling of quasicrystals and

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

JN—=2TOEZIELDET I VI ADBRRICEHEELA)
H

ATHRERZEEB LT F—ZRERIR DR

Development of photocatalysts for energy conversion aiming
at artificial photosynthesis

B B
Satoshi KAMEOKA

HEER - SEMIHHOR
Hemn

Research and development of novel metallic
materials for catalysis

}|E BN R&)IIHA5k

Yusuke ASAKURA Takuya HASEGAWA
BEEMRZERE LERY ElALS (I U o S A
BORESK BT DR

Development of new photo-functional

Precise synthesis of inorganic materials on the
i materials based on solid-state chemistry

basis of liquid phase reactions

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY
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FEHERBRFRIRIBT FHAFTERF

Collaborative Research Division of Non-ferrous Metallurgy

and Environmental Science

kS BRFIRIE RS T TR
FRERMGIUERHARIZY

SHNH-F—0—F | FBEERE/HHML NN BENEER

SPECIALIZED
FIELD-KEY WORD

Purification

= BER  BEREMOFRRNERICEDS JTOEROEMEL
= RS AR AN ISR BT DR

B EBREHRICH T DERNBNZE T — 5 DIRE LT

s EROBSMERHEBSMES 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 non-ferrous metallurgy

= Preparation of ultrahigh purity materials and their intrinsic properties

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

; .: :

iy

‘|l fEe # 8§ Go

Hiroyuki FUKUYAMA, Professor (C)

S
U,
Yz

hiroyuki.fukuyama.b6@tohoku.ac.jp
N SEE # B G

Atsushi MURAMATSU, Professor (C)

L EE o 8 D
Hiroyuki SHIBATA, Professor (C)

AT JE(C R

R Masahito UCHIKOSHI, Associate Professor
A RT -V SMERRRMEEN LIk
y ERBEDNE ERAHE

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

HFE = zmsmE

Atsushi IDEGAMI, Visiting Professor

|
FHRBIRDZERERDIZHIC

HEEBOETHOEREVMORZERBDLOICIE. REED
ZEMEENLEEINE T, BRREXT. BRERNFZLNZEIC
Mx. EFEOHLADLEN, ERMHEFORMELE, BLUIVK
MICETHINTNET, @, Ea 0. 7ILIZVL BB
BEDEEICEDDIRERBEIMENTRNICERT DI,
1. AR UL S OB MEEHMbRMDEEL
2. FOTIvIavbtzBEELCRREEFEENZERT D
HREME IR 3

3. REBERILANSOBMEBOMRNMERMOBEL LD
REBANREATHY . ZOODAMBERERIMEEE
Ao

AEEHRRHBAEIE. EBERTO AR Y —EDEER
BABRDELE. MNZT - DBRZECHREFRRZENE
TOMAREPLEMICEL. MRZBELILHESA. KEE - KFIR
EDORENABICEIDAMNBR. FBEBHRIMEREDEHICEK
DEXEDREZRY FY,

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.
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Fig. Structures of individual cobalt-chloro complexes in hydrochloric
acid solutions. They were determined using extended X-ray
absorption fine structure spectra analyzed by factor analysis.

Collaborative Research Division of Non-ferrous Metallurgy
and Environmental Science 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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Collaborative Research Division of Advanced Synchrotron
Radiation Metrology
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SPECIALIZED Synchrotron Radiation /* Advanced measurement technique / Visualization
FIELD-KEY WORD technique / Materials science

RERBEAERICHITDEIRE— LS A U RMDATRFE

s EFIVANI-ZADBEREBICDT-HOBEEEHARAMOATTFEFE
RS DER AT OIBRINE - B CFERO#E

= E2HDIRE— LS 1 VBROEE

= [EEUERICH T DERHNCTHEFEDRE

= Research and development of advanced beamline technologies for the Next-generation Synchrotron
Radiation Facility

= Research and development of automatic measurement technology to promote and strengthen industry-
academia mixed uses

= Collection and development of information in order to promote the utility of next-generation synchrotron
radiation

= Planning the construction of new beamlines for the second phase period

= Formulation of an international review system for facility utilization
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Hiroyuki FUKUYAMA, Professor (C)
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Masaki TAKATA, Professor (C)
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Tetsuya NAKAMURA, Professor

tetsuya.nakamura.b5@tohoku.ac.jp
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Sachiko MAKI, Senior Assistant Professor (C)
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Advanced Beamlines and Measurements for Next-generation Synchrotron Radiation

By combining innovative measurement techniques brought
about by the development of The Next—generation
Synchrotron Radiation Facility, with the industrial coalition
concept at its heart, world leading innovations will be
created some of which are likely to lead to completely
new scientific fields. As a member of the “Public—Private
/ Local Governments Partnership” that will construct our
next—generation synchrotron radiation facility, Tohoku
University will develop core technologies for these cutting—
edge measurements. These efforts will be applied to
fundamental research in novel material and life sciences and
Tohoku University will play a crucial role in applying these
research outputs to develop further innovations. In close

collaboration with both academia and industry, and in terms
of the construction and operation of the beamline with the
Photon Science Innovation Center, our division will promote
academic research by proposing and developing new
advanced measurement techniques for mutual benefit. We
plan to grow a team of people with a wide range of academic
expertise that will be responsible for the future of advanced
metrology, pioneering and exploring the unexplored issues
that contribute to these advanced measurements.
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Collaborative Research Division of Advanced Analysis of Iron and
Steelmaking Processes (JFE steel Corporation)
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Hiroshi NOGAMI, Professor (C)

SPECIALIZED ‘ Iron and steelmaking ./ Mathematical Modeling / Process Simulation / Ultra-

FIELD-KEY WORD low Carbon Processes nogami@tohoku.ac.jp
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= Development of technology for ultra-low carbon iron and steelmaking processes Yuji MIKI, Visiting Professor

= 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
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Toward Highly Efficient and Environmentally
Low Impact Iron and Steelmaking Processes

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

This collaborative research division aims to realize novel
ironmaking technology with ultra-low environmental impact
through multi-phase, multi-physics and multi-scale process

simulation. Flow path analysis in packed bed
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Synthesis of Organic Functional Molecules

NAGATSUGI Lab
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linking agents /" non-coding RNA

= 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

| BEFRESIE, e A TR 202 > oE,/ HAEHE RNA

control of the gene expression ./ intelligent artificial nucleic acid / cross-

£ o &

KR

Fumi NAGATSUGI, Professor

fumi.nagatsugi.b8@tohoku.ac.jp
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Kazumitsu ONIZUKA, Associate Professor
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Takatoshi MATSUMOTO, Assistant Professor
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Hidenori OKAMURA, Assistant Professor
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Development of Intelligent Molecules for
the Regulation of Gene Expression in Cells

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

Alkylation to G4
RNA
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Functional Photochemistry and Chemical Biology

WADA Lab
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SPECIALIZED Chemical Biology ./ oligonucleotide therapeutics / external function
FIELD-KEY WORD controllable material / CD measurement system with high sensitivity and high
time resolution
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= Development of external stimuli responsible artificial nucleic acids

= Creation of intra-cellular environment change responsible functional molecules

= Creation of cancer cell specific oligonucleotide therapeutic molecules

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

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

F0H

Takehiko WADA, Professor

BE = =

takehiko.wada.d3@tohoku.ac.jp
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Yasuyuki ARAKI, Associate Professor
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Hirofumi KUROKAWA, Senior Assistant

Professor
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Masaki NISHIJIMA, Assistant Professor
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Satoko SUZUKI, Assistant Professor
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Design and Synthesis of Artificial Nucleic Acid and Protein for Active Control of Cellular
Function and Development of High Sensitive & Time Resolve CD System

Chemical synthesis and modification of DNA/RNA and proteins are i
the fundamental science and technology that have led the molecular E
biology revolution. Hence, the chemistry of DNA/RNA and protein not i

only in vitro but also in vivo expects to open the new generational
stages of bioorganic chemistry and molecular biology. Therefore,
focusing our research interest is mostly on the recognition and
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Nano Physical Chemistry

KUMIGASHIRA Lab
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Functional nanomaterials / Oxide electronics / Surface and interface physical
properties /" Photoemission spectroscopy

fHEE L& = =

Hiroshi KUMIGASHIRA, Professor

kumigashira@tohoku.ac.jp
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Kohei YOSHIMATSU, Senior Assistant Professor
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= Control and design of novel functionalities of oxide nanostructures

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

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

= Development and application of photoemission spectroscopy and x-ray absorption spectroscopy
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Control and design of novel functionalities
in oxide nanostructures

o ., ‘.'.I - .
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,

Ceramic_-
Targel’

art spectroscopic techniques, such as angle-resolved
photoemission spectroscopy and dichroic X-ray absorption

magnetic, and orbital structures.
For this purpose, in our laboratory, we utilize state-ofthe-

spectroscopy using synchrotron radiation, which enable us
to probe these structures in the nm-scale region.
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Biomolecular Structure

INABA Lab
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SPECIALIZED X-ray crystal structure analysis ./ cellular homeostasis ./ protein quality control
FIELD-KEY WORD / redox / calcium ion
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= Structure, mechanism, and physiological function of the protein disulfide bond formation/cleavage
network involved in protein quality control

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

e

Kenji INABA, Professor

kenji.inaba.a1@tohoku.ac.jp
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Hiroshi KADOKURA, Associate Professor
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Satoshi WATANABE, Assistant Professor
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Yuta AMAGAI, Assistant Professor
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Toward elucidation of cellular mechanisms underlying protein and metal ion homeostasis

The biological kingdoms have evolved elaborate systems
to maintain the cellular homeostasis. Employing structural,
biochemical, proteomic and cell biological approaches,
we aim at deep understanding of mechanisms by which
protein quality and metal ion concentrations are controlled
in living cells. We particularly focus on how the protein
disulfide bond formation network and calcium and zinc
ion transporters present in the early secretory pathway
contribute to the cellular systems. Structural and mechanistic
insights gained in this work will provide molecular insights
into neurodegenerative diseases, diabetes and other fatal

Y1 RV - MREROAILY D LREEEERFICHDSEE 52 AR—Y —

diseases caused by impairment of these cellular quality
control systems.
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Cell Functional Molecular Chemistry

MIZUKAMI Lab
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bioimaging / fluorescent probe / photofunctional molecule / protein
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= Development of fluorescent sensor imaging biological activity

P

Kb E moE

Shin MIZUKAMI, Professor

shin.mizukami@tohoku.ac.jp

\ = N =
WH 8BS oemE
Toshitaka MATSUI, Associate Professor
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Toshiyuki KOWADA, Assistant Professor

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

= Development of technology to control biomolecular activity by

light

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

= Elucidation of enzyme function and development of new funct

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

In a living body and cell, various biomolecu

les such as

proteins, nucleic acids, and sugars function by interacting

with each other. To understand their precis

e biological

functions occurring within a cell, it is important to investigate
the activities or behaviors of these target molecules in

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

living systems, where all of these interactions with other
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Biological and Molecular Dynamics

TAKAHASHI SATOSHI Lab
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molecule fluorescence spectroscopy
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= Dynamics of protein folding based on single molecule fluorescence spectroscopy

= Sliding motion of a tumor suppressor p53 along DNA

GINDBDTA—=IT A T ETHFA 2 BIEIS 2 INDE pb3 DHEE/

Protein folding and design ./ Function of tumor suppressor p53 / Single

Satoshi TAKAHASHI, Professor

B ®

satoshi.takahashi.a6@tohoku.ac.jp

iz BA EmE
Kiyoto KAMAGATA, Associate Professor
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Hiroyuki OIKAWA, Assistant Professor

= 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

=7 532 nm
CW Laser

dichroic
microfluidic 0T\
chip
v v cylindrical
objective lens

BE—DFHEDNEE

knowledge of protein folding and function, we are developing
a new strategy to design artificial proteins.
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Computational Materials Thermodynamics

OHTANI Lab

SHEMTREN AR
REHAE

BPINT-F—T— K | EHERIERB—FUREE IR BTH

SPECIALIZED ‘

FIELD-KEY WORD CALPHAD / first-principles calculations ./ materials design ./ electronic theory

= ELTEREZFA LIRS BB ORI

= BRADTRIY—BEICET DN ZNIRE

s BEREADRDZMEICET DM

SEENT7ILT) LERWCERRERDOBRICET SR
= EUTAHNODIAL—2 A VICLDRERDEROMTE

= Establishment of base for materials design through metastable states
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Hiroshi OHTANI, Professor

B8 # =

hiroshi.otani.c4@tohoku.ac.jp

BR BE » %

Masanori ENOKI, Assistant Professor
DEY) 1k

o EE B

Yuheng LIU, Assistant Professor

(/I A /I I A I A A
74/

= Thermodynamic analysis on heterogeneous structures in metals and alloys

= Study on thermodynamic properties of liquid alloys

= |nvestigation on theoretical phase diagrams using the genetic algorithm

= Theoretical study on phase transformations in alloys by the Monte Carlo simulations

BFmTEICEH E DO ERRERDBREMMHBERENDICH

EFOEFHRIAEEDNDEREILVERIT. ERTI
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JIEZEABEICLE LI, EBIIZDFEZRINT
F-REHABEN-XDEERREBRMTZT0. BHOHE @

nid. MERBICEKFBEND Y- EBD I ENFREN. MRZFIC
WIDREREMABETCELT,
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Construction of theoretical phase diagrams and development
of new materials based on electronic theory

contribution to the materials science.

HOYYISIY STVIMILYIN-OIF ANV -DINVOHO 40 NOISIAIQ

A remarkable development of electronic theory calculation
has made it possible to reproduce thermodynamic properties

of materials in simulations. In our division, we are conducting . T ?n;'@ 1= W.u.r 5
studies on theoretical phase diagrams of materials based s=Al . - . é
on computing free energies of solids, physical properties of  § s=Mn B | o b’ " 5
heterogeneous structures in crystals, and thermodynamic SE L N Ly * Z
properties of liquid and glassy phases by coupling the first- _% o S? - ;‘ —— :‘ — - §
principles calculations and the cluster variation methods, g s=v R . :,:,“ “.{7:: e
as well as the quantum molecular dynamics. Furthermore, . s=Mo i o = lq: %
the obtained results are clarified by means of experimental :ZEb e i PR E
methods. These studies are certainly expected to provide B SR00A00D S0001 RN, 10000 a3} sEAL T %
quite useful tools for predicting new promising materials for 3

(a) Change of enthalpy and (b) equilibrium atomic configurations obtained from

structures and functions, and hence make an enormous Monte Carlo simulation for Fe-lat.%s-1at.%N at 7= 773 K.
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Synchrotron Radiation Microscopy and Informatics

TAKAHASHI YUKIO Lab

AR AT RIEEHRE AL T
BRELEMAE

BANEH-F—-TU— K

FIELD-KEY WORD / Informatics

=5 A5 T« -XAFSEIC L DB / BRI SEIREN

=TI =XIRE A DT T T 4 DEBRMBELRELSWOEZIREDTADER
P VIFRSAZXEIA AT ST AILLDBEFT/NA AD=RTF / BEARIE

O
/222242

\ Je—L2 bk X#ReE/1E /AR et 1B
SPECIALIZED ‘ Coherent X-ray Optics /* Synchrotron Radiation / Visualization Measurement

IS/ I I I /I IS
0000000
7722/

7
VIS

iz I

B £ # =

Yukio TAKAHASHI, Professor

ytakahashi@tohoku.ac.jp
&H shE

Kozo SHINODA, Associate Professor
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= Chemical state imaging of battery / catalyst materials by ptychographic-XAFS(X-ray Absorption Fine Nozomu ISHIGURO, Assistant Professor
Structure) method. % J—.Eﬁj( e

= Development of tender X-ray ptychography and its application to chemical state imaging of sulfur

compounds

Jungmin KANG, Assistant Professor

= Three-dimensional nanostructure visualization of electric devices by multi-slice X-ray ptychography
= Development of single-shot coherent diffraction imaging method and its application to dynamic imaging
= Development of multiscale X-ray imaging method by cooperation of ptychography and holotomography.
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Function visualization of materials through coalition between advanced synchrotron

radiation measurement and informatics

Many practical materials are heterogeneous complex systems
with hierarchical structures from nanometer to micrometer
scale.lt is therefore important to understand correlation
between the fine structures and the function at nano-
meso scale to create new functional materials.Synchrotron
radiation microscopy/spectroscopy can provide multimodal
visualization of bulk materials.Especially, coherent X-ray
diffraction imaging is a promising method for visualizing the
structures inside bulk materials at the nanoscale, which
provides the huge amount of structural and chemical data
in real 3D space. Recent machine learning and data-mining
techniques can help the discovery and comprehension
of new materials and phenomena.Our mission is the

development of next-generation synchrotron radiation
microscopy /spectroscopy methods using novel X-ray optics.
Finally, we will create the platform to visualize the function of
practical materials using informatics.
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Quantum Spin Physics

SATO TAKU J Lab

AEVBFNMHRS B
ERERAE

BT F—0— K | hEFHREE, P FREHE BFRE VR BEE TR BEE (%

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

FIELD-KEY WORD

= T IR EREL D VLB DR

= R RIS IEAREL R XD N VEBITEDRFE

s EFREVRICBITDERNEFRROMAR

= BEBFRICHITDREHE EBREDRT

= FBEBRAEVRICBIIDWIMF LT F IO XDHFR

= Development of neutron inelastic spectroscopy

s #

B # &

Taku J SATO, Professor

taku@tohoku.ac.jp

B K o=

Daisuke OKUYAMA, Assistant Professor

K B B o®

Kazuhiro NAWA, Assistant Professor

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

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

YA/ I JIIrII /Y S
I, % 7 I 7
A zzzzz2/72244424040/4074072044444

R IFHMAEELZRVVCEFAEVROBREMMEADIAEY YA F I XA

He2DIIN—TTIIEFRAEVDZHREEIC S DHFRETFIE
DRFAEZOHPZBRLTNE T, ZOENZERT DD,
ZEOBNMEZERRAT S DTS DHRIETFIERIEEEL
ZELBRBFEELTNET, EFEFROMEZZDERE
FEISHT2AR7ZNE (MROY—) ZBNTEBY DA ERNEA
ICHRENTNE T, BFRICEITD MRODHIVEZERITZD
RRWGHTY . B2ISIDLOE MRODHIVEEEZHIEE
ICBITDEME CERF) ICHLTHRREL, EFREHMES
¥ —4E Ba,CuSi,OCl, ([CHNT MRA D AILEH KR F
BEERLI L, MICHHEMEERD MRODHIVEHEIIT I X
Fr—CHDUIIAN—IAVDENTAF IV XDERE. B
FREVERD MRODAIVEHEEDEBIEATINE T,

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

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

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

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.

INSTITUTE OF MULTIDISCIPLINARY RESEARCH FOR ADVANCED MATERIALS TOHOKU UNIVERSITY
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Nanoscale Magnetism

OKAMOTO Lab

¥/ 27— VS AER 55 B
EARHEE

FFNH-F—0—F | SEMMEBSE RESIAF 02 BEREASS

SPECIALIZED
FIELD-KEY WORD

fiE)

Satoshi OKAMOTO, Professor

B

B ®

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

satoshi.okamoto.c1@tohoku.ac.jp

o R B %

Nobuaki KIKUCHI, Assistant Professor

» BEEBEEMIEEXMORE

= SERER A AN DRIZHT

* SRR RS E DZEE)RRA

BEREIEVT AT I 0 ZEHRMEE

= AR SR A IR R

= Ultra-high-density magnetic recording technology

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

= Ultra-high sensitive spin dynamics measurements

= Development of novel high-performance magnetic materials

T/ AT —IUTOEBEM RO & S MR T/ N1 XDEIE

WHILHIIBHEE BTHR. T—5— REBELL. #2
DEBEZBTEERENTNE T, TNSHLARET/
ADBHEHAEMIT, TNTF/ 27— TORESDRBELNC
SURRTDEOTT. DEU. F/ 27— ORISR
EBHEMLARE T/ A 2ADBHELORERYFT. AR
VAo DRERHEED R S ORE A HIET BasE (7
A OORT R NESREAR) (L&Y, \— KT 1 200REH
BEERBNICSHONSEMHEINTET, FLBREDE

DEMET—F —ICARTREXABAMHISNTE, S/ X
T—IVCORFREADECKEN Y 7 QLXK AMAR 2 REN
ITTEHY. SR ERIRT DODOREBCKREDFIEIEIC
DNTHRZEDTNET, HARFBH TS Z0F/XT7—)L
ICHITDHIBAERBEZORIEICHEZES. MENSIERER
[TNNAZADEIEZBIELTNE T,

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,

IRIILF—TOT7AILEE)

BEM R R ¥R

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

KANIE Lab

NATUY KF ) SRT LIRS
EIMRE

EMHNEH-F—TU—F BRERNCT )Y RS JRTF/NAT) Y Mg/ EN S
‘ TUST Y KILS NOZ SR ) 4 907 NI BRERH BI ES a#
Kiyoshi KANIE, Professor

SPECIALIZED Organic-Inorganic Hybrid Nanoparticles / Hybrid Liquid Crystals / Nano-Inks
FIELD-KEY WORD for Printed Electronics / Phospholipids-based Artificial Materials kanie@tohoku.ac.jp

- BHER A T Y KRS RFOTHA Y - B ME Fi # @

= U X - EREHIEE T/ KT OB BRIESRIER : : '

. RFEEARICES< T YTy KT LY FO= 2 2EF/ A 2 DR Masaki MATSUBARA, Senior Assistant Professor
= RUBICEMATL) VIEEORET - Bl e Vo OB SABBESH

= BRI A 7 VIRIAD D FRENC L Db STt T O 2R

= Design and Synthesis of Organic-Inorganic Hybrid Nanoparticles

= Development of Liquid Phase Precise Synthesis of Inorganic Nanoparticles Controlled in Size and Shape

= Development of Nano-inks based on Precise Synthesis of Inorganic Nanoparticles for Printed Electronics

= Design and Synthesis of Stimuli-responsive Atrtificial Phospholipids and Control of the Macro-scale Self-
Organized Structures

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

B - BB - N1 A IChcD
ZREERICED S HBEEMH

HEEMMRII. M EDENBEFEZRADBDTDAR/ET
T TN HOIBHEMTHOREIL. RReIVENLE
NDEFTDETETEHEARYTY,, FhlcBld. EROBH - i - /N
A ADOREAMZEDDONT. BRARETH OB ME
BET-BRLTLET ., BOTHLERMOMHORME /N1 7Y
BE” 322 &3 RFFDOERZSERGHEICEBEST. F8%
BAHARBEDREIR. T4h5. HOlBHEMEMHMORRIC
BAWZET,

ZODBBODT. INETIC, i) BT/ KA ADESHEBEDM
SICL2EFHMROFE. i) 22T ETHREMBRELDS T/

i

e e
£ o i) TR A AT BEE ) TR 5. S New Guble LC Latie (72,9
AT R ICED < AR A TR L TR E L AW\ Ty KTV KD

foo BAIFROID. TN DE S BHAEHORRIC T/ BRI E ST HTDEFARME

A E T,

|
Functional Materials based on Multidisciplinary T Nanoparticles  Large Scale Synthesls 70 Nanoink

Precise Synthesis Across Organic, {~1009)
Inorganic, and Bio Z
Functional materials have large potentials for our sustainable = JJ\H T‘ __1%3 11

future life. From this viewpoint, development of novel Copper nanopsste=——"

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 !m TN

beyond the conventional frameworks of organic, inorganic, . DieAttachment __(OnPEN 40N Pl

and biochemical syntheses. Especially, “hybridization” of T/RFEBRERICEICIUYFTy FILD FOZOR@EN
unigue features of materials is not only become a simple T AT DR

technique to combine the properties but also lead to induce

novel-functions through synergistic effect of the materials. organized structures, ii) nanoinks to obtain functional thin
Based on this concept, we have successfully developed films by coating methods for printed electronics, and iii)
hybrid functional materials such as i) quantum effect-tunable stimuli-responsive artificial phospholipids forming lamella and
nanoparticles by the control of the nanoparticle-based self- ~ 9iant vesicle structures.
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Solid Surface Physics

ABUKAWA Lab

ElARE AT S EF \
BINH-F—0—F | REWE KBS IV BFE T/ KA )| ET @ B
SPECIALIZED surface structure / surface dynamics / electron diffraction / nano surface Tadashi ABUKAWA, Professor

FIELD-KEY WORD analysis

abukawa@tohoku.ac.jp

= # LV REBSBRITEDR

F REMES (T I 2OHMR NI EB— B %

" 2 RTRFEMEDRE EIERT Shuichi OGAWA, Assistant Professor
YAo0/F/BEDRE

= Development of novel techniques for surface structure analysis

= Study of surface structure dynamics

= Growth and characterization of 2D atomic layer materials

= Surface analysis of micro/nano-structures

R+ LNV TOREIAREEFREDIERE EHEEDEIR

RARDTTIL, o EBREZR D/cRE - REDRIKZBE Structure
LT, RE - REZEFL NIV TEET DHREZTOTNNET,

INFETIC, REDRFEIZ 3 RTHICHBRLTDHIC,
RENVEBBREUERIELE. VA BNV REISREFOITEZ R
FELE LI BEREDD A BNV I REEREFEITETII.
SR BREABEENICHELREBDT Y%, HINH 10
NTHAECTEDBNIFIECTT, Ife. RIDTAF IV APEIE
MEBIAF IV AEMRITDEDIC. ANI—UHASEFE
TEEVWORAFRFOSRLEHSZRADMLNWFEZHEELS
Llco YT /BH0HIUBENDRLVEEER T, REL
DEFDEEERADIENTEET,

RI—MERAEZ S/ LNIVTERAT DHICKEFREM
#% (PEEM) E EEE FBMIERA (SEM) ZAL T E T,
PEEM T3, 2AREFEVEDORE 7O R PERETO
BROBRZITEOTNE T,

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 “ P

) . . . Nano-WRHEED
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.

Grains of Ni poly crystal and their 3D reciprocal maps by nano-WRHEED.
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Supercritical Fluid and Hybrid Nano Technologies % g
zt
ADSCHIRI Lab(C:AIMR) 1 2
"2
BIERT / TEHRNS ‘7
FRMAFREZE (R MHEZSFMFEAR) ¢ L
i
SHSH-F—I—F | BERAK/BNATUY K F/HH TOERTY MR WY % & % i
SPECIALIZED Tadafumi ADSCHIRI, Professor g

FIELD-KEY WORD supercritical water / super hybrid /" nanomaterials / process engineering

tadafumi.ajiri.b1@tohoku.ac.jp
= BEFRKICELDMHTOEROSESH

CBEERISTO/NT T KT/ KT ®E S #ius
» F/RFORNTE (BER - BEE) - #5H1%E) Takaaki TOMAI, Associate Professor

BTy RMRBIE ORUY—/N\A1T)y R/ RF)

- REATRENT DEMNEE O YA o0/ T/ BEDRE

= Process intensification for materials synthesis in supercritical water

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

= Fabrication of novel composite (polymer/hybrid nanomaterials)

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

HBERFKICKDEMN T/ MREIR  2OFEENHER

BEEFRRETIIKE BRYNE—ITRLUE S ZEHT

EE9. CoBRAKOBHMENAT s, ®ENERE  Organic-inorganic hybrid nanomaterials
SHENEEBRIMNTEEMTES T, BE. ZOEH
WBOBIPE 7O RDBEHMIICRUBATHET,
BREHE N EBRICINT (51 - BN\ TU YK
F/RT] I3 BHARICSEAREE DL, BSE
ESEMNTREICBYET, £S5 IV IEBHES 0% E
TERBIBINAFAVIETIZREZD—DTY,
BFOESICEDESF/MFERSLOD [HiMZ] O
BIBRICHEL T T, SBRENTS / NFORES
BEHHTDE. SEREOHN B LI BEE T / Mg
EBRTBIENTEET, COF/ MBIERTEESR
CBLEMERT ZEND, TNEFOT, SETRALE
EESNTELEREROBI RILFE—TH (TolF—
BLE) JOLREMELTNET,

Creation of innovative nanomaterials by supercritical water: Science and Applications

Supercritical water is miscible with organic materials.
Using this feature, the organically-modified metal-oxide
nanoparticles can be synthesized. Organically-modified
nanoparticles "organic-inorganic hybrid nanomaterials"
can be dispersed in organic solvents at very high
concentration. We aim to establish novel fundamental
of material/process design for such nanomaterials,

. ] B ., o ] Nanocatalysts
which behave like "molecules.” In addition, using l
nanocatalyst synthesized by supercritical water, we are Innovative chemical processes for
developing innovative chemical processes for utilization utilization of low—temperature waste heat

of low-temperature waste heat.
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Laser Applied Material Science

SATO SHUNICHI Lab

AMERZRT D
ey o=
ERRE—HRE
EMNEH-F—TU—F ‘ L—%—/J# NZOR/MRRZBFHKFE {E%% {Q_ E
EIFIJEEL%AKLI[Z%(EVEORD ‘ laser / photonics / materials science / electron optics Shunichi SATO, Professor

sato@tohoku.ac.jp
= SEENDIZICHITDIMETR TOER

» BBWERDIGICHT DTS/ R NGB fhTH R
=R NMNIVE—LDREE E—LFEORNT Yuichi KOZAWA, Associate Professor
RO MVE—LERNEF A A— DT E L —F— T . -

C LRI L BEF ORI ¥ #HE B =%

. . . . . Yuuki UESUGI, Assistant Professor
= Material conversion process in intense optical field

= Nano-particle synthesis in intense optical field Eﬂiﬂ @7‘5 I

= Generation and analysis of .vector beams . Ayano TANABE, Assistant Professor
= Development of nano-imaging and novel laser processing by vector beams

= Control of electron momentum by laser

HMZFENEMZDORSIT

L—H—ZhbETDIRERDT A I XARMZREEL T, ODOUBETHDINT MUVEZRSIZNT MLE—LAICDNT. ZD
HEMEEOHEFROMRZED. FHLOMHOBIRCHED MENLGHEZRDEELIC. E-LREEOBELE—LRE
B, TOCAOBELEERELERELTHEY., REER  OBREICRUBAEND. L—H— NI CBREEMELTEAD
HICEDTWDELDMAT VIS BEEL—T—HICLDY ICARRZREHNICEDTINET,

VONF S RFEREE XD MLE—
LICET SHENLIMATY, BIE
I3 EX LT LML —H—/X
IWZIZE D2 TRE S NDEINKEDIS
EHUVERE - FRE - BeRET
OEXDBEELTHABL. 3F0H
BRICKXODTHRET DS DAL PRIE
RFREICELDT, FAVEY R
H—RUPEEBRED VIS
JHFEHZTOTNET. NIl
L THREL, X (BHEIKR) DFRE

EEROEERT / HWRFODER. EDDAICHTTEDEIENIBATI\D,

Multidisciplinary research of photonics and material science

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

we are especially interested in the following

tow topics. The first is the synthesis of single

which is generated by tightly focused femto- m
second laser pulses in liquid and can be ; -

regarded as a novel non-equilibrium. non. POlarization phase  pattern vector beam

nano-particles of diamond-like-carbon and
noble metals by using an intense optical field,

linear and ultrafast process. The next is the  The Vector Beam under study shows a synegetic asoect of polarization, phase and pattern of a light
investigation of vector beams, which have beam.
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Solid State lonic Devices

AMEZAWA Lab
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- BRI LT —
- AFOREIC ST DBEICFRRICHT HRRHR
 SAREIA 7 = 2 ZAPRIODRE & B

= Improvement of performance a

solid state ionics / energy conversion

nd reliability of fuel cells and re chargeable batt

= Development of advanced operando analytical techniques for “\O”tm(hom\m\ energy conversion

devices.
= Basic research on electrochemical phenomena at hetero-interfaces

= Design and synthesis of novel solid state ionic conductors

IRIBICOESLWIRIVF =BT /N1 ZDEIR - EX

RIBEIE. TR —BEZRR | e
L. B RZRRT DT LI Kapton fil

21 HieDRFE - BHMiBICEES
NIEKRERRETT, R2OARE
Tld. TNODEBORBRRICET D.
BMEERPEEMG LS, RBICPS
LWIIIVF =TT /N ZDRIR -
ERDEODEBMAEITOTCNE
T, BHIC. BRTHYBHADZDH
EAAUNBRBETED “E%/r
FZOR” MBIZEBL. BIRICH

175407 Vi, REARIG. REEBEICDNVTOZEERKTD
EHIT. ZHUCE D HEELET. MHBEREEZTOTWE T, F/.
BRA 7 20 XTINA ZZBITDME. RISICEHDIBRZ R
SN SR/ HIHESFES, BEE N\ DIIFHRIET /N XE)

Detector for
fluorescence x-ray

By

| BiEAAZOR/ THIE—BR AT KO/ BRALE =

operando analysis ./ electrochemistry

ZRTINA ZFHAD IO DEE A XS 2 RO FE
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BFESEEA RS Y RV 100X IRRINDHEHIRE
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Koji AMEZAWA, Professor

koji.amezawa.b3@tohoku.ac.jp

i =E eme

Takashi NAKAMURA, Associate Professor

A BX B #
Yuta KIMURA, Assistant Professor
Gk B B o

lkuna SATO, Assistant Professor

ICmIlFT

Incident x-ray

ANRZ Y MAEICKDEEMEMEBERISDIDARIE

EIRIE R COANS » R ZAREE I D2EEHIRMORES
To2TNET, DUEDOHRZEL. BiF A0 XMHZRAL
FERIBAMBE I )V F—ZRT /A ZOREL S VIS MEETL -
SERMCICERVBATINE T,

Toward the development of environmental-friendly energy conversion devices

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

NOGAMI Lab

FPRH-F—0—F | JOERIIaL—ar/ BBER/ZEE/ BIZ
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simulation / transport phenor
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= MECZEHSREOREP S SWERR X 1= X LD

= Reaction pro simulator for material production

=D pn ergy rel

= Boundary layer control to im

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

= Exploration of formation mec

HMICRRINDZREBMBORE /ORI, ZORES
DEXSHD. BFE - IXILF—DHEBEELEAT. 2hozill
FILBEREASDORRICET DIODEELRDONTIVET,
ZFOAEELT, BEFE/OI0OEMERL. ESRMCDMEL. £
FWTOEZORERBEN D). ZORBEDEHICIE. BHEN
HB7OEARBICNMATTIOEIAETE L DMBHNEERRPER
BORGEHUHEERRL, B0 ER LT BELD
DEY, AARAHTIE. REESEOTOCIBHEICEITT.
BREMBEROYEBEPRICHEDERNE. T2, BEBERH
PRISLZEEDFERICKDHEP, EMRETOCIIILGLRED
NZDREERBBROARMRNZ. WRAELIZHEEDFEILDEE
EZTL. TNODHMRBRELHOBAGEFTFEEZBVZERE
BT OB AIHHARATG 2 & T, FBEMEE O ADHIES
Ial—2arEMORREEEM-HEHCRUBATHET,
Fre. FEBAIFXIILF—ENSLUOFRTOEIORELED

nena / multiphase flow

hanism of interfacial fluctuation structure of phase chan

7t

Hiroshi NOGAMI, Professo

)2 O

nogami@tohoku.ac.jp

Al #FE B oA

Nobuhiro MARUOKA, Assistant Professor

EH RIE B =

Shungo NATSUI, Assistant Professor

TWhE9d,

Mixed melt

Molten SiO,-Ca0-Al,05
Liquid Fe

FRMZBIADDABIE

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

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

recovery and storage of thermal energy.

Temperature evolution in non-uniform packed bed.
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Materials Separation Processing

SHIBATA HIROYUKI Lab
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hiroyuki.shibata.e8@tohoku.ac.jp

SRR TP~/ ROBRRE Bk M e
s ERBIUOBIDESENRIADRE A N s Sohei SUKENAGA, Associate Professor
= Structure and physicochemical properties of silicate melts and glasses J ”E u;é¥ By 2

= Solution growth of SiC crystal

e . . . S Sakiko KAWANISHI, Assistant Professor
= Solidification mechanism of metallic and oxide super-cooled liquids

SMEZMEETOCADOOSRREYIELZE

EMOBETOER, BE7OE2, UHA
N TOE2AZOEEEERY (013, Biam P
DM, PENSEBRESMIERT DY
ENHUET, ChODHETOCZIERD &
DREICHIBDHMICEGSNTNET, £ [
ZNZNOMEDRN, PEREEN TOER
OMERICERLTNET, COL58 701 [
Z2IBRICBNTETEND D, BRICHIT |
BEBYHBELEETY, flXITAREREY

Ca0-5I0,-4,0,-K,0 giasses

O, 0 (420, =3.5%)
B 7%K0 (N0 =1.7%)

10.8%K,0
A\ iao=11%)
oo (I3
WA (0,<0.6%) y:,.d

_.“&\J“v

% I —
SEBEOREER, BHEISEOBE/OE | T, 90 o s 0
2ATIHBHTEBLBEELET, ZhDDH T ) \ .

PEEIZE DWE DM BB AT TT DT, SICH1400C CREART S A RS S MEMORE

MEORREBZNEDOREEDBEENSHBRIAT BT 21T 2T
WET, &l MHOABMTOEIPHERERREICEDIREICS BORMEETOCIDOSMELCHRTOZIOBREICIRJE
TERICHEBORIBZITOTNET ., ChoDERARZEICE  ATHET,

Physicochemical approach to interfacial phenomena at high temperature for high efficiency
materials processing :
1:48:32 810" C

Recycling, refining and solidification processes of materials

are important to sustain high efficiency process for Liquid
manufacturing products. Each material separation process is q
governed by many chemical and thermophysical properties /

Crystal_

of materials and interfaces among materials.

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

efficiency processes for materials separation as well as crystal

growth by means of in-situ observation and measurements

especially at high temperature.
Mo ~%0

Crystallization of lithium silicate on
the molybdenum substrate 5 mm
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Y. HBEEZRBIDBICEDLSLBBEDE(LZRI I DM HE
AN TEE Lo LML T/ HAXTHDY /N0 ED
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B E X CHMICIRA DI BRI AR ET T BRFZETII.
X#MERBEFL—V— BEX. EFRLEEOEFE—LZAN
T VINVBEOHRTERICBEZ DT DEEROBISEE(L%E
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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-

\ XSEHEF L —— /XSERBERT/BAENE  SBNS /U ERE

mEEES 7 =®

eriko.nango.c4@tohoku.ac.jp
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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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masahiko.takahashi.c4@tohoku.ac.jp
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HOWDMEIL 2 BEDHTENF. §EHEEFERTFEN
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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,

F ot
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Meas. Sci. Technol. 22, 075602 (2011)

- (S R o
/ : il =y oﬁuﬁitlii)n
V) = e pis®@)

x [exp(=ip - Ry) + exp(=ip - Ry)]
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(3) Stereo-dynamics of electron-molecule collision by multi-
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parameter coincidence experiments.
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T, 2L, FIAIRIXBDBEE. SAFMHE. BEE. 50
ISERERIEREA S BB TRTER S NDMEICHL T
RIEAVISZMMBONBNENDSBENH I ET . £ZBNN
RELTOXHEOUBICED UMV M baEm - MR
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Quantum beams, such as X-rays, are used to visualize
internal structures of various materials having the scales
ranging from atoms to human. However, there is a problem
that sufficient contrast is not obtained for materials consisting
of light elements, such as polymers, light metals, and
biological soft tissues. The use of phase contrast based
on the wave nature of X-rays is significant for overcoming
this problem and enhances the usefulness of quantum
beams tremendously. We have innovated in X-ray imaging
technology by developing X-ray phase measurement,
releasing groundbreaking results beyond conventional
expectation. Based on quantum beam physics, we are
developing unique experimental environment and pioneering

BE o u =

atsushi.momose.c2@tohoku.ac.jp

X M oEmE MR R=E B W
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BAR R BEED

XA A A—2 2T (X#& Talbot-Lau F%5t) ICLDRE) UV FEUERBORE

advanced imaging research. This technology is attractive for
practical applications, and we are also conducting various
collaborations with industry.
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EO<NEDBEREGBRUMMEORERRDERICDONTHR
Z{T2TL\D. HISRTDIF. FMEFE X IRBERTICL R
LN RESEFEFOREFREEN L. KRFEFITIE
LIEBFE ENHCTHD, BREFICHRINIZKRREFAT. R
FREBFOELMENINDHICLY., 1 RFATEXRLER
AB(BFA/BEEI)MELTNDEERLTND,ZDMICE
HMEFBRICHITDERBEIHMIIIRICONT, H& - BB
SR DILEH S Z DHRNERZHOSNICT DMAEITOTH
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DEEMHEMRFTICEMIBA T D, FEERICHEERTEDH
4P JRR-3 Tld. AMFRTEHBEOREEZNZA IV
SREOBERMTFEDBEZTOFTECH D,

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

[ = B %

PHFRERITICEIAFREES T XRWERITIEDMFHREESH

BYELRERFROELMUBDOIL — 1 RFHNEBEINE

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

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 b
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

magnetic structure of YMn,Os magnetic ferroelectrics
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Nano/Micro Chemical Measurements

HIBARA Lab
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nano
detection methods

interface chemistry
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= Easy and automated chemical analysis utilizing nano/microfluidic device
= Liquid-film aration/p ntration meth on ce chemistry.

= Imaging micr ction methods for n
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* Interface measurement tools
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Chemistry in nano/micro space: measurements
& applications

We study advanced nano-micro technologies in chemistry
and biochemistry and their applications to integrated
analytical devices. We investigate easy and automated
analytical technologies for life science,environmental
science, food safety, and industrial process. We also
investigate novel analytical technologies such as single cell
analysis, and single molecule analysis. For the advanced
technologies, fundamental chemistry such as chemical
reaction and interfacial phenomena in a confined space
should be revealed in detail. We study unique advanced
measurement tools such as microscopic imaging, and laser
microscopy.
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micro analytical devices / imaging microscopy / optical
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Akihide HIBARA, Professor
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Wang Hsiao Fang & #
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50 nm

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

a

Polymers are industrially key materials and their properties
can be widely controlled by mixing different polymers 25
and polymers/inorganic materials as well as by tuning _
the chemical structure and molecular arrangement. The g
relationships between the microstructures inside and s | &
macroscopic properties of polymeric materials have not i é E‘?
been clarified yet. Thus, we work on the atomic-resolution i?: ’*ﬁh o )
observation of single polymer chains, orientation mapping -500"nn;1‘.¥7 PR §
of polymer crystals, 3D observation of phase-separated R—— e R 0
structures, deformation-dynamics observation of nanoparticle Fig.2. (a) Transmission electron microscopy image of the

i . K L vertically-elongated inner structure of a rubber with silica
composite materials, etc., by front-line transmission electron nanoparticles (black parts). (b) Tensile-strain map of (a).

microscopy techniques. We aim to elucidate the relationships
between microstructures/dynamics and macroscopic properties of polymeric materials through these observations.
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Research objectives of the laboratory are to design and
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 (Al, In,
Ga) Nand (Mg, Zn) O systems. We are growing quantum
structures by metalorganic vapor phase epitaxy and unique
helicon-wave-excited-plasma sputtering epitaxy methods.
Ultrafast recombination dynamics of excited particles in
nanostructures are studied by time-resolved spectroscopy
using a femtosecond laser, and very local carrier dynamics
are proved by focused pulsed electron beams using a home-
made, spatio-time-resolved cathodoluminescence system
equipped with a photoelectron-gun.
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High-temperature Physical Chemistry of Materials

FUKUYAMA Lab
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materials processes / chemical thermodynamics / thermophysical properties Hiroyuki FUKUYAMA, Professor
of high-temperature melts / crystal growth

hiroyuki.fukuyama.b6@tohoku.ac.jp

- BERHMIMETE 2 T LD Kix 3 s

F SERISSICESITB MR O RAIR Makoto OHTSUKA, Associate Professor
. BEEH RO . -
 SHEEEREDS AL & FHRT/ N1 R DBIR TE IES B %

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

= Development of high-temperature thermophysical property measurement system

= Material processing using high-temperature reaction fields

= Thermophysical property measurements of ultra-high temperature materials

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

WEEMM R T O X CHMMEETAEDRE  pROSPECT Brepeties and Simuations Probed with

Electromagnetic Containerless Technique

UFIRETIE, (LSRN FE BB EBE S BT LA e
RO 7O E R BRERIBL T E T, AlAE, S8k 2N Heating

I3 B - ENOSoIOREDRNENMEEARFELT, RIR.
ERE. N7 BRATTOICAMNBEFEINTNE A SRR
ETIE. ZMPFEBEDRFELTOMREZA LS EDLD. &
BRRICETOMEBLCZNGMREBRELEA DS, HicikEsNk
E7OERZRBIRLTNET, T MRTOEIIHITDEH
BEMBEBESRRE I 1L -39 D/H. BYHEEDT—
IN—2bZEDTNEY, BRIFBRE FHHISEZEAEGHE Super conducting
T. TERAREOHNTTEREEZRIEL . BADHRSE. HEE magnet
R, BHE BESIURERNZSRBEICHT SBSEEY
MEDAIS R T LADREZEITOTNET ., TORIMICEDT, &
B, s, BELERLALIZNDBADICACRECIIZER
B&fR (3D 7U2H) OREICEEMTDIEICMA T, KR
DEERARMZZNUARNTNE T, '

Backlight
laser

- Levitation
coil

|., Pyrometer

High-temperature processes and measurements of materials

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

of high-temperature melts, utilizing electromagnetic levitation

in a dc magnetic field.
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Base Materials Processing

UEDA Lab
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chemistry / Material recycling
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= Recovery of phosphorus from steelmaking slag
= Control of mass transfer and chemical reactions at interfaces

EMTOER HBEE SRYELE VT

Material processing ./ Iron and steelmaking / High temperature physical

LSS

Shigeru UEDA, Professor

Wow B

shigeru.ueda.a5@tohoku.ac.jp

= B B %=
Xu GAO, Assistant Professor

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

=a /Ot CHTRIEEHDOSEL

FRARERHINKOONDHPT, SELENPEHITT DD
ICISHESER R DRMBIEEHIT TS ENWETY, HAD
HREESITELBML. XN—ZAZIPRLTAYIVOBEEE
MLTNET, COBERICIIHEECORBRLGEREENH Y.
B ICIPERDSELE LUV CO: PEELBENREDEE
AL CEZ L. COBBORTREN DRELRHZZE
KIDHIC, BREIXIF-EREIOCREHOELICNT D
WENN S BRESFH CRENICRMMEETEL TOEID
BREFHREOSWERBEREODHEDBRNEETY . =EY
B, RIETOEIIZE2EEICER. TrIF—0. 8E
POEREFUOFAE NS HZEBRBRICVELRICTOER
DEREEELETT,

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

HERERLAE
(FEAHLEED
A ERER{LAE
(1E 3L ED
N HTRT—
Si0,
Figure. Analysis of reaction mechanism and control of high temperature

reaction
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Powder Processing for Functional Materials

KANO Lab
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= Optimum design of powder processing by computer simulation

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

| BiET%/ > Ial—>av/ B/ kKEIRILF—
‘ powder technology ./ simulation / grinding ./ hydrogen energy

JAIE A DN

Junya KANO, Professor

kano@tohoku.ac.jp

88 EBEE B #

Shingo ISHIHARA, Assistant Professor

AER R B o#

Kizuku KUSHIMOTO, Assistant Professor

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

WEEMMETOERDAIKRE S I 2L —2a VIl 7O ADREL

MAEZERR. PERRHDVIRRERLET DEMEEMO
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FHREIZIITIIE <, MRADRFFREBEICEARE KEFL.
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DERIVTFATIDONAFTZNSDRIT R IVF—ICEBT D5
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Development of new functional powder processing and optimum design of powder

processing by numerical simulation

Development and manufacture of high functional 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

numerical 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.

Simulation

Experiment

2 ADEM-CFD EFINC L DBRHATOEFN FIIREB D I 1
L—ar
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Energy Resources and Processing

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

= Solution chemistry research on Protactinium

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

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

e B % =

Akira KIRISHIMA, Professor

kiri@tohoku.ac.jp

R KEg B %

Daisuke AKIYAMA, Assistant Professor
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Research on Nuclear Waste Management and Nuclear Facility Decommissioning by

Radiochemistry

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

HONMA Lab
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= High power and high energy density lithium-ion batteries

= Magnesium batteries

= Electrochemical conversion processes of CO2 to useful chemical compounds
= Synthesis of functional nanomaterials employing supercritical fluid processing
= On-demand fabrication of battery devices by 3D printing technologies

=ove
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Nanotechnology /* Advanced energy nanomaterials / Sustainable materials
processing / Post lithium-ion battery /" low carbon emission technology

A

Itaru HONMA, Professor

18 B B

itaru.homma.e8@tohoku.ac.jp

VAT IR AT I #EE

Sven STAUSS, Associate Professor

/MR BLAER B %

Hiroaki KOBAYASHI, Assistant Professor

Sl OME B %

Kazuyuki IWASE, Assistant Professor

R E&x B %

Guohao YUAN, Assistant Professor
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Nanotechnology and nanoscience of advanced
functional materials for energy technology innovations

Our research goal is to realize renewable energy innovations
and to contribute to global sustainability through advanced
nanotechnology and nanoscience. Using environmentally
friendly materials processing and the exploration of advanced
functional nanomaterials, the Honma laboratory investigates the
frontiers of nanotechnology and nanomaterials for carbon capture
and utilization, post lithium-ion batteries, supercapacitors, and
fuel cells, thereby contributing to innovative solutions for global
sustainability, renewable energy, and a low carbon emission
industry. Our studies focus on advanced functional nanomaterials
such as monoatomic layered materials (graphene and transition
metal dichalcogenides), nanoparticles, nanoporous materials,
multi-material compounds, metastable materials, organic
nanocrystalline electrodes, novel solid state electrolytes for
all solid-state batteries, supercritical fluid & hydrothermal-

Research activities overview of Honma Laboratory @ Tohoku IMRAM
i @ Culnse,/TiO,solar cells:

o Na , mesoporous materials

® Wearable batteries

- {
Deme 15,

Bcs)2018

© Al sold state Li batteries

electrochemical processing, and in-situ spectroscopy analysis
using synchrotron light sources. We investigate the superior
functionalities of these novel nanomaterials for post lithium-ion
batteries, fuel cells, solar cells, and carbon dioxide conversion,
to enable energy device innovations, a low carbon emission
economy, and industrial competitiveness.
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Metallurgy and Recycling System for Metal Resources Circulation

SHIBATA ETSURO Lab
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= Fundamental study for copper smelting with high impurities

= Synthesizing technology of scorodite particles for stabilization of arsenic

= Screening for new flotation reagents to separate arsenic minerals

= Carbon dioxide sequestration and utilization using alkali wastes

= Development of component technologies for optimization of metal recycling system

Non-ferrous Metallurgy ./ Metal Resources Circulation / Recycling / Waste

MER # =

iz
S
Etsuro SHIBATA, Professor

etsuro.shibata.e3@tohoku.ac.jp
BRix SEO#ENH
Atsushi lIZUKA, Associate Professor
TE R B A

Ken ADACHI, Assistant Professor

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

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

Non-ferrous smelting industry is necessary for achievement
of the resource circulation society. In the future, the use
of various electrical and electronic devices is expected to
increase with growth of population in the world. To secure
metal resources continuously, it is necessary to recycle
metals used in waste products.

The main research aim is to establish the metal resources
circulation system based on the non-ferrous smelting
industry. Research activities including non-ferrous
metallurgy along with mineral processing beyond the
traditional framework are intended to achieve the high
efficiency circulation of metal resources and environmental
conservation in the future. Researches for smelting

processes for primary and secondary resources, treatments
of by-products and stabilization of environmental load
elements, etc. are conducted.

By-products
(Treatment and Refining)
Recovery of Se, Te, Ni, Co, Sn, Sb,
Residue Bi, In. Ga, Ag, Au, Pt, Pd, Rh, Ru

(zn) Residue
Harris slag (Sn, In, Pb, AN, (pb)
tion (Cd)

Dust  Anode slime
Ga) Purification  (Pb, In, Zn, As) (Pb, Sb, Bi, Ag, Au)
(Cd, Sb, Ni, As)

[ Po-Agresidue (P, A)
ISP crude Pb (Pb, Sn, Sb, Bi, Ag, Au)

Zn concentrate
Crude ZnO (from EAF dust )

Linkage among copper, lead and zinc smelters to
recover valuable metals from various type of resources
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Hybrid Nano-particle

MURAMATSU Lab
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= Preparation of organic-inorganic hybrid nano-particles

= Development of nano-sized metallic particle and application to functional materials
= Partial sulfurization of metal oxides for visible light-active photocatalysts

= Synthesis of multi-layered films by laser ablation

= Fabrication of new structures of nano-porous materials

metal-doped zeolite catalysts / organic- inorganic hybrid nano-
materials / hybrid liquid crystal / energy catalysts /” promoted atsushi.muramatsu.d8@tohoku.ac.jp
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Assistant Professor Assistant Professor
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Assistant Professor
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Chem. Len., 37, 1278 (2008): Mater. Trans., 50. 2808 (2009), 5.04 A! (200} planes
J Mater. Chem., 20, 8153 (2010); Chemn. Lent 42,738 (2013).  EDHEERM MO 7 /507

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

Highly functional materials, such as metal-doped zeolite
catalysts, ITO nanoink for TCO, niobium-based oxide
particles for lead-free piezoelectric devices, titania,
perovskite metal oxides, semiconductor nanoparticles,
organic-inorganic hybrid nanomaterials, fuel cell, and alloy
nanoparticulate catalysts, etc. have been widely provided.

Their production methods are based on the particle-
synthesis principles, (1) strict separation of nucleation and
particle growth, (2) perfect inhibition against aggregation,

(3) precise control in particle synthesis mode. Namely, the

physico-chemical theory for the stability of coffee or milk,
and the very good foams of beer, is similar to the formation
of nanoparticles precisely controlled in size and shape. What
kind of nanomaterials do you need ? We’ Il make it.

@ SITIOARDTRA B A WMTFOY T X - EERIERES W
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Appl. Catal. B: Environ., 144, 462 (2014);

., 147 (2014); CrystEngComm, 16, 5591 (2014).
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Atomic Site Control in Inorganic Materials

OMATA Lab
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SPECIALIZED inorganic materials /” energy-harvesting devices converting natural energy
FIELD-KEY WORD into electrical energy ./ ion-exchange and intercalation

= AR AT R DM ERET E AR O RDRHE

= RIBISES LI KBERM R DR E & R FADISA

= FRIG TENF T DMBEDDER DR

EBEREF RY NOBBRER O ADER

= Design of inorganic materials and development of their synthesis techniques

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

= Development of elemental materials in intermediate temperature fuel cells

= Syntheses of colloidal semiconductor quantum dots
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Takahisa OMATA, Professor

takahisa.omata.c2@tohoku.ac.jp
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Satoshi TSUKUDA, Senior Assistant Professor
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Issei SUZUKI, Assistant Professor
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Arunkumar DORAI, Assistant Professor
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Creation of environmentally-conscious materials based on atomic site designing

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

Intermediate Temperature
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Synchrotron Radiation Soft X-ray Microscopy

TAKATA Lab

MEIRT / BET R RES
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SPECIALIZED Next-Generation Synchrotron Radiation Facility / X-ray Optics / Soft X-ray
FIELD-KEY WORD Microscopy / Operando measurement
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= Next generation synchrotron radiation facility project

= Innovation of structural science by development of X-ray visualization technology
= Development of soft X-ray microscope and application to biological samples

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

| OREREINEEE, X R0 BORIBMEE A5 KEH
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Masaki TAKATA, Professor

masaki.takata.a4@tohoku.ac.jp
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Takeo EJIMA, Associate Professor
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Susumu YAMAMOTO, Associate Professor
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Tadashi HATANO, Assistant Professor
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Fig.1

Development and Applications of Nano Visualization Technology based on Synchrotron

Radiation X-rays

The mission of Takata Lab is to visualize electronic
structures of materials at nano-meter level using synchrotron
radiation (SR) X-rays, and establish the design guidelines
for developing new functional materials. Currently, we are
strongly promoting the “Next-Generation Synchrotron
Radiation Facility” (Fig. 1), which is a state-of-the-art
soft X-ray light source, scheduled to be constructed on
Aobayama new campus by FY2023. We aim to innovate
X-ray nano visualization technology by combining the
unprecedented light properties of the next-generation SR
facility with our own measurement and analysis methods. In
addition, we aim to make the next-generation SR facility a
cradle of open innovation through a new type of industry-
academia collaboration based on “Coalition Concept” (Fig.

2), in which academia and company form a strong one-on-
one team to solve social challenges.
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Electron -Crystallography and -Spectroscopy

TERAUCHI Lab

EFEIF - HHEHUAEHE
SHMAE
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* BE SRR EELS (CK DM@ F EDRFE

= EFIAMIER SXES REDHECICA

s REFEITESSOE—LOY 2 IEFEIRZRA - BFRIEEHET
= Functional analysis of nm-scale particles by TEM-EELS

= Identification of electronic excitations by angle-resolved EELS

= Development of SXES instrument for electron microscopy

= Crystal structure analysis using CBED and beam-rocking ED

| BFEME BT IR E—BED N B XIGRAD N REFEIR

SPECIALIZED electron microscopy ./ electron energy-loss spectroscopy / soft-X-ray
FIELD-KEY WORD emission spectroscopy /* convergent-beam electron diffraction
= BEREME T/ KIFDYPIERRT

FAN 1S # &

Masami TERAUCHI, Professor

masami.terauchi.c4@tohoku.ac.jp
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Yohei SATO, Associate Professor
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Daisuke MORIKAWA, Assistant Professor
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Tomoyo OKUMURA, Assistant Professor
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Development and Applications of nm-scale
Crystallography and Spectroscopies

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

TERAUCHI Lab (c)
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SPECIALIZED
FIELD-KEY WORD
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= High precision measurement and visualization of electromagnetic field at nanometer scale by electron

holography

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

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

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

() TN [EC # #

electron holography / electromagnetic field /* conductivity / in situ observation Masami TERAUCHI, Professor
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Zentaro AKASE, Senior Assistant Professor

zentaro.akase.a8@tohoku.ac.jp
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Reconstructed amplitude images showing the change in the electric circuits
of secondary electrons resulting from insertion of an electrode. The color
bar indicates the visibility of fringe contrast in the original hologram. (a)
The electrode (tungsten) is outlined by a white line. The bias voltage of the
electrode is zero. (b) The bias voltage of the electrode is +5 V.

Multidisciplinary research for structure, conductivity and electromagnetic field at nanometer

scale

Electron holography, which is based on the interference
of electron wave, is a powerful technique to visualize
electromagnetic fields. We are devoted to precise
measurements of the electromagnetic fields in many
advanced materials, both in hard and soft matters. Special
efforts are made to develop unique tools that are combined
with electron holography: e.g., a magnetic-shielded pole
piece dedicated to magnetic domain observations, and
a special equipment to move microprobes inside the
transmission electron microscope. These techniques enable
simultaneous measurements of the electromagnetic fields,
conductivity, structure, as well as composition at nanometer
scale.

(FM) phase transformation in La0.44Sr0.56Mn03. The FM phase
nucleates near 202 K as shown by the arrowhead in (a) and its
volume increases with heating. The magnetic flux (white lines) is
closed inside the FM phase at any stages of the magnetic phase
separation. Arrows indicate the direction of magnetic flux.
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Advanced Scanning Probe Microscopy

KOMEDA Lab
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STM

SPECIALIZED ‘ scanning tunneling microscope /* quantum computing / spintronics / ESR-

FIELD-KEY WORD
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Tadahiro KOMEDA, Professor

tadahiro.komeda.a1@tohoku.ac.jp
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Tsuyoshi TAKAOKA, Senior Assistant Professor
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Yasuyuki SAINOO, Assistant Professor

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

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

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

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

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

STM image / Spin ordering

A e BN,

Bl ban D 7558
HSAFDF IRV FERTE

Kondo states. We found that the Kondo peak intensity shows
a clear variation with the conformational change of the
molecule; namely the azimuthal rotational angle of the Pc
planes.
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Organic and Hybridized Nanocrystals

HIBARA Lab (c)
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SPECIALIZED
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= BB NA T )y R/ BROMBEEEDRF ST
= B F BB IS E fE R DB
s T HERERS /BREBN IR T TR

nanostructure control / photonic materials
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Akihide HIBARA, Professor
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organic nanocrystals / hybridized nanocrystals ./ directed-assembled
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Tsunenobu ONODERA, Assistant Professor

tsunenobu.onodera.a4@tohoku.ac.jp

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

characterization, and evaluation of physical properties

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

= Energy conversion using pi-conjugated organic nanocrystals
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SEM image of zirconia porous material and random laser oscillation from
Rhodamine B roaded in the porous material.

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

materials

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

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

materials, and visible-light driven photocatalysts using pi-
conjugated organic nanocrystals are also now in progress.
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SEM image of Pt-deposited pi-conjugated organic nanofibers and H, generation
under visible light irradiation.
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Hybrid Carbon Nanomaterials

NISHIHARA Lab
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SPECIALIZED
FIELD-KEY WORD
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= Development of nanoporous materials with single-layer graphene walls
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nanocarbons / adsorption / energy storage ./ solid reactions
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Hirotomo NISHIHARA, Professor

hirotomo.nishihara.b1@tohoku.ac.jp
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Masanori YAMAMOTO, Assistant Professor
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Takeharu YOSHII, Assistant Professor

= 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
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Development of advanced functional carbon

It is difficult to precisely control the structure of carbon-based
materials with non-crystalline frameworks. Moreover, precise
structure drawing of such 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

materials

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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Hybrid Material Fabrication

AKUTAGAWA Lab
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SPECIALIZED organic electronic materials / molecular conductors / molecular ferroelectrics / Tomoyuki AKUTAGAWA, Professor

FIELD-KEY WORD molecular electronics

s BAFO—5—BEZFNMUIEFAER - £EHK - ACEFORRE

akutagawa@tohoku.ac.jp
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= RS FIEEE - B - SEERE AR Norihisa HOSHINO, Assistant Professor
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. . . . Takashi TAKEDA, Assistant Professor
= Ferroelectric, pyroelectric, and thermal conducting materials from supramolecular rotators

= Molecular-assembly devices based on charge-transfer interactions

= Novel molecular conductors, magnets, and ferroelectrics

= Molecular devices based on organic-inorganic hybrid nanostructures

= Redox active organic m -electron and/or metal-coordination compounds
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Fabrications of multifunctional molecular
materials

Multifunctional molecular-assemblies and hybrid organic-
inorganic materials are examined from the viewpoint of
structural freedom of organic molecules. The spin and
electronic states of molecular-assemblies are designed
in terms of electrical conductivity, magnetism, and
ferroelectricity. For example, the designs of flip-flop motions
and dipole inversions in the crystals realized the ferroelectric
properties. The hybrid assemblies with the supramolecular
rotators and magnetic anions formed the multifunctional
ferroelectric - ferromagnetic materials. Diverse molecular
assemblies from single crystal, plastic crystal, liquid crystal,
gel, to Langmuir-Blodgett film are our research targets. The
researches will be essential for future molecular electronics.
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Photo-Functional Material Chemistry

NAKAGAWA Lab
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= Dingle-digid-nanometer figuration by development of resist materials in UV nanoimprint technology
= Laser-drilled screen printing for location-selective placement of photo-curable resin liquids

= Alignment and building by fluorescence interference fringes

= Application of metal nano-structures to optical and electronic devices

Materials chemistry /~ macromolecular science / monolayer engineering /
nanoimprinting

Bl B o# o=

Masaru NAKAGAWA, Professor

masaru.nakagawa.c5@tohoku.ac.jp

RN &% #s
Takahiro NAKAMURA, Associate Professor

AR Bth B

Shunya ITO, Assistant Professor
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Advanced photo-functional materials for
nanoimprint

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

KASAI Lab
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SPECIALIZED
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= Fabrication of size-controlled organic nanoparticles

| /A B RT R

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

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

‘ Nano Drugs / Organic Nanoparticles / Anti-cancer Drugs

ZH 5 %

Hitoshi KASAI, Professor

hitoshi.kasai.a6@tohoku.ac.jp

N RE B %

Yoshitaka KOSEKI, Assistant Professor
SATA AVITT B %
Anh Thi Ngoc DAO, Assistant Professor

BH RE » %

Toshihiko ARITA, Assistant Professor

AR BER B

Ryuju SUZUKI, Assistant Professor
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Fabrication of The Novel Designed Nanodrugs Composed of Poorly Water-Soluble

Compounds

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

In our group, in order to overcome the above problems,
we are designing the novel anti-cancer drugs composed
in the dimer or the compounds to which the poorly water-
soluble substituent such as a cholesterol derivative are

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

100 nim

Fig. 2
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Inorganic Crystal Structural Materials Chemistry

YAMANE Lab

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

FIELD-KEY WORD materials synthesis

= AR T RERE RN ERR CBERMB LUERILFIMRE
CEMERENALULERCYRES I VI ZOFRER T O DA
 SAREMN S SURCDHEAEDR

s ERREEBENENRE LIABMHRORE

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

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

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

hisanori.yamane.a1@tohoku.ac.jp

LU SEh #2us

Takahiro YAMADA, Associate Professor

SR BT EuE

Rayko SIMURA, Associate Professor

Bif #— B #

Junichi TAKAHASHI, Assistant Professor
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Synthesis and crystal structure analysis of oxides, suboxides, nitrides, and Zintl compounds

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

(O Synthesis of oxides, suboxides, and nitrides by the solid

state reaction and flux methods

Titanium

O Crystal structure analysis and characterization of new atom

inorganic compounds

(O Development of thermoelectric materials based on
multinary intermetallic compounds

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

R

S0

oxygen &
atom

e-TiO

Synthesis of a new polymorph ¢ -TiO using a Bi flux.
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Metallurgical Design for Material Functions

YAMANE (c) Lab

ERBEER ARSI Y
WR (Ff) BAFRE
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SPECIALIZED ‘ quasicrystal / catalysis / lattice defect / valence electronic structure Hisanori YAMANE, Professor
FIELD-KEY WORD

s EERATDOERCEER I Mg SR DER S%’l_h‘l KAME(E':A A/E%Gf Brof

o G S DRSS RRAT & RS 1T atoshi , Associate Professor
* GRICKDETES & MIRHAEDHIH satoshi.kameoka.b4@tohoku.ac.jp
- EEARRIEIC & DRIRHAEDRE .

« EEBLEMEBEES LR ER DR RER BEE B B o#

= Synthesis of quasicrystals and preparation of quasicrystal reinforced Mg alloys Nobuhisa FUJITA, Assistant Professor

= Structure analysis and mathematical modeling of quasicrystals

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

= Origin of activity of Raney metals prepared from intermetallic precursors
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Synthesis of quasicrystals and their structure analysis, and designing catalysts in terms of z 3&”
metallurgy e
°
Quasicrystals (QCs) and alloy catalysts are the main foci Design of Alloy for Catalysis

of the lab, ranging from fundamental studies to material
developments. The QC-related topics include the search
for novel quasicrystalline alloys, structure analysis, phase
transformation mechanisms, mathematical modeling, the
development of QC-reinforced high-strength Mg alloys and
QC catalysts. We also pursue a new paradigm for designing
catalysts in terms of metallurgy by controlling electronic
structure and microstructure : 1) control of electronic
structure by alloying to adjust the catalytic function,

g

Like Electronic
Structure, Like
Catalysis

DOS & Catalysis:

O Conversion (%)
8 &5 8 8

e

Lamelia (Fe;0, + Pt)

aiming at replacement for precious metals, 2) tailoring creafes new catalysis
nanoarchtectures through self-organization processes Catdl SRPERIN . i civion =< CO » 2, A = 308 Kl
generated by leaching or redox treatments for developing CH,OM 4 Hy0- CO 4 3H; By, = 494 Klimol

new processes for catalysts.
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Environmental Inorganic Materials Chemistry

YIN Lab
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Shu YIN, Professor
SPECIALIZED Mixed Anion Compounds / Solvothermal Process / Morphological Control of
FIELD-KEY WORD ‘ Ceramics / Environmental Responsive Functionality yin.shu.b5@tohoku.ac.jp
tﬁt:@bb\?’utxccctzﬂ%“ MR OB R BE BN B %
P EEY A VESRENRACEAMROS K S VIV T HEEDRR Yusuke ASAKURA, Assistant Professor
- ﬂ&%%’feﬁ/ﬁ%ﬁﬁﬁz&&vﬁﬁﬂé EMSBIE DR
« ENEHS R LA DRIR EAIRE v %
= BRSO H Xz 4T Takuya HASEGAWA, Assistant Professor

= E1L¥) - BEAYOF / BEFIE B

= Development of inorganic functional materials by environmental friendly processes

= Synthesis of mixed-anion type high sensitive visible light responsive photocatalysts and their multifunctionality
= Development of inorganic ultraviolet / infrared light shielding and transparent electric conductive thin films
= Development of automobile exhaust gas purification catalysts

= Gas sensing property characterization of semiconductor nanomaterials

= Nanostructure control and functionality development of nitrides / oxynitrides
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Working models for IR shielding smart windows

Creation of Environmental Responsive Inorganic
Nanomaterials by Solvothermal Reaction

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

YMnOs ZFIA LB RBED A XA -2 R

phase, crystallinity and particle size of environmental Schematic image for oxygen production by using YMnOs
responsive inorganic nanomaterials is carried out under  materials with novel applications on environmental harmony,
environmental friendly conditions. high-efficiency energy utilization, and responsivity related to
The creation of environmental responsive inorganic functional photon and chemicals is carried out.
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Inorganic Materials for Chemical Transformation

KATO Lab

MEZ BRI BRT DB

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

hideki.kato.e2@tohoku.ac.jp

- SEEEIC LBk R BER B B %
s ABRJEEN I ILF—ZGR Hiromu KUMAGAI, Assistant Professor

= INA AV RERD - HDEFERIBE AR DR FE
= MEZRODIH DY LA

= Photocatalytic water splitting

= Photoelectrochemical energy conversion

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

i BE R DIZ O DS HEES Y B RIREE B

HMRETIIFHRIELARICATREALAEGR P/ N A YR

DO DEEMBBEEZT OTNET, B, W, B Water splitting using photocatalyst
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BE. BRTE. EEBEREDBAN SERTNOBREE Dot et 24208
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Construction of highly active inorganic materials for chemical reactions

—QU R

Our research interest is focused on construction of high- Design of element-substituted compound
performance inorganic materials for artificial photosynthesis ®

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

Project Support

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

| &5 CAF

S EMFAFIFR Central Analytical Facility (B&#5 @ 27t CAF) (3. BFBEMBEL. X BONERE. MEIHBSTRE
(NMR)\ L= —DANMRELEARBEFAREZA N\ CEEMRODMTMZZEL CESHBANHERES, 2T/
MR E Y —DZESIOCT /77 /00 —3HOMAHKEZBNE LT, BEMROBARGBEACLURISNLT /T
VNI REREL. 2010 FEICERL &L, £t CAF Tld. IBIAWMEBEEDMAZIEZBNIC. RO M
HERDEE - BEZTOTWET,

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

e — B
B. B FIRBERITKE

Apparatuses for molecular structure analyses

W ISR
Camm NMR400/6OOMHZ)

A. RSB ITRE

Apparatuses for ultimate analyses

B TELTRE
(RE-KF BRBIEIMEKE. BR-ZRIMRE. RKER-RENTRE )

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

B ICP EXDTEE

Inductively coupled plasma emission spectrophotometer (ICP-AES)

B WBEE X SANERE

Electron probe micro analyzer (EPMA)

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

B X BABFOAR

X-ray photoelectron spec—trometer (XPS)

B RITRBE TR 74 VEEDTER

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

B JO0—-MEEENR

Glow discharge mass spectrometer (GDMS)

NMR 400/600 MHz
BT/ TNARATFTAF I RERERE
(Bl#AFNMR400/600MHz)

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

W 58 - ZE0REERERT S AT A
The time and space resolution precision state analysis system
(Laser Raman)

B BE5RRICHET 2T I
Super-high-speed reaction analysis system (Laser flash spec-
trometer)

M /U2 EPR

Electron paramagnetic resonance spectrometer (EPR)
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C. BB hTRE

Apparatuses for crystal structure and microstructure analyses

B SRS EFRMER

Field emission type electron microscope (FE-SEM)

B SRS EEEE FRMIER

Field emission type electron microscope (SEM)

WS/ TV RT A

Nano area analysis device

B EERTO—-TJHEME
Atomic force microscope (AFM,SNOM)

B SO REBRME T EESFEMIR
High resolution field emission type electron microscope
(High resolution FE-SEM)

B =83HAR X RErRE

Automatic powder X-ray diffraction devices (XRD)

W HE X EEE

X-ray diffraction devices

1.RINT-V

2.RINT-H

3. NBERE
Small angle scatter-
ing device

4. X'"Per

B =R A0SR XEEMN T L

X-ray microarea three-dimensional stress measuring system

B =X X EAHERE

Fluorescence X-rays analyzer (XRF)

B L——A A ULERBAHEE (MALDI-TOF/MS)

Laser desorption ionization mass spectrometer

W 72Ty TREENHEE (ESI-TOF/MS)

lon trap mass spectrometer

W S5MEET— ) TERFNSERES (FT-IR)
High-resolution Fourier transform infrared spectrophotometer
(FT-IR)

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

B Ao hRE
Thermal analysis devices
1. BERREEAMEE
Super high temperature differential scanning calorimeter (DSC)
2. BhEaRET
Thermomechanical analyzer (TMA)

B BE el B
Autograph

W SR

UV-Vis spectrophotometer

B L —-ErESRAERE

Laser diffraction particle size analyzer

B XEHCHERE

Surface roughness measuring instrument

D. E#g5%(m

Base facilities

B REERME T L
Liguid nitrogen supply system

B ANUDLAROIEE

Helium gas recovery device

B RRAEEREREE
Zone melting type single crystal growth device

W 77— UBamRE

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

From Sendai Station
- On foot: About 20 minutes

- By taxi: About 5 minutes
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The Observation of Topologically Protected Magnetic Quasiparticles.

Calculated model dispersions with the fictitious magnetic field shown by the arrows.
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