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(Analytical Chemistry) RIS B E—

ARBE] AR|WREDFLANILTHEEAT S LR, 21 HIZDEFEAE S5 RSB ARTHIZER
BTY, Fhf-bld. SEGERRRERHF—TLAVY—ELTORNA, $HI, 2 /U BITHER
SNZELVRNA (ncRNA) ZEZEGHAERNRE LT, RNA DOFFLULMEREZBA S ML 5 HHIRAE
FUeTo—J0E T 0—J, ®hA OO — 2 —DRREEHTLET, Ff-. RNA ZRAL.
MREED S 2= — 3 VICERLGREIZR - LTOSilfasMa (7Y Y—L) LEELGHE
MR T, MRSV NMEORMOWEELBHASAIZL 5 SR TO—TDOFFELEDTLET,
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[Research] Our research interests i :
focus on bioanalytical ch'emjstry CERETE & e > ST “":‘WBH’
based on the advanced design and

synthesis of chemical probes that target significant biomarkers such as non-coding RNA and extracellular
vesicles. We have created novel probes based on peptide nucleic acids, peptides, small organic molecules, or
DNA-based aptamers, and have developed a highly sensitive and selective detection or imaging methods for
biological research and drug discovery. By providing such chemical probe-based bioanalytical methods, we are
trying to contribute to the further development of life science.

[HFRER]

1) E. T. T. Lee, Y. Sato, S. Nishizawa, “Small Molecule-PNA Oligomer Conjugates for rRNA A-site at neutral pH for FID
Assays”, Chem. Commun., 56, 14976-14979 (2020). (Highlighted at Front Cover)

2) Y. Sato, K. Kuwahara, K. Mogami, K. Takahashi, S. Nishizawa, “Amphipathic helical peptide-based fluorogenic probes for a
marker-free analysis of exosomes based on membrane-curvature sensing”’, RSC Advances, 10, 38323-38327 (2020).

3) Y. Yoshino, Y. Sato, S. Nishizawa, "Deep-red light-up signaling of benzo[c,d]indole-quinoline monomethine cyanine for
imaging of nucleolar RNA in living cells and for sequence-selective RNA analysis", Anal. Chem., 91, 14254-14260 (2019).
(Highlighted at Supplementary Cover Art)

4) Y. Sato, S. Yajima, A. Taguchi, K. Baba, M. Nakagomi, Y. Aiba, S. Nishizawa, "Trimethine cyanine dyes as deep-red
fluorescent indicators with high selectivity to the internal loop of the bacterial A-site RNA", Chem. Commun., 55, 3183-3186
(2019). (Highlighted at Front Cover)

5) Y. Sato, Y. Aiba, S. Yajima, T. Tanabe, K. Higuchi, S. Nishizawa, "Strong binding and off-on signaling functions of deep-red
fluorescent TO-PRO-3 for influenza A virus RNA promoter region", ChemBioChem., 20, 2752-2756 (2019). (Highlighted at
Cover Feature)

RS PEERES—  (Seiichi NISHIZAWA)
Tel: 022-795-6549  Fax: 022-795-6552
http://www.anal.chem.tohoku.ac.jp/
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(Inorganic Chemistry)

[ARBME] ERERZHOLICHEO>AFHDLEEY, “EBEAK" X, PLEROETNICHE
BLERAFOER HERKE IAREITKREL TSHROMECREERLET, 40F
RETIK, 1)EBRERELEAHNAETR (X2 13, 14, 15 rxkK) LORILERS
LOHmLLEK, 2) BEXL— MR FERFDOEREAEK 3)RUFFV AR L—, 4)LI7
A4 2ERBLT=00 75— L UK ZHDLIZ HILWWESOBEZH >EREAREZEAL,
ThoD%tE, RISEOCEFHHEOHEBIZOLVTHRELTLEY., ChoDHRIZKY,
FLIMERERBRICDAME &G LHEEL, RMOEFRHEZRIKEES FORRZEE
LTWET,

L Q=@ A

0
system Oftog ?}\
R mw 9%§/ dd
L‘—
L.(D=@G @_E_M Pl M d)::&: lo@

(M = metal, E = Al, Si, Ge, etc.) catalyst candidate (M =V, Al etc.)

new T

1) Multiple bonded complexes 2) Chelate complexes 3) Polyoxometalate (POM) 4) Li+@Cso' complexes

[Research] Molecular compounds containing transition-metals as their centers, so called “metal
complexes”, display diverse properties depending on their central metals, supporting ligands,
bonding situation, and geometries. We are studying about 1) metal complexes featuring multiple
bonds between transition-metals and heavier main group elements (e.g. Group 13, 14, 15 elements),
2) metal complexes supported by multi-dentate chelate ligands, 3) polyoxometalates, and 4) metal
complexes coordinated by Li* ion encapsulated Ceo fullerene, as main targets. We are trying to
synthesize metal complexes having new types of bonds and structures, and clarify their properties,
reactivities, and electronic properties. Through these researches, we are aiming at finding new
metal complexes that act as high-performance catalysts and also new functional compounds that
show unprecedented electronic properties.

[R&RERX]

1) Transition-metal Complexes with Triple Bonds to Si, Ge, Sn, and Pb and Relevant Complexes, Hashimoto, H.;
Nagata, K. Chem. Lett. 2021, DOI: doi.org/10.1246/c1.200872.
2) Bifunctional Rhodium Complex Featuring a Silyl-1,8-naphthyridine Si, N-Chelate Ligand: Cooperation of Metal

and Pendant Base for Capture and Bond-weakening of BH3, Sato, K.; Komuro, T.; Hashimoto, H.; Tobita, H.
Chem. Lett. 2020, 49, 1431-1434.

3) Synthesis of a Molybdenum Hydrido(hydrogermylene) Complex and Its Conversion to a Germylyne Complex:
Another Route through Dehydrogenation with Nitriles, Dhungana, T. P.; Hashimoto, H.; Ray, M.; Tobita, H.
Organometallics 2020, 39, 4350-4361.

KT BAAF (Hisako HASHIMOTO)
Tel: 022-795-6539 FAX: 022-795-6543
https://www.tohokuinorgchem.com/
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(Coordination Chemistry)

<

[ARBME] AR, ARECFI/EFOBERE - BESRELERA T U
DEFIRE (B - AEVGLE) DEHRUEERATES 0, TEHHOHKEZBHE
[CRIYHT ) SEICRIFEMREIHETY. HIC, ERUFEERA A VICIYBRS
ng MBuUSSFI CEVTE, BREZRORTHREN (HAEOEALMEDKLSILL
D) K@< Zemb, TNEFATSET

R OERERT - B4 4 > TIEERRa4 *,ﬁi&g’f o 2B
® ®@ ?_{{\.»

HEEEERIE T A ENTEET. HMRET
X, BEESFERREL, BRIMEICEDLV:
WAL - HEEEDRIE] ZT—Y ELTHIR

EToTUET. SDISH Choo@is o e AT
TTRIILF—BTE - TRILF—FH ICERL, 7@@&%%‘&
AR GEHEORRICEMLET.
[EAEHEHRET—V]

KDOXAZRENEEZT VR M SEAES FOEIE

- BIEETERGRASSFERAV-ABEEBMH OB

- BEMZAMRMES S FORK & ERMMEDORIR

- F L OB ICE DUVKRITE - BALAD B ORISR

[Research] The target of our laboratory is “To create the functionality based on the coordination

chemistry” and utilize it for “energy storage and conversion” to realize the sustainable society.
[RERERC]

1) Masanori Wakizaka, Shinya Takaishi, et al., Macro- and atomic-scale observations of a one-dimensional
heterojunction in a nickel and palladium nanowire complex, Nature Commun. in press (2022).

2) R. Toyoda, R. Sakamoto, N. Fukui, R. Matsuoka, M. Tsuchiya, H. Nishihara, A single-stranded coordination
copolymer affords heterostructure observation and photoluminescence intensification, Science Adv., 5, eaau0637
(2019).

3) J.Guan,T. Pal, K. Kamiya, N. Fukui, H. Maeda, T. Sato, H. Suzuki, O. Tomita, H. Nishihara, R. Abe, R. Sakamoto,
Two-Dimensional Metal-Organic Framework Acts as a Hydrogen Evolution Cocatalyst for Overall Photocatalytic

Water Splitting, ACS Catal. in press (2022).

R WA BK (Ryota SAKAMOTO)
Tel: 022-795-3681 FAX: 022-795-3681
https://web.tohoku.ac.jp/sakutai/



https://web.tohoku.ac.jp/sakutai/

BREAMEILEZHRE # & & e
By #% M Ki
(Inorganic Solid State Chemistry) B % K E=

[(ARBME] ARRICHLINRZHAEGOETLEYMZERT S L. BREZBAH2HL
YHENREB L FT . BEEEERTOEH N L—Y - ERAK O Simskif 2 5E L T, Bt
MEXLTHHLVEREAROCEEEHEZIEI X O vIILERL., HFHFBREEOSFER
WG EDYMMEPHEZRIRL T, -0V ELZOFEZBET LI LERLLOH
RETIFBEELTVET, RUEKEESFNEDOITUTILTHA VOERIL— FORA
F . BRSO R IR SR MO MM THRA G &0t - T3 XEHRIEM.
EARMELFRALLDME - BEETH A V. LWV AEREEBER L THREORERICHKT
AMDERZITVD., BRUEZOBASIRVLF—EREICLERT 51/ =3
DEBEBILTEHLERLH>TUVET,

[Research] Innovative functionalities are involved in newly synthesized compounds. Our group
aims to construct scientific principle of solid state chemistry by synthesizing new inorganic solids
and by exploring novel physical/chemical properties and functionalities. Young prospect students
will learn material design of novel compounds, development of new synthetic routes, state-of-the-
art measurement techniques, and properties design utilizing solid state physics, in order to create

scientific foundation of next generation innovations.

Material design Synthesis Functionalities Devices
P = S
, P mrag wSos  charge spin
N ; -
sy Zii a&ﬁ © g

[R&MX]

1) “Rocksalt-type PrO epitaxial thin film as a weak ferromagnetic Kondo lattice”, H. Shimizu, D. Oka, K.
Kaminaga, D. Saito, T. Yamamoto, N. Abe, N. Kimura, D. Shiga, H. Kumigashira, T. Fukumura, Phys. Rev. B
105, 014442 (2022).

2) “Low-temperature topotactic oxidation using the solid-state oxidant Zr-doped CeO2”, M. Abe, H. Kawasoko,
T. Fukumura, Chem. Commun. 57, 11326-11329 (2021).

3) “High electrical conduction of Sb square net in anti-ThCr2Siz2 type La202Sb thin film grown by multilayer solid-
phase epitaxy”, Y. Yamamoto, H. Kawasoko, T. Fukumura, J. Mater. Chem. C 8, 6880—6884 (2021).

4) “Synthesis of stoichiometric SrTiOs and its carrier doping from air-stable bimetallic complexes”, E. E. Oyeka,
D. Oka, E. Kwon, T. Fukumura, Inorg. Chem. 60, 1277-1283 (2021).

RS @AY Y (Tomoteru FUKUMURA)
Tel/Fax: 022-795-7719 FAX: 022-795-7719
http://issc.chem.tohoku.ac.jp/FukumuralL.abHP/home.html
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(Radiochemistry) B UTHE

[FEEE] 1 70 om
WA EEREETCIFVF v I BRFRFORG®
BEORENLERERRLTVET., IT¥UFY
DRFINFEIE. BFNFEERT IBFE-ER
FHASMBOMT (BEF. Sa4>. "MF. B
F. RAOHEHT) = BEDoLRTT, IFY  pom
Fy o BEFAFIE. BEOEFHFOBA-BFH f1f%
FRSRROREIKEHTHIEANTE, Iy 0

BRFERETOIVOLBEEZANLTO—T LR FrUHYLARFOHBE, BEFAS -

- . O LRFHROMEFLHEALARD ~O
Sy, CAETIERVEEABEELORFAT —oniiml,. BEASLSLo=5i

> £ 2 7 [

EEYHLEYLET BE), TXUFvoRFH o7 s
FORRIF. MEHRZ, ERYEZ, FEHRLGELELY ZHOERBERHICHY . A
RETEH. BREEROBEANGIFXF VY FVIRFAFERRLTOET, T, BEHRA
EEMEEANL T, BEFRESHOMSNEFTREREZITL. EREBOBMIFRAEMICRITT
FERRD-ODORHFEEEFERET -2 OBEREREBFMEZTOTLET,
[Research]

The laboratory of radiochemistry aims at a comprehensive understanding of structures and reactions
of exotic atoms and molecules. Exotic atoms and molecules are the analog of normal atoms and
molecules in which one or more of the electrons or nuclei are replaced by other charged particles, such
as a positron, a muon, an antiproton, and hypothetical particles. The exotic atoms and molecules shed
a light on hidden properties of chemical compounds. Some of them are used as a probe to investigate
the microscopic nature from nucleus to materials. Others drastically change a structure of atoms and
molecules as never before. Therefore, the subject of the exotic atoms and molecules is in the
interdisciplinary region. It partially covers material science, fundamental physics and cosmology, as
well as radiochemistry. In this laboratory, exotic atom and molecule are studied both theoretically and

experimentally. Taking advantage of experience in radioactivity measurement, we investigate
radioactive contamination of the Fukushima nuclear power plant accident.
[REMRX]
1) Near-threshold production of antihydrogen positive ion in positronium—antihydrogen collision, T. Yamashita, Y.
Kino, E. Hiyama, S. Jonsell, P. Froelich, New Journal of Physics, 23, 012001 (8pp) (2021).
2) Design for detecting recycling muon after muon-catalyzed fusion reaction in solid hydrogen isotope target, K.
Okutsu, T. Yamashita, Y. Kino, et al., Fusion Eng. Des., 170, 112712 (2021).
3) Distribution of artificial radionuclides in abandoned cattle in the evacuation zone of the Fukushima Daiichi nuclear
power plant, T. Fukuda, Y. Kino, et al., PLoS One, 8, 54312 (7pp) (2013).
4) Gaussian Expansion Method for Few-Body Systems, E. Hiyama, Y. Kino, and M. Kamimura, Prog. Part. Nucl.
Phys., 51, 223-307 (2003).

3
v

RIrA=YLE

g AREFHEE (Yasushi KINO)
Tel: 022-795-6596 FAX: 022-795-6595
http://web.tohoku.ac.jp/radiochemistry/
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(Reaction Dynamics) B & KTERR
B % 8% =%
B % Lt¥H @
(BRI T TR
[(ARBIE] H A4 DHFRDOERE(LIDFOI SRS —([RF3FONER)DILFERIGE HE ]
TIAZERIGE, [RF-DF-ISRAI—IREDRIFHERAU CTHEER LU TIBEDFT,
ZOFER, BEDILERICOMIC, TRILF— - EEEDOBITICEFREIRE, AR
MRIDFT, HL G, (ABBREDH - BEDT D NEZHHFEDEERTHDEER
FE, BLURRREBFHREZSOIIEMAABEFTEZRMEL T, (EERICOEFEEZD
EAHFDFH, TNZROTCVWDEBERZHSNCIT D [BINZF | DATRZESHTNET, F L
PRRETDRIE, EBIEF - DFEER, VILAYI\SA RIREDA A fEE?, RA
— A MEEY, BERIWKERDAAETILELTORFHEERETT, T,
[LiT@Ceo DM SAVAMENMMERE] (CRATDIMATIRECEDH TVET . SEEH
UV T —XZREL T, LEEOBZRCHEITTHEL TWEF T, IRTEDFLIART—Y
(FUTFDHEDTY,

- e e s ~ RhERARAS 0,

(1) 1A BBESENTEEDREEES T .9 @ o)
BEOSAS— - HFOWEERIGOME  0pH0" F e &
(2) FEBEA A > OEEBIRESENC LD ~ ‘s
FESEIAA > DHEHAEEN N FIBIRDIATT 2|2 07*(X)

= passsgen — s Ry o® B % A H.0(X)
(3) BREEHECLIBLRDT - L3218 @, o® v
DR RRBR IS A DREBA 0,*-H,0 TN
(4) HEEMED T (DTFRZACFENTS . G814 0,7-H,0 DERINIIESARE
— L >R E) OB =1L—S3y BIEOERR., BEEREGEIERRUETE

et ] o SHECES\THERREN SERT SHETED
(5) TSANEERUIMMABIST =LY o iremanc 32 cnces,

DER EABINDIEH
[HRERGwN]

1)  Ryosuke Ito, Keijiro Ohshimo, and Fuminori Misaizu, Structures of dibenzo-24-crown-8 complex with an
NH4" ion studied by cryogenic ion mobility-mass spectrometry, Chem. Phys. Lett. 794, 139510 (2022).

2)  Toshiaki Nagata, Jenna W. J. Wu, Motoyoshi Nakano, Keijiro Ohshimo, and Fuminori Misaizu, Geometrical
Structures of Gas Phase Cerium Oxide Cluster Cations after Reaction with Nitric Oxide Studied by Ion
Mobility Mass Spectrometry. J. Phys. Chem. A, 126, 1204-1210 (2022).

3)  Yuji Nakashima, Kenichi Okutsu, Keita Fujimoto, Yuri Ito, Manabu Kanno, Motoyoshi Nakano, Keijiro
Ohshimo, Hirohiko Kono, and Fuminori Misaizu, Visible photodissociation of the CO2 dimer cation: Fast and
slow dissociation dynamics in the excited state, Phys. Chem. Chem. Phys. 21, 3083-3091 (2019).

4)  Jing Li, Sakamoto Jumpei, Hiroki Waizumi, Yutaka Oya, Yue Huang, Naoki Kishimoto, and Tomonaga Okabe,
A multiscale model for the synthesis of thermosetting resins: From the addition reaction to cross-linked
network formation, Chem. Phys. Lett. 720, 64—69 (2019).

HAESE EPEH S0 (Fuminori MISAIZU)
Tel: 022-795-6577 FAX: 022-795-6580
http://qperkk.chem.tohoku.ac.jp/
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(Quantum Chemistry Laboratory) B #% ®Enl EBE .;:,
B % HWE k2 \0\“’“ 7

[AEBE] EENREILEEOS 716720 2 OWEITKFEREA R EDN TR0
HAERICKRESKFLTCOET, 2~HABOS 7030 FRMEERIC LY o023
suaREalk (177282 —]) ZHWT, MRS FRIOBIRITIIT 2 RKERE S O %
B H LT T 2 Z ENAREL 2o TV, FAZBITme L —F — e ERIC &
077x& DREECRIS D L, WEICK T HMEE - % EDOEIRZ /71 L-ULTH S

T B &I, Frar ey T OMEEARE L TWET,

DITET RISV, WEREE Rl SN E T, OB E L —V — VLA TH
PRECENITBHEICH T2ED N TEET, BIbO 7L — 7 TRZE L7 i fil{E
V3al—va U EEES THEEZALNCT D E L HIC, EFESCETEZ AV
THEHER T OB E O AL DB B3 2 k;%%bfwi?

X1 o RICAE T D IEIBILEES X2 &7 e il & B E O

Quantum optimal control theory + Machine learning

Machine learning Berry phase

%

Non-adiabatic

) 2 ) r‘v.'.u

; ; A A 4 g "é.%
B2 e | T
9 98 -

Optimal pulse &’/ /‘Zg{f« transition
- Sy
S-nFEREELT: S SEEE~NLERREBEN a ) “ “ / |
[benzene-(H,S),]* Z{e L f=[benzene-(H,S),I" i

1
@EVJ(X )= [thca V+ﬁmc2

Predicted dynamics

+V]¢(xl‘) .
1.7 Dirac equagio,

[Research] A molecular cluster is an isolated system consisting of finite number of molecules,
and it enables us to visualize complicated intermolecular structures. We study intermolecular
structures of clusters by advanced laser spectroscopy. We also simulate molecular dynamics
controlled by optimal laser pulses and adopt a machine learning approach to clarify mechanisms.

[RF®X]

1) Wang, D.; Hattori, K.; Fujii, A., The S.".®w Hemibond and Its Competition with the S.".S Hemibond in the
Simplest Model System: Infrared Spectroscopy of the [Benzene—(H2S)s]™ (n = 1-4) Radical Cation Clusters.
Chem. Sci. 10, 7260 (2019).

2) Ohtsuki, Y; Namba, T.; Katsuki H.; Ohmori, K., Optimal control for suppressing wave packet spreading with
strong non-resonant laser pulses, Phys. Rev. 4 104, 033107(2021).

A RS (Asuka FUJID)
Tel: 022-795-6572 FAX: 022-795-6785
http://web.tohoku.ac.jp/qclab/
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HRMEILEHRE .

(Organic Physical Chemistry) B % HIF B—

[FAEME] MERSZEILHZDLEEREIE, VEOREHDWVITRETES 5.
Li=A>T, MEOKRE - REICH T2 MIBMEESTE & #18E, LEREORE MR
BEUFKENEDRIEICEVWTHBHTEETH D, ARREE, HTHMNAERIEFEE
B LD, FMEKFEL SFC) ERBIRBNNAL, BEHFHN BEMIN, EERIo—T
EMBL EOREHTARMEEEL, VERE - RECTRISLERGOBNEHZES
BEICIRZ, RE - RESEERGELEEOBERERARTIS
(B1) , BATELENEO - REMBIEMEORREOREEE
HEI-LDY I FIA—DEHEEERELT, 2F - BFL
NILTOEBICEICHARICMYBATILNDG, iz, FEICIH
WCHEESNBBEIATOARERERDE LI=EKBDR

RICOMERAI- LI YBA TN, BALYERE - REO i

S

RISHIZE T2 FEEEROYHELBELL, LERICHEE
REATHEITEY, FRYVEORIRLBET. B1. REARACF ORZ

[Research] Our research interests are focused on the physical chemistry occurring at
the surface or interface of various functional materials. Our research approach is based
on many highly sensitive measurement techniques, such as sum frequency generation
(SFG) vibrational spectroscopy, single-molecule spectroscopy, micro-spectroscopy,
scanning probe microscope (SPM), in combination with standard methods in
electrochemistry and interfacial chemistry. For example, to develop electrocatalysts
for the secondary battery and fuel cell with high energy conversion efficiency, we are
unraveling the reaction mechanism and kinetics on the electrode/solution interface. We
are also studying the photo-induced chemical reaction in biological systems to
understand the physical chemistry principle for photosynthesis. These studies will lead
us to deep understanding about the mechanism and dynamics of chemical reactions on
the surface/interface and to develop novel materials.

[ X]

1) Ge, A.; Zhou, D.; Inoue, K.-i.; Chen, Y.; Ye, S. Probing the electrode-solution interfaces in rechargeable batteries
by sum-frequency generation spectroscopy. J. Chem. Phys. (Featured Article), 153, 170902 (2020).

2) Han, X.-B.; Ye, S. Structural Design of Oxygen Reduction Redox Mediators (ORRMs) Based on Anthraquinone
(AQ) for the Li-O2 Battery. ACS Catalysis, 10, 9790-9803 (2020)

3) Peng, Q.; Chen, J.; Ji, H.; Morita, A.; Ye, S. Origin of the Overpotential for the Oxygen Evolution Reaction on a
Well-Defined Graphene Electrode Probed by in Situ Sum Frequency Generation Vibrational Spectroscopy, J. Am.
Chem. Soc., 140, 15568-15571 (2018)

4) Shibata, Y.; Nishi, S.; Kawakami, K.; Shen, J. R.; Renger, T., Photosystem II Does Not Possess a Simple
Excitation Energy Funnel: Time-Resolved Fluorescence Spectroscopy Meets Theory, J. Am. Chem. Soc., 135,
6903-6914 (2013).

HigSL i % (ShenYE)
Tel: 022-795-6567 e-mail: ye.shen@tohoku.ac.jp
Homepage: http://sub.web.tohoku.ac.jp/orgphys/
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HESFHEFRE # 2 HE W
EHER SiF XK

(Computational Molecular Science B % T W
Laboratory) B O TE 56

[HARBE] BEACLCRATORFiBIEE. EFREBHECHFIOIaL—2a VITEDL
ERHEICE - THRATIMAERZERALTVET, RATIKBRFOIEZERIGOT A F =
YO RTMAT, FHERORAARRZELHARARELTUVET,

HBEZRTOLLERREDFLANILTERT HICE. BL2ODFOILEHGTREE HFMH
HHEY B HMANEEEOEANBLETY, -bOMRITIL—TTEEFREL ST
BAZOEADHFESFA T, HLVERNAZROBAFELICAZE>TUVET, BHED
PLHGHARREICEFONSIEFHBOEROADMERFEEDERIE. TOARBMYA
BT, FEHFLWHEFEZ. A—/X—a 21— 42 28 XBICAW=XKEEHEDHIC
FEHLTWEET,

BFREICEDI(ADFETI VI ERFHNFLIaAL—2avEERaAELTHE
i BHELEE. BREREZMHATLHLTIH
REEDLWEBEE WA, EFEDEER Quantum Chemistry
DEHIZHEST, ELEZOFTOEEMZR
HIZELO2D2HYFET, StEILZDFXE
BES2ESAICE. ZREGHATELERIE
WRE R EOMRFEZ FITH T,
EERIZ T TIXEBATEAVEEICERAES
ALNBEHRZEHBLTIFELLER>TWL
F9,

[Research] Our research activities deal with theory and computation of various molecular
processes in solutions and interfaces, on the basis of quantum chemistry of molecular electronic
structure and molecular dynamics simulation. We are particularly interested in development of new
theoretical and/or computational methods, such as theory on electronic polarization and computation
of interfacial sum frequency generation spectroscopy. Massive computations are carried out using
advanced computer facilities.

[RF&RERT]

1) Morita, A. Koizumi, A., Hirano, T., “Recent Progress in Simulating Microscopic lon Transport Mechanisms at
Liquid-Liquid Interfaces,” J. Chem. Phys. (Perspective) 154, 080901 (2021).

2) Morita, A., “Theory of Sum Frequency Generation Spectroscopy,” Lecture Note in Chemistry 97, Springer (2018).

3) Ishiyama, T., Morita, A., “Computational Analysis of Vibrational Sum Frequency Generation Spectroscopy,” Annu.
Rev. Phys. Chem. 68, 355 (2017).

4) Takahashi, H., Matubayasi, N., Nakano, M., “Development of a Quantum Chemical Method Combined with a

Theory of Solutions—Free-Energy Calculation for Chemical Reactions by Condensed Phase Simulations,” Adv.
Quant. Chem. 59, 283 (2010).

HAESE AR BAFL (Akihiro MORITA)
Tel: 022-795-7717 FAX: 022-795-7716
https://comp.chem.tohoku.ac.jp
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[ARME]
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FTELRVEYMARBERARETI] CLZBRELTVET,

X P A A
S \/ A Hozc\J\/

O NH
;: e N

i (+)-7-iso-JA-L-1le

N P
dw 4 ",’ ',1 \**t& J ﬁ
Y oo s s Yoo, ‘\\\\ ?4{ > f\,\f g - \
o ° o, Q,a c\ _2
QEV gﬁv QEV >
¢ ¢ MpCOI1 PBERILES
\/q/cu \D\/ \/Q;/M,u MXC\ED\/ RS
m\!y' Neon e oo, x_ ;
Qév e S UETHC S SUESES HEAILE S
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[RERERC]

1) Y. Takaoka, M. Iwahashi, A. Chini, H. Saito, Y. Ishimaru, S. Egoshi, N. Kato, M. Tanaka, K. Bashir,
M. Seki, R. Solano, M. Ueda A rationally designed JAZ subtype-selective agonist of jasmonate
perception, Nature Commun., 9, 3654 (2018).

2) T. Oikawa, Y. Ishimaru, S. Munemasa, Y. Takeuchi, K. Washiyama, S. Hamamoto, N. Yoshikawa, Y.
Murata, N. Uozumi, M. Ueda, lon channels regulate nyctinastic leaf opening in Samanea saman,
Current Biology, 28, 2230-2238 (2018).

3) M. Ueda, S. Egoshi, K. Dodo, Y. Ishimaru, H. Yamakoshi, T. Nakano, Y. Takaoka, S. Tsukiji, M.
Sodeoka, Non-canonical function of a small-molecular virulence factor coronatine against plant
immunity: An /n vivo Raman imaging approach, ACS Cent. Sci., 3, 462-472 (2017).

HiESE  Em 3% (Minoru UEDA, minoru.ueda.d2@tohoku.ac.jp)
Tel: 022-795-6553 FAX: 022-795-6553
http//www.orgchem1.chem.tohoku.ac.jp/
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AF - MEARLEHRE bk
EHIR BHEXE
(Synthetic and Structural Organic Chemistry)

\&/
[ARBE] AREEVOBBRBZHETR (TAH. RIFH. YUBREICERLEE

BANTREEYE., RRETAROARELEMCER NG, AETRORFHERBRL 1
BiE, RIGHEEYHEETRT ZENG, REDYEHRZICKERITL—VRAIL—%d6T

T EHBEDEE] E L TEESNTWETS, #A
=6IE13—16BEAREZECHAAHAR TR
ILEMEER L. HETROFHEENLI-BI T
PMEOREEZESISHTIEFEBRELTVET 4
2. TAREEEH/IHEOAEBEFRILEY B -
DOEEMCIEEMBHEOER EEE DR, BHETR
LB ERW /I FESEE. ARTRNEASH
FETHMGBECEFRELZ L DILFEEDOERK
EHEEfEBRICRYBATVWET, ChoZELTEH
BARTRILEVOEBELCRE ZRFEMICERZT
H1 RElc@ishi-r1a—Ba—swke DIEOOERLELGLIAFEMUSOBEICLY . YWE
L& (0370, F (F4%K). & (BER)). Fl2EoRREIZCEMTAZEEZHIELTLVET,

[Research] We are aiming to develop new organic element compounds especially involving
main group elements such as Si, B, P, Sb and Bi to unveil the structural characteristics and electronic
properties that can be applied as new functional materials for the next generation. Recent progress in
our group includes the development of unconventional silicon-based o/m-electron systems and
low-coordinate silicon, phosphorus and boron compounds with unprecedented electronic properties.

[R&MX]

1) Conformationally Switchable Silylone: Electron Redistribution Accompanied by Ligand Reorientation around a
Monatomic Silicon, Taichi Koike, Takumi Nukazawa, Takeaki Iwamoto, J. Am. Chem. Soc., 2021, 143, 14332-
14341 (DOI: 10.1021/jacs.1c06654).

2) A Spiropentasiladiene Radical Cation: Spin and Positive Charge Delocalization across Two Perpendicular Si=Si
Bonds and UV-vis-NIR Absorption in the IR-B Region, Shunya Honda, Ryutaro Sugawara, Shintaro Ishida,
Takeaki Iwamoto, J. Am. Chem. Soc., 2021, 143,2649-2653 (DOI: 10.1021/jacs.0c12426).

3) Naphtho- and anthra-disilacyclobutadienes, Shintaro Ishida, Shohei Sugawara, Shunya Honda, Takeaki Iwamoto,
Chem. Commun., 2020, 56, 15072-15075 (DOI: 10.1039/DOCCO06603F).

4) An Isolable Tetrasilicon Analogue of a Planar Bicyclo[1.1.0]butane with n-Type Single-Bonding Character, Takumi
Nukazawa, Takeaki Iwamoto, J. Am. Chem. Soc., 2020, 142, 9920-9924 (DOI: 10.1021/jacs.0c03874).

5) An Isolable Silicon Analogue of a Ketone that Contains an Unperturbed Si=O Double Bond, Ryo Kobayashi,
Shintaro Ishida, Takeaki Iwamoto, Angew. Chem. Int. Ed., 2019, 58, 9425-9428 (DOI: 10.1002/anie.201905198).

HAESdE AARRY]  (Takeaki IWAMOTO)
Tel: 022-795-6558 Fax: 022-795-6562
http://www.ssoc.chem.tohoku.ac.jp/
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(Natural Product Synthesis)
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[RF&ERX]

1. Time and Pot Economy in Total Synthesis, Y. Hayashi, Acc. Chem. Res. 54,
1385-1398 (2021).

2. Time Economy in Total Synthesis, Y. Hayashi, J. Org. Chem., 86, 1-23 (2021).

3. Pot and time economies in the total synthesis of Corey lactone, N. Umekubo, Y.
Suga, Y. Hayashi, Chem. Sci., 11, 1205-1209 (2020).

4. Direct Asymmetric Michael Reaction of a,f-Unsaturated Aldehydes and Ketones
Catalyzed by Two Secondary Amine Catalysts, Y. Hayashi, N. Umekubo, Angew.
Chem. Int. Kd., 57, 1958-1962 (2018).

5. Pot Economy in the Total Synthesis of Estradiol Methyl Ether by Using an
Organocatalyst, Y. Hayashi, S. Koshino, K. Ojima, E. Kwon, Angew. Chem. Int.
Ed., 56, 11812-11815 (2017).

6. TimeEconomical Total Synthesis of (-)-Oseltamivir, Y. Hayashi, S. Ogasawara, Org.
Lett., 18, 3426 (2016).

7. Pot economy and one-pot synthesis, Y. Hayashi, Chem. Sci., 7, 866-880 (2016).

HAESE AR HETEB (Yujiro Hayashi)
Tel: 022-795-3554, FAX: 022-795-6566
http://www.ykbsc.chem.tohoku.ac.jp/
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[Research] Our laboratory focuses on chemistry of heteroatom compounds and studies preparations,
properties, and applications of various transition metal complexes as well as their ligands. Our research
area is a development of the bio-inspired large ligand systems, which contain sequence-defined side chains:
In our ‘linked (ethynylthienyl)oligoarene system’, various side chains can be introduced in a defined order
(Figure 1).! Six types of (bromo)(chloro)(iodo)benzo[b]thiophenes were prepared by silica gel-assisted
cyclization of (haloethynyl)(sulfanyl)benzene derivatives (Figure 2)* and applied to preparation of
oligoarenes. Moreover, 4,7’-bibenzo[b]thiophene scaffolds were developed using the 4,7-
dihalobenzo[b]thiophenes  (Figure 3).3

[ X]

(1) Yamamoto, T.; Katsuta, H.; Toyota, K.; Iwamoto, T.; Morita, N., Preparation of 4,7-Dibromobenzo[b]thiophene as
a Versatile Building Block and Synthetic Application to a Bis(ethynylthienyl)oligoarene System, Bull. Chem. Soc.
Jpn., 2012, 85, 613.

(2) Mikami, S.; Tanaka, H.; Kishi, H.; Yoshida, S.; Toyota, K., Silica Gel-Assisted Preparation of
(Bromo)(chloro)(iodo)benzo[ b]thiophenes Bearing Halogen Atoms at the 2-, 4-, and 7-Positions, Heterocycles,
2018, 96, 1529.

(3) Mikami, S.; Matsuo, A.; Kwon, E.; Toyota, K., Synthesis of 4,7’-Bibenzo[b]thiophenes Bearing Several Different
Substituents at 2-, 2°-, 4’-, and 7-Positions; Structurally Featured Molecular Scaffolds for Selective Substitution,
Synlett., 2021, 32, 1826.

HESE BH HE= (Kozo TOYOTA)
Tel: 022-795-7714
http://web.tohoku.ac.jp/fundamentchem/
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(Laboratory of Organic Chemistry)

[IRME] ERELEVORH-THD [HFHE - EFRBEBEICKE - ERTESD]
EEFENL. S UORE KEEMR, BEMUMMG EICICATTRGHKEEEST FERREL.
TNOZEABILYI FOZJRTNARAANEGALTVEY, BHE. ChFETEHERIE
gTHo-RE., FIALERNERFBEROERR. P FREICIHIERFERBROBE
i, BRFBAEOT v ) 7TEEOREGE., HEZBEL. FRMHEOFEFETAIZD
WTHRZITO>TLET,
SEFNAREDRBICRRTEZ SHAFRLEE EEEEHEICK Y BEEBBEEER L@
ICBE9 HamX (&M 1) (K& 2)
Chemistry

A European
Journal

[Research] Organic molecules can be designed and synthesized as they show desirable functions
and properties, and these functional molecules are utilized in fabricating optoelectronic devices such
as organic field-effect transistors (OFETs), organic solar cells (organic photovoltaics, OPVs), and
thermoelectric (TE) devices. Our research group is currently focusing on control of the crystal
structures based on the molecular design and doping level of organic semiconductors, which have
been regarded as formidable tasks in the field, and thereby new superior functional organic materials
will be created.

[ X]

1) Quinoid-aromatic Resonance for Very Small Optical Energy Gaps in Small-molecule Organic Semiconductors: a
Naphthodithiophenedione-oligothiophene triad system, K. Kawabata, K. Takimiya, Chem. Eur J., 27,
15660-15670 (2021).

2) K. Takimiya, Kirill Bulgarevich, M. Abbas, S. Horiuchi, T. Ogaki, K. Kawabata, A. Ablat, “Manipulation” of
crystal structure by methylthiolation enabling ultrahigh mobility in a pyrene-based molecular semiconductor,
Adv. Mater., 33,2102914 (2021).

3) Y. Wang, K. Takimiya, Naphthodithiophenediimide—Bithiopheneimide Copolymers for High-Performance
n-Type Organic Thermoelectrics: Significant Impact of Backbone Orientation on Conductivity and
Thermoelectric Performance, Adv. Mater., 32, 2002060 (2020).

HAESE FEEFY (Kazuo TAKIMIYA)
Tel: 022-795-6585
http://web.tohoku.ac.jp/ogchmii/index.html

18


http://web.tohoku.ac.jp/ogchmii/index.html

. W oE Sm
RIiFRIEFRHR=E 5B it 2

(Laboratory of EHR & %5
ERIR B #

Organic Reaction Processes) B %
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[Research] Now a day, the development not only of highly selective reactions leading to desired
compounds but also of advanced organic transformations to minimizing the environmental burdens
is highly challenging tasks for organic chemists. Our research interests have been focused on the
creation of environmentally benign processes using metal complexes and organic compounds as the
designed catalyst molecules by taking advantage of the inherent property of these molecules.
Furthermore we apply these advanced molecular transformations to selective and efficient synthesis
of useful organic materials or biologically active compounds.

[RFFMX]

1) A. Kondoh, M. Oishi, H. Tezuka, M. Terada, Development of Chiral Organosuperbase Catalysts Consisting of
Two Different Organo Base Functionality, Angew. Chem. Int. Ed., 59, 7472—7477 (2020).

2) A. Kondoh, S. Ishikawa, M. Terada, Development of Chiral Ureates as Chiral Strong Brensted Base Catalysts, J.
Am. Chem. Soc., 142, 3724-3728 (2020).

3) J. Kikuchi, K. Takano, Y. Ota, S. Umemiya, M. Terada, Chiral Brensted Acid-Catalyzed Enantioconvergent
Propargylic Substitution Reaction of Racemic Secondary Propargylic Alcohols with Thiols, Chem. Eur. J., 26,
8230-8234 (2020).

4) H. Tashiro, M. Terada, I. Nakamura, Consecutive O-S/N-S Bond Cleavage in Au-Catalyzed Rearrangement
Reactions of Alkynyl N-Sulfinylimines, Angew. Chem. Int. Ed., 60, 12248-12252 (2021).

5) T. Jin, S. Suzuki, H.E. Ho, H. Matsuyama, M. Kawata, M. Terada, Pd-Catalyzed Indolization/peri-C—H
Annulation/N-Dealkylation Cascade to Cyclopenta-Fused Acenaphtho[l,2-blindole Scaffold, Org. Lett., 23,
9431-9435 (2021).

EHA&SE FHEER (Masahiro TERADA)
Tel: 022-795-6602 FAX: 022-795-6584
http://www.orgreact.sakura.ne.jp/index.html
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(Biochemistry)

[(ARME] HIROEBHLEN (A A/ A FLR)PEEER FLRIZHT DIEED D TFH
BIZOWTHRLTWET , HRACERIADAFICHET LS ITHEAELL, £,
BREEREOMEEROKFHAIRIFVICEVTLHOERNEELGBZZHE>TL
T COESIBREFICEVWTHENMERMAZREML. EOAICE C-HREROBEE
T2 FHBOMAZITOTVET, T, HEOR FLRALEL, MEOEEREZERT
BREELGVATLTY, MIANOERL Y—& LTHEET S TN UkEEEEESR PHD (X
BERRFERTFHIF OFHZAE I SRFELTHRTI D, Frf=bIE, PHD A% HIF EE
ERFEGDHREEL W IZLDHRX FLARENE WP F+-—EERBREHET S LZREL,
EDDFHRIBORAZITOTLET,
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[Research] We are investigating the molecular mechanisms involved in the body’s response to
environmental stresses, including mechanical forces and hyperosmotic stress. It is well known that
muscles and bones are properly maintained by exercise and that mechanical responses in epithelial
cells are also involved in morphogenesis of epithelial tissues. In our study of mechanical responses,
we are examining molecular mechanisms of the actin cytoskeleton reorganization following
application of mechanical stresses. It is well known that prolyl hydroxylase domain-containing
proteins (PHDs), which act as an oxygen sensor, regulate the amount of the HIFs in response to oxygen
levels. We are investigating novel molecular mechanisms of the stress responses through PHDs. We
found that PHDs regulates stress-response MAP kinase signaling in response to hyperosmotic and UV
stresses.

[RERERC]

1) IsozakiY, Sakai K, Kohiro K, Kagoshima K, Iwamura Y, Sato H, Rindner D, Fujiwara S, Yamashita K, Mizuno K,
Ohashi K: The Rho-guanine nucleotide exchange factor Solo decelerates collective cell migration by modulating
the Rho-ROCK pathway and keratin networks. Mol. Biol. Cell (2020) in press

2) Fujiwara S, Ohashi K, Mashiko T, Kondo H, Mizuno K: Interplay between Solo and keratin filaments is crucial for
mechanical force-induced stress fiber reinforcement, Mol. Biol. Cell, 27, 954-966 (2016).

3) Abiko H, Fujiwara S, Ohashi K, Hiatari R, Mashiko T, Sakamoto N, Sato M, and Mizuno K: Rho-guanine
nucleotide exchange factors involved in cyclic stretch-induced reorientation of vascular endothelial cells, J. Cell
Sci., 128, 1683-1695 (2015).

HWAEdE  KiE —IE (Kazumasa OHASHI)
Tel:022-795-6590
https://konagata.wixsite.com/ohashi-lab
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[Research]

The Research and Analytical Center for Giant Molecules consists of two sections for analytical and
experimental researches. The analytical section has the latest high-performance instruments for
elemental, mass spectrometric (MS), nuclear magnetic resonance (NMR), X-ray crystal structure, and
plasma atomic emission (ICP) analyses. These instruments play an important role in determining the
structures of small and giant molecules in research on fundamental and applied sciences. The
experimental research section investigates the development of new chemical reactions including
organic and metallic catalysts, and their application to the synthesis of new functional materials.

[R&RERX]

1) Conformationally Switchable Silylone: Electron Redistribution Accompanied by Ligand Reorientation around a
Monatomic Silicon, Taichi Koike, Takumi Nukazawa, Takeaki Iwamoto, J. Am. Chem. Soc., 143, 1433214341
(2021).

2) Cocrystals of Li* encapsulated fullerenes and Tb(IIT) double-decker single molecule magnet in a quasi-kagome
lattice, karu Iwami, Junfei Xing, Ryo Nakanishi, Yoji Horii, Keiichi Katoh, Brian K. Breedlove, Kazuhiko
Kawachi, Yasuhiko Kasama, Eunsang Kwon, Masahiro Yamashita, Chem. Cmmun., 56, 12785-12788 (2020).

3) H. Tashiro, M. Terada, I. Nakamura Consecutive O—S/N—S Bond Cleavage in Gold-Catalyzed Rearrangement
Reactions of Alkynyl N-Sulfinylimines, Angew. Chem. Int. Ed., 60, 12248-12252 (2021).

4) T. Jin, S. Suzuki, H. E. Ho, H. Matsuyama, M. Kawata, M. Terada, Pd-Catalyzed Indolization/peri-C—H
Annulation/N-Dealkylation Cascade to Cyclopenta-Fused Acenaphtho[1,2-b]indole Scaffold, Org. Lert. 23,
9431-9435 (2021).

5) A. Kondoh, S. Ishikawa, M. Terada, Development of Chiral Ureates as Chiral Strong Brensted Base Catalysts, .J.
Am. Chem. Soc., 142, 3724-3728 (2020).

e AR B (Takeaki IWAMOTO)
Tel: 022-795-6558 FAX: 022-795-6562
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RIERFRFREFHRARMEZER FFEF ¥ /ARIZTDONT

RIEXRZXRZREFHAEREFER AFEFY VAR RAERFZOMERREMTHLEZTYE
MR R & ERM MR, MR EEEMERRLIYBREINTVET, FEICEAETL
DOMRFT - BRI DWTITHALET,

ZUYERFERER (BBFF : L. E XA Institute of Multidisciplinary Research for
Advanced Materials IMRAM)) (&, 2001 £ 4 BICZENETORMIE, HEHE. KRG
LD 3|EMIRES - BIRLTRELEZHARAMTY ., [Zxl L& TZLDRITPLERN
HHI L] EZEERLTVET, €. B, 38K, . 30F. M TEELGE. itk
FAEEBELFZRORELGEITBEVTEEIN TN RICEERSINTE-YE - HEBHDEZE
RULL, §RTERFICHRLD., ChoZzxF/ LRILVTERERLETHEET/YE - #8
FRRFMRETHIELICEY ., FIIRBERORE., FIFHEOEHFHMLICR TSI LEZBME
L. TOBRRZHEETTHIETY,

EEMEHEAR (BFF : 8. EX4H: Institute of Materials Research) (& 1922 £ (Z5%
BEINF-EBICBEROHAIHERTHY. 1987 £ 5 A, HiLXFEMELE LR ARHE
e LTEERELEHEMRTYT ., AT, EBZEFI LY. FEEK, £53vH R, &
BMBLEDLRELYE - MHICET 2ERECAOEEOMEIZELY ., EICHEIZHRID
-G #MEZERHT A EEBMEL, HRICEMRT S LTI,

MERFESEHER (BEF5: WPL, AIMR. 33X 4 : World Premier International Research
Center, Advanced Institute for Materials Research) [&. BALKZE®D 100 BEFHL 1=
2007 FICXERFEDER by TUNILHARAR TAT S L1 ELTREI—FLELT,
AIMR TlE, WV EBASR] TF/ 98] TF/EZNAMFI BEUTTNRA R |
ATL] DADDEEHEFLICHE - LF - I LY POV R G ERRBELFEMELEN
5. REMOEEEEMBICET 2MEEIT O -TVWET, -, EHNHFHEOHERAFTLEEHE
NDREZBEL T, [FRELELEFARBOBRICHAEZFILTULET,

RERZREZREBZHAEREFER AEF Y VAR RADIT AN TOHREETIFEZHLEF
MOZHEFERINTELT . KERMLDEF - AZEL2THEYVET,

KINDT LY FERFRADEZZFESNSFESARITIS, RIEKXRZFRFREZFEHE
MEZER ATEFvy UNRICHERT P REOBARVERREZOHEMBEBNL T
WEY., FYFHEEARZDOR—LRA—D (AEMBOR—T(2HBF) (CTHRLTTS
Lo KRV T LY MBI KRERERBRT 2FEDHRDSEICHNIEENTT,

23



EAMMILETRE v 5 Bm =
(Solid-State Metal-Complex Chemistry) i
B % Bk E
By #% FH &

[IRME] ERERIL. BRERAT O LTORAY OFKY - BiHY EBALULTF) HoED
DFHELLEYTT ., TOERBA A VOBILREERE VRKEX, B4 U OERITMA,
BAEFLEERAYDORMBELEHIET I LIS > TERADZKRICEZADZENTEFE
T BIAIE, TITETIEHALTEINSEL . ERA ATV ETNER CEBRUFEHEA
BHEDEITE ST, BRHBEARPEFRREEN T IERTEREFEHRFAT O L
ATEFEYT, HHRETIEH. EREBARICLIZRAEFLTOEFLRAE O BERIE &
BREF -BIPHZRRI LSV I I TIUTILORRIZRYBATHET, BHIZ, BFLE
TOERBE - EFBBOFHICLE9FREY FOZY RORA. 2 FiER#EEESAD
FF. BILETEFEZ ML FMHEHORAFE LRI - SR MAEERICKSEF - REUH
ZRROFEHRGEICMYBATEY . EREDFRFVYICITITIL-F/ITITILD
HM-TGIREERET S LEBELTLET,

[Research] We are studying on solid-state physical chemistry based on metal complexes or
coordination compounds, in which our goal is directed to control synergistically electronic and
magnetic properties/behavior on molecular frameworks and finally to create new soft molecular
materials with unique phenomena.

%

AE,, (DA) (eV)

200 400 600 800 1000
AE (DA) (mV)

[REMRX]

1) J. Zhang, W. Kosaka, H. Sato, H. “Miyasaka, Magnet Creation by Guest Insertion into a Paramagnetic Charge-
Flexible Layered Metal-Organic Framework”, J. Am. Chem. Soc., 143, 7021-7031 (2021).

2) J. Zhang, W. Kosaka, Y. Kitagawa, H. Miyasaka, “A metal-organic framework that exhibits CO2-induced
transitions between paramagnetism and ferrimagnetism”, Nature Chem., 13, 191-199 (2021).

3) M. Nakaya, W. Kosaka, H. Miyasaka, Y. Komatsumaru, S. Kawaguchi, K. Sugimoto, Y. Zhang, M. Nakamura, L.
F. Lindoy, S. Hayami, “COz-induced spin state switching at room temperature in a monomeric cobalt(Il) complex
with the porous nature”, Angew. Chem. Int. Ed., 59, 10658—10665 (2020).

4) P.-J. Huang, K. Taniguchi, H. Miyasaka, “Bulk Photovoltaic Effect in a Pair of Chiral-Polar Layered Perovskite—
Type Lead Iodides Altered by Chirality of Organic Cations”, J. Am. Chem. Soc., 141, 14520-14523 (2019).

5) J. Zhang, W. Kosaka, Y. Kitagawa, H. Miyasaka, “Host—Guest Hydrogen Bonding Varies the Charge-State
Behavior of Magnetic Sponges,” Angew. Chem. Int. Ed., 58, 7351-7356 (2019).

6) W. Kosaka, Z. Liu, J. Zhang, Y. Sato, A. Hori, R. Matsuda, S. Kitagawa, H. Miyasaka, “Gas-responsive porous
magnet distinguishes the electron spin of molecular oxygen,” Nature Commun., 9, 5420(1-9) (2018)

HAESE B % (Hitoshi MIYASAKA)
Tel: 022-215-2030 FAX: 022-215-2031
http://www.miyasaka-lab.imr.tohoku.ac.jp/

27


http://www.miyasaka-lab.imr.tohoku.ac.jp/

. - B B AR EH
3/ -4 o ORMLEFRST K B AR e3

(RHRIB &) B % %k Kkt
RiTHE /N2 #
(Nano/Micro Chemical Measurements)

[(ARBME] [/ - w47 O FROFHAEF)

T/ RAVOERMZEFALEEE - £LFOKFELESELICEAT 2ARSFFRHAZHDIC
MRZEHTVEY, FMFEDRIH. PWERBOERLZF TG, N4 -RE-BM - IX
TOERGEERMRE LEBEST - BEIAH G EICEHAREEDTVET,

BEOHNXRFBABEEEZRAREL. 1 > TILIT VY, Covid-19 ik, EEVCHESEDI VR T
VITALITIEAEZERRLTVWES AT/ BREFBLER—N—4 002 T/\(
R2ED, ERBAFVOBRETIVONMAEERRLTVET, MBD L—HF—REELH S
ZHRL. T7AVLKEL) VIEEZEREGEERRE LEM/NREAICHRELTOEY,

0 mit 12min - 21min

SRR | | |

14 min

0 mi- 23 min

200 Lm a mia 13 min_ 22 min
o o o™ [l i

10pps  20pp 30 ppix

[Research] “Chemical Measurements for Nano/Micro Scale Molecules and Objects”

We study advanced nano-micro technologies in chemistry — 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. In such nano-micro spaces, interfacial phenomena
are important, and we have investigated these phenomena and methods to elucidate them. We will open new
science based on original methods.

[RFRX]

. Grasianto, M. Fukuyama, D.M. Mott, Y. Koseki, H. Kasai, A. Hibara, Organic nanocrystal enrichment in paper

microfluidic analysis, Sensors and Actuators B: Chemical 333 (2021) 129548. https://doi.org/10.1016/j.snb.2021.129548

2. K. Nishiyama, M. Fukuyama, M. Maeki, A. Ishida, H. Tani, A. Hibara, M. Tokeshi, One-step non-competitive
fluorescence polarization immunoassay based on a Fab fragment for C-reactive protein quantification, Sensors and
Actuators B: Chemical 326 (2021) 338212. https://doi.org/10.1016/j.snb.2020.128982

3. M. Fukuyama, A. Nakamura, K. Nishiyama, A. Imai, M. Tokeshi, K. Shigemura, A. Hibara, Noncompetitive Fluorescence
Polarization Immunoassay for Protein Determination, Analytical Chemistry 92 (2020) 14393-14397.
https://doi.org/10.1021/acs.analchem.0c02300.

4. K. Nishiyama, Y. Takeda, M. Maeki, A. Ishida, H. Tani, K. Shigemura, A. Hibara, Y. Yonezawa, K. Imai, H. Ogawa, M.
Tokeshi, Rapid detection of anti-H5 avian influenza virus antibody by fluorescence polarization immunoassay using a
portable fluorescence polarization analyzer, Sensors and Actuators B: Chemical 316 (2020) 128160.
https://doi.org/10.1016/J.SNB.2020.128160

5. M. Fukuyama, M. Tokeshi, M.A. Proskurnin, A. Hibara, Dynamic wettability of polyethylene glycol-modified
poly(dimethylsiloxane) surfaces in an aqueous/organic two-phase system, Lab on Chip 18 (2018) 356-361.
https://doi.org/10.1039/C7LCO1121K

6. T. Endo, K. Ishikawa, M. Fukuyama, M. Uraoka, S. Ishizaka, A. Hibara, Spherical Spontaneous Capillary-Wave

Resonance on Optically Trapped Aerosol Droplet, Journal of Physical Chemistry C 122 (2018) 20684-20690.

https://doi.org/10.1021/acs.jpcc.8b03784

1

oyErEfg e KJR ¥ (Akihide HIBARA) hibara@tohoku.ac.jp
Tel: 022-217-5616, FAX: 022-217-5616
http://www2.tagen.tohoku.ac.jp/lab/hibara/
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[Research] Nanotechnology has attracted wide attentions and a variety of approaches have been
proposed. They cover wide area including environmental catalytic material and post-Si electric materials.
Scanning tunneling microscope (STM) is expected to be the most powerful tool for such researches. STM
is not a simple microscope to give atomic resolution but is a tool to manipulate an isolated molecule like
an atomic scale tweezers. Our study on the molecule dynamics using this tweezers includes single
molecule reaction though the excitation of internal vibrational modes, and measuring vibrational
spectroscopy of a single molecule by the analysis of tunneling electrons..

(R EM]

1) Z. K. Qi, P. Mishra, F. Ara, H. Oka, Y. Sainoo, K. Katoh, M. Yamashita, T. Komeda, Magnetic
Hysteresis of Single-Molecule Magnets Adsorbed on Ferromagnetic Substrate, ACS Nano (2019)
10.1021/acsnano.9b04428.

2) P. Mishra, Z. K. Qi, H. Oka, K. Nakamura, T. Komeda, Spatially Resolved Magnetic Anisotropy of
Cobalt Nanostructures on the Au(111) Surface, Nano Lett. 17 (2017) 5843-5847.

3) F. Wu, J. Liu, P. Mishra, T. Komeda, J. Mack, Y. Chang, N. Kobayashi, Z. Shen, Modulation of the
Molecular Spintronic Properties of Adsorbed Copper Corroles, Nat. Comm. 6 (2015) 7547.

4) T. Komeda, H. Isshiki, J. Liu, Y.-F. Zhang, N. Lorente, K. Katoh, B. K.Breedlove, M. Yamashita,
Observation and electric current control of a local spin in a single-molecule magnet, Nat Commun 2
(2011.3) 217.

Sy EpEAS S CKHEGL  (Tadahiro Komeda)
Tel: 022-217-5368 FAX: 022-217-5371 tadahiro.komeda.al @tohoku.ac.jp
http://www2.tagen.tohoku.ac.jp/lab/komeda/
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[Research] 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 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 proteins on a fast time scale
(femtoseconds to milliseconds) at an atomic level.

In our laboratory, we are developing techniques using 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. We
will reveal the reaction mechanism of light-sensitive proteins and the reaction mechanism of enzymes
catalyzing unique reactions. Furthermore, we aim to design and create protein molecules with new functions
based on precise information from dynamic structural analysis.

[RRHX]

1) Y. Shimazu et al., High-viscosity sample injection device for serial femtosecond crystallography at atmospheric
pressure. J. Appl. Cryst. 52, 1280-1288 (2019); M. Kubo et al., Nanosecond pump-probe device for time-
resolved serial femtosecond crystallography developed at SACLA. J. Synchrotron Radiat. 24, 1086-1091
(2017); F. Mafune et al., Microcrystal delivery by pulsed liquid droplet for serial femtosecond crystallography.
Acta Crystallogr. D Struct. Biol. 72, 520-523 (2016).

2) P. Nogly et al., Retinal isomerization in bacteriorhodopsin captured by a femtosecond x-ray laser. Science 261,
145-152 (2018).

3) E.Nango et al., A three-dimensional movie of structural changes in bacteriorhodopsin. Science 354, 1552-1557
(2016); T. Hosaka et al., Conformational alterations in unidirectional ion transport of a light-driven chloride
pump revealed using X-ray free electron lasers. PNAS 119 €2117433119 (2022).

4) T. Tosha et al., Capturing an Initial Intermediate during the P450nor Enzymatic Reaction using Time-Resolved
XFEL Crystallography and Caged-Substrate. Nat Commun. 8, 1585 (2017); M.Suga et al., Light-induced
structural changes and the site of O=0 bond formation in PSII caught by XFEL. Nature 543, 131-135 (2017).

o ERERE e PR AHELF (Eriko Nango)
eriko.nango.c4@tohoku.ac.jp

http://www2.tagen.tohoku.ac.jp/lab/nango/html/
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[Research] The target of our laboratory is to create novel functionalities by synthesizing oxide
nanostructures and heterostructures between oxides and other materials. For this purpose, we are
controlling and designing the nanoscale phenomena appearing in the oxide nanostructures by the best
possible combination of the sophisticated oxide growth techniques using molecular beam epitaxy and
advanced analysis techniques using synchrotron radiation.

[RERERC]

(1) R. Yukawa et al., Resonant tunneling driven metal-insulator transition in double quantum-well structures of strongly
correlated oxide, Nat. Commun. 12, 7070 (2021).

(2) T. Kanda et al., Electronic structure of SrTii-+VxOs films studied by in situ photoemission spectroscopy: Screening
for a transparent electrode material, Phys. Rev. B 104, 115121 (2020).

(3) K. Yohimatsu and H. Kumigashira, Direct synthesis of metastable A-phase Ti3Os films on LaAlO; (110) substrates
at high temperatures, Cryst. Growth Des., 22, 703 (2022).

(4) D. Shiga et al., Thickness dependence of electronic structures in VO3 ultrathin films: Suppression of the cooperative
Mott-Peierls transition, Phys. Rev. B 102, 115114 (2020). (Selected as Editor’s Suggestion)

(5) K. Yoshimatsu et al., Metallic ground states of undoped Ti2O3 films induced by elongated c-axis lattice constant,
Scientific Report 10, 22109 (2020).

(6) D. Shiga et al., Emergence of metallic monoclinic states of VO2 films induced by K deposition, Phys. Rev. B 99,
125120 (2019).
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(Synthetic Chemistry for Biofunctional Molecules) B % mEAHER

[(ARBME] £ARRNIZEVTEGFORRIIHFAGREZSFH2 LT, 3F
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[Research] 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 an intelligent agent 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 thymine at the target site. We have applied the new
cross-linking agent to antisense inhibition of gene expression in cell.

[RFEWX]

1) Abdelhady MA., Hirano Y., Onizuka K., Okamura H., Komatsu Y., Nagatsugi F., Synthesis of Crosslinked 2’-OMe RNA
Duplexes and Their Application for Effective Inhibition of miRNA Function. Bioorg. Med. Chem. Lett, 48, 12825 (2021)

2) Onizuka K, Ganbold. E., Ma Y, Sasaki S, Hazemi ME, Chen Y, Sato N, Ozawa M, Nagasawa K, Nagatsugi F, Selective
alkylation of parallel G-quadruplex structure. Org. Biomol. Chem. 19(13), 2891-2894 (2021).

3) Onizuka, K., Ishida, K., Mano, E. and Nagatsugi, F. Alkyne-Alkyne Photo-cross-linking on the Flipping-out Field. Org.
Lett., 21, 2833-2837 (2019).

4) Murase, H. and Nagatsugi, F. Development of the binding molecules for the RNA higher-order structures based on the
guanine-recognition by the G-clamp. Bioorg.Med.Chem.Lett., 29, 1320-1324 (2019).

5) Onizuka, K., Hazemi,E. H., Sato, N., Tsuji, G., Ishikawa, S., Ozawa, M., Kousuke Tanno, K., Yamada, K., Nagatsug, F.,
Reactive OFF-ON type alkylating agents for higher-ordered structures of nucleic acids. Nucl. Acids Res., 47, 6578—-6589
(2019)
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[Research] Focusing our research interest mostly on the recognition and complexation behavior control of
biopolymers, such as DNA/RNA, proteins, and so on. Another topics are photochemical asymmetric
reaction control based on molecular recognition phenomena in both ground and electronically excited states,
we are pursuing mechanistic and synthetic studies on Supramolecular Asymmetric Photochirogenesis with
biopolymers as chiral reaction medias.

[R&AMX]

1) Quantitative Analyses of Foerster Resonance Energy Transfer Identical Pyrene Chromophores In DNA Scaffolds, ChemPhotoChem 2021, 5, 167.

2) Protein adsorption behavior in nanoscale phase-separated PMPC-containing block copolymers, Eur:Polym.J., 2020, 135, 109885.

3) Near perfect H-H on the supramolecular photodimerisation of 2-AC with self-organised gemini surfactant bilayers, Chem.Comm., 2020, 56, 10058.

4) Efficient Light-Harvesting Antennae Resulting from the Dense Organization of Dyes into DNA D-Threoninol, Ang. Chem.Int.Ed.,2020,59,11360.

5) Underwater Bubble and Oil Repellency of Biomimetic Pincushion and Plastron-Like Honeycomb Films, Langmuir,2020,36,6365.

6) Reversible changes in the orientation of gold nanorod arrays on polymer brushes, Nanosca. Adv.,2020,2,3798.

7) Planar-to-Planar Chirality Transfer in the Excited State. Enantiodifferentiating Photoisomerization of Cyclooctenes
Sensitized by Planar-Chiral Paracyclophane, J. Am. Chem. Soc., 133, 10379 (2011).

8) Highly Enantiomeric Supramolecular [4 + 4] Photocyclodimerization of 2-Anthracenecarboxylate Mediated by Human
Serum Albumin, J Am. Chem. Soc., 129, 3478 (2007).
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(Biomolecular Structure) KR ME L
B % ELE B

[AEBME] MIEANICIE. EAENELLLIABEEZRAT 2-H0HMLAHEAIEHL - T
W5, oL, IEAOEZ VY BIEBHHZFICEDLEL Fy o R, pH, £BA 4 2B HI
BIZERL, BEEYMFE - £ - TOTAHIVR - HREMFHFEZEBELE-HEZERL
TW, HIZHRiE, £ MARROSBRIRICE T2 RV EREEERBICEREZHT. TDA
W= XLDBRICKELERNA DN, KARIZKY . BN TEETSIIRI+—ILEFY
NROBIBIERIITERADBEDDFAILTORRERBHREIZEDEAZ EHEFLTLS,

AR k=9
RN ED L
 mEE#E o

[Research] Cells have evolved elaborate systems to maintain the protein homeostasis, in which
chemical parameters such as redox, pH and metal ion concentrations play critical roles. Employing
structural, biochemical, proteomic and cell biological approaches, we aim at deep understanding of
how these cellular systems cooperate for the protein quality control in the early secretory pathway
comprising the endoplasmic reticulum and Golgi apparatus. This work will provide molecular-level
insight into neurodegenerative diseases and diabetes caused by misfolded proteins.

[RT|AX]

1) Zhang, Y., Watanabe, S., Tsutsumi, A., Kadokura, H., Kikkawa, M. and Inaba, K. “Cryo-EM analysis provides new
mechanistic insight into ATP binding to Ca?*-ATPase SERCA2b” EMBO Journal 40, 108482 (2021)

2) Okumura, M., Kanemura' S., Matsusaki: M., Kinoshita, M., Saio' T., Ito: D., Hirayama, C., Kumeta, H., Watabe, M.,
Amagai, Y., Lee, Y.-H, Akiyama, S., and Inaba, K. “A unique leucine-valine adhesive motif supports structure and
function of protein disulfide isomerase P5 via dimerization” Structure 29, 1357-1370 (2021)

3) Zhang'Y., Inoue, M., Tsutsumi, A., Watanabe, S., Nishizawa, T., Nagata, K., Kikkawa, M. and Inaba, K. “Cryo-EM
structures of SERCA2b reveal the mechanism of regulation by the luminal extension tail” Science Advances 6,
eabb0147 (2020)

4) Kadokura, H., Dazai, Y., Fukuda, Y., Hirai, N., Nakamura, O., and Inaba, K. “Observing the nonvectorial yet
cotranslational folding of a multidomain protein, LDL receptor, in the ER of mammalian cells” Proc Natl Acad Sci U
S A. 117, 16401-16408 (2020)

5) Okumura, M., Noi, K., Kanemura, S., Kinoshita, M., Saio, T., Inoue, Y., Hikima, T., Akiyama, S., Ogura, T. and
Inaba, K. Dynamic assembly of protein disulfide isomerase in catalysis of oxidative folding, Nat. Chem. Biol. 15, 499-
509 (2019)

6) Watanabe, S., Amagai, Y., Sannino, S., Tempio, T., Anelli, T., Harayama, M., Masui, S., Sorrentino, 1., Yamada, M.,
Sitia, R. and *Inaba, K. Zinc regulates ERp44-dependent protein quality control in the early secretory pathway,

Nat. Commun., 10, 603 (2019)

7) Inoue, M., Sakuta, N., Watanabe, S., Zhang, Y., Yoshikaie, K., Tanaka, Y., Ushioda, R., Kato, Y., Takagi, J., Tsukazaki,
T., Nagata, K. and *Inaba, K. Structural basis of sarco/endoplasmic reticulum Ca?*-ATPase 2b regulation via
transmembrane helix interplay Cell Reports, 27, 1221-1230 (2019)
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[Research] To understand the principles of protein folding and function, we observe the dynamic
processes of protein folding and function based on single molecule fluorescence techniques.
Furthermore, we are investigating liquid-liquid phase separation phenomenon of proteins and nucleic
acids.

(&R X]

1) Kamagata K, Iwaki N, Hazra MK, Kanbayashi S, Banerjee T, Chiba R, Sakomoto S, Gaudon V,
Castaing B, Takahashi H, Kimura M, Oikawa H, Takahashi S, Levy Y. “Molecular principles of
recruitment and dynamics of guest proteins in liquid droplets” Sci. Rep. 11, 19323 (2021).

2) Kamagata K, Kanbayashi S, Honda M, Itoh Y, Takahashi H, Kameda T, Nagatsugi F, Takahashi S,
“Liquid-like droplet formation by tumor suppressor p53 induced by multivalent electrostatic
interactions between two disordered domains.” Sci. Rep. 10, 580 (2020).

3) Oikawa, H., Takahashi, T., Kamonprasertsuk, S., Takahashi, S. “Microsecond resolved single-
molecule FRET time series measurements based on the line confocal optical system combined with
hybrid photodetectors.” Phys. Chem. Chem. Phys. 20, 3277-3285 (2018).
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[Research] “Chemical Biology through Development of Functional Molecules”

In a living body and cell, various biomolecules function by interacting with other molecules. To
understand the precise biological functions occurring within a living body or cell, it is important to
investigate the activities or behaviors of the target molecules in living systems, where all of these
interactions with other biomolecules are maintained. Using organic chemistry, macromolecular chemistry,
and biochemistry, 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. By
combining these functional compounds with optical microscopy, we aim to clarify essential mechanisms in
life and diseases.

[HRF&amX]

1) T. Kowada, K. Arai, A. Yoshimura, T. Matsui, K. Kikuchi, S. Mizukami, “Optical manipulation of subcellular protein
translocation using a photoactivatable covalent labeling system”, Angew. Chem. Int. Ed. 2021, 60, 11378-11383.

2) T. Kowada, T. Watanabe, Y. Amagai, R. Liu, M. Yamada, H. Takahashi, T. Matsui, K. Inaba, S. Mizukami, “Quantitative
Imaging of Labile Zn?* in the Golgi Apparatus Using a Localizable Small-Molecule Fluorescent Probe”, Cell Chem. Biol.
2020, 27, 1521-1531.

3) H. Maeda, T. Kowada, J. Kikuta, M. Furuya, M. Shirazaki, S. Mizukami, M. Ishii, K. Kikuchi, “Real-time Intravital
Imaging of pH Variation Associated with Osteoclast Activity”, Nat. Chem. Biol. 2016, 12, 579-585.

4) S. Mizukami, Y. Hori, K. Kikuchi, “Small-Molecule Based Protein-Labeling Technology in Live Cell Studies: Probe-
Design Concepts and Applications”, Acc. Chem. Res. 2014, 47, 247-256.

Photoactivation of biological
molecules and functions

Oy BpEg e K B i (Shin MIZUKAMI)
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[Research] The main focus of our research is to strengthen original innovation in the area of effective
compact chemical processes under environmentally benign conditions. These include (i) development of
different reaction processes under high-pressure, high-temperature conditions as well as a supercritical
condition due to its tunable properties, (ii) investigation of the physical properties of ionic liquid (molten
salt at room temperature) to exploit its potential in the separation of CO, from exhaust gas using the new
carbon capture system (CCS) and (iii) investigation of the artificial bio-membrane by encapsulation of
enzymes like formaldehyde dehydrogenase, beneficial for high sensitive devices including biosensor and
disease diagnostics.

[(RE&REMX]

1. Selectivity controlled transformation of carbon dioxide into a versatile bi-functional multi-carbon
oxygenate using a physically mixed ruthenium-iridium catalyst, Catal. Sci. Technol., 11, 4719-4731
(2021). (Front Cover)

2. Temperature and Pressure Dependence of the Viscosity of the Ionic Liquids 1-Hexyl-3-
methylimidazolium  Tetrafluoroborate and  1-Ethyl- and  1-Hexyl-3-methylimidazolium
Bis(trifluoromethylsulfonyl)amides, J. Chem. Eng. Data, 66, 4618-4628 (2021).

3.  Direct Observation of the Relationship between Thixotropic Behavior and Shear-Induced Orientation
of Clay Particles in Synesthetic Hectorite Suspensions, Langmuir, 21, 6435-6441 (2021).
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(Heavy Element Chemistry)
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[Research] (1) Studies on chemical properties of the heaviest elements are extremely interesting and
challenging subjects in the fields of modern nuclear and radiochemistry; chemical characterization of
these elements explores the new frontiers of the elements in the 7th period of the Periodic Table. Atom-
at-a-time chemistry of the elements at the uppermost end of the Periodic Table is being performed. (2)
The actinide elements having 5f electrons are chemically quite interesting elements. Redox properties,
complexation ability, and some basic chemical properties in solution are studied by means of laser
spectroscopic and electrochemical methods. From the view point of nuclear engineering, separation
and recovery of actinides from spent nuclear fuel (reprocessing), decontamination of radioactive

wastes, analyses of actinides for control of the processes are essentially required. Development of new
actinide separation and recovery methods for a design of the separation process is being performed.

[HRFREMC]

1) TK. Sato et al., Measurement of the first ionization potential of lawrencium, element 103, Nature 520, 209-211
(2015).

2) R. Kusaka, M. Watanabe, “Stoichiometry of lanthanide-phosphate complexes at the water surface studied using

vibrational sum frequency generation spectroscopy and DFT calculations”, Journal of Physical Chemistry B, 125,
6727-6731(2021).
3) Y. Kitatsuji, Electrochemistry of actinide, Radioisotopes. 67, 483-493 (2018).
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