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Development of High-Performance Ferrite Magnets and the Advancement to Next-Generation
Electromagnetic Wave Absorbers (Graduate School of Science, The University of Tokyo)
OAsuka Namai

Ferrite magnets are metal oxides that contain iron as a constituent element, and are the most
widely used magnetic material due to their chemical stability and cost. Due to their low
magnetic anisotropies, the coercive field (H.) of magnetic ferrites is generally low. If the
magnetic anisotropy of ferrite magnets can be improved, the applications is considered be
greatly expanded, and thus, the development of ferrite magnets with large magnetic anisotropy
is one of the important issues. Epsilon iron oxide (e-Fe,Os) is a ferrite magnet that has attracted
attention since it exhibits the highest H. value among metal oxides at room temperature. Herein,
I will present our research on the development of high coercivity magnetic materials based on
e-Fe,O3 by chemical synthesis, observation of high frequency millimeter wave absorption,
design and development of thin millimeter wave absorbers.

Keywords : Nanomagnet, Natural resonance; Millimeter wave; High coercive field; Epsilon
iron oxide
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1) (a) A. Namai, S. Sakurai, M. Nakajima, T. Suemoto, K. Matsumoto, M. Goto, S. Sasaki, S. Ohkoshi

J. Am. Chem. Soc. 2009, 131, 1170. (b) A. Namai, M. Yoshikiyo, K. Yamada, S. Sakurai, T. Goto, T.
Yoshida, T Miyazaki, M. Nakajima, T. Suemoto, H. Tokoro, and S. Ohkoshi, Nature Communications,
2012, 3, 1035. (¢) A. Namai, M. Yoshikiyo, S. Umeda, T. Yoshida, T. Miyazaki, M. Nakajima, K.
Yamaguchi, T. Suemoto, and S. Ohkoshi, J. Mater. Chem. C, 2013, 1, 5200. (d) S. Ohkoshi, A. Namai,
K. Imoto, M. Yoshikiyo, W. Tarora, K. Nakagawa, M. Komine, Y. Miyamoto, T. Nasu, S. Oka, H. Tokoro,
Scientific Reports, 2015, 5, 14414. (e) S. Ohkoshi, A. Namai, M. Yoshikiyo, K. Imoto, K. Tamazaki, K
Matsuno, O. Inoue, T. Ide, K. Masada, M. Goto, T. Goto, T. Yoshida, T. Miyazaki, Angew. Chem. Int. Ed.
2016, 55, 11403. (f) A. Namai and S. Ohkoshi, Chem. Eur. J, 2018, 24, 11880. (g) A. Namai, K. Ogata,
M. Yoshikiyo, S. Ohkoshi, Bull. Chem. Soc. Jpn. 2020, 93, 20. (h) R. Kinugawa, K. Imoto, Y. Futakawa,
S. Shimizu, M. Yoshikiyo, A. Namai, and S. Ohkoshi, Adv. Eng. Mater. 2021, 23, 2001473.
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Approaches of Molecular Chemistry for Self-Propelled Droplets in Non-Equilibrium States
(Faculty of Science and Technology, Keio University) O Taisuke Banno!

Self-propelled motion of objects is observed in the chemical systems under far-from-
equilibrium conditions. So far, the taxis and intermittent motion of artificial objects,
such as droplets and metal particles, have been found as characteristic motion modes
in living system. However, there is no report on the viewpoint of which such
biomimetic dynamics are designed and created from molecular chemistry. We
previously found self-propelled motion of micrometer-sized oil droplets in surfactant
solution. According to the bottom-up approaches, we have demonstrated that the
driving force is due to the Marangoni convection based on heterogeneity of the
tension at the oil-water interface. In this presentation, the concrete approach toward
understanding the mechanism of self-propelled motion is introduced from the
viewpoint of molecular chemistry. In addition, the molecular system where the
phototaxis of droplets as an example of life-like dynamics emerges is also described.
Keywords : Surfactants; Non-Equilibrium State; Marangoni Convection; Self-Propelled
Droplets; Molecular Chemistry
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1) T. Banno, R. Kuroha, T. Toyota, Langmuir 2012, 28, 1190. 2) A. Hirono, T. Toyota, K. Asakura, T.
Banno, Langmuir 2018, 34, 7821. 3) Y. Kasuo, H. Kitahata, Y. Koyano, M. Takinoue, K. Asakura, T.
Banno, Langmuir 2019, 35, 13351. 4) S. Kaneko, K. Asakura, T. Banno, Chem. Commun. 2017, 53,2237.
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“Creation from Confusion” — Synthesis and Development of Confused Porphyrinoids
(Graduate School of Engineering, Kyushu University) Hiroyuki Furuta

A serendipitous finding of a novel porphyrin isomer, N-confused porphyrin (NCP), in 1994
triggered off the research on the confused porphyrinoid chemistry. NCP has a peculiar structure,
one of the pyrrole rings in the macrocyclic framework is connected to the meso-methine carbon
atoms through the a,B’-positions, providing an NNNC inner core and outward-pointing N at
the periphery. As a result, unique and parallel research compared with the chemistry of regular
porphyrin, including metal coordination, photochemistry, catalyst, supramolecular chemistry,
etc., has been staggeringly developed. Furthermore, the synthetic strategy to introduce the
confused pyrrole in the porphyrin macrocycles enables access to the new porphyrinoids
(confused, neo-confused, fused, mis-linked, etc.) with “isomeric”, “expanded”, and “contracted”
frameworks. This presentation will overview the synthesis, physical properties, metal
complexation, and functional application of various confused porphyrinoids with typical
examples.

Keywords : N-Confused Porphyrin,; Porphyrinoids; Isomer; Metal Coordination; Analogues
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Photo-induced elementalization reactions enabled by photoexcited reactive species
(! Tokyo Institute of Technology, * The University of Tokyo) OYuki Nagashima '~

Organoboranes, organosilanes, and organostannanes are ubiquitous and have attracted
attention as synthetic building blocks, functional materials, and bioactive molecules. A wide
variety of elementalization (borylation/silylation/stannylation) reactions have been developed
using diverse reactive species and/or catalysts.'* Herein, I would like to present our developed
photo-induced elementalization reactions by directly utilizing "photoexcited unstable reactive
species": (1) multiple borylation of alkynes,” (2) illuminating stannylation of alkynes and
fluoroarenes,” and (3) basic group-directed ortho-C—H borylation of arenes.”

This photo-induced methodology provides various unprecedented intermediates, which
show completely different reactivity and selectivity from conventional ones to enable various
borylation/stannylation reactions above, which are difficult to achieve by traditional reactions.

Keywords : Organic Photochemistry, Excited State, Main-group Element Compound,
Borylation/Silylation/Stannylation, Theoretical Calculation
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1) For a selected review: M. B. Ansell, O. Navarro, J. Spencer Coord. Chem. Rev. 2017, 336, 54.
2) Y. Nagashima, R. Takita, M. Uchiyama, et al. J. Am. Chem. Soc., 2013, 135, 18730.

3) Y. Nagashima, K. Hirano, M. Uchiyama, et al. J. Am. Chem. Soc., 2014, 136, 8532.

4) Y. Nagashima, D. Yukimori, M. Uchiyama, ef al. Angew. Chem. Int. Ed., 2018, 27, 8053.

5) D. Yukimori, Y. Nagashima, M. Uchiyama, et al. J. Am. Chem. Soc., 2019, 141, 9819.

6) K. Sakamoto, Y. Nagashima, K. Tanaka, M. Uchiyama, et al. J. Am. Chem. Soc. 2021, 143, 5629.
7) J. Tanaka, Y. Nagashima, A. J. Araujo Dias, K. Tanaka J. Am. Chem. Soc. 2021, 143, 11325.

8) Y. Nagashima, S. Ishigaki, J. Tanaka, K. Tanaka ACS Catal. 2021, 11, 13591.
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Synthesis of Molecular Systems with Tuned Charge Transfer Interaction for Control of Excited-
State Dynamics ('Department of Chemistry, Faculty of Science and Technology, Keio
University,) OHayato Sakai'

Charge transfer interactions play an important role in the control of excited state dynamics
in organic molecules. Therefore, the close arrangement of electron donor (D) and acceptor (A)
molecules induces highly efficient photofunctional properties in order to form an efficient
charge transfer state. Based on these points, organic molecular systems such as single
molecules and molecular assemblies in which D and A units are closely arranged, were
synthesized. Within the synthesized molecular systems, photophysical properties such as
circularly polarized luminescence, charge separation, and singlet fission, occurred. It was
suggested that the molecular design in which D and A units are closely arranged is effective for
the occurrence of various photophysical properties.

Keywords : Charge Transfer Interaction; Excited State Dynamics, Polyaromatic Compound
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HE t ﬂ'h\ﬂgk t ﬁﬁ

(YHfHEtE WPI-MANA! - HURBEHiEIk 2) OFE iz 2
Film, recognition, and interface ('WPI-MANA, National Institute for Materials Science,
*Graduate School of Frontier Sciences, The University of Tokyo) OXatsuhiko Ariga'-

Methods and concepts focusing on self-assembly and supramolecular chemistry based on
the control of the interfacial environment have been developed. Investigations on molecular
recognitions at the air-water interface provide answers to mystery in biology, how bio-systems
can accomplish molecular recognition through hydrogen bonding in highly polar aqueous
medium. In addition, methodology to control of conformations of molecular machines
embedded at the air-water interface has been demonstrated. This strategy enables us to operate
molecular machines by macroscopic mechanical forces like hand motions. As versatile method
to fabricate nanoscale thin films, alternate layer-by-layer (LbL) assembly was also pioneeringly
developed. Its simple nature has strongly promoted the application of the LbL assembly method
to a wide range of materials from quantum materials and nanomaterials to biological materials
(even virus). Based on these accomplishments, [ will report on the science of films, recognition,
and interfaces.

Keywords : Thin Film; Molecular Recognition; Interface; Layer-by-Layer Assembly;
Supramolecular Chemistry
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H—ARoZa—FIIILDOERICHEITI- CO.EREILOERIL—T
v MER TR F

(BRASHIE BFEBRFE v % —) O/NE B
Development of a high-throughput CO; electrolysis cell toward achieving carbon neutrality
(Research & Development Center, Toshiba Corporation) O Yusuke Kofuji

Toward carbon neutrality in 2050, the development for electrochemical conversion of CO,
is required. In the practical application, it is important to improve the CO, conversion rate of
the electrolysis cell, reducing the system cost.

In order to improve the CO; conversion rate, we developed electrolysis cell and catalyst layer
of cathode. With a cell configuration that converts CO, gas with high diffusion coefficient, the
conversion rate of the electrolysis cell was significantly improved. In addition, we developed
a simple method to introduce pores in the catalyst layer when the catalyst is sprayed to form a
catalyst layer on the substrate. In electrolysis cell where this cathode is applied, CO, diffusion
throughout entire catalyst layer is promoted, and the elimination of excessed water is expected.
As the results these development, we have achieved an improvement in conversion rate that
exceeds the value for practical use of CO, electrolysis cells.

Keywords : Electrolysis; Carbon Dioxide; Carbon Monoxide; Electrode; Carbon Neutrality

2050 4EH—ARr=a— N TVOEBIZMT T, CO, ZERALFMI W@#é&m
DORENRD BN TND, TTH, BT AL LTLEME SN, xR b~
EHPHEFETE D CO ~DOEWNPER ZHED TN D, REOFERLICHBWTIL, &
fREND COp ZBHUREE 2 M) b S CTHEEDO/NULZITV, EEa X M 2ET 52
EMHEEERD,

CO, Bl e A B L. Bt Lo R oE ., 3 L OEMAREE Ok B
[ZHR D FHLATE D, HEEGREE DO K&V COy H A Z BRICEEE AT 5 2 AR~ & 81
Bz HZ ek, BEEEIM LT, o, ARt A B U CHEEM RICftitE &
T B BRI, AR NI RIS LA AT 2 FEER L, 2ok Y — K&
L7/ Cld, g 2R~ CO, JERUAMEIE S AL D 1E 0, RN AR S 7oKk & HE
HE 28 b HECE S, ZNLOMFEICLY . COEMELOEMLICHLEL Sh
TWHHEMEIE 2 HEHGEE Om) E2EBL LT,

1) Efficient Electrochemical Conversion of CO; to CO Using a Cathode with Porous Catalyst Layer
under Mild pH Conditions. Y. Kofuji, A. Ono, Y. Sugano, A. Motoshige, Y. Kudo, M. Yamagiwa, J.
Tamura, S. Mikoshiba, and R. Kitagawa, Chem. Lett. 2021, 50, 482.

2) Electrochemical conversion of CO; to useful chemicals: Current status, remaining challenges, and
future opportunities. H.-R. Jhong, S. Ma, P.J. Kenis, Curr. Opin. Chem. Eng. 2013, 2, 191.
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BEAEET Y —RANE(C & DIRGRFE B KRERE RIS DB
GiOKBE L) OlhA ity !

Development of Environmentally Friendly Dehydrogenative Oxidation Reactions Using Multi-
Functional Heterogeneous Catalysts ('School of Engineering, The University of Tokyo)
OKazuya Yamaguchi'

We have designed multi-functional heterogeneous catalysts and realized various green
functional group transformations based on dehydrogenative oxidations. For example, oxidative
amidation reactions of alcohols, amines, and methyl arenes were realized by utilizing the
specific dehydrogenation and hydration abilities of crystalline nanomanganese oxides. We also
designed multi-functional heterogeneous catalysts based on nanoparticles of Au and/or Pd and
succeeded in developing various novel green functional group transformations.

Keywords : Multi-functional heterogeneous catalysts; Metal oxides, Metal nanoparticles,
Dehydrogenative oxidation reactions
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1) Y. Miyamoto, et al., Sci. Rep. 2015, 5, 15011.

2) X. Jin, et al., Angew. Chem. Int. Ed. 2016, 55, 7212.

3) T. Yatabe, et al., Angew. Chem. Int. Ed. 2015, 54, 13302.

4) T. Yatabe, et al., ACS Catal. 2018, 8, 4969.

5) X. Jin, et al., Chem. Commun. 2017, 53, 5267; X. Jin, et al., J. Am. Chem. Soc. 2017, 139, 13821.

6) K. Taniguchi, et al., Chem. Sci. 2017, 8, 2131; Y. Koizumi, et al., Angew. Chem. Int. Ed. 2019, 58,
10893; S. Takayama, et al., Chem. Sci. 2020, 11, 4074.
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TA 54 FRIC in situ £ T 2HBEREBFED RHATEERRT &
iR A RE B R

(ERARMLRT) AiEF A
Elucidation of local structures and catalytic functions of novel metal complexes in situ
generated in zeolites (Institute for Catalysis, Hokkaido University) Zen Maeno

Metal species on solid catalysts change their oxidation state and local structure depending
on temperature and atmosphere. The study on structural analysis under reaction conditions is
essential to elucidate the active species and reaction mechanism. In this work, in sifu generation
of unique metal species in zeolites was studied under high temperature reaction conditions.
Their local structures were determined by a combination of in situ/operando spectroscopic
measurements and theoretical investigations. I also revealed their catalytic functions for alkane
transformations and NO adsorption properties as well as origins of their excellent functions.
Keywords : Zeolites; In situ/operando spectroscopy, Metal hydrides,; Alkane dehydrogenation;
NO adsorption

EARARLE E o4 EEIT, BESHRHKIC X - TEORLIKESC BTS2 2 s+
%o HOTEMEREZ B 5 M2 T 5121E, SO T T ORGSR IZ DU T B FE )
WE T 5, FAE, Fix O insituloperando 53 FEPNEIZ LV | @l - ROSEE T TEA
T A FPPICAERT DEk % 7ed B e AT 4 R U7z, BEERETHA 2 W CRpTiE G 2 D e
L. S OITITENTAERE « WA RE & 2 ORSRERBURIE OB k) L7,

1. B4 74 AN Ink BV REOFR R L BT & ik FE itV H
BB O RY REEIZRICRZETH Y | BEMEHIZ AR Mo %
BT 5720, FOFHEOFER & EERATIXEARFEEOF I N TCTF vy L D 77

RED—DTHh 5, ? ¢ H ? ?

AW T AR Al In 7 F A2 (In) e gh ™ Nae >500C aof 7 =558 CoHg
ZEAL CHA €474 FIn-CHA)Z  } @ ¢ > e 4 o
500 °C Bl EOEIRT Hy ERISSES "‘%ﬁ" TS S Sy
& In B KU FEXERTHZ L% in In*-e‘xchanged [lnHz/]t@ 1Al site

situ SYEHIEIC LV RER Lz, D 2 CHA zeolite

W FE & DORINARFEER & IREVESRNT L 0 | £ O RFTEE A [InH] " Ch 5 Z & ZHRE L
oo BERIEENOIX, B4 T4 FOMFLIZEY B FY REPAWICIREBESD Z
ET, BIRTCTHREIFETE D Z EnmhoT-, In-CHA [T = & oK Efil
g UCTHERE L, 90h DA EDO RIS THRIE LRV, —J7, BER OBk &l ¢
B2 G ALAT A M Pt ARAEEITE OISR A2 RN, a—F 72k
BEIRPEDIL T & B2 TG &2 FE D . Operando 53 YCIITE « S E R RAT « BRIRREFHHE O
WA L0, In"CidZe < [InHo 2EHRTH DS Z &, In KOV Ga & R U RO R
1 ([InHa]" vs. [GaH )N i@ IR & BHEICB DD Z E 2O M Lz L ERDE—% In

© The Chemical Society of Japan -B201-4pm-04 -



B201-4pm-04 BALEE B102EFES (2022)

t RU REERIIARLZETH Y KIR TOREMENT - FIH
7o U FREOREHI LV | FEESEIoE 2 i L7 2 Tk B Al H3 B

MERLT, BIE, B4 74 MNIZ insitu A% T % Ga & KU NEEZ [GaH,]'l

IR TV, @R TLE

%0 & 5 TR
S

%2 & OEME & BPMEA WL Lo S ek et 2 B E L. B IE Pt Rt bla] %

TF U ARG AR L TV D 2,

2. mFFEPAEALA T A b OFEAHERKE NO WA R O fE

PdEALA T A MIMEIETO NOx Wi & L CTHATH Y, BEIEPED 2 5(bic

[ CEMEPA T S TWD, LLRB S

. WEHEA T B TIZEA T A b~ ]

Wt%L LD PAFEZEANT 5 Z ENHEETH D NOx WAEREDOR EXRRETH -T2,

ARHFFETIE, B NO FEHA FTo
N7 g Pd Doy B IS & R
L.PAEAEAT A NOEMEEKIEE
B U7z, kR A A A CIXIREET
b o T=Pd I F A (PADEANRKES
2720 KEAENSKIEIZH EL

& NO

Atomic
dispersion

CHA zeollte‘ o

Pd-CHA zeolite

(9 5 wiv%), BTG 2 AT 5 NOX WM O BIF - i3 LT, iR FTo s

7 Pd & NO DRt

B 5 in situ XAS JITE & operando DRIFT JIEN 6, EFHSG

2% Pd(0) + 2NO + 2[H']-0z — [Pd*]-20z + N,O + H,0 (Oz : W A U YA ) @

XTRBETEHZLEWALMNITLES,

Local structure

F 7. 2D operando 53 IERIEIZ I f\}ju.{‘»{:i}:{; L‘qjﬁ}
T, BATA b~ PAEA RO jf“pﬁﬁ§ﬂj%!
SV, W NO RO IR S i &R - S
T B2 L bRML, WHEREDL  yodsorption oo b b

LTWENLM ETDHZ Engno %Jrg
72, FEA D 2l FA LA A L L
D PA* AR KT NO W75 D PG A M %””P‘
IZE D, REER PAFRLD EW NO

WHEN BT DNy oTe, Tl BT AU A S OREET
BN TF 2 — = T A E B FEAE LT 4

AE =77

o=

stab'lllty of Pd Catiop

I

-

-

2k ->T. NO

1) Z.Maeno, S. Yasumura, X. Wu, M. Huang, C. Liu, T. Toyao, K. Shimizu, J. Am. Chem. Soc. 2020,
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2)
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3)
2021, 7, 201.
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