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Creation, characteristics and functions of the metal complex two-dimensional polymer
"coordination nanosheet" (Research Center for Science and Technology, Tokyo University of
Science) OHiroshi Nishihara

The coordination nanosheet (CONASH) refers to a ultra- thin film of a two-dimensional
(2D) conjugated polymer composed of metal ions and planar bridging organic m-ligands.
Contrarily to inorganic nanosheets such as graphene and transition metal dichalcogenide
(TMDC), CONASH can be synthesized at the liquid-liquid and gas-liquid interface. There are
numerous combinations of metals and ligands, such that various chemical structures can be
obtained. Also, most coordination reactions proceed under ambient conditions, such that easy
and cheap bottom-up synthetic method can be employed. In fact, by using a coordination
reaction at a two-phase interface such as a liquid-liquid interface or a gas-liquid interface, it is
possible to synthesize nanosheets from multiple layers to single-layer or atomic layer
nanosheets.

In this presentation, synthesis and structures of several examples of coordination
nanosheets and their physical and chemical properties and functions such as electrical
conductivity, redox activity, electrocatalytic properties for hydrogen evolution reactions (HER),
energy storage capacities, electrochromic properties, photo-electron conversion abilities will

be reported.
Keywords : Metal complex; Two-dimensional material; Nanosheet;, Conductivity,
Metalladitholene
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Fig. 1. Concept of “coordination nanosheet”.

1) H. Maeda, R. Sakamoto, H. Nishihara, Coord. Chem. Rev. 2017, 346, 139-149, R. Sakamoto, K.
Takada, T. Pal, H. Maeda, T. Kambe, H. Nishihara, Chem. Commun 2017, 53, 5781-5801, and the
references therein.

3) K.-H. Wu, J. Cao, T. Pal, H. Yang, H. Nishihara, ACS Appl. Energ. Mater. 2021, 4, 5403-5407.

4) K. Sakaushi, H. Nishihara, Acc. Chem. Res. 2021, 54, 3003-3015, and the references therein.

5) Y.-C. Wang, C.-H. Chiang, C.-M. Chang, H. Maeda, N. Fukui, T. Wang, C.-Y. Wen, K.-C. Lu, S.-K.
Huang, W.-B. Jian, C.-W. Chen, K. Tsukagoshi, H. Nishihara, 4dv. Sci. 2021, 2100564.
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BRI EHT 5 PCPIMOF #H DBISE & B
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Development of semiconductive PCP/MOFs ('School of Science, Kwansei Gakuin University)

ODaisuke Tanaka,'

Metal-organic frameworks (MOFs) and porous coordination polymers (CPs) with infinite
metal-sulfur bond (-M-S-), networks have unique electrical conductivities and optical
properties. However, CPs and MOFs with metal-thiolate bonds often exhibit poor
crystallinities, mainly because of the strong M—S bonds and the rapid precipitation of low-
crystalline solids, and are therefore difficult to obtain as single crystals. In this presentation, a
new method allowing one to explore the synthetic conditions of novel MOFs and CPs based
on two machine learning techniques will be reported, namely, 1) the cluster analysis of powder
X-ray diffraction (PXRD) patterns and ii) random forest and decision tree analysis. This
method is applied to the syntheses of novel Ag—S CPs. We will also report various CPs and
MOFs with (-M-S-), networks arranged in one-dimensional chains, two-dimensional layers,
and three dimensionally extended structures. Such materials exhibit high electrical
conductivities and structural stabilities, thus finding numerous applications in electronic
devices.

Keywords : MOFs, Coordination Polymers, Machine Learning, Semiconductor
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UTNAAL T x~T 47 A (M) BDEBZED TWDLN, GREMAOHEZ TO ML OTF
FTBERER LOBETH Y WO EWTFENRD SN TV 5, AL T, KK
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1) “Metal-Organic Frameworks and Coordination Polymers Composed of Sulfur-Based Nodes”
Y. Kamakura, D. Tanaka* Chem. Lett. 2021, 50, 523-533. (Review)

2) “Semiconductive Nature of Lead-Based Metal-Organic Frameworks with Three-Dimensionally
Extended Sulfur Secondary Building Units” Y. Kamakura, P. Chinapang, S. Masaoka, A. Saeki, K.
Ogasawara, S. R. Nishitani, H. Yoshikawa, T. Katayama, N. Tamai, K. Sugimototo, D. Tanaka*,

J. Am. Chem. Soc. 2020, 142,27-32.

3) “Photoconductive Coordination Polymer with a Lead-Sulfur Two-Dimensional Coordination Sheet
Structure” Y. Kamakura, C. Sakura, A. Saeki, S. Masaoka, A. Fukui, D. Kiriya, K. Ogasawara, H.
Yoshikawa, D. Tanaka*, Inorg. Chem. 2021, 60, 5436-5441.

4) “Redox-Active Tin Metal-Organic Framework with a Thiolate-Based Ligand”
Y. Kamakura, S. Fujisawa, K. Takahashi, H. Toshima, Y. Nakatani, H. Yoshikawa, A. Sacki, K.
Ogasawara, D. Tanaka*, Inorg. Chem. 2021, 60, 12691-12695.

5) “Machine-Learning-Assisted Selective Synthesis of Semiconductive Silver Thiolate Coordination
Polymer with Segregated Paths for Holes and Electrons” T. Wakiya, Y. Kamakura, H. Shibahara, K.
Ogasawara, A. Saeki, R. Nishikubo, A. Inokuchi, H. Yoshikawa, D. Tanaka*,

Angew. Chem., Int. Ed. 2021, 60, 23217-23224.

6) “Failure-experiment-supported optimization of poorly reproducible synthetic conditions for novel
lanthanide metal-organic frameworks with two-dimensional secondary building units” Y. Kitamura,
E. Terado, Z. Zhang, H. Yoshikawa, T. Inose, H. Uji-i, M. Tanimizu, A. Inokuchi, Y. Kamakura, D.
Tanaka*, Chem. Eur. J. 2021, 27, 16347-16353.
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MOF D& Rt &R R

(SyncMOF #i izt !) O 22!
Latest Trends in Commercialization of Metal-Organic Frameworks ('SyncMOF Inc.)
O Akihiro Hori,!

As populations grow and living standards improve in developing countries, humanity faces
unprecedented food and resource shortages. In addition, increasing industrial activity has led
to ever-increasing energy consumption, and there are concerns about climate change caused by
global warming. Several initiatives have emerged to decarbonize and move towards a circular
economy in response to these global issues. With 120 countries, including Japan, committing
to " zero CO2 emissions by 2050", the race to decarbonize industries has begun. The financial
and insurance industries, which at first glance seem to be unrelated to decarbonization, are also
part of this competition. In this context, researchers have devoted a significant amount of effort
to developing Metal-Organic Frameworks (MOFs), porous crystals that enable the easy
handling of gases to address this problem. MOFs have now moved beyond research at
universities and are being industrialized by start-ups around the world. Atomis Inc. and
SyncMOF Inc. have been established to commercialize MOFs in Japan. In particular,
SyncMOF has successfully developed its business without any external funding by putting
MOFs into practical use. This presentation will discuss the overview of industrial use of MOFs
and their role in addressing the "gas-related problems."

Keywords : Metal-Organic Frameworks; Gas, Zero Emission; Industrialization
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Polymer Recognition and Separation by Metal-Organic Frameworks
(Graduate School of Engineering, The University of Tokyo) ONobuhiko Hosono

The technology to precisely recognize polymer structures has remain a difficult task even today,
more than 100 years after the discovery of polymer compounds. Recently, we have discovered
that polymers can be inserted into the nano-sized pores of metal-organic frameworks
(MOFs).'? Exploiting this principle, we have succeeded in developing a new polymer
recognition and separation technique that allows for precise recognition of polymers with
minute structural differences which cannot be identified by conventional polymer separation
methods. In this talk, the potential and prospects of the polymer recognition and separation
technologies using MOFs as a recognition field will be discussed.

Keywords : Polymer, Metal-Organic Framework, Porous Coordination Polymer, Recognition,
Separation
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Figure 1. Potentials of polymer recognition and separation by MOF.
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BESIEEY MOF O ERE &It A RAH

(REeE) Odb)Il Z=
Electrically Conductive MOFs (Graduate School of Science, Kyoto University)
OHiroshi Kitagawa

The fundamentals and applications of the study of porous metal-organic frameworks (MOFs)
frameworks and restricted nanopores as platforms for electron and ion conducting media.
Keywords : MOFs; Electrical Conduction, Proton Conduction; Electron Conduction, Proton-
Coupled Redox System

7'a M AL, e bR (Fx V7)) ThHAIBEXRBETHY, EIREM
BFROEM, BT EOBEKILFEIIRT NA RATEB W TARE W e &F 2 7= LT
W5, B EENKEREEOERVICERT & TG THLOICK L, 414
NEEIXBEBROEIC LI DX )V T AT OIS TH S, FD7-D, BEI/N
SLEERT WY FULL AT RITE WA B8 E RS, 5, RAA D
ECAF U EENBREL FT O GEERGHED) A ATk, 7—u K7 v
X IVDIRITIEAFAE RN O T RGBS B EHEA M T vy 7 ERTIC,
PR HY @A A ARENBIH S D,

KFEE, BREEENRTREOODIZ, Ya by (H) Ho7aF v s (He),
ERU RAAY (H) ETHAREMEZED, TOREIZSEUTA A BRPKRE
BT DHZENMBNTWD, B R RAFU TIRERBRE VDI LT,
FOTa R TEA A PRI NS 2D, EOH T e T, T
DEERYTA RIS EEEY A F~OR vy B Iz nic<vy, oL A, kFE
FES A LT olnls - [ifEEE) & #E) L TxiE 9 5 Grotthuss #iEC, 7'
NoMAKRRT VE=TIZ /Y B, XY =2U LA T HORT VE=T LA
4> NHy & U CRBEIT 5 Vehicle M IZ L A EEMARE IS TWS, Z0X 5.
7a b AREERF O T e Nk, oG (ERREAAY) L LTHFEETHDT
372, DRDLPEFORENHE> TWBBEFTHY ., WEIEKOLN Y (Gh
FEEYE) AT AT e o LTCEREIND, ZORAER/KAENRTECHHITE
TH7 e P ATREE L TLEY, FREDEGAIZ UIX LIXEVEEEI B S
Do TOZEIE, AF VD OHOIAREDELIZUNTT 2 b BIEHT 5 2
&L HWHERAMEE AT D a3 VRO A A AZEME, &8 T KE O E RS
ElZmsEIZBHN TV 5, BEERPIZE T A KFOXERBEEOHIENE N2 ks
RO OHEZIES> TVD EE->THIBE TRV,

R TIL. IS ESEA (MOF) OBSCHIIR T/ 22/ 2 B0 4> Din
EIROD T T v N7 4 — LT D RO L SO TS T 5 Y,

1) Proton Transport in Metal-Organic Frameworks, D. Lim and H. Kitagawa, Chemical Reviews, 2020,
120, 8416-8467.
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T BREMBIOT VA & Z DT
(KB tt) B 2
Design of Nano—space Materials and Their Appeal
(R&D section of Taiyokagaku Co. Ltd. ) Hironobu Nanbu

Having succeeded in the first industrial production of mesoporous silica in
Japan, we have been developing applications of mesoporous silica not only
as an adsorbent with high specific surface area but also as a catalyst
carrier and a tool for creating new nanomaterials. Some of the results have
already been implemented in society, and I would like to talk about the
appeal of “nano—tools” by introducing their achievements and looking at the
possibility of integrating them with MOF and other technologies.

Keywords: Mesoporous—silica, Nano—porous carbon, Metal catalyst

1. TMPS (Taiyokagaku Mesoporous Silica) & IX

AV IR—T A 7 TMPS 13— 7R B AE 1. 5~10nm OFIFLAY, =X 2RITHRAIAY
WZEEFI LTV D T U EFLRT, 1,000 m/g TR EfEE2 = L. ERtdEBEN
THIFLIERRZHIEI T X 5, TMPS OIREMELE HIEIX., 7 A BEICAFET 2700
GIEA A T A UMEREIEER 2 A A4 A S, BRI 5 & e
HEHRZPTD HiF TS L2 =Wk 35 TR E . KETNa' M A ZRELT-E. BE
RIZ KV B EZBRET D TENORS (K1), Zor, s =&kooilbd 5
TRICBWT, KINROEE e pH T Ty 7 ) — VEOBKES 2D, U D
SIRTTHEE NSRS L-mE R S B ) W EAREZ RS, N=h A
PRATHFLER D M > T2 AR ER DO XA VY IR—F A Y W EERTHHENTE DL (BE
1) . £72. ZofLEHENE AV, FmiER o s HEEmME, SRIRESEEE 2
DHEIZL - T 1. 5~10nm OFIPH CTHIFLEEZHIE L, R WA 82 HEEET D 5l
bW TETND, HIZERENMORSZFERM L, FHEN20 FrDOFEIET T b
R LTz, (2007 4F)

FAER(TEM)EER

FEHHEL <o) P52k O OBF
el

.vib7d *
(4B AKER) SR

Bias X
mkEﬁ;‘”
0T Sd-h m 1.5~10nm
TR ENE

S . rﬂ W05
1. TMPS EyE vk BB TMPS OO TEN

2. WEEMEEY T A7) v RPBIOBR%

rsnan 7 o id, ERENTRLT 0 ) VBROXEE RS L 5 2 & T, JefliEss
~OMAMNEZEBT D0, BESDFTIELEENE LUK TT 5, 4nm fLO TMPS % 7
a7 o RIS 5 L 2EE L, FFICT) 7 EEN TR E SR IC L
TEIRRIEE ZTER L. el s 1o f B9 254 B L. RERAEZEN A0
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BtE LTOMMDORREMEZIBR L TWD, £z, BRERD 27/ FLNICHE
E L CERAL A EVEI S 2B A E 2 ) LS LR TE, N AP —
HEADTNA AL LTCOISHAREIRFIND,

3. T/ RTEHHH LT HHEEERT R T O

TMPS ZEFH & LT A VHNIZPt R AuIRZEE L CEAL, EBILHAEIC TSR
F R AR LENTE, BRI L > TR Y A P—RICHRLTE 5
(X 2) , TMPS-Pt filiiE D EM: % PROX St 20 F L o D ZEX AL 73 fif % CREAM 9
%L E Pt 2 150°CLL EOINE T THREET HHsfb =N, -20~0COIKIRIK THEL
L7z, ZOHEHMX, 7/ Hbic ks Atk RmEL2 M L7272 T, ¥V
7157 FEE L Pt RO R CTH- 2EERFRZAI L Tns ey FHlsn D, £
7o AT IS E RS O fEEE AR B I 2015 FEE NSRRI FEE ST
Do

B&F /AT

X 2. F /) AHF)LOFRL K3 F )T vy TNAdDfA—

4. TMPS Z#§Rl & LT=F ) R—F X T —R v DIERR

TMPS |23 2 WS D IRFBIRZ B S, WRZRICIRICALE 21TV, SE TIRICEA &
2ol IMPS 7 VA VIS TR ET DL, L7 U M ELTHE mmBED T —R
vay FEEER (F/R—=F A —Ry) »’E6hb, TORREMIT. BHBHIC
RN BN D T —R e OEE IR DENS . 2 OF /) 22 EARARGE 2 fHEF
THFREZRE L -OTRNT D, (NEDOBREFEM 7 2 =7 k. 2008~2014)

5. ®bbvic

Fx X, 2008 FEICBAME STz [F 7 w7 2008 EERT /77 /vy —Ra
i) (o C I AYR—=F 2V B EENEZTDIGH] 27 —~& LT EROHE
iR E R L, [/ 7y 7 KE BF - M) | 2ZEHT HREE2%20T
776

ZHUE, FEMOFFORE RATHEM: E AR & 72 D BEFNLO 7T L MEEE A E <
Pl SN DO TH Y, Fox nE 2 DRI LT 7 ZEMMELO K & 72 ARl &~
KMEEEMTDHIODEFT 2D,

F 7 2RI ENT. EEREDWREHIE LTI TR . BROMESEM & g T
Uy FMbsErE 722 T 7Y —n] & LTORHAREEZMD TV D, LIk ~7=
ATV REINEBEERT D X3 O T 77 v 7V EflA EIFE LA
ARETIXRWTEA D, SDGs % BT EBSAMIFICHE U T, MOF Hiffi 2 & A3 55T
T BB O T A L SRR FIZEB L &7,
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BECEBMERLTRAT-RH PCP/MOF IZLK55RIL—T vy F TR EE

(EMR) O Fts
High throughput gas separation by flexible PCP/MOF with thermal management capability
(Research Initiative for Supra-Materials (RISM), Shinshu University) (OHideki Tanaka

We have focused on flexible PCP/MOF (gate-type adsorbent), which can suppress the heat
generation during CO; uptake by endothermic deforming of its framework structure, and
clarified its excellent CO, separation performance. At the same time, we have proposed a high
throughput gas separation system utilizing the characteristics of the gate-type adsorbent, and
found that its CO; separation efficiency was much higher than that of the conventional system.
In other words, we have demonstrated for the first time that the gate-type adsorbent is useful
for improving the efficiency and energy saving of CO, separation systems, and provided a
guideline for the search and development of novel gate-type adsorbents.D
Keywords : CO; separation, gate-type adsorbent

H & NREICEEER T 5 Z & T CO, ZMV IATEROWAERDREEZIMZ D Z
& DYATREZ2 MK PCP/MOF (77— MR EAD IZH B L, ZOENT CO, FrHfErERE 2 B
e Uiz, RS, 04— MUGERIORNEZ TR0 U @il WS B AT L
BERL, TO COMBENRMUERGTRE L TlRO TEL 2D s A LT,
AWFZEE, 77— MRGERDY CO, DWAE ST BEEIIN > 2T Lo @EmshRl - H v ¥ —
BICEHTHLZ L 2D THLNE LEEbDOTH Y, & SICEMERER 7y — MUk A
BIOBRIE « BIZOI=0 DR LD 2 E MRS D,

1) Intrinsic Thermal Management Capabilities of Flexible Metal-Organic Frameworks for Carbon
Dioxide Separation and Capture, S. Hiraide, H. Tanaka, N. Ishikawa and M. T. Miyahara, ACS App!.
Mater. Interface 2017, 9, 41066.

2) High-throughput gas separation by flexible metal-organic frameworks with fast gating and thermal
management capabilities, S. Hiraide, Y. Sakanaka, H. Kajiro, S. Kawaguchi, M. T. Miyahara, H. Tanaka,
Nat. Commun. 2020, 11, 3867.
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MOF % FA L\ = @5k & 2 B 7' 0 & R DG A & #3253 14 514

(HKREEL) IR =5
Applications and economic evaluations of continuous adsorptive separation processes using
MOFs (Graduate School of Engineering, Nagoya University) Yoshiaki Kawajiri

Many MOFs have been reported to show unique properties for separation, but evaluating
them in large-scale separation processes would require careful analysis. Experimental
investigations to reveal properties of isotherm and kinetics must be performed, which must be
analyzed to obtain information for process design and economic evaluations”. In this
presentation, some case studies of utilizing MOFs for CO; separations are presented including
carbon capture from flue gas, as well as direct air capture?.

Keywords : MOF, separation process; adsorption;, CO;

B x D MOF IZOWTHBEICRE T 2R S ST A0, KRB =& X
WA 2 72 DICFHITT 5 72 OITI T E B RN S EE & 72 5 WE FIRATIN 2 Tl
B LT D EREITo /21, 7 0 AREF & BRFMETEGIC LB AR i A 157
ER B0 D, RFERTIE. MOF % CO, 7RI T 2 BB OFH AN T 5,
FRICHET A6 O bR F B, KON direct air capture (2 DWW T DRI =T D 2,

1) Optimization and techno-economic analysis of rapid temperature swing adsorption (RTSA) process
for carbon capture from coal-fired power plant. S. Swernath, K. Searcy, F. Rezaei, Y. Labreche, R. P.
Lively. M. J. Realff, Y. Kawajiri, Comput. Aided Chem. Eng., 2015, 36, 253.

2) Systems Design and Economic Analysis of Direct Air Capture of CO2 through Temperature Vacuum
Swing Adsorption Using MIL-101(Cr)-PEI-800 and mmen-Mg2(dobpdc) MOF Adsorbents. A. Sinha, L.
A. Darunte, C. W. Jones, M. J. Realff, Y. Kawajiri, Ind. Eng. Chem. Res. 2016, 56, 750.
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BIREFLeEN ! BEEN T LA VT S EHRIM
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Innovations Brought about by Heat Exchange Technologies (Not Only Energy Conservation)
('Research Institute for Energy Conservation, National Institute of Advanced Industrial Science
and Technology (AIST)) OShimpei Saito,! Soumei Baba,' Naoki Takada,' Satoshi Someya!

In October 2020, the Japanese government declared a roadmap to carbon neutrality by 2050
raising the greenhouse gas (GHQG) reduction target for 2030 to 46%. GHG reduction through
energy conservation is inevitable in the fields of, e.g., chemical processes and electronic
devices. Innovative heat exchange technology has the potential; there are high expectations for
the phase-change heat transfer due to its outstanding performances. In this talk, we will first
explain the issues that could be solved by such technologies. In addition, we will introduce
several fundamental but key technologies, including temperature measurement of heat-transfer
surfaces using phosphor particles”, droplet condensation and jumping on nano-fabricated solid
surfaces?, and meso-scale simulations of droplet motion on solid surfaces with heterogeneous
wettability and textured structures® and boiling on a high-temperature body?.

Keywords: Heat Transfer, Phase Change, Energy Conservation

2020 4= 10 A, HABUHIX 12050 Fich—Rr =a— 7L &2 HfET) LnHrey
avEHESL, £0O 10 HF£%I2HT-5 2030 4FEDOR=ENR AT A (GHG) HIJK A IE %,
2013 FEFELE T (26%005) 46%125| % B 7=, 16k L0 KRED CO, T 5%
AR, EV 7 MEIZ XD KERPEHIERN TR INDE T 3 2558 T,
B EIZ KD GHG HEIEEET Tl ZHEERT D AREMEEZ A7 5 DM
B TBGZHET ) CTh Y, [URSTRIEDFZEITHE 5 RE O BRI —HZE v
B\— Tk D IR R E W, AEETIE, £, Bl X o B b E VW
IRBTHMRIEN 7 LA 7 LD ERIEICOWT, B 0B R E e LTHRR5,
7o, MO REENHIEHOBLR BAFERC O 7o oD O BAEAYZE R B ffr & LT, ks
+F D& AR OIRFEFHR],  HOHIN T E A B OFRIREREOW T REE 2, 57
TRV M Y 2 3 o [E (AR TR O VR I B D0 s iRAARJE © ol YIcBi+ 2 A Y 2
= VEAETRIEIRNT & W o Te, FH O OFTE 7 NV—7 TORRA % F.OISHEN T 5,

1) A comprehensive review of particle-based temperature (and velocity) measurement methods,
including ones using phosphor particles, was presented. S. Someya Meas. Sci. Technol. 2021, 32,042001.
2) Solid surfaces were nano-processed to control wettability, resulting in dropwise condensation and
jumping droplets. S. Baba, K. Sawada, K. Tanaka, A. Okamoto, Langmuir, 2020, 36, 10033.

3) Droplet behavior on solid surface with heterogeneous wettability and textured structure was simulated
with the phase-field model-based method. N. Takada, J. Matsumoto, S. Matsumoto, K. Kurihara, J.
Comput. Sci. 2016, 17, 315.

4) Direct numerical simulations of boiling heat-transfer on a cylindrical body was performed using the
lattice Boltzmann method. S. Saito, A. De Rosis, L.L. Fei, K.H. Luo, K. Ebihara, A. Kaneko, Y. Abe,
Phys. Fluids 2021, 33, 023307.

© The Chemical Society of Japan -B301-4am-01 -



B301-4am-02 AZ{b2a B1025SE4 (2022)

RAABRIRILT—FARADE-HDOBELLTA O OD TEILDORE
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(AExY Onepr&Ezt
Development and Application of Microencapsulated Phase Change Material for Utilization of
Unused Thermal Energy  (*Hokkaido University) OTakahiro Nomura,*

Expectations for thermal energy storage technology are “re”rising toward the mass installing
variable renewable energy and the further progress of energy-saving technology. Latent heat
storage, which utilizes the solid-liquid phase change latent heat of a phase change material
(PCM), is attracting attention due to its high heat storage density and a constant phase change
temperature. Our research group is studying core-shell type microencalsulated PCM (MEPCM)
which is composed of metallic PCM with middle-high temperature melting point as the core
and Al,Os as the shell. MEPCM using Al based alloy as a raw material has better thermal energy
storage performance than that of molten salt PCM which is typical PCM for middle-high
temperature applications, and over 3000 cycles durability Y. In addition, MEPCM can be
expected to have the similar versatility as solid sensible heat storage materials widely used in
industry. In this presentation, the development status of medium-high temperature MEPCMs
and its application development.

Keywords - Thermal Energy Storage; Latent Heat; Industrial Waste Heat; Renewable Energy;
Microcapsule

EEWEFAEFRET XL X —OREEARLE 2 58 = /L X —HIF ORI T T,
BN ~DOWIFRF NS D T E > T %, FHZEE (Phase Change Material : PCM)
D EVRFAZ LB EVA R T 2 EEE BN L, S WEEE L &L — IR TOEEE,
BRI AN FTRE 22 s CHEH STV D, 3 B I1E, ikt CER T 548 % PCM
Zay, FIZ AL vzt dh5ar7-va VRoOME~A 7 ah T
(MicroEncapsulated PCM: PCM) DBAFE 2 fiat L C& 72, Al Rz iUk & L CTIERY
L7 MEPCM (%, il PCM & L THABIRG 0@l R PCM L 0 SN 7o EWE
REZFFH. 7> 3000 cycle LA EDIMHAMEAHER SN TS Y, £72, MEPCM i3t F
X v 7 AR RRRICEL Y P 2 B T2 PEZEIZIB W TIA L LT % FEARBHEAE 2V
[FIARDILAMER B CTE 5, AKX TIE, PEiEREROBFIHZ 2 —7 v & L
MEPCM DBIFIRIL & Z DGRBS\ THET 5,

1) N. Sheng, C. Zhu, G. Saito, T. Hiraki, M. Haga, Y. Hasegawa, H. Sakai, T. Akiyama, T. Nomura.
J. Mater. Chem. A, 2018, 6, 18143-18153.
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Energy conversion devices using 1D and 2D nanomaterials (Graduate School of Engineering,
The University of Tokyo) OShigeo Maruyama

One-dimensional nanomaterials, such as single-walled carbon nanotubes', and two-
dimensional nanomaterials, such as graphene and transition-metal dichalcogenides, are being
used in innovative energy conversion devices, such as next-generation solar cells®* and
thermoelectric conversion devices’. We will discuss the potential of low-dimensional
nanomaterials for next-generation energy conversion devices.

Keywords : Carbon Nanotubes; 2D Materials; Solar Cells; Thermoelectric Materials

WA —R T ) Fa—T o EO1RTT /MR 7 = - BRERL AN
VAR F A RIpED 2T/ MBS O KB 2 RGBT A 2 3 e L
DT RNVF =T S A 2B THAINRIEN Z SND L)1 >TETWD. K
WIEDT 7 LR B TIEOUAAR T L F— L7 S 2O FTREMEC S\ C i
5. 1990 ERM LA MAICINT T, 7T =L, A=A F /) Fa—TLrI77=
MWHFOT /M LTRAMCHIES hTE T (Fig ). nTRIL, 7712 T 0
WIE, A—ART /) Fa—7T 1R, 777=0TE2WRILERD. 61T, 21K
TTBEIZHOWTUE, 777 = AW TER Y ROBN)CEBEIE Y A V=T
e F(TMD)@T COFABYE OVERPEA TETWAD. 216 DIERTHEHI A 72
EOME, ERE, BVEREIRISREICE R LT, B KR 2 OB EE
BT N 23 DRENEATND.

Single-Walled
Carbon Nanotubes _a“%

Fullerene
Metallofullerene (G

Double-Walled
Carbon

Multi-Walled
Carbon Nanotubes

Fig. 1: Structure of nano-carbon materials
1) Y. Li, S. Maruyama (ed.), Single-Walled Carbon Nanotubes: Preparation, Property and
Application, Topics in Current Chemistry Collections, Springer 2019.
2) L. Jeon, R. Xiang, A. Shawky, Y. Matsuo, S. Maruyama, Adv. Energy Mater. 2019, 9, 1801312.
3) J. L. Blackburn, A. J. Ferguson, C. Cho, J. C. Grunlan, Adv. Mater. 2018, 30, 1704386.
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Seebeck effect 201st anniversary-thermoelectric conversion, past and future-
(KELK Ltd.) OKatsushi Fukuda

2022 is the 201st anniversary of the discovery of the Seebeck effect, a phenomenon in which
the temperature difference of an object is directly converted into voltage, and the name of the
Seebeck effect comes from Thomas Seebeck, the discoverer of this phenomenon. However,
Seebeck himself argued for the rest of his life that this phenomenon was directly generated by
applying a temperature difference between two substances in a closed circuit. Recently, before
the discovery of Seebeck, a letter was found suggesting that Volta, famous for Voltaic batteries,
discovered the Seebeck effect, and Seebeck was not the first discoverer of this phenomenon,
nor was he able to understand it correctly. become. However, Seebeck's experiment was a very
detailed experiment, and it is his credit to spread this phenomenon to the world.

In this lecture, I would like to look back on the "past" of thermoelectric conversion including
the Seebeck effect and the Perche effect 200 years after the discovery and look at the "future".
Keywords : Seebeck effect, thermoelectric generation, thermoelectric cooling

2022 FIIMEOREADEEICEELEBRINIBARTHL -y 7 2R
A 201 AETHY, BE—Xy 79 ROLDOHRKRIZIZOHAGOHAFZT TH D
Thomas Seebeck IZH KT 25, L2 L7228 5 Seebeck HH T Z DTG E — >0
ORI T oOWEICIREREZZ 5 256 2 I8 BEEOICHES N AE
THEKAETEL W, O TIEE—_y 7 O ALIFTHZHA VX OEMT
H4 7 Volta WE—_y 7RO EZTRIBTHFHRLAODN->TEBY,
Seebeck IZZ DHLDEPOFERETH L, FLELLEHME TE ol
N Z elzlesd, Lol Seebeck DEBRIZIKREMIE InFCZ
DEG WO T=DIE, FHOETHA I,

ARFEFETIX, AL 200 FOB—XRy VPR BLOSNANTF =2 RE2ED
TEEEROZNET” ZIROVKD ) ZaAnD” IZOWTEZELRZWY,

1) Seebeck T. J.: Abhandlungen der Deutschen Akademie der Wissenschaften zu Berlin, 265 (1822).

2) Alessandro Volta: Annali di Chimica e Storia Naturale , 5 132 (1794)
3) fmHE s AABEREE 18, 1,12 (2021)
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Current Status and Future Prospect of Organic Thermoelectric Materials (Global Zero-
emission Research Center-AIST)  OTakao Ishida

Keywords : Thermoelectric Conversion; Conducting Polymer; Unused Heat

IXCOHIT

BEME SN —R T ) Fa—7 (CNT) BSHHLREEMEE LTHER 2O
T2H 1 OFIZ EDORFH NI LTz, MO EVEL R & I U TRFE e EooR LK
THORER DR KRBT m A TRLIET THEFIBRETAREL D & 2AIC
AR B ORI R 8 %o AR OFER TR EEME &S+ 2 P0IC LIZAREGE
MELDOBIRIZOWTERZ L72wy,
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FIOMER(0). PMEHHW EMA A DEROKX TR END,

PF=S'c (1)
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DT —7 57242 —PF) LI REELIK H72 OREZTHY ., QI3
WottERefEs (ZT) EMES, ZT b LIZZ DB REL 2 513 EAVELRBERRITR = <
72 %, 2007 AR FUE 5 AV EE MR 4y 1 polyphenylene vinylene T ZT~0.1 % #45
L7z O35 E MG TS EIRITF TOBEME & L TE X 5 rTREME A 7R L7z d)
DT —HEWZ KD, ZNLRE, R4 BB TEEICEL S OEE RS AL T
7, AEES TOFTHHEAEWEEEENHRE STV D DL poly(3,4-
ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT/PSS) 7 & ™ PEDOT %
MECH D, 2011 FFIZA T = —F )6 PEDOT: (b by 2Lk ViRl tos &M%
)T, 324 pW/m-K2 &\ 9 @\ PF 3t Shv7z[2], 2345 613 PEDOT/PSS 23
WM 2RO 2 EAZER L, IR +3 7e Kk oy 2 ks L 7235612 PEDOT/PSS @
HEMEEZER) LBy 7R ENREL 2D Z L EMR LZ[8], 90% L Lo
TR EBREE Tl B — Xy 7250 ek 65 wV/K, PF~355 pW/m K2 &5 gL L
TITAEERMELE LTI WEVEMERE S oo 7,

PEDOT A#MEHZBI L Tid & HITHBHAERED A B L, 2021 HITIEHF A 22— MT X
S THRLN-EERL - BEEMED PEDOT/PSS T 7000 S/em O EE BRI L - T
PF~800 pW/m-K2 Z# 2 5 L~V E TH T 5[4], S HITHEBMENE W poly(2,5-
bis(3-alkylthiophen-2yl)thieno[3,2-blthiophene (PBTTT) ;&2 ClI & A =— Rk &
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U x V7 R—E U 7iIcko T, BEEESFHEME L TITERENZL 2000
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S EEMRNTICLIAEBEY = — /N 1ERL

ARERMBHZ L HBVETE Y 2 — L OERL - Sl b A TE 72, 10 RN~ THERE
L0 LRS- TETEY, KEEEEHRICTELFE LV LOO, Byt —=
IoT & —HERICIT 2720 2D AEEMENS RIS 225 5, Bl ZAIXFERMF T/
BT 4 UIFE Y 2 — )L T 50K DIREZET 24 pWem® (0.24 W/md) DB 2R L
7216], BIEZOMRIZSHICM ELTEY, MG S rRER LLZEL, ToT &
U —HERE L TCORREMEIZRE T2 [7], L LB CIXAHARMEIOE Y 2 —/L
DIREREN 2B 2 ThDH EBEEET Y 2 — WIZTE 23500 kE Ry, flz e
A AT VIV B E Al o T RS EVEEE 2 2 — LT 100°C UL T DEVA iV, iR 7
91C L WD LM THRE SV HEI1TIE 820 Wm2 DFEREINE LN TWAI[8], Hi
RENEE Y 2 — VOMERDS I RICH AR TROWEIER & LT, MEHERE T2 <. AR
FHEEL AR & O R HT S RS B O Z U R TCIEFICE W E N EZ BN D,
Lo THBMRAELER OB T HETY 2—/Wb% B Lz ECoBEmME O
PR EEPLE T D8 T Z E XML ETHA I,
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Expectation and challenges for thermoelectric generation
(AISIN CORPORATION) OHiroyasu Kojima

Thermoelectric generation is a physical phenomenon (Zebeck effect) discovered 200 years
ago, and has been developed with repeated ups and downs in history. In the old days, it was
used as a power source for munitions communication equipment (1940s). For the space industry,
it was installed in Pioneer 10,11 (1972) and Voyager (1977) and continues to communicate
even now. Since then, no new needs have been proposed, but in recent years, with the spread
of Al and IoT, thermoelectric generation has been attracting attention as an energy harvesting
method for sensor power sources, and as a means of effectively utilizing waste heat for carbon
neutral, which is an international trend. It is regaining attention as a means of effectively
utilizing waste heat. However, there are many problems in practical application such as low
power generation efficiency, toxicity and rarity of materials, and it cannot be said that a large
market has been formed.

In the presentation, we will introduce the expectation and challenges for thermoelectric
generation
Keywords : Thermoelectric generator

EVEER TR 200 FATIZH A SN T-WEELE (B—Xy 7% Th Y, Bl Lk
DR LN BB EINTE R, H<EEFENTEEHMHER: LUEHES
(1940 FAX) . FHEZEIMIT TIZ A =7 10 5,11 & (1972) 9K A 2% — (1977)
ICHEH SNBEE THLBEZME L TV D, ZORITH - =—AD|E TSI T
IR T, IEFER AL ToT O K OHF T, 2VEREITFV——_XZX & LTE
YT EIRIC, £, EEMNRRE 2N THLI I —HRr=a— T ~DHY i
HOPTHROANEROFEL LTHEASNTWSD, LR s, ERkICIE
R ERNR, M EHIEESCH D2 BT 5 L £ <. Rk s
HoTWD LTSV EE,

AGEHE CIIBVERBORYE L IFEIZOWTHEN T 5,

© The Chemical Society of Japan -B301-4pm-03 -



The Chemical Society of Japan The 102nd CSJ Annual Meeting

Symposium | Co-Innovation Program (CIP) | Bio-ventures to fight intractable diseases in a new era of modalities
[B303-4am] Bio-ventures to fight intractable diseases in a new era of

modalities
Chair, Symposium organizer: Hiroaki Suga, Osamu Ohno, Shuichi Yunomura
Sat. Mar 26, 2022 9:00 AM - 11:40 AM B303 (Online Meeting)

[B303-4am-01] Development of acute ischemic therapeutics TMS-007
OTakuro Wakabayashi' (1. TMS Co., Ltd.)
9:00 AM - 9:40 AM
[B303-4am-02] Introducing Co-creation Innovation promoted by the Axcelead
Group
“TOMOYUKI FUJISAWA' (1. Axcelead, Inc.)
9:40 AM - 10:20 AM
[B303-4am-03] Novel cell culture technologies by the utilization of Laminin-E8
fragment protein
OTakuji Yamamoto' (1. MATRIXOME, Inc.)
10:20 AM - 11:00 AM
[B303-4am-04] Curative treatment for genetic diseases utilizing a genome editing
technology
OAkimitsu Hirai' (1. C4U Corporation)
11:00 AM - 11:40 AM

©The Chemical Society of Japan



B303-4am-01 AZ{b2a B1025SE2 (2022)

SRR AE 2R SR SR TMS-007 DB

(AT 4 A X)) FHR R
Development of acute ischemic therapeutics TMS-007 (TMS Co., Ltd.) Takuro Wakabayashi

TMS-007, identified at Tokyo University of Agriculture and Technology, belongs to SMTP
compound family produced by Stachybotrys Microspora, with thrombolytic and anti-
inflammatory activities. The compound is being developed for acute ischemic stroke
therapeutics and demonstrated excellent safety and efficacy profile in its Phase I and Phase Ila
clinical studies. TMS Co., Ltd. entered into an Option Agreement with Biogen in 2018 and then
Biogen executed its option right based on the Phase Ila clinical study outcomes. Thus, further
development of TMS-007 was succeeded by Biogen.

Keywords : TMS-007; SMTP; Stroke

B T RSB IR CRE SN TMS-007 1, AZFAR R A« 270 R
RITDPEATDILEM T 7 2 U —SMTP D—>Th VD | MR E TIIED 2 >DIE
A28 2, rEMIMEEIERFTERE L LCHBHRTH Y, & 1L ORI I
FRERRBR 2T L, BEMEROAEDIICBO TERLZEREDZE LN TS, £-,
2018 A2 K [H Biogen t1 & A7 L a UEK ARG L. 2021 4RI ATHASE T0AH g AR U5R
FIOFEHRIT IS X Biogen tE8A 7 5 VHEAITE LT, THICKY ., A% ORI
Biogen fHIZH| k3D Z & & lr oz,
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Introduction of Co-creation Innovation promoted by Axcelead Group.
(Axcelead, Inc.) oTomoyuki Fujisawa

Axcelead Group? consists of 3 subsidiaries: "Axcelead Drug Discovery Partners?", a spun-

off company from Takeda Pharmaceutical Company, providing the world's highest level one-
stop drug discovery services; "ARCALIS" which will be the first one-stop mRNA
vaccine/therapeutics CDMO in Japan; and "PassPort Technologies" a drug-device combination
product development company based on its unique next-generation transdermal drug delivery
technology. In this talk, we will introduce the Co-creation Innovation initiatives that
Axcelead is currently working on. In particular, we will dig deeper into details of follwoing
topics: the "A-Digital” project, which aims to realize the industrialization of the drug discovery
process, and the collaboration scheme with “IP Generator", where promising drug seeds,
obtained from academia and pharmaceutical companies, will be grown up until determining
compounds as clinical development candidates and be out-licensed them to pharmaceutical
companies at the non-clinical stage.

Keywords : Axcelead Drug Discovery Partners; ARCALIS; PassPort Technologies, A-Digital;
1P Generator

77 ) —FE RAES TERRSHOAER T T v F T 4 — L FHELZ ALY LT
7 M LT LR s K HE DO IERE IR AIFE Y — B X 2213 % [Axcelead Drug
Discovery Partners?|., HATME— & 705 T A kv 7% nRNA [E3E 5 CDMO FHED
JEEPH Z FHEI4 2 TARCALIS] ., A OO YR HHARHR Bz B 38 it % G- il 2 iy & 9~ 2 RllEA~
F % — [PassPort Technologies| ZZE FIZ L9, A#ETIL, BIET 7 &Y — K
TTHIF TV 5D Co—creation Innovation DEFLIZOWTHMLET, 20 TH. Al
W7 A TENOEREZRAEL Lz A-Digital 7oy =27 b 7T 7 LRERS
B A LRRAIFE S — X2 Y AL BRI L SR E £ T B4 THEME LIERR 2
TV TR A~OENE T DFHELTDH IP PR —F — L OEBREON
FIZOWVWTHRES 2 TRETTS
Promotion videos of 1) Axcelead Group and 2) Axcelead Drug Discovery Partners (“Axcelead DDP”) are available bellow.

1) Axcelead Group 38X 0'2) Axcelead Drug DiscoveryPartners D7/’ mE—3 g L ETAZLITFNS B2
£7, <Axcelead Group> <Axcelead DDP>
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Novel cell culture technologies by the utilization of Laminin-E8 fragment protein (Matrixome,
Inc.) OTakuji Yamamoto

Matrixome, Inc. was established based on the research about Laminin-E8 fragment protein
by Prof. Sekiguchi in the Institute for Protein Research in Osaka University in 2015. Matrixome,
Inc. is an academic start-up venture company invested by Osaka univ. and Nippi Inc. Our core
technology of Laminin-E8 fragment protein is 1/5 of full-length laminin protein including C-
terminal integrin binding region. Laminin-E8 fragment protein has better binding activity than
the full-length Laminin protein against integrin on the cell surface, therefore it’s not necessary
to pre-coat on the cell culture plate. We also have the information about the binding
combination between laminin isoform and integrin isoform by Matrixome research. This
information provides the researchers and industry the right cell culture substrate as best niche
for culture cell. We are trying to perform our business to develop both of the academic research
and company’s activities.

Keywords : Laminin-ES8 Fragment, Cell Culture Substrate; Extracellular Matrix; Regenerative
Medicine,; Pluripotent Stem Cell

St~ NY 7 Yy —2a0F, B0 S (RIRKFPEAENSETT) 23 T->727 I =2 E8
Wik 2 o X7 B O R A S LIS, 2015 FFICRY. SN REFAL — T v IN
AFRXTF v =24 T, BaxOHFBEHEINTH L7 I = B8 Wi & X7 BiX, &
EDZ7I=0 20 7O C Kz G/ 5 0D 1 ORESOZ /B TT,

ZDOESWT R X X EIL, MRRE X VNI ETHDHA T T v EREST DEMT
éfa?&’/}’//\&%ff*f ZOTI=UEMRh U NIEIR, AROTI=F N

BLob, A7 70 Ak L THROLEERTEEZ R LE T, ZORWEATEMEZF]
ﬂﬁ“é Z LT Lo T, EkDOMPEETEE TITMATH - 7o, MBI 2 M fu b8 2k
HCTHANIA—T 4 7T HTREEART L ENARBIZRD £ L, £ 541X
HMifsh~ RV > 7 25 R B OJREAFFRICHGEET 5 Z LI K> T, Mifafso A
TFITVTAI T H—hE EOTI=TA I T —IBERTI0EREELEL
7oV, ZTORERERIT, MIREEEZ1T O BRORERIEELEZ LT DOIEFITAHE
BRI E 72> TR MlaE AW D A7 b T PEEIICB W T H EERERT
bHEBEZONET, Bxld, INOOMERREZEELT LT, TATIv Y
IR EPEEABIEL L, WA ORBIZFL LIWEBZTEBY £7,

1) Molecular profiling of the basement membrane of pluripotent epiblast cells in post-implantation stage
mouse embryos S. Futaki, I Nakano, M Kawasaki, N Sanzen, K Sekiguchi, Regen. Ther. 2019, 12, 55.
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Curative treatment for genetic diseases utilizing a genome editing technology (C4U
Corporation) OAkimitsu Hirai

Currently, CRISPR technology is widely used as a genome editing technology following the
long experience of ZFN and TALEN technologies. Especially, Nobel prize winner CRISPR-
Cas9 is well-known and has been utilized in research and development in academia as well as
industries. In Japan, CRISPR-Cas3 technology was invented by Prof. Tomoji Mashimo of the
University of Tokyo, et al. and have been utilized in the fields of medical care, agriculture and
fishery, and industry. Due to longer guide RNA (crRNA), CRISPR-Cas3 has no off-target
editing that might cause a side effect. In addition, CRISPR-Cas3 could make a large deletion
comparing to Cas9 and it would be suitable to knock out a specific exon of a gene.

Therefore, by using CRSIPR-Cas3, it is possible to cure genetic diseases, for instance,
pediatric genetic diseases to which there is no curative treatment. To save a life of a child and/or
make QOL of such child better has a great value. I would like to explain how CRISPR-Cas3
works in the medical field and the activities of a venture company that works on a gene
treatment and/or a cell treatment to genetic diseases.

Once we could obtain proof of concept by treatment of such pediatric genetic diseases, we
will expand this technology to cure other diseases of which the number of patients is huge, such
as ophthalmic disease, myogenic disease, rheumatoid arthritis, infectious disease and so on.
Gene therapy and cell therapy together with CRISPR-Cas3 will dramatically change the health
care field of the world and certainly provide us with promising future.

Keywords : Gene editing; CRISPR-Cas3; Gene therapy; Cell therapy; Genetic diseases;

ZFN % O TALEN #1172 b O 72 DI FERR & ~— A2, BIfE, 7/ AR &
LT CRISPR #HIRNES WGBTS, FRZ, —~VE %5 H L7 CRISPR-Cas9
IFAELT, THTIT TR & LV EERTHLMELORICEDNL TS, BART
HE AL AHEZ 512K W CRISPR-Cas3 FANASRIA S, B, ¥ - a3k, fE¥
JGRED B CEDIL TN D, LD WA K RNA (crRNA) #4A 9 % 728, CRISPR-
Cas3 3% —7" v b DNA EOXE TRV ZEINT 2 W) A7 % =5y R
<. BWER DR WL W Leir b Db >T5h, £72, CRISPR-Cas3 (% Cas9 LY b
JRK #—7%" > kN DNA 2895 Z EMNAMEE T, ZHUC L W BIETORFEDT Y Vv
/)77 NTAHIEIERLTND,

Z @ CRISPR-Cas3 % WAL, T E TRIGIEEDITE L2 o TG TR R,
B Z I N OB FIRBEIRETHZENTE, M, QOL ZEHbE W) E
RCREREREZA L TWDH, AiEH TIL, CRISPR-Cas3 Hifi B EROMHIR T LD X
INTIEHEIN T ZBRB L, XU F v —RBEIC L D8 FEREBICHT 28 71E
PR ORI IR~ DY fLA E B9 D,

Zo Xz, FF. NROBMLRAEROIBEIZI T proof of concept & LT 5 2
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Luminescent Properties of Lanthanide Complexes with Phosphine
Oxide Ligands Containing Polyaromatic Frameworks
(Faculty of Engineering, Hokkaido University) OYuichi Kitagawa

Keywords: Lanthanide complex; Luminescence; Europium; Polycyclic aromatic hydrocarbon;
Sensor

Lanthanides include 15 &) e ST EE R
elements (Figure 1a, La, Ce, B ==

Pr, Nd, Pm, Sm, Eu, Gd, Tb, Y Lorthan _ I
Dy, Ho, Er, Tm, Yb, and Lu), Lanthanide _S:r_'es
which form stable trivalent A2 & P&

)
ions. The lanthanide ions are -+ )j&,
. 4f-4f emission
characterized by an A’ <A ,, ‘\

C

incompletely filled 4f shell
(with  the exception of
Lu(ll)). The 4f orbitals are
shielded from the
surrounding by the filled 5s
and 5p orbitals. Therefore,
4f—4f electronic transitions
produce sharp emission lines
(full width at half-maximum, (fwhm) < 10 nm).}? Lanthanide(lIl) complexes, composed of
lanthanide(l11) ions (with a luminescent center) and organic ligands (strong light absorbers),
provide strong luminescence (Figure 1b—c). Organic ligand design is a key factor for the
enhancement of brightness. Recently, | have built some model systems of strongly luminescent
lanthanide complexes with phosphine oxide ligands based on polycyclic aromatic
hydrocarbons.®>” These complexes displayed both bright emission®* and physical sensing
properties.>’ In this presentation, | will showcase a novel molecular design strategy for bright
luminescent lanthanide complexes with polyaromatic-based ligands.

Luminescent center
Strong light absorber

Fig. 1 (a) Lanthanides in the periodic table, (b) Structure of
the luminescent lanthanide complex (c) Luminescent
photograph based on lanthanide complexes.

1) J.-C. G. Bunzli, Coord. Chem. Rev. 293, 19-47 (2015). 2) J.-C. G. Bunzli, Chem. Rev., 2010, 110,
2729-2755. 3) Y. Kitagawa, F. Suzue, T. Nakanishi, K. Fushimi, Y. Hasegawa, Dalton Trans.47, 7327-
7332 (2020). 4) Y. Kitagawa, F. Suzue, T. Nakanishi, K. Fushimi, T. Seki, H. Ito, Y. Hasegawa, Commun.
Chem.3, 1-7 (2020). 5) Y. Kitagawa, M. Kumagai, T. Nakanishi, K. Fushimi, Y. Hasegawa, Inorg. Chem.
59, 5865-5871 (2020). 6) Y. Kitagawa, M. Kumagai, P. P. Ferreira da Rosa, K. Fushimi, Y. Hasegawa,
Chem. Eur.-J. 27, 264-269 (2021). 7) Y. Kitagawa, A. Naito, K. Fushimi, Y. Hasegawa, Chem. Eur.-J.
27, 2279-2283 (2021).
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Spin-correlated Luminescence of Organic Radicals and
Radical-based Metal Complexes

(‘Institute for Molecular Science, *JST-PRESTO) OTetsuro Kusamoto
Keywords: Radicals; Luminescence; Spin; Magnetic field effect

Introduction

Stable organic radicals have long been considered as non-emissive or highly
light-sensitive species. Recent developments of luminescent radicals have revealed their
unique emission characteristics based on the doublet states, such as efficient exciton
generation in electroluminescent devices and the absence of heavy atom effect.! We have
developed a highly photostable luminescent radical PyBTM (Figure 1la).”> The
photofunctions of PyBTM can be enhanced by coordination to metal ions; for example, the
photoluminescence quantum yield, fluorescence wavelength, and the stability in the
photoexcited state all increases upon coordination to Au'.?

One of the important challenges that remains unexplored in the studies of luminescent
radicals is to develop photofunctions based on the interplay between luminescence and spin,
which are difficult (or impossible) for conventional closed-shell photoemissive molecules to
achieve. To tackle this challenge, I focus on magnetic-field-controlled photofunctions of
radicals as their novel spin-correlated luminescence properties. Here I show recent progress
on magnetic-field-responsive luminescence (i.e., magnetoluminescence) of radicals.

Magnetoluminescence of radicals doped into solid matrix

We investigated the emission properties of PyBTM that was doped into host molecular
crystals.* The 0.05 wt%-doped crystals displayed luminescence attributed to a radical
monomer with a room-temperature emission quantum yield of 89%, which is exceptionally
high among organic radicals. A new broad emission band assignable to an excimer emerged
at longer wavelength region as the doping concentration increased. The 10 wt%-doped
crystals displayed both PyBTM monomer-like and excimer-centered emission bands, and
the intensity ratio of the two bands changed drastically by applying a magnetic field of up to
18 T at 4.2 K (Figure 1b). This is the first observation of magnetoluminescence of organic

© (d)
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Figure 1. (a) Chemical structure of PyBTM. (b) Magnetic field dependence of emission spectra of 10
wt%-doped crystals at 4.2 K. (c,d) Scheme of magnetic field effects on (c) radicals in the present system and
(d) conventional ground-state closed-shell molecules.
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radicals. Detailed investigations on time-resolved emission and quantum mechanical
simulations allowed to establish a plausible mechanism for the magnetoluminescence, then
disclosed the role of the magnetic field; it dominantly affects the spin sublevel population of
radical dimers in the ground states.’ This situation is distinctly different from that in
conventional closed-shell molecules, where the magnetic field modulate their excited-state
spin multiplicity (Figures lc,d). Namely, the spin degree of freedom of ground-state
open-shell molecules is a new key for achieving magnetic-field-controlled molecular
photofunctions. The magnetoluminescence could also be observed in the other radical or
radical-Zn complex doping systems,®’ suggesting the generality of magnetic field effects on
the luminescence of radicals.

Magnetoluminescence of radical-based1D and 2D coordination polymers

Magnetoluminescence was shown to be achieved not only by radicals doped in host
matrices but also by radicals periodically arranged in crystal lattices.® The luminescence
properties of bisPyTM and trisPyM radicals and their 1D and 2D Zn" coordination
polymers (CPs) were investigated (Figure 2). Although solid-state emissions of bisPyTM
and trisPyM were not affected significantly by external magnetic field at 4.2 K, those of
CPs were greatly modulated. We propose that the reduction of radical-radical interactions
in CPs is a key for achieving magnetoluminescence. Because CPs have advantages in the
molecular designability and property tunability, including inter-/intramolecular electronic
and magnetic interactions, over randomly dispersed doping systems, the methodology
developed here would contribute to molecular designs for developing spin-luminescence
correlated phenomena.

trisPyM
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L Ny T G 500 600 700 800 900

Wavelength / nm

¥
2
Eavg o T
)‘ g 2>
2T o S
Bs
Intensity

Figure 2. (a) Crystal structure of trisPyM-based 2D CP and chemical structures of its components (b) Magnetic
field dependence of emission spectra of the 2D CP at 4.2 K.

1) T. Kusamoto and S. Kimura, Chem. Lett., 2021, 50, 1445, 2) Y. Hattori, T. Kusamoto and H. Nishihara, Angew.
Chem. Int. Ed., 2014, 53, 11845. 3) Y. Hattori, T. Kusamoto and H. Nishihara, Angew. Chemie Int. Ed., 2015, 54,
3731. 4) S. Kimura, T. Kusamoto, S. Kimura, K. Kato, Y. Teki and H. Nishihara, Angew. Chem. Int. Ed., 2018,
57, 12711.5) S. Kimura, S. Kimura, K. Kato, Y. Teki, H. Nishihara and T. Kusamoto, Chem. Sci., 2021, 12, 2025.
6) S. Kimura, S. Kimura, H. Nishihara and T. Kusamoto, Chem. Commun., 2020, 56, 11195. 7) R. Matsuoka, S.
Kimura and T. Kusamoto, ChemPhotoChem, 2021, 5, 669. 8) S. Kimura, R. Matsuoka, S. Kimura, H. Nishihara
and T. Kusamoto, J. Am. Chem. Soc., 2021, 143, 5610.
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Spontaneous dissociation of charge-transfer type excitons in
organic solid-state films

(Center for Organic Photonics and Electronics Research (OPERA), Kyushu University)
(OHajime Nakanotani

Keywords: charge-transfer type exciton; exciton dissociation; thermally-activated delayed
fluorescence; spontaneous orientation polarization

Clarification of the role of the spin-state that initiates exciton dissociation is critical to
attaining a fundamental understanding of the mechanism of organic optoelectronics devices.
For example, the formation of low-energy triplet excitons via recombination of
photogenerated carriers is generally considered a major energy-loss pathway in donor—
acceptor (D—A) blend-type organic photovoltaics (/), leading to a low carrier extraction
yield. Indeed, an excited spin-triplet state with an energy lower than that of excited
spin-singlet state is disadvantageous in exciton dissociation. However, a small electron
exchange integral results in small singlet-triplet energy splitting in some material systems
(2). Therefore, if the energy level of an excited spin-triplet is nearly isoenergetically aligned
with that of an excited spin-singlet, the question arises as to which excited spin state is
advantageous for the dissociation events following the formation of the exciton (Fig. 1).

In this work, we therefore focused on the exciton dissociation dynamics of a
highly-doped polar organic molecules exhibiting thermally-activated delayed fluorescence
(TADF) in host molecules, i.e., 2,4,5,6-tetra(9H-carbazol-9-yl)iso-phthalonitrile (4CzIPN)
doped CBP film, because the excited spin-triplet is nearly isoenergetically aligned with that
of an excited spin-singlet. Figure 2a shows the transient photoluminescence (TRPL)
profiles for 4CzIPN:CBP film. After the photoexcitation light was turned off, two
components in the emission decay were observed in the measurement time range of ~2 ms:
an inherent radiative decay due to 4CzIPN and a long-lived emission decay arising from
slow recombination of charge carriers dissociated from the 4CzIPN excitons (3). Notably,
the excitons of 4CzIPN can also dissociate upon application of an external voltage to the
films, and the long-lived emission intensity become stronger with increasing of the voltage,
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indicating that the charge carriers generated by the dissociation of excitons can essentially
maintain a stable state at least on the millisecond time scale in the film.

We then evaluated the electrical-field-modulated TRPL in the 50-wt%-4CzIPN:CBP
film to directly confirm the spin-selective exciton dissociation. The delayed component
(intrinsic delayed fluorescence lifetime via *CT1) in the 50-wt%-4CzIPN:CBP film with a
negative voltage was appreciably attenuated compared with that of the device without an
electric field, whereas the prompt decay component was unchanged (Fig. 2b). These results
clearly suggest that the charge separation event after the formation of the excitonic states
occurs selectively via the excited spin-triplet state and that the dissociation probability of
the singlet excitons, contributing to the rapid radiative relaxation, is negligibly low (Fig. 2¢).
In fact, the relaxation time of the PL quenching after applying the external electric field is
over several microseconds in the 4CzIPN:CBP film, indicating that the charge carriers are
formed slowly (Fig. 2a).

We believe that our observations highlight that the charge separation following the
exciton dissociation from the triplet CT states rather than the singlet CT states is inherently
critical (4). In this presentation, we will discuss the experimental results in more detail.
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1) T. M. Clarke, et al., Chem. Rev. 2010, 110, 6736. 2) H. Nakanotani, et al., Chem. Lett. 2021, 50,
938. 3) T. Yamanaka, et al., Nat. Comm. 2019, 10, 5748. 4) T. Yamanaka, et al., (in press)
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Post-synthetic surface modification of perovskite nanocrystals for LED applications
(‘Graduate School of Organic Materials Science, Yamagata University,) OTakayuki Chiba'

Cesium lead halide perovskites nanocrystals (NCs), CsPbX; (X = Cl, Br, 1), have attracted
much attention for apply in light-emitting devices (LEDs), owing to their high color purity and
narrow full width at half maximum over the entire visible-wavelength range as well as their
low-cost solution processing' ™. Recently, metal halide treatment of perovskite nanocrystals
(NCs) have explored to improve photoluminescence quantum efficiency (PLQY), colloidal
stability, and performance of light-emitting devices (LEDs)*”. In this work, we demonstrate
the lead(Il) bromide (PbBr,) doping CsPbBr; NCs by post-synthetic treatment”. In general,
PbBr; is insoluble in non-polar solvent such as toluene. The use of quaternary ammonium salt,
didodecyldimethylammonium bromide (DDAB), enabled the complete dissolution of PbBr, in
toluene. The PbBr,-DDAB doping treatment facilitated surface crystal growth and
simultaneously enhanced the colloidal stability (more than 6 months). The PbBr, doped NCs
exhibited a high PLQY (83.9% solution, 66.6% for film), excellent thermal stability, and
enhancement of LED performances.

Keywords : perovskite nanocrystal, post-synthetic treatment, light-emitting devices

ABNNTG A RO T AHA bF /7 fEd (CsPbXs, X=Cl, Br,I) 1L, @&\ E I
P ECHEMROTRNIE AR MVER L, BATRER AR TH D Z L b, ey A
A — K (LED) MEtE LTHIfF SN T2 1, 4, a7 v 7 =4 U RO FES
fEEE DL ELEZ K LT/ ffa ORI RF ST s 9,

AGEIE TIE, X7 AIA N kSO @O EN & LED FrEom k& F5m
LI2&B T A RIEO R—7FEERNT 25 Y, —IC, BT BRI CH
D RNVEAIRIETH D0, Wk T =0 L2 HAMBEfEE S L Cind 22 &
T, MU TEALSADEME T 5 2 & &2 R L7z, & L7z CsPbBrs & RALERTAIK
Z 80°C [T TMEMIEHE L, ZIRAICHK R T 5 2 & T, FME IR L E M
NmETBEELIZ, XuTADA MRS LED O &Rk ikth Lz,

1) T. Chiba, Y. Hayashi, H. Ebe, K. Hoshi, J. Sato, S. Sato, Y.-J. Pu, S. Ohisa, J. Kido, Nat. Photon. 12,
681-687 (2018).

2) T. Chiba, S. Ishikawa, J. Sato, Y. Takahashi, H. Ebe, S. Ohisa, J. Kido, Adv. Opt. Mater. 2000289
(2020).

3) W.-C. Chen, Y.-H. Fang, L.-G. Chen, F.-C. Liang, Z.-L. Yan, H. Ebe, Y. Takahashi, T. Chiba, J. Kido,
C.-C. Kuo, Chem. Eng. J. 414, 128866 (2021).

4) T. Chiba, J. Sato, S. Ishikawa, Y. Takahashi, H. Ebe, S. Sumikoshi, S. Ohisa, J. Kido, ACS Appl.
Mater. Interfaces 12, 53891 (2020).

5) T. Chiba, Y. Takahashi, J. Sato, S. Ishikawa, H. Ebe, K. Tamura, S. Ohisa, J. Kido, ACS Appl. Mater.
Interfaces 12, 45574 (2020).
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Synthesis Strategy of Ag-Based Multinary Quantum Dots from the
Perspective of Controlling Emission Properties

(*Graduate School of Engineering, Nagoya University, 2JST-PRESTO)

OTatsuya Kameyama'-?

Keywords: Quantum Dots; Semiconductor Nanoparticles; Colloidal Synthesis,
Photoluminescence; Band-edge Emission; I-111-VI Semiconductor

The synthesis and application of semiconductor quantum dots (QDs) have recently become
one of the main topics of nano-colloidal chemistry. Conventional QDs such as CdSe, CdTe and
PbSe have (1) a wide absorption band, (2) a high photoluminescence quantum yield (PL QY),
and (3) a controllable energy gap (E,) due to the quantum size effect. Because of these attractive
optical properties, QDs have become key materials for optical and optoelectronic applications
such as biological markers, light emitting devices, and solar cells. However, one of the biggest
problems of CdSe and PbSe were that they contain highly toxic elements and therefore have
limitations for commercial QD-based applications.

To overcome this disadvantage, efforts have been focused on the preparation of multinary
semiconductor QDs consisting of a group I-11I-VI semiconductor, such as CulnS; and AgInS..
These low-toxic semiconductor QDs having a direct band gap and a large absorption coefficient
have been extensively studied as luminescent and absorbing materials. Due to many efforts,
these multinary QDs have been developed to show sufficiently strong emission (PL QY > 80%)
in visible and the near-infrared (NIR) light regions. Unlike conventional binary QDs, the E, of
I-II1-VI-based multinary QDs can be conveniently altered by changing the particle size as well
as their chemical composition. Group I-III-VI semiconductors can easily form a solid solution
with a group II-VI semiconductor having a similar crystal structure, and the particle
composition greatly influences the E, of QDs.

So far, we have developed I-11I-VI-based semiconductor QDs of ZnS-AgInS, (ZAIS) solid
solution with good PL properties and have been working on the control of their PL wavelength
in the visible wavelength region by tuning in their size and chemical composition of the solid
solution.'”® Furthermore, we have found that ZAIS QDs precisely synthesized in this manner
are useful not only as light-emitting materials but also as energy conversion materials such as
photocatalysts and sensitizers in solar cells. However, further improvements in the optical and
photoelectrochemical properties are needed to replace high-quality conventional QDs with
these multinary QDs. Recent advances in I-III-VI-based semiconductor QDs and their solid
solutions for photoluminescence and photoelectrochemical applications will be present in this
presentation.

1) T. Kameyama, et al., J. Phys. Chem. Lett., 2014, 5, 336. 2) T. Kameyama, et al., J. Phys. Chem. C.,
2015, 119, 24740. 3) T. Kameyama, et al., Electrochemistry, 2018, 6, 291.
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(BRELE) PIHREKREO
Carbon Neutrality---Toward the Circular and Ecological Economy
(Ministry of the Environment) Tokutaro NAKAI

We are now at a major turning point to a new era, as the world faces the two global crises of
the coronavirus pandemic and climate change. With the global move toward climate action.
Japan has also declared that it will aim to achieve net-zero emissions and a decarbonized
society by 2050. It is now essential to go beyond environmental protection, and to engage
into the transition to a new civilization characterized by a sustainable socio-economic system.
The Ministry of the Environment, Japan promotes a socio-economic redesign through the
three transitions: the transition to a decarbonized society, the transition to a circular economy,
and the transition to a self-reliant and decentralized society. In a "Circular and Ecological
Economy," different resources are circulated within each region, leading to symbiosis and
exchange with neighboring regions according to the unique characteristics of each region .
Keywords . Carbon Neutrality; the Circular and Ecological Economy

FexiTanF ERUEGEE VO ZoDERRICER LTV | K& 2RO AT
W5, KUESEHEA~OXHSITIRI b REREE LTV, HARTYH, 2050 F7
—Rr=a— IV, BURFHEOEBRZEHRETELEEZES LTS, 2R
BiasFh 2 LA RSB T, VAT T I ARRKRFEES L WO FiT- 2 RS~k
WRVEEL 70 %, BREEE CIX TRFHS~OBIT), MERRFE~OBIT), [HE
HARILAEHDA~DOBAIT) LD 3OOBITZBE UIRFMEEO Y T A v —EilED,
AR Ly B AR RS O USRS IR & e RERVE A L 72 23 & B - O Ot 2
ik Lo, MIORHEIZE U TEREME LI AE 9 Z &Ik HIkolE hh ik
FRICHIES 2 g ItAERE ) 2 8k L T 2 &L LT 5,
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[HFEBOEAN] ITHE () BRA/REHN?

(BRHFBEBUIAM AP =
Could science or chemistry contribute the social movement “The sea is
longing for the forest” ? (Moune Institute for Forest-Sato-Sea Studies)

[Introduction] We are now in the Anthropocene characterized by climate change. Our
world has lost its morality and continues to destroy the environment in a war that human
being cannot win. Could science, particularly chemistry, stop the world from spinning out of
control? We must relearn the knowledge of our ancestors. It is ordinary citizens, rather than
scientists, that normally spearhead these shifts. Could science and chemistry corroborate
such a wholistic outlook and contribute to our survival in the Anthropocene era?

[Development] Japan is an ocean-forest rich country surrounded by many distinct seas
and almost completely covered by forests. It can be seen as a primeval earth-life system.
There is the ancient knowledge of the fish-breeding forest, a concept that well preserved
near-shore forests provide plentiful fish stocks. This has been popularized by “The sea is
longing for the forest”, a movement attracting global interest since 1989 and headed by an
oyster-culture fisherman, S.Hatakeyama, which asserts that extensive forests can enhance
brackish-water biological production along the entire coast.

Specialization in science has rapidly advanced in recent years, resulting in large gaps to
our integrated understanding of complex problems, such as global environmental issues. In
2003, a new integrated scientific field of study was created at Kyoto University to expound
on the inter-connectedness of forest and sea with the purpose of promoting the restoration of
nature and society, called the Connectivity of Hills, Humans and Oceans (CoHHO) Studies.

[Turn] Two notable studies were conducted relating to the fish-breeding forest concept.
One is the “Giant fish-breeding forest” study, which revealed that forests and wetlands along
the Amur River unquestionably contribute to enhancing primary production in the Oyashio
in the northwestern Pacific Ocean, a world rich fishing ground (Shiraiwa, 2011). Another
was conducted by Yamashita et.a/(2021) who investigated estuarine fish fauna using e-DNA
and conducted big-data analysis of all environmental and social data in 22 selected rivers all
over Japan, finding a direct relationship between forest-cover and number of endangered
species. These scientifically support the “The sea is longing for the forest” concept.

[Conclusion] The author asks, “Can science resolve real environmental issues?” One
serious global issue is the division of ecosystems by humans resulting in social discord,
such as the construction of huge seawalls in the Isahaya bay and the Sanriku region. To

reach a resolution we should conduct trans-disciplinary research combining “The sea is
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longing for the forest” and CoHHO Studies, with life, water and circulation as keywords.

The author is hopeful that chemistry can contribute to bridging time and space to

relearn the forgotten knowledge of ecosystem inter-connectedness of the past to benefit

future generations.

Keywords : The Sea is longing for the forest, Connectivity of Hills, Humans and Ocean
(CoHHO) studies
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