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Exploring Innovative Multi-element Nanomaterials in Unknown Search Space (Graduate
School of Science, Kyoto University) OHiroshi Kitagawa

We aim to create new materials with innovative functions by drawing out the latent potential
of chemical elements to the fullest extent through the synergy of multiple elements. So, we are
expanding materials search space into unknown areas, such as multi-element compounds and
metastable phases. In terms of multi-element system, one may discover a variety of new phases
(e.g., crystalline or amorphous phase) and design materials positively using diverse types of
defects. As for metastable phases, one may develop new materials through kinetic-control
processes or nonequilibrium synthesis, realize desired crystalline phases and physical
properties, enhance ion diffusion, battery capacity, and catalytic reaction, and control reversible
phases. We have also developed effective methods to create materials, including computational
science/data science/high-throughput screening methods/nonequilibrium processes/in-situ
measurements that are directly connected to informatics. The outcomes of this research area
will be integrated to construct the science of the advanced usage of elements and the foundation
for creating new functional materials.

Keywords : Multi-element; Alloy, Nanomaterials; High-throughput Screening; Catalysis
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Surface Characterizations of Multi-element High-entropy Nanoalloys by High-throughput
Infrared Spectroscopy and Practical Application to Catalyst Discovery (Advanced Ceramics
Research Center, Nagoya Institute of Technology) (OMasaaki Haneda, Yoshihide Nishida

Infrared (IR) spectroscopy is well-known technique to obtain an information on the surface
chemical state of catalyst material. In this case, IR spectra of probe molecule adsorbed on the
catalyst surface are measured. In this presentation, the experimental results concerning the
relationship between the catalysis and the surface chemical state, estimated by IR spectroscopy,
of multi-element high-entropy nano-alloy catalysts will be introduced. Our recent
investigations focusing on high-throughput IR spectroscopy performed for practical application
to catalyst discovery will also be introduced.

Keywords : High-throughput Infrared Spectroscopy, Catalyst Surface Characterization; Multi-
element High-entropy Nano-alloy Catalyst
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1) C. Lamberti, A. Zecchina, E. Groppo, S. Bordiga, Chem. Soc. Rev. 2010, 39, 4951.

2) K. Kusada, H. Kitagawa, Mater. Horiz. 2022, 9, 547.

3) B. Huang, H. Kobayashi, T. Yamamoto, T. Toriyama, S. Matsumura, Y. Nishida, K. Sato, K.
Nagaoka, M. Haneda, W. Xie, Y. Nanba, M. Koyama, F. Wang, S. Kawaguchi, Y. Kubota, H.
Kitagawa, Angew. Chem. Int. Ed. 2019, 58, 2230.
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Prediction of Catalytic Activity and Synthesis Conditions of Multielement Nanoalloy Catalysts

with Machine Learning Model and Direct Inverse Analysis of the Model (School of Science
and Technology, Meiji University) OHiromasa Kaneko

By using chemical data, a mathematical model y=f(x) can be constructed between features
X, such as synthesis and process conditions including raw materials and reaction conditions,
and objective variables y, such as properties and activities of molecules and materials. Then,
we can predict new experiments, propose efficient ways to proceed with experiments, and
design x values for which y has target values. In addition to the research related to chemical
data and models, networking among researchers and social awareness activities will be
presented.
Keywords : Multielement Nanoalloy Catalysts, Machine Learning Model, Catalyst Design,
Direct Inverse Analysis, Feature Importance

Lot FT ) BB O GRS - MGG T B A SR, B KU O S SR
ORISR & B ZE 8L x, RBETE VRSO AME & Vo T ERE A BIIE S y & LT,
T—HERWTHERFEIC LD BTV y=1(x) 2HET 5, TETLEHNDLZ &
THEBRENZ x OfEND y Ofiz FHITE %,

% uFE T/ BEMBEOBIRICKE LR Z L IXTT LOMEN. Tbb y O HEE
NHENEREBAT L7200 x OFTRTHD, 727772 fNT X, x OB
TINERBIZAERL, TNLEETMMIAS LT y OfEEFRIL, THIENBA 72
(RAB > 7 A iR T 5 | AT 2 MEREAICAR 0 I 3 I 2 AT Ic 3 7y, o
NTIIADRRE Lz x OEZBHPHICBIT S y OFHNCT &, BOHEE L2
T ERBT DHEBEOHERITIIRIE TE 2V, S HIT, x OFITHT L THREEI%
(CEER 72 (BARY o T VBB R T 5720, GG - fEREC T v A5M, B
FOMRIE D S SO R Al 4o E & 2 T B JE L 7= 8RR 72 W AT I AN RTRE T 5,

UHFEE T, y DENS x OEZEHMICTHT S, 37bbET V% BT
(SIS 2 TIECTH 2 EHENFTIE Z BT LT\ 5, BT /L O EHE AT X
Dy OBAIREN S FNEERT L ODOXx DEEZ TRITE 5, S 512 y B
T b LB RN EBGET 2568 THLRETOMRED BIEEE A2 27 x OfEE##
RAFETH D, AR TITET LR LT T /L OEAERSRITIC X 5 FRIOME
FERERRITT D,

i

A
AWFZED —EIE, BREEE THUBCE IRIEER 408 U 7o Bl R SR KIS 1) 1 7 Hog O Ak e ity
DPFFE « KiEFH) IZK Y EfShi,

© The Chemical Society of Japan -A1431-3am-03 -



tty3zy

HAR{LFES E104F5EFES (2024)

¥

SURSIL | A/ R=2aVHATOSS L (CIP)  PCP/IMOFD I 5RZEE | SRS L UHLARGE

B8 2024438208 () 9:00 ~ 11:40 T A1432(142 88 [3[£] 1432)

[A1432-3am] PCP/MOFD T 5 B3 HE | Bkt H K UH L HBRA

BR. PRI ULRGRE AME. HFEBA. SR FHE. L) & EEEE

ZAMERMSDF (PCP) HBWVIILRE-GHEEE (MOF) rIFEN3MEEIZ. 2B AV GHRY VH—H
573N IRTERINCESVWZAUEEEZE L. BRCHEXZZBIH/HAENII -3, 2L T MLl
DHEH5T TEBK BENTIHELS MEiE ©XIC. ARAREBICLZITE. 98, HiE. BRE. SLUMEZR
i, BREREEIILDETIHRLABDBICEITZEAIBEEINTVET, SEOEYS 3 VTl S50k
BEEDSRACAOEWDEA. 543 E5EELICMZ T, PCP/MOFDFH -RIGHABIRZHE I L3 RHOMERR

THELERIB LT, CHLBRBICFESEIZczBELET,

HRED 7 r— bADTHOhZEBEVWWEL X7,

9:00 ~ 9:05
Rk

O BAE® EFRE
9:05 ~ 9:55

[A1432-3am-01]
T/ EREFALEES S TAIR
Ofert =1 (1. RRAF)

® BAE® KiEEE

9:55 ~10:25

[A1432-3am-02]

TILS T VT IL—EgEE AUV 3 A RAK D RRDIBE
Omgr &' (1. mEKZE)

10:25 ~10:35
R

© HE® KFEEE

10:35 ~ 11:05

[A1432-3am-03]

MEZE/MT U b= X . PCP/MOF®D B RigE 1 & #ERERT R

O K& (1. LEEKRE 714 —X5 2 RKE)

® OARE® KEEEE

11:05 ~ 11:35

[A1432-3am-04]

LA MERMNEDFOH S RILE HADBEADIGA
OF= E2—1 (1. diBEkRE)

11:35~11:40
EiESE32

© 2024 RNEHEEABERCES


https://form.csj.jp/view.php?id=188486

A1432-3am-01 AXL2ES B1045SE2 (2024)

T/ ERZEMRALERESS FRIH
GRABET) Ofitt sish

Nanopores to Create Precision Polymers (Graduate School of Engineering, The University of
Tokyo) OTakashi Uemura

Designing nano-sized pores of metal-organic frameworks (MOFs) with a regular arrangement of
reactive/interactive/responsive entities offers the possibility of universal polymer production and
purification that cannot be accomplished by conventional methods. Use of their regulated and
tunable channels for a field of polymerization allows multi-level controls of macromolecules and
nanographenes. In addition, construction of nanocomposites between MOFs and polymers provides
unprecedented material platforms to accomplish many nanoscale functions. We have also developed
direct insertion of polymers into nanochannels of MOFs, which enables powerful macromolecular
recognition and separation technologies with exceptionally high selectivity.

Keywords: MOF; Polymer; Nanographenes, Recognition; Separation
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(1) (a) Chem. Soc. Rev. 38, 1228 (2009). (b) Chem. Soc. Rev. 46,3108 (2017). (¢c) Chem. Commun. 54,
11843, (2018). (d) Matter 3, 652, (2020). (e) Acc. Chem. Res. 54,3593 (2021).

(2) (a) Chem. Commun. 5968 (2005). (b) Macromolecules 41, 87 (2008). (c) J. Am. Chem. Soc. 132,
4917 (2010). (d) J. Am. Chem. Soc. 141, 19565 (2019). (e) Nature Commun., 9, 329 (2018). (f)
Nature Synth. 2, 848 (2023). (g) Nature Chem. 5,335 (2013). (h) Nature Commun. 11, 3573 (2020).
(i) Nature Commun. 6, 7473 (2015).

(3) (a) Chem. Sci. 12, 12576 (2021). (b) Nature Commun. 9, 3635 (2018). (¢) J. Am. Chem. Soc. 142,
3701 (2020). (d), Angew. Chem. Int. Ed. 60, 11830 (2021). (e) Chem 9, 2817 (2023).
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Construction of visible-light-driven photocatalytic water splitting systems using Prussian blue
analogues (Graduate School of Engineering, Kyoto University) ORyu Abe

The construction of Z-scheme water splitting systems, which consist of two different
photocatalysts and an electron mediator, is an effective approach toward harvesting a wide
portion of the solar light spectrum; however, the success has often depended on the affinity
between photocatalyst surfaces and electron mediator. Herein, an effective strategy for
overcoming this issue is reported: activation of originally inactive materials via surface
modification with metal hexacyanoferrate (MHCF) nanoparticles, thus expanding the choice
of Hr-evolving photocatalysts. It is also disclosed that some MHCF nanoparticles function as
effective solid electron mediators for achieving interparticle Z-scheme water splitting.
Keywords : Photocatalysts, Z-Scheme Water Splitting, Visible Light, Prussian Blue Analogues,
Electron Mediators
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1) R. Abe, J. Tang et al., Chem. Rev. 2018, 118, 5201.
2) H. Matsuoka, R. Abe et al., Solar RRL 2023, 2300431 (12 page).
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Materials Space-Tectonics: Higher-Order Structural Control and Functional Exploration of
PCP/MOF (!Graduate School of Engineering, Nagoya University, *University of Queensland)
OYusuke Yamauchi':2

PCPs/MOFs, with their large surface area, hold promise for diverse applications. However,
the presence of organic sites within the framework limits electrical conductivity, making
PCPs/MOFs unsuitable for electrochemical applications like energy storage/conversion.
Utilizing molecular templating and polymer coating, we achieve precise control over
PCP/MOF morphology and pores on a meso-to-macro scale. Direct thermal decomposition of
these PCPs/MOFs allows for functional exploration.

Keywords: Porous Materials;, Carbon
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Vitrification of nonporous coordination polymers and their application to gas separation
(Faculty of Environmental Earth Science, Hokkaido University)OShin-ichiro Noro

Gas separation is one of the porous functions, and many porous coordination polymers or
metal-organic frameworks (PCPs or MOFs) have been investigated for their gas separation
ability. On the other hand, researchers have yet to use nonporous coordination polymers (NCPs)
without pores for gas separation. We have focused on the ability of nonporous organic polymer
membranes to separate gas mixtures through gas dissolution and diffusion mechanisms and
have found that selective gas permeation can be achieved by vitrification of NCPs.

Keywords : Porous Coordination Polymer/Metal-Organic  Framework; Nonporous
Coordination Polymer, Vitrification, Selective Gas Permeation
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1) Composite with a Glassy Nonporous Coordination Polymer Enhances Gas Adsorption Selectivity. X.
Zheng, M. Kato, Y. Uemura, D. Matsumura, 1. Yagi, K. Takahashi, S. Noro, T. Nakamura, /norg. Chem.
2023, 62, 1257.
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Thermal Energy Recycling and Upgrading ('Graduate School of Engineering, Nagoya
University) ONoriyuki Kobayashi'

Thermal energy has a lower energy density than other forms of energy, making its use
more costly. To promote the use of thermal energy in the future, it is important to develop
technologies to recycle or upgrade the quality of heat according to the form of thermal energy,
such as compounds, hot water, and hot air, and it is also essential to develop materials with the
capabilities to support these technologies. It is also important to design technologies that can
use thermal energy in different ways when it is stored and then dissipated. In recent years, there
has been a focus on thermal storage not only for energy saving in industrial processes, but also
for electric vehicles. Furthermore, large-capacity storage is also attracting attention as a method
for leveling the demand for electricity from renewable energy sources. The important
performance indicators for any application are heat storage density, heat charge/discharge rate,
and upgradability (temperature rise and temperature fall), but these performances are often
competitive. Thus, the design must take into account the heat transfer rate, mass transfer rate,
and chemical reaction rate, as well as material selection.

In this presentation, the concept of these technologies, recent trends, and examples of the
speakers' efforts will be discussed.

Keywords : heat, thermal energy, technology, thermal energy storage, upgrading
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Heat utilization system using low-temperature regenerated clay adsorbent (‘National Institute
of Advanced Industrial Science and Technology) OMasaya Suzuki', Hidetaka Miyahara',
Kazuko Mampuku'

We conducted a demonstration test of an offline heat transport system using
HASClay, a clay-based adsorbent that can be dried at temperatures below 100 degrees
Celsius, with separate heat recovery locations and heat utilization locations. At the
heat recovery site, waste heat of approximately 100 degrees Celsius generated by the
gas engine cogeneration system equipment in the factory was used to dry the
adsorbent by introducing it into a tank filled with 5.5 tons of Hasclay. Heat utilization
was carried out at a swimming center 2 km away, and a tank filled with Hasclay was
transported on a large trailer. At the swimming center, the high-temperature air
generated by supplying high-humidity air from the heated pool to a tank filled with
Hasclay was used as a heat source to heat the 25-meter pool and supply hot water for
the bathrooms. Dry air at room temperature after being used for heating was used not
only to ventilate the pool ceiling and heat the pool interior, but also to prevent
condensation. In this offline heat transport demonstration test, 50 round-trip
operations were conducted and a heat storage efficiency of over 90% was confirmed.
The swimming center is still utilizing heat, and its running costs are in the black.
Keywords : Heat transport; clay-based adsorbent; waste heat;, low temperature drying,
HASClay
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Advances in Thermal Engineering and Challenge to Carbon
Neutrality

(School of Engineering, Tokyo Institute of Technology) O Katsunori Hanamura
Keywords: Thermal Contact Resistance; Heat Flux; Energy Conversion Efficiency; Phonon
Engineering; Molecular Dynamics

For protection of global warming, many challenging researches for reduction of emission
of carbon dioxide are conducting in thermal engineering from macroscopic and microscopic
aspects though not directly as a DAC (Direct Air Capture). They are focusing on decrease in
thermal resistance, increase in heat flux and energy conversion efficiency using phonon or
photon engineering and molecular dynamics associated with nanoscale technologies and
measurement skills.

Heat transfer is based on transport of vibrational motion waves (Phonons) with a various
frequency. Using a nanoscale hall array (phononic crystal) in Fig.1(a), the frequency and the
direction of Phonons, i.e., the heat flux can be controlled in a thin substrate. In an atomic scale,
a superlattice structure made alternatively by two atomic GaN layers and two atomic AIN layers
at the interface between a GaN semiconductor and a diamond heat spreader produces a
spontaneous piezo-electric coherent wave transport to increase the heat flux to remove the hot
spot generated around an area close to the Drain in the HEMT (High Electron Mobility
Transistor) device as shown in Fig.1(b). In molecular and polymer scales, Triptycene-OH
structure made on an Au surface provides a low thermal contact resistance since the water
molecules intercalate into the clearance of the structure of the SAMs (Self Assembly Materials)
to increase a chance of energy transport as shown in Fig.1(c). The measurement of molecular-
level thermal properties of the SAMs is developed successfully with a high resolution through
near-field radiation effect depending strongly on the distance between the top surface of
molecules and a sharp probe edge as shown in Fig.1(d). Using a TWA (Thermal Wave Analysis)
method, the thermal diffusivity of the sample with only a sub-millimeter size can be measured
as shown in Fig.1(e). In Fig.1(e), the thermal diffusivities of an Erythritol-COF (Covalent
Organic Framework) and a Mannitol-COF could be measured for thermal storage materials
with a high heat transfer framework structure. In addition, a 13-Phage virus will become a
candidate for high thermal diffusivity electric-insulators by an arrangement of orientation and
a choice of decorating molecules as shown in Fig.1(f). For generation of electricity, a solar TPV
(Thermo-Photo-Voltaic) system provides a high impact for the carbon neutrality. In this system,
a tungsten emitter temperature rises by a concentrated solar energy, then the thermal radiation
emitted from the tungsten emitter surface is converted into electricity, depending on bandgaps
of the top and the bottom semiconductors as shown in Fig.1(g). On the other hand, thermal
radiation with a long wavelength is almost reflected by the surface of Au-mirrorlike back
electrode. Relating to this system, spectral control of near-field radiation by a pillar array
structured surface is conducting as shown in Fig.1(h). Using the spectral control of radiation, a
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temperature of a thin film made of silica beads in a transparent plastic matrix on an Ag layer
becomes lower than the atmospheric one even in day-time as shown in Fig.1(i).

Many researches for carbon neutrality are successfully developed in a range of laboratory-
scale. However, it is not easy to install those ideas into practical systems as a quantitative
contribution for reduction of emission of carbon dioxide.
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Fig.1 Various challenges to carbon neutrality from thermal engineering aspects
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Real-system Computational Chemistry for Data-driven Materials Development and Its
Applications to Multi-elemental High Entropy Materials (Research Initiative for Supra
Materials, Shinshu University) OMichihisa Koyama

The challenges in applying materials informatics to functional materials are to predict not only
functionality but also stability, and to realize activity prediction that incorporates the
heterogeneity of the active site structure of the real system. The author has clarified the origin
of the properties that differ from those of the bulk by first-principles calculations of real systems
that incorporate the real system structure without simplification by using a supercomputer. In
addition, about 10,000 data points have been accumulated using nano-alloy structural models.
In order not only to discover active new materials but also to create materials useful to society,
it is important to construct a digital twin corresponding to physical space (physical space) in
virtual space (cyberspace) to explore and evaluate materials at a throughput that surpasses that
of experimental science. The author will present the details of ongoing efforts and future
prospects, based on concrete examples in the multi-elemental materials.

Keywords : Computational Chemistry, Multi-element material; Real-system; Digital Screening
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1) Unfolding adsorption on metal nanoparticles: Connecting stability with catalysis, J. Dean, M. G.
Taylor, G. Mpourmpakis, Sci. Adv. 2019, 5, eaax5101.
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2) Thermodynamic stability of Pd—Ru alloy nanoparticles: Combination of density functional
theory calculation, supervised learning, and Wang—Landau sampling, Y. Nanba, M. Koyama,
Phys. Chem. Chem. Phys. 2022, 24, 15452-15461.

3) Noble-Metal High-Entropy-Alloy Nanoparticles: Atomic-Level In-sight into the Electronic
Structure, D. Wu, K. Kusada, Y. Nanba, M. Koyama, T. Yamamoto, T. Toriyama, S. Matsumura,
0. Seo, I. Gueye, J. Kim, L. S. R. Kumara, O. Sakata, S. Kawaguchi, Y. Kubota, H. Kitagawa, J.
Am. Chem. Soc. 2022, 144, 3365-3369.

4) Thermodynamic Stabilities of PARuM (M = Cu, Rh, Ir, Au) Alloy Nanoparticles Assessed by
Wang-Landau Sampling Combined with DFT Calculations and Multiple Regression Analysis, Y.
Nanba, M. Koyama, Bull. Chem. Soc. Jpn. 2021, 94, 2484-2492.

5) Density Functional Theory and Machine Learning Description and Prediction of Oxygen Atom
Chemisorption on Platinum Surfaces and Nanoparticles, D. S. Rivera Rocabado, Y. Nanba, M.
Koyama, ACS Omega 2021, 6, 17424—-17432.

6) Highly Stable and Active Solid-Solution-Alloy Three-Way Catalyst by Utilizing
Configurational-Entropy Effect, K. Kusada, D. Wu, Y. Nanba, M. Koyama, T. Yamamoto, X. Quy
Tran, T. Toriyama, S. Matsumura, A. Ito, K. Sato, K. Nagaoka, O. Seo, C. Song, Y. Chen, N.
Palina, L. S. R. Kumara, S. Hiroi, O. Sakata, S. Kawaguchi, Y. Kubota, H. Kitagawa, Adv. Mater.
2021, 2005206.

7) An Element-Based Generalized Coordination Number for Predicting the Oxygen Binding
Energy on Pt3M (M = Co, Ni, or Cu) Alloy Nanoparticles, Y. Nanba, M. Koyama, ACS Omega
2021, 6 (2021) 3218-3226

8) Electronic Structure and Phase Stability of PtsM (M = Co, Ni, and Cu) Bimetallic
Nanoparticles, D. S. R. Rocabado, Y. Nanba, M. Koyama, Comput. Mater. Sci. 2020, 184, 109874.
9) NO Adsorption on 4d and 5d Transition Metal (Rh, Pd, Ag, Ir, and Pt) Nanoparticles: Density
Functional Theory Study and Supervised Learning, Y. Nanba, M. Koyama, J. Phys. Chem. C
2019, 123, 28114-28122.

10) The Effect of SnO»(110) Supports on the Geometrical and Electronic Properties of Platinum
Nanoparticles, D. S. R. Rocabado, T. Ishimoto, M.Koyama. SN Appl. Sci. 2019, 1, 1485.

11) Theoretical study of tetrahedral site occupation by hydrogen in Pd nanoparticles, T. Ishimoto,
M. Koyama, J. Chem. Phys. 2018, 148, 034705.

12) Structural Stability of Ruthenium Nanoparticles: A Density Functional Theory Study, Y.
Nanba, T. Ishimoto, M. Koyama, J. Phys. Chem. C 2017, 121, 27445-27445.

13) Electronic Structure and Phase Stability of PdPt Nanoparticles, T. Ishimoto, M. Koyama, J.
Phys. Chem. Lett. 2016, 7, 736—740.
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Analysis of Atomic Arrangement and Electronic States in Multi-element Nanoalloys using
SPring-8 (‘JASRI, “Shimane University) ONaomi Kawamura,' Yasumasa Takagi,' Shogo
Kawaguchi,l Hiroki Yamada,' Ibrahima Gueye,1 Hirotaka Ashitani,’ Koji Ohara,” Kei Hiroi,’
and Osami Sakata '

Multi-element nanoalloys are materials composed of many elements, and their crystal
structures (including local atomic arrangements) and electronic states are of interest because of
the potential for innovative functions that differ from the properties of each element. X-ray
diffraction (XRD) to determine crystal structure and atomic arrangement, photoelectron
spectroscopy (PES) and X-ray absorption spectroscopy (XAS) to determine element-specific
electronic states are effective tools. In the case of multi-element nanoalloys, it is difficult to
obtain detailed information on the atomic arrangement and electronic states. However, XRD,
hard X-ray PES (HAXPES), and X-ray absorption and emission spectroscopy (XAS & XES)
can be used for highly efficient and accurate analysis by utilizing their properties owing to
SPring-8 with the low-emittance and high-brilliance synchrotron radiation X-rays emitted from
undulator light source. Currently, in order to provide information for materials informatics,
atomic arrangement and element-specified electronic states are analyzed by applying these
methods to multi-element nanoalloys by promoting high-throughput and automation of these
measurement methods. In this talk, we will introduce these techniques to elucidate the unique
functionalities of multi-element nanoalloys from the viewpoint of atomic arrangement and
electronic structure.

Keywords : Multi-element Nanoalloys;, X-ray Diffraction, Hard X-ray Photoelectron
Spectroscopy, X-ray Absorption and Emission Spectroscopy
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Fig. (a) High-throughput XRD measurement system at BL13XU, (b) HAXPES measurement
system under actual reaction environment at BL46XU, and (c) High-efficience XES
measurement system at BL39XU.
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Advanced Transmission Electron Microscopy for the Studies of Multi-Element Metal
Nanoparticles (‘Department of Applied Quantum Physics and Nuclear Engineering, Kyushu
University, *The Ultramicroscopy Research Center, Kyushu University, *National Institute of
Technology, Kurume College) O Yasukazu Murakami,'? Tomokazu Yamamoto,'? Youichiro
Kawami,” Syo Matsumura®

Progress in the science and technologies of multi-element metal nanoparticles inspires
further development in the scientific measurements which allow for high-throughput data
collection and analysis of the catalytic nanoparticles. Transmission electron microscopy can be
a powerful tool for the multidisciplinary research of multi-element metal nanoparticles in terms
of the morphology, crystal structure, chemical composition, valency, etc. However, it remains
yet challenging to achieve the automated data collection/analysis in transmission electron
microscopy, as the data quality is highly dependent on the proficiency of scientists. To tackle
this problem, the authors attempt to develop basic methods regarding the automated data
collection/analysis of catalysts nanoparticles using scanning transmission electron microscopy
(STEM).

As displayed in Fig. 1, STEM provides an element-sensitive image, in which metallic
nanoparticles can be highlighted due to the difference in the cross section of inelastic electron
scattering from that of support material. To determine the positions of nanoparticles in a STEM
image, the authors applied the method of objective detection with the aid of deep learning. The
other method referred to as segmentation enabled further advanced image analysis: that is, the
latter method identifies the unfavored portion in STEM, in which two nanoparticles are
overlayed with reference to the incident electrons. Application of those methods to analytical
electron microscopy promotes high-throughput collection of chemical maps obtained by
energy-dispersive X-ray spectroscopy (EDS) and other such useful data.

This study was partly supported by “Demonstration Project of Innovative Catalyst
Technology for Decarbonization through Regional Resource Recycling” from the Ministry of
the Environment, Japan.

Keywords : Electron Microscopy,; Deep Learning, Nanoparticle; Catalyst; Image Analysis
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STEM Determination of Data Acquisition from
Observation E> Nanoparticle Positions E> Nanoparticles

Electron >

Metal Nano- Automated Identification
particles of Metal Nanoparticles

X1 ZEkT/ BeOETEMENI LD ABFTOY —27 7 u—,
Fig.1 Schematic illustration of automated transmission electron microscopy for multi-
element metal nanoparticles.
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Efficient Materials Discovery for Exhaust Gas Purification Alloy Catalysts Using Process
Informatics (' Honda R&D Co., Ltd) OHitoshi Mikami,' Hiroto Tsuchiya,' Azusa Kamiyama,'
Masafumi Sakota,’

High-entropy alloys (HEAs) consisting of five or more constituent elements have been
applied to catalysts, and multi-element nano-alloy catalysts with specific reactivity and
durability have been reported. HEAs, unlike conventional alloys, is characterized by
incorporating a diverse array of elements. This alloy not only constitutes isoatomic fraction
solid solution alloys but also encompasses compositionally complex alloys with non-uniform
element ratios, alloys containing multiple principal elements, and precipitates with non-
uniform ratios. Consequently, there exists the potential for the emergence of a novel alloy
system that deviates from traditional alloy frameworks, offering anticipated superior properties.

In the discovery for HEAs catalysts, there is a huge search space for element and composition
selection and optimization of synthetic conditions. In addition, alloy catalysts have alloy-
specific degradation issues such as alloy separation and degradation of support materials due
to separated elements, making it difficult to screen only by digital space and initial activity.

We have developed a high-throughput screening evaluation system with the ability to
evaluate purification performance in consideration of durability and to collect, store, and
analyze large amounts of data, coupled with efficient exploration of elements, compositions,
and synthetic conditions using process informatics. This article introduces effective automotive
exhaust gas purification catalysts for low-temperature activity and low cost, as well as practical
applications and future developments.

Keywords : high-throughput screening, initial degradation, Automotive catalyst, multi-element
nano-alloy
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Catalytic performance on HEA catalysts Comparison of Initial and Durability performance
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1) Materials Research Method using Smart Materials Informatics, A. Furukawa, T. Ikeda, T. Okayama,
Honda R&D Technical Review, 2017, 29, 84.

2) Search for Alloy Catalyst for Automobile Exhaust Gas by Means of Integrated Flow of Experiments,
First-principles Calculation, and Materials Informatics, S. Hirose, H. Mikami, M. Sakota, H. Takeori, T.
Okayama, Honda R&D Technical Review, 2020, 32, 97.

3) Highly Stable and Active Solid-Solution-Alloy Three-Way Catalyst by Utilizing Configurational-
Entropy Effect, Kusada, K.; Wu, D.; Nanba, Y.; Koyama, M.; Yamamoto, T.; Tran, X. Q.; Toriyama, T.;
Matsumura, S.; Ito, A.; Sato, K.; et al. Adv. Mater. 2021, 33,2005206.
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Regenerative drug discovery using HGF protein (Kringle Pharma, Inc.) OXiichi Adachi

HGF (Hepatocyte Growth Factor) is a multifunctional biological protein that protects,
regenerates and repairs tissues and organs. Kringle Pharma has established a system for the
production of pharmaceutical-grade recombinant human HGF and is using this as a platform
to advance the development of novel regenerative therapeutics for rare diseases. Focusing on
our late-stage pipeline, acute spinal cord injury and vocal fold scarring, this presentation will
outline the prospects for commercialization.

Keywords : Hepatocyte Growth Factor; recombinant protein, regenerative drug; spinal cord
injury; vocal fold scarring
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The Challenge of a Biotech Venture: Development of Darinaparsin, a Novel Anticancer Drug,
and its Expansion into Asia (Solasia Pharma KK) Yoshihiro Arai

“Solasia” is a coined word combining the Latin words "Sol" for the sun and "Asia," and was
established with the aim of contributing to not only Japanese patients but also Asian patients
as a Japan-originated bio-venture company. In order to realize this corporate mission, we are
aiming for clinical development and commercialization in the Asian market.

Darinaparsin is an organic arsenic compound with a glutathione conjugate structure. It is a
novel antineoplastic agent that inhibits tumor growth by inducing apoptosis and cell cycle arrest
in tumor cells through causing mitochondrial dysfunction and promoting the production of
intracellular reactive oxygen species?. It was first commercialized in Japan after its efficacy
and safety were demonstrated in an International joint clinical trial for the treatment of relapsed
or refractory peripheral T-cell lymphoma?. Relapsed or refractory peripheral T-cell lymphoma
has not been established as a standard therapy, and darinaparsin is expected to contribute to
clinical practice as a new treatment option for this disease, and we aim to commercialize
Darinaparsin in Asian countries in the future.

Keywords : Darinaparsin, Peripheral T-cell lymphoma, International joint clinical trial
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1) Yuan B, et al. Int J Mol Sci. 2023; 24: 2282
2) Kim WS, et al. Blood Adv. 2023. doi: 10.1182/bloodadvances.2022008615. Epub ahead of print.

© The Chemical Society of Japan -A1432-3pm-02 -



A1432-3pm-03 BALSS B104BSES (2024)

RO ITHAEENHINT S —GO O U THEER

MASHEFH TR CEO
B IERARZE LR F v — i FE FEH—58

An Era When Pioneering Researchers Succeed — GO OUT Strategy
Kazuo Tsubota, MD, PhD, MBA

CEOQO, Tsubota Laboratory, Inc.

Association of Startups from Keio University School of Medicine

In 2023, Japan's pharmaceutical and medical device import surplus exceeded ¥5.3
trillion. Researchers suggest the traditional system, where research leads to
industrialization by large companies, is breaking down. Due to a decrease in the development
capabilities of large corporations, new strategies are needed for drug development. We propose the
"GO OUT Strategy,” where researchers step outside their own specialties to start new
industries through entrepreneurship. This lecture will explore the theory and practice of
the GO OUT Strategy.

Keywords: Innovation, Import Surplus,; Entrepreneurship,; Researcher, Development
Capability
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Heat utilization technologies for carbon neutrality
(ONaoki Shikazono (Institute of Industrial Science, The University of Tokyo)

Heat utilization technologies in the era of carbon neutrality will be very different from those
using storable and inexpensive fossil fuels. In this presentation, Future perspectives on the
challenges of the current heat utilization technology and its future prospects will be presented.

Keywords . Carbon neutrality; Heat utilization; Energy flow; Variable renewable energy
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kW-class Thermoelectric Generator System Using Thermosyphon Heat Exchanger
("YANMAR HOLDINGS CO., LTD.) OShuji Tamaki'

A thermoelectric generator is a promising candidate for waste heat recovery technology,
since it has no moving part, and then, can be a reliable system without vibration and noise.
However, only pW-W class generators are commercialized, which have little impact on energy
saving. In contrast to this, we have realized the kW class thermoelectric generator system by
using the thermosyphon heat exchanger for heat recovery and transfer. In this presentation, how
problems on commercialization are solved by our thermoelectric generator system will be
discussed.

Keywords : Thermoelectric Generator, Energy Conversion,; Heat Transfer; Thermosyphon
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New thermal energy conversion technology: Semiconductor-sensitized thermal cell
(‘Department of Materials Science and Engineering, Tokyo Institute of Technology,
“elleThermo, Ltd.) OSachiko Matsushita'-?

We posed ourselves an academic question, wondering if it was possible for a dye-sensitized
solar cell (DSC) to convert heat into electricity by using thermally excited charges of
semiconductors in a similar redox reaction that occurs with photo-excited charges of dyes. We
named this new technology the Semiconductor-Sensitized Thermal cell (STC) with respect to
the DSC. Our experiments confirmed that power can be generated using the STC above room
temperature and that redox reactions of electrolyte ions due to thermally excited charges can
indeed be used to generate electricity. However, in long-term measurements, we discovered
that power generation stops when the STC reaches a thermal equilibrium state. Depending on
the design of the STC, the discharge capacity can be restored by heat when the circuit is
switched off to an open system. In our talk, we will explain these phenomena using Nernst's
equation and present our perspective on the solution to energy problems.

Keywords : semiconductor; non-equilibrium thermodynamics; renewable energy; zero-carbon;
global energy issue
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(1) Matsushita, S.; Tsuruoka, A.; Kobayashi, E.; Isobe, T.; Nakajima, A. Redox reactions by thermally
excited charge carriers: towards sensitized thermal cells. Mater. Horiz. 2017, 4, 649-656,
10.1039/C7MHO00108H. DOI: 10.1039/C7MHO00108H.

(2) Inagawa, Y.; Isobe, T.; Nakajima, A.; Matsushita, S. Ag2S-Sensitized Thermal Cell. J. Phys. Chem.
C 2019, /123 (19), 12135-12141. DOI: 10.1021/acs.jpcc.9b01922.

(3) Matsushita, S.; Sugawara, S.; Isobe, T.; Nakajima, A. Temperature Dependence of a Perovskite-
Sensitized Solar Cell: A Sensitized “Thermal” Cell. ACS Appl. Energy Mater. 2019, 2 (1), 13-18. DOI:
10.1021/acsaem.8b01522.

(4) Kohata, H.; Obinata, M.; Ikeda, T.; Sekiya, H.; Mei, B.; Wang, Y.; Mizukoshi, K.; Isobe, T.; Nakajima,
A.; Matsushita, S. Power Generation at Room Temperature -How to Design of the Sensitized Thermal
Cell-. Research Square 2021, 384614. DOI: 10.21203/rs.3.rs-384614/v5.

(5) Hida, Y.; Isobe, T.; Nakajima, A.; Matsushita, S. In-situ observation of redox reactions in Ge-
sensitised thermal cells. Bull. Chem. Soc. Jpn. 2022, 95 (5), 813-818. DOI: 10.1246/bcsj.20220061
(acccessed 2022/05/03).

(6) Matsushita, S.; Araki, T.; Mei, B.; Sugawara, S.; Inagawa, Y.; Nishiyama, J.; Isobe, T.; Nakajima, A.
A sensitized thermal cell recovered using heat. J Mater Chem. A 2019, 7, 18249-18256,
10.1039/C9TA04060A. DOI: 10.1039/C9TA04060A.

(7) Kohata, H.; Mei, B.; Wang, Y.; Mizukoshi, K.; Isobe, T.; Nakajima, A.; Matsushita, S. Electrolyte
Thickness Dependence on Ge-Sensitized Thermal Cells. Energy & Fuels 2022, 36 (19), 11619-11626.
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Leveraging Graph Neural Networks and Quantum Machine Learning to Develop High-Entropy
Nanoparticle Catalysts ('Center for Quantum Information and Quantum Biology, Osaka
University) O Wataru Mizukami'

Recently, the development of quantum computers has progressed rapidly, leading to active
research into quantum algorithms. We are exploring the application of quantum machine
learning (QML) algorithms to develop multi-element nanoparticle catalysts. One of the
problems with current QML is that the classical information that can be efficiently embedded
in a quantum computer is limited to low dimensions owing to the small number of qubits
available. To address this problem, we have developed a method using intermediate
information of a general-purpose neural network potential (NNP) as descriptors. Using this
method, we were able to construct, for example, a QML model that predicts the adsorption
energy of molecules on multi-element nanoalloys much faster than a NNP.

Keywords : Quantum computing, Quantum machine learning, Graph Neural Networks
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Development of chemical recycling technology utilizing materials informatics (Sumitomo
Chemical Co., Ltd.) OTaigo Kashiwabara

Plastics have become an essential material for our lives. On the other hand, a large amount
of used plastics is converted into carbon dioxide through heat recovery and other processes and
emitted into the atmosphere.

Contributing to the reduction of environmental impact is one of the material issues to be
addressed as management priorities of Sumitomo Chemical, and we are developing chemical
recycling technology to utilize used plastics as a raw material instead of fossil resources.

One of these efforts is a method of producing olefins via alcohols such as propanol from
syngas, generated by gasifying used plastics. Although multi-element catalysts for alcohol
synthesis from syngas have been widely studied so far, further improvement of catalytic
performance is necessary to realize social implementation.

In this presentation, we will present development of multi-element catalyst for alcohol
synthesis utilizing materials informatics.

This study was conducted in the commissioned project “Demonstration Project of Innovative
Catalyst Technology for Decarbonization through Regional Resource Recycling” from the
Ministry of the Environment, Japan.

Keywords : chemical recycling; materials informatics
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Sustainable Medicine through Digital Technology ('SUSMED Inc.) Taro Ueno'

As reforms in the way physicians work and the efficiency of medical care become issues,
the use of digital technology in the medical field is required. In the field of sleep medicine,
cognitive-behavioral therapy, a non-pharmacological treatment for insomnia, is recommended,
but its widespread use in actual clinical practice has become an issue due to a lack of resources
in the medical field. In recent years, therapeutic applications using mobile terminals have been
developed as programmed medical devices as stipulated by the Pharmaceutical Affairs Law,
and their widespread use in medical practice for the treatment of the disease is progressing. UK
government guidelines recommend therapeutic apps instead of sleeping pills for the treatment
of insomnia, and they are being used as a therapeutic tool to fill the evidence-practice gap. We
have developed a programmed medical device to implement dCBT for insomnia disorders with
the aim of promoting cognitive behavioral therapy recommended by domestic and international
guidelines in the treatment of insomnia disorders in Japan. After consulting with the
Pharmaceuticals and Medical Devices Agency (PMDA), we conducted clinical trials of this
product under the GCP ordinance.1 Based on the results of the clinical trials in Japan, this
product was approved as a programmed medical device for insomnia disorders by the Ministry
of Health, Labour and Welfare on February 15, 2023.

Furthermore, the stagnation of clinical research and trials can cause delays in the approval
of drugs and medical devices in Japan, and can be a barrier to the public's access to appropriate
medical care. We have been conducting R&D for medical applications of blockchain
technology since 2016, and have obtained several patents and reported their implementation in
systems and use in clinical trials.2-4 This effort was approved by the regulatory sandbox system
by the Cabinet Office, and a demonstration study was conducted with the National Cancer
Center. The results obtained were used as the basis for a demonstration test to be conducted
with the National Cancer Center in December 2020. Based on the results obtained, the
government issued an approval notice for our technology in December 2020. Since then, we
have conducted several AMED projects with university hospitals and national centers, and have
also started to use our technology in corporate clinical trials.

In this presentation, we will introduce our efforts in programmed medical device
development and clinical development using digital technology and discuss the prospects for
the future.

Keywords : SaMD; dCBT; Blockchain; Clinical Trial
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1. Watanabe, Y. et al. Effect of smartphone-based cognitive behavioral therapy app on insomnia: A
randomized, double-blind study. Sleep (2022) doi:10.1093/sleep/zsac270.

2. Ichikawa, D., Kashiyama, M. & Ueno, T. Tamper-resistant mobile health using blockchain
technology. JMIR MHealth UHealth 5, €111 (2017).

3. Motohashi, T. ef al. Secure and scalable mHealth data management using blockchain combined
with client hashchain: System design and validation. J. Med. Internet Res. 21, €13385 (2019).

4. Hirano, T. et al. Data validation and verification using blockchain in a clinical trial for breast cancer:

Regulatory sandbox. J. Med. Internet Res. 22, €18938 (2020).
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Research and development of novel immune cell therapy for advanced cancers (Yamaguchi
University Graduate School of Medicine ) Koji Tamada
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Advanced cancers, next-generation CAR-T cell therapy
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Challenge to Ammonia Synthesis beyond the Haber-Bosch Process (School of Engineering,

The University of Tokyo) Kensuke Kiyokawa,' O Yoshiaki Nishibayashi

Quite recently, we have found that the combination of samarium diiodide (Sml,) and simple
alcohol or water realized the unprecedented catalytic activity in molybdenum-catalyzed
ammonia production under ambient reaction conditions, where up to 60000 equiv of amount
of ammonia are produced based on the catalyst. ~ The high reactivity is achieved by a proton-
coupled electron transfer (PCET) process realized by the bond weakening of O—H bonds of
alcohols and water coordinated to Smls.

Keywords : Nitrogen Fixation; Ammonia; Dinitrogen; Catalysts
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1 (a) Y. Ashida, K. Arashiba, K. Nakajima, Y. Nishibayashi, Nature, 2019, 568, 536. (2)

Y. Ashida, T. Mizushima, K. Arashiba, A. Egi, H. Tanaka, K. Yoshizawa, Y. Nishibayashi, Nature Synth.,
2023, 2, 635.
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Nitrogen Fixation by Bio-Inspired Metal-Sulfur Cluster Complexes (/nstitute for Chemical

Research, Kyoto University) O Yasuhiro Ohki

Metal-sulfur clusters, whose inorganic cores consist of multiple metal and sulfur atoms,
represent a class of transition metal complexes in proteins. Taking advantage of their facile
redox processes, some metal-sulfur clusters have been used as the active sites of some enzymes
for the reduction of small molecules, including inert N». The biological reduction of N> uses e,
making this process compatible with photocatalytic processes. We have been studying the
activation of inert small molecules by synthetic metal-sulfur clusters. Our recent achievements
include the synthesis of a series of cubic [Mo03SsM] clusters with a specific reaction site M (M
= 1% row transition elements),'* and their application in the activation of N»,’ catalytic silylation
of N»,* and binding of CO.” This presentation will discuss some details of N, activation and
reduction by cubic metal-sulfur clusters,* hoping to provide some clues to develop new
methods in artificial photosynthesis.

Keywords : Nitrogenase, Nitrogen, Molybdenum, Iron; Sulfur
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1) Cubane-Type [Mo3S4sM] Clusters with First-Row Group 4-10 Transition-Metal Halides Supported
by CsMes Ligands on Molybdenum, Chem. Eur. J. 2018, 24, 17138.

2) Synthesis of [Mo3S4] Clusters through Half-Sandwich Mo(V) Chlorides and Their Application as
Platforms for [Mo3SsFe] Cubes, Inorg. Chem. 2019, 58, 5230.

3) N2 Activation on a Molybdenum-Titanium-Sulfur Cluster, Nature Commun. 2018, 9, 3200.

4) Nitrogen Reduction by the Fe Sites of Synthetic [Mo3SsFe] Cubes, Nature 2022, 607, 86.

5) CO Binding onto Heterometals of [Mo03S4sM] (M = Fe, Co, Ni) Cubes, Bull. Chem. Soc. Jpn. 2022,
95, 1190.
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Efficient Ammonia Synthesis by Inorganic Solid Catalysts and Photocatalysts (MDX Research
Center for Element Strategy, Tokyo Institute of Technology) OMasaaki Kitano

Catalytic ammonia synthesis is essential for production of synthetic fertilizers and various
nitrogen containing chemicals. However, high temperature (400-500°C) and high pressure (10-
30 MPa) are required for industrial ammonia synthesis (Haber-Bosch process) because the
bond energy of N=N bonds is extremely large. We present here various novel inorganic solid
catalysts for ammonia synthesis at low reaction temperatures. In these catalysts, surface
heteroanions such as electron, H™ ion, and N* ions play a key role in catalytic performance.
Furthermore, photo-induced ammonia synthesis by using oxyhydride-based catalysts was
conducted. In this photocatalytic system, atomic hydrogen as well as electrons are generated
by light irradiation, which in turn facilitate the N, reduction into NH3 over transition metal
surface.

Keywords : Ammonia synthesis; heteroanion; photocatalyst
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1) M. Kitano, J. Kujirai, K. Ogasawara, S. Matsuishi, T. Tada, H. Abe, Y. Niwa, H. Hosono, J. Am.
Chem. Soc. 2019, 141, 20344,

2) T.N.Ye,S.W.Park, Y. Lu, J. Li, M. Sasase, M. Kitano, T. Tada, H. Hosono, Nature 2020, 583, 391.

3) H. Hosono, M. Kitano, Chem. Rev. 2021, 121, 3121.
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Creation of reaction field under modal strong coupling toward nitrogen molecule conversion
('IMRAM, Tohoku University, >RIES, Hokkaido University)OTomoya Oshikiri,

Hot electron and hole pairs generated through localized surface plasmon resonance (LSPR)
decay are useful for triggering chemical reactions. The hot electron injection from plasmonic
metals to the conduction band of n-type semiconductors and following oxidation have been
widely studied.!*! The remaining holes have been reported to have the potential to oxidize
water.[®! On the contrary, the hot hole injection from metals to the valence band of p-type
semiconductors performs the reduction.”® However, the photoelectrochemical reaction
efficiencies of both photoanode and cathode were needed to be improved for practical use due
to the limited light absorption and charge separation problem. Recently, we reported that these
disadvantages were overcome by modal strong coupling between LSPRs and a Fabry-Pérot
nanocavity! 3. In this study, we report the water splitting and N, reduction with visible light
irradiation under modal coupling conditions.

Keywords : Plasmon,; Modal coupling; Artificial Photosynthesis; Ammonia, Photocathode

JfEFmE 77 XE G (LSPR) (X AT~ ARAMSEIZ LG U, & o SEdE S Fr o
RIZE>TEREINDGE Yy b7 bry—FR—nA_XT7 I, NTHEKEZIZCO ET
LIRS RIHATRETH 5, 2 H HIIFER R BTN 2 A S 202,
BKEMAGDED & CEMOMEEZHET S H LM O TE 7 (Figure 1),
X, TR E n MEEEREEAS I D L SR D n AEEROLE T~
DRy hx= L7 harPEAS ., BEEOSHEITT 508, —J5, @i/p T8 ke
ARETIE, B S FHEHE T ~DK v FAR—ABEASIL, BN ETTS
Sl UL, BEfFEO T I XEeNT /— R, 1Y — R TIHERIL - B BlER)
RINTTRONEWOEN D -7, i, Fx ik, LSPR & Fabry-Pérot (FP) 7/
HHREs L O OE— FofitEa 2, Eit7 /— R, A Y —RICEHRETHHZ L%
RW/Z L7 (Figure2) P8, £— FliF5A T TlEL, LSPR & FP 7/ 3LRER2 R < #A
AR U THTZ IR 2 TER L, JERINR A KT 5 72100 T < EdERUET:
FOSDWNEEFIBERBIERT 2 L9 | Bz LA Gl-, A8 T, M eI
TIZBTZHT 7 — KV — RERAWTEANTIHARBIG, AL E FTok
BRLOEROBE TSI DOWNTIERD,

] G. Zhao, H. Kozuka, T. Yoko, Thin Solid Films 1996, 277, 147-154.
] Y. Tian, T. Tatsuma, J. Am. Chem. Soc. 2005, 127, 7632-7637.
] T. Oshikiri, K. Ueno, H. Misawa, Angew. Chem. Int. Ed. 2014, 53, 9802-9805.
[4] T. Oshikiri, K. Ueno, H. Misawa, Angew. Chem. Int. Ed. 2016, 55, 3942-3946.
] T. Oshikiri, K. Ueno, H. Misawa, Green Chem. 2019, 21, 4443-4448.
] Y. Nishijima, K. Ueno, Y. Kotake, K. Murakoshi, H. Inoue, H. Misawa, J. Phys. Chem. Lett.
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[7] J. S. Duchene, G. Tagliabue, A. J. Welch, X. Li, W.-H. Cheng, H. A. Atwater, Nano Lett. 2020,
20, 2348-2358.

[8] D. Sato, H. Minamimoto, K. Murakoshi, Chem. Lett. 2020, 49, 806-808.

[9] X. Shi, K. Ueno, T. Oshikiri, Q. Sun, K. Sasaki, H. Misawa, Nat. Nanotechnol. 2018, 13, 953-
958.

[10] T. Oshikiri, X. Shi, H. Misawa, Eur. J. Inorg. Chem. 2020, 2020, 1396-1401.

[11] Y. Suganami, T. Oshikiri, X. Shi, H. Misawa, Angew. Chem. Int. Ed. 2021, 60, 18438-18442.

[12] T. Oshikiri, H. Jo, X. Shi, H. Misawa, Chem. Eur. J. 2022, 28, €202200288.

[13]  Y.-E.Liu, X. Shi, T. Yokoyama, S. Inoue, Y. Sunaba, T. Oshikiri, Q. Sun, M. Tamura, H. Ishihara,
K. Sasaki, H. Misawa, ACS Nano 2023, 17, 8315-8323.

(a) (b)

'y
——  CB
Reduction
> o 2H"+2e—H,
o N,+6H"+6e"—2NH,
© %M Fermilevel __
c /-——— VB
L 2H,0+4h' 0 +4H"
VB
Metal n-Semiconductor Metal p-Semiconductor

Figure 1 (a) Hot-electron injection from a plasmonic metal to an n-type semiconductor. (b) Hot-hole
transfer from a plasmonic metal to a p-type semiconductor. CB and VB indicate the conduction band
minimum and valence band maximum, respectively.
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Figure 2 (a) Energy-level diagram of the modal strong coupling between the LSPR and FP nanocavity
modes. Q, 1, and ®; are the splitting frequency of modal strong coupling and resonant frequencies of
the LSPR and FP nanocavity modes. (b) Schematic of the modal coupling structure between the LSPR
and FP nanocavity (cross-section).
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Molecular Functionalization of Nanotubes for Photoluminescent
Nanomaterials Engineering

(‘Department of Applied Chemistry, Kyushu University, *International Institute for
Carbon-Neutral Energy Research (WPI-I2ZCNER), Kyushu University,)

OTomohiro Shiraki'?

Keywords: Nanotubes, Chemical functionalization, Photoluminescence, Defect, Exciton

Nanotubes are one-dimensional nanomaterials with cylinder structures, exemplified by
carbon nanotubes (CNTs) and boron nitride nanotubes (BNNTs). CNTs and BNNTs that
have semiconducting features show excitonic photoluminescence (PL) in near-infrared and
ultraviolet regions, respectively. Therefore, they are expected as photoluminescent
nanomaterials applicable to advanced optical technologies including quantum light sources
and biological nanosensors. Our strategy for nanotube functionalization is chemical

5 in which covalent attachment of modifier molecules on the nanotube

modification,
surfaces results in the defect formation via orbital
hybridization conversion from sp® to sp® for the
reacted atoms in their semiconducting crystalline

structures. As a result, partial electronic structure

changes occur, producing luminescent defects that
show defect PL with enhanced functions such as

bright and longer wavelength emissions (Figure 1).* Defect PL
>
Moreover, the molecular functions of the modified 3 o
. . . o Original

molecules including molecular recognition and 2 PL

photoisomerization can work as effective factors to E A

change the bandgaps of the defect sites in the .
functionalized nanotubes, which allows to fabricate Wavelength/nm

biological > d hotoswitchi
iological nanosensors’ and a photoswitching Figure 1. Schematic image of

system for the emission wavelengths.” molecular functionalization of CNTs
In this talk, our recent achievements regarding  using diazonium chemistry (upper)
the molecularly functionalized nanotubes will be ~@nd an observed PL spectral

presented. change (lower).

1) T. Shiraki, Y. Miyauchi, K. Matsuda, N. Nakashima, Acc. Chem. Res. 2020, 53, 9, 1846. 2) T.
Shiraki, Chem. Lett. 2021, 50, 397. 3) T. Shiraki, R. Saito, H. Saeki, N. Tanaka, K. Harano, T.
Fujigaya, Chem. Lett. 2023, 52, 44. 4) B. Yu, S. Naka, H. Aoki, K. Kato, T. Fujigaya, T. Shiraki, ACS
Nano 2022, 16, 21452. 5) Y. Niidome, R. Hamano, K. Nakamura, S. Qi, S. Ito, B. Yu, Y. Nagai, N.
Tanaka, T. Mori, Y. Katayama, T. Fujigaya, T. Shiraki, Carbon 2024, 216, 118533. 6) Y. Nakagawa,
B. Yu, Y. Niidome, K. Hayashi, A. Staykov, M. Yamada, T. Nakashima, T. Kawai, T. Fujigaya, T.
Shiraki, J. Phys. Chem. C 2022, 126, 10478.
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High-yield Synthesis of Multinary Quantum Dots for Multicolor
Emission

(!Graduate School of Engineering, *Innovative Catalysis Science Division, Institute for Open
and Transdisciplinary Research Initiatives (ICS-OTRI), Osaka University) OTaro Uematsu'-?
Keywords: Cadmium-free, Multinary semiconductor quantum dots, Band-edge emission

Colloidal semiconductor quantum dots (QDs) are a new class of photoluminescent
materials that exhibit monochromatic emission from band-edge transitions. The discovery of
anomalous properties in nanosized semiconductors was made in the 1980s. In the following
decade, QDs were developed into a practical photoluminescent material. This was supported
by the invention of the hot injection method, a sophisticated organic approach to synthesize
monodisperse inorganic crystals, and the development of the core/shell structure that allows
surface passivation by larger bandgap inorganic materials. The 2023 Novel Prize was awarded
to researchers who contributed to the discovery and development of QDs.

Since then, cadmium chalcogenide QDs, such as those made of CdS and CdSe, have been
the focus of development. However, recent applications in display devices require cadmium-
free alternatives. The most advanced alternative is InP QDs, but they have yet to reach the
performance of Cd-based QDs. Multinary materials may also be candidates. Semiconductors
composed of 11, 13, and 16 elements, represented by CulnS, and AgInS,, exhibit band
structures similar to those of CdSe. While the QDs of these materials exhibited relatively strong
photoluminescence (PL), their spectral shape was significantly broader than that of Cd-based
core/shell QDs due to intra-bandgap defect levels. In 2018, we reported the spectrally narrow
band-edge emission in the yellow region (580 nm) by coating AgInS, QDs with a gallium

sulfide (GaS,) shell.
Because AgInS, forms a wide range of solid
solutions between elements of different periods, T

bandgap tuning by composition ratios is likely in
addition to bandgap tuning by quantum size effects.
For example, AgInS,—AgGaS, solid solution has a

larger bandgap than AgInS; and allows a blueshift of .

the band-edge PL (Figure 1).2 However, the difficulty
in synthesizing nanomaterials of quaternary Figure 1. Bandgap tuning by solid-
composition has hindered the reproducible synthesis ¢ 1ution compositions of group 11,
of AgInS>—AgGaS, solid solution (Ag(Ini-«Gax)S.) 13, 16 semiconductors.

QDs. The difficulty stems from the different

reactivity of the three metal precursors (Ag, In, and Ga) with an S source. This results in the
overgrowth of Ag>S nanoparticles, which eventually remains as a byproduct. In addition, the
difference in reactivity between In and Ga sources causes inhomogeneity of composition and
bandgap between the particles, which leads to the broadening of the PL spectrum.

AgGaS: AglinGai)S: AginS:  CulnS:
Eq=2.6 eV Es=1.87eV Es=1.53eV

Energy
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® mjemon @__@ (in] O (GaJO) Vi Figure | 2. One-batch

@ — Q— @) — Q ¥> synthesis of quaternary

O QDs by injecting Ag

Core/shell source into the highly
Figure 2 shows the new synthetic strategy to overcome the  reactive sulfur source.

reactivity problem. Diethyldithiocarbamate was selected as an

efficient source to produce metal sulfide and was introduced

@ Ga Ag-In-Ga-S Ag-In-Ga-S core

Ag,S nuclei
9% cores

T T T | I
core/shell

as a gallium complex. Silver acetate was injected into the
heated solution containing Ga, In, and S sources. Due to the
higher reactivity of Ag with S, Ag,S nanoparticles were
instantly generated. Although they should be prone to
aggregation, the In, Ga, and S sources in the solution appeared

PL intensity / a.u.
T

to stabilize them. As the temperature increases, the In, Ga, and 400 500 600 700 800 900
S sources are incorporated into the preformed Ag:S Wavelength / nm
nanoparticles and they are converted to the target Figure 3. PL spectra of
Ag(Ini—xGay)S; within a few minutes. A clear orange-red  Ag(In;-«Gay)S, core and
solution with an orange PL was obtained without any  Ag(In;-«Gax)S»/GaSy
byproducts. Coating the Ag(In;—xGax)S2 core QDs with the  core/shell QDs.

gallium sulfide shell allowed the Ag-In-Ga-S Agin-S.
generation of the band-edge PL in the _ | \ Cu-Agrin-S]
green region, and the full width at half /

maximum was 30 nm, narrower than
typical InP QDs (40 nm, Figure 3).?
The red emission was obtained by

PL intensity / a.u

incorporating Cu into the AgInS; QDs,  -—Z—2E=<t—25

although the small amount of Ga is Wavelength / nm

necessary for synthetic reasons (Figure 4). Figure 4. PL color tuning in wider range by

Unlike the green and yellow emission, the compositional control including Cu.

origin of the red emission was found to be a

conduction band—Cu acceptor transition. This feature slightly broadens the PL spectral width
(55 nm) even when compared in photon energy basis.? Nevertheless, red QDs comply with the
ITU-R BT. 2020 standard for next-generation displays, and it is possible to achieve high color
purity displays that meet 90% of this standard by using the green and red color QDs.

1) T. Uematsu, K. Wajima, D. K. Sharma, S. Hirata, T. Yamamoto, T. Kameyama, M. Vacha, T.
Torimoto, S. Kuwabata, NPG Asia Mater., 2018, 10, 713. 2) T. Uematsu, M. Tepakid-
areckul, T. Hirano, T. Torimoto, S. Kuwabata, Chem. Mater., 2023, 35, 1094. 3) T. Uematsu, N.
Krobkrong, K. Asai, G. Motomura, Y. Fujisaki, T. Torimoto, S. Kuwabata, Bull. Chem. Soc.
Jpn., 2023, 96, 1274,
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Development of Organic-Inorganic Hybrid Materials for Highly
Efficient and Broad-band Photoenergy Conversion System

(!School of Advanced Science and Engineering, Waseda University) OAyumi Ishii!
Keywords: Organic-inorganic hybrid; Photoenergy conversion; Near-infrared light; Up-
conversion; Quantum cutting

Efficient light detection and utilization in the near-infrared (NIR) region are necessary in
photoenergy conversion system such as solar cells, photodetectors, and photocatalytic systems.
In this study, new NIR-sensitized systems using lanthanide-based hybrid nanomaterials, which
show unique luminescence properties like up-conversion (UC) and quantum-cutting (QC),
have been developed. For instance, dye-sensitized UC nanoparticles that can convert weak NIR
light as sunlight into visible light with high efficiency were developed'? and incorporated into
a perovskite-based visible-light detector and solar cell>*. The perovskite devices can detect
broad-band solar light even in the NIR region through energy conversion from NIR to visible
light in UC materials. And also, NIR light was sensitized as ultra-bright luminescence from Yb
ion by using QC process, in which one-photon UV absorption of lead chloride-based perovskite
nanocrystals is converted into two-photon NIR emission of Yb ions through the QC energy
transfer>®, The light-emitting diode was also fabricated and demonstrated 6% external
conversion efficiency of field emission in the NIR region. The applications of the present study
will lead to efficiency improvement in solar cells and photocatalysts by harvesting energy of
NIR light in solar irradiation.

Up-conversion system

UV/Vis Weak

tect Intramolecular 3
uc emnssnonh\_% energy transfer | ‘N’R light
(En ) -\ |
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Quantum-cutting system
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1) A. Ishii, M. Hasegawa, et al., Sci. Tech. Adv. Mater. 2019, 20, 44. 2) A. Ishii, M. Hasegawa, Sci. Rep.
2017, 7, 41446. 3) A. Ishii, T. Miyasaka, Adv. Photon. Res. 2023, 4, 2200222. 4) A. Ishii,
Electrochemistry 2021, 89, 544. 5) A. Ishii, T. Miyasaka, Adv. Science 2020, 7, 1903142. 6) A. Ishii, T.
Miyasaka, J. Chem. Phys. 2020, 153, 194704.
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Non-Fused Ring Electron Acceptors for Sustainable and Low-cost
Optoelectronics

(‘Guangdong Key Laboratory for Advanced Quantum Dot Displays and Lighting,
2Department of Electronic & Electronical Engineering, Southern University of Science and
Technology) OAung Ko Ko Kyaw!?

Email: aung@sustech.edu.cn

Keywords: Non-Fused Rring Electron Acceptor (NFREA); Organic Solar Cells;
Ternary-Blend; Organic Photodetector

In recent years, the development of non-fullerene acceptors (NFAs) with
ladder-type multiple fused ring structures has led to rapid advances in organic
optoelectronic devices. However, the complex molecular architectures of fused ring
electron acceptors require numerous synthetic and purification steps and hazardous
substances, hindering large-scale synthesis and sustainability. Non-fused ring
electron acceptors (NFREAs), on the other hand, offer several advantages such as
simplified synthesis, facile chemical modifications, and straightforward tunability of
optoelectronic properties. This talk will showcase A-n-A’-n-A structured NFREAs
newly developed in our lab, their use in binary and ternary blend organic solar cells
(OSCs)!'2l and organic photodetector,®! and how engineering of central core unit,
alkyl chain, and terminal group influence device performance. The ambipolar
NFREA, alloy-like NFREA,P! halogenation strategy in NFREA,'® and their
influence on ternary blend OSCs will be explained. Finally, I will discuss the
synthesis complexity, cost analysis and figure-of-merit (FOM) values of NFREAs
compared to traditional fused-ring type NFAs and explore the challenges and future
directions of NFREAs for achieving high device performance and low production
costs simultaneously.

G
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‘ 5 lranspoﬂ Cx
- ® - ®
S Hole >
5 a ‘ lranspon ﬁ
c—- (] )
5
w
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Cascaded charge transfer via Forster energy transfer between NFREAs

dual-functional ambipolar NFREA

Figure 1. The ambipolar NFREA (a) and alloy-like NFREA (b) in ternary blend OSCs
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Fully-printed ultra-durable multi-porous-layered-electrode
perovskite solar cells

(Graduate School of Engineering, University of Hyogo) OSeigo Ito
Keywords: Perovskite Solar Cells; Porous Carbon Electrode; Stability

Commercialized photovoltaic panels need high stability against high temperature and
strong radiation against sun illumination. Now, price of silicon solar modules is increasing
due to the cease of Chinese government’s budget. One of the candidates for next-generation
photovoltaic panels against such tough circumstances is perovskite solar cells (PSCs), which
have attracted the attention due to the high efficiency and the cost-effective manufacturing by
printing system. Organo-lead halide perovskite crystal (CH3;NH3Pbls is the most studied
perovskite crystal) can work for the light-absorbing and carrier-transporting material as a
semiconductor. The photoenergy conversion efficiency (£ff.) has been improved from 3.8%
at 2008 to 25.7% at present, by additives mixed in the precursor solution of CH3;NH;PblI;.
However, PSCs have not been stable against circumstances, because the organo-lead halide
perovskite crystal (CH3sNH3Pbl3) reacts with water and changes to Pbl,, and because the
iodide (I') reacts with the back contact metal (Au or Ag), resulting in the deterioration of Eff.
To solve these two problems, porous-carbon-electrodes have been introduced in PSCs, which
have multi-porous-layered electrodes of TiO,, ZrO, and carbon. The perovskite precursor
((HOOC(CH2)4NH3)0.0s(CH3NH3)0.95Pbls in GBL) is deposited through porous electrodes of
TiO,, ZrO; and carbon, resulting in multi-porous-layered electrode perovskite solar cells
(MPLE-PSCs). The conductivity of carbon electrodes can’t be deteriorated by iodide (I") in
the organo-lead halide perovskite crystal. Moreover, the porous-carbon electrode filled with
the perovskite crystal can block the penetration of water. Although the best Eff. of
MPLE-PSC is 18.8%, the MPLE-PSCs show very high stability as,

1) Thermal stability at 100 C over 4500 h in dark (by Univ. of Hyogo. Japan).
2) Damp-heat stability at 85 C-85%RH over 3.000 h in dark (by Univ. of Hyogo and

Kishu Giken Kogyo, Japan).
3) Light stability at 55 'C over 10,000 h (by EPFL, Switzerland ).

In the conference, challenging works of high thermal stability over 100 C are presented.
Such high temperature is required for outer space application.
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Insights and Advances in Copper(l) Thiocyanate: a Highly
Versatile Coordination Polymer Semiconductor

(‘Department of Materials Science and Engineering, School of Molecular Science and
Engineering, Vidyasirimedhi Institute of Science and Technology (VISTEC), Rayong 21210,
Thailand) OPichaya Pattanasattayavong'

Keywords: Copper(I) thiocyanate; p-Type Semiconductors; Coordination Polymers; Hole
Transport; Electronic Devices

Coordination polymers are an expansive class of materials with a rich variety of
structures and properties. Recently, the interest in exploiting their electronic and
optoelectronic properties for device applications has begun to emerge;' however, most
examples are specific device configurations and limited applicability. From the field of
organic and oxide electronics, copper(I) thiocyanate (CuSCN) has been consistently
demonstrated as an excellent hole-transport material (HTM) with a wide range of
applications from thin-film transistors (TFTs), organic light-emitting diodes (OLEDs),
organic photovoltaics (OPVs), perovskite solar cells (PSCs), as well as photodetectors and
sensors among others. 2

The unique attributes of CuSCN that allow its extensive applications lie in the
electronic structure and solution-processability. The electronic bands of CuSCN comprise a
Cu 3d-dominant valence band (with some S 3p hybridization) and a SCN n* conduction
band. This results in dispersed hole-transporting states, yielding high hole mobility on the
order of 0.01 to 0.1 cm? V™' s, and a high-energy conduction band level, giving rise to a
large band gap of >3.5 eV and an excellent electron-blocking ability.’ These properties are
ideal for the HTM in devices. Moreover, CuSCN can be formed as compact thin films using
common solution-based deposition methods. The latter further allows it to be incorporated
in a wide range of devices as mentioned.

Despite the exciting advances in the device applications, the fundamental knowledge
about the structure-property relationship of CuSCN is still lacking. For example, the
coordination chemistry aspect of CuSCN in device-relevant conditions is unexplored
despite its direct influence on the device performance. CuSCN is typically processed with
sulfur- or nitrogen-containing solvents because these soft donor groups can interact with the
soft Cu(I) acceptor. Recently, we showed that such interactions play an important role on
the nanoscale morphology of CuSCN films and crystallinity. Treating CuSCN films with
antisolvents, such as tetrahydrofuran (THF), can improve film quality and subsequently
device characteristics.® Furthermore, the solvent molecules are ‘sticky’ (remain in the film
during deposition), and their removal can lead to SCN™ vacancies, which are defect states
that adversely affect the hole-transport properties. To this end, we showed that iodine can be
used to passivate the defects, restore the coordination environment around Cu(l), and also
improve the device performance.’

© The Chemical Society of Japan -A1422-3am-06 -



A1422-3am-06 The 104th CSJ Annual Meeting

(Figure shows the passivation of SCN" vacancy defect by I" substitution.)

Exploring the coordination chemistry of CuSCN further, its structure and the crucial
Cu-S network can be modified by carefully selecting the co-ligands. The starting 3D
structure can be reshaped into 2D, 1D or 0D depending on the number and steric hindrance
of co-ligands. Using aromatic co-ligands can also bring about interesting effects, such as
optical absorptions and emissions in the visible spectrum or the possibility of charge
transport through the co-ligand sub-substructure.® CuSCN is fascinating in that it provides a
platform for the study of structure-property-device performance that can be expanded to
other coordination polymers and open up this class of materials for the electronic and
optoelectronic device applications.

3D 2D 1D 0D

?

o
X

.

(Figure shows the changes in the structure and electronic band levels in CuSCN due to
co-ligand modifications.)

(1) H. Liu et al. J. Phys. Chem. Lett. 2021, 12, 1612. (2) N. Wijeyasinghe, T. D. Anthopoulos.
Semicond. Sci. Technol. 2015, 30, 104002. (3) S. Li et al. ACS Appl. Mater. Interfaces 2019, 11, 35105.
(4) V. Kabitakis et al. Adv. Funct. Mater. 2022, 32, 1. (5) P. Pattanasattayavong, V. Promarak, T. D.
Anthopoulos. Adv. Electron. Mater. 2017, 3, 1600378. (6) P. Worakajit et al. Adv. Funct. Mater. 2020,
30, 2002355. (7) P. Worakajit et al. Adv. Funct. Mater. 2023, 33, 2209504. (8) P. Pattanasattayavong,
D. M. Packwood, D. J. Harding. J. Mater. Chem. C 2019, 7, 12907.
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Development of Oxynitride Photocatalysts for Visible Light-Driven
Water Splitting Using Solid Nitrogen Sources

(‘RISM, Shinshu Univ., *PRESTO, JST) OTakashi Hisatomi,'*
Keywords: Hydrogen evolution; Sealed evacuated tube; Nitridation; Intermediate;
Cocatalyst

Sunlight-driven water splitting using particulate photocatalysts has been studied as a
technology to produce green hydrogen at low cost and on a large scale.' An oxide
photocatalyst that splits water with nearly 100% internal quantum efficiency under
near-ultraviolet light irradiation has already been developed,” and a 100 m? reaction system
based on it has been tested.” In addition, it has been shown that the hydrogen produced can
be used to convert carbon dioxide into chemical fuels.* However, for the practical
application of this technology, it is essential to develop highly efficient visible light-driven
photocatalysts.” In my presentation, recent progress in the development of oxynitride
photocatalysts for visible light-driven water splitting prepared in sealed evacuated tubes will
be discussed.

It is known that the solid solution of GaN and ZnO (hereafter referred to as GaN:ZnO)
is applicable to the overall water splitting reaction under visible light and that its absorption
edge wavelength tends to be longer with increasing ZnO content.® GaN:ZnO is typically
synthesized by nitriding starting materials under NH3 flow, although the absorption edge
wavelength of active GaN:ZnO is at most 480 nm due to the loss of ZnO component by
reduction and evaporation. To maintain a high ZnO content, the starting materials were
modified and the nitridation time was shortened, although the resulting GaN:ZnO had low
crystallinity and showed negligible activity. In contrast, the research groups including the
present author reported in 2022 that GaN:ZnO with high crystallinity and high ZnO content
could be obtained by reacting Ga,Os, Zn, and NH4CI in sealed evacuated tubes.” The
obtained GaN:ZnO absorbed visible light up to approximately 600 nm and exhibited
activity in the visible light-driven water splitting reaction after loading appropriate
cocatalysts. However, because an ammonium salt is used as the starting material, a large
amount of hydrogen, which is explosive, is generated in the sealed evacuated tube. As a
result, it was difficult to synthesize a large amount of GaN:ZnO by this method.

To overcome this problem, the author’s group invented a process to synthesize
GaN:ZnO using Zn;N, and Zn,NX (X = halogen) as solid nitrogen and zinc sources.® When
Zn3N, and Ga,Os; were reacted in sealed evacuated tube, the major product was ZnGaOs,
and GaN:ZnO was hardly obtained. However, in the presence of appropriate amounts of
ZnX,, a wurtzite-type single phase compound was obtained. The nitration pathway will be
discussed during the presentation. A representative GaN:ZnO sample prepared in this study
had a composition of Gag42Zn0.58No4200.63. The molar ratio of N/Ga was unity, indicating
that the conversion of the starting materials into the oxynitride proceeded stoichiometrically.
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Moreover, the ZnO content was close to 60 mol%, which was significantly greater than
GaN:ZnO obtained by conventional nitridation under NH3 flow. In accordance with this, the
X-ray diffraction (XRD) peaks of the obtained GaN:ZnO sample was shifted toward lower
angles, and the absorption edge was extended toward longer wavelengths, as shown in XRD
patterns and diffuse-reflectance spectra (DRS) (Figure 1). The GaN:ZnO samples
synthesized in sealed evacuated tubes in this study exhibited activity in the overall water
splitting under visible light after appropriate post-treatments and cocatalyst loading.
Oxynitride photocatalysts similar to GaN:ZnO can also be synthesized by reacting
Zn3N, and suitable precursors in a sealed evacuated tube, such as the solid solution of
ZnGeN, and ZnO, referred to as ZnGeN,:ZnO.» When NH,Cl was used as the solid
nitrogen source, Ge metal was produced as a by-product because hydrogen as a reductant
was generated during the reaction. In contract, the use of Zn3N, that was free from hydrogen
allowed to produce ZnGeN,:ZnO with less Ge impurity. This is reflected in DRS of the
samples. The broad absorption characteristic to metals was effectively suppressed for the
ZnGeN»:ZnO sample synthesized using ZnsN>. Notably, the ZnGeN,:ZnO sample prepared
in sealed evacuated tubes using Zn3N, exhibited the absorption edge at a longer wavelength
than that synthesized by conventional thermal nitridation under NHs flow, reflecting the
higher ZnO concentration, and showed activity in overall water splitting under visible light
after cocatalyst loading. The results obtained herein suggest that the use of Zn;N; as a solid
nitrogen source in sealed evacuated tubes is an effective means of preparing oxynitride
photocatalysts applicable to water splitting reactions under long wavelength visible light.
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Figure 1. (A) XRD patterns and (B) DRS data for GaN:ZnO synthesized (a) in sealed
evacuated tubes using Zn3N, as a nitriding reagent and (b) by nitridation under NH3 flow.
Data for GaN and ZnO are presented for reference.

1) Hisatomi et al., Nat. Catal. 2019, 2, 387. 2) Takata et al., Nature 2020, 581, 411. 3) Nishiyama et
al., Nature 2021, 598, 304. 4) Yamada et al. ACS Eng. Au 2023, 3, 352. 5) Hisatomi et al., Next
Energy 2023, 1, 100006. 6) Maeda et al. Chem. Mater. 2010, 22, 612. 7) Liu et al., ACS Catal. 2022,
12, 14637. 8) Hisatomi et al., Japanese Unexamined Patent Publication (No. 2023-131085A).
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MOF-based photocatalytic membrane reactor used for
wastewater treatment

Chechia Hu*

!Department of Chemical Engineering, National Taiwan University of Science and
Technology, Taiwan
*E-mail: chechia@mail.ntust.edu.tw

NSTC 111-2628-E-011 -006 -MY3

Abstract

Wastewater treatment has been received considerable attention recently. In the present
work, MIL-88B(Fe,Co) was prepared and grown on an Al,Osz membrane as a photocatalytic
membrane reactor. After cobalt doping, the MIL-88(Fe,Co) exhibited visible-light
absorption, improved charge transfer, and enhanced electron—hole pair separation. With the
addition of peroxymonosulfate (PMS), MIL-88B(Fe,Co) powder had superior
photocatalytic activity for phenol removal. The reactive seeding growth of MIL-88B(Fe.Co)
was utilized to prepare a MIL-88B(Fe,Co)@AIl>2O3 membrane and integrated in a filtration
module to fabricate a photocatalytic membrane reactor (PMR). The permeate flux of the
photocatalytic membrane reactor (PMR) was approximately 3500 L m~2 h™* bar ! (LMH),
and with over 90% phenol removal efficiency. The PMR system also exhibited high
stability, reusability, recyclability, and high photocatalytic activity for phenol degradation
over 10 cycles using MIL-88B(Fe.Co)@AIl.Os membrane with the addition of PMS.

In addition, NH»-grafted MIL-88B(Fe) was prepared by reactive seeding growth method
onto the AlO3 membrane as well. The PMR system with NH2-MIL-88B(Fe)@Al.O3
membrane was used for LDPE filtration and degradation. The PMRs show high permeance
flux and reactivity to degrade LDPE. Moreover, The LDPE degradation followed the
Norrish mechanism by different radicals generated from photocatalysis. This is the first
study to demonstrate a MOF-based Al>O3 membrane via a reactive seeding growth method
to fabricate a PMR system, which is an effective and sustainable process for wastewater
treatment.

Keywords: MIL-88B(Fe,Co), NH2-MIL-88B(Fe), Photocatalytic Membrane Reactor,
Photocatalysis, Filtration, Phenol, LDPE
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Solar-to-hydrogen peroxide energy conversion on polymeric
semiconductor photocatalysts

(Graduate School of Engineering Science, Osaka University) O Yasuhiro Shiraishi
Keywords: Photocatalysis; Artificial Photosynthesis; Energy Conversion; Hydrogen
Peroxide; Polymeric Semiconductor

The development of artificial photosynthesis technology that converts solar energy into
chemical energy is one of the most important challenges for sustainable energy society.
Photocatalytic H, generation by overall water splitting (H,O — H» + 1/20,; AG®° = +237 kJ
mol™') has been underway for more than half a century. However, this reaction often
requires special conditions such as a noble metal catalyst and an inert atmosphere, and the
generated H, has a difficulty in storage and transportation. Therefore, for the past few years,
we have studied on new artificial photosynthesis reactions that convert earth-abundant resources
into storable, transportable liquid chemical energies by powder photocatalysts such as H,O»
generation from water and O, gas and NH3 generation from water and N, gas. In this lecture,
we will outline our results focusing on the generation of H,O2 under sunlight irradiation using
polymeric semiconductor photocatalysts.

H20 is a storable and transportable liquid and is expected to use as a fuel for fuel cell
power generation due to its characteristic of acting as an oxidizing agent and reducing agent.
Theoretically, photocatalytic H.O2 generation from water and O, (H.O + 1/20, — H.0;
AG °=+117 kJ mol?) can be promoted under sunlight irradiation at ambient conditions, via
the oxidation of water by the valence band holes (2H.O — O, + 4H* + 4e’) and
two-electron reduction of O, by the conduction band electrons (O, + 2H* + 26~ — H20,).!
To promote the reaction, the design of a low-bandgap semiconductor photocatalyst that
efficiently promotes water oxidation and selective two-electron O reduction while being
less active for disproportionation decomposition of H,O; (H.0, — H,0 + 1/20;; AG® = —
117 kJ mol?) is necessary.

We found that a resorcinol-formaldehyde (RF) resin, which had long been considered
an insulating polymer, becomes a semiconductor, when prepared by a high-temperature
hydrothermal method.? As shown in Figure 1, the resin consists of a benzenoid (blue)-
quinoid (red) m-conjugated donor—acceptor (D-A) couple via a methine linker, creating
small HOMO-LUMO gap fragments. The =-stacking interaction of the D-A couples
hybridizes their energy levels and creates a semiconducting band structure. The resin
powder, when suspended in pure water and photoirradiated with O, by a simulated sunlight
successfully generates H,O, under ambient pressure and temperature conditions. The
activity of the RF resins strongly depends on pH of the solution during the resin synthesis;
the resins synthesized under basic? and acidic conditions® generates H,O, with
solar-to-chemical energy conversion efficiencies being ~0.5% and ~0.7%, respectively,
which are much higher than those of artificial photosynthesis reactions on powder
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photocatalysts. The RF resin, when doped with a conductive polythiophene
[poly(3-hexylthiophene-2,5-diyl) = P3HT], exhibits enhanced H.O-generation efficiency
(~1.0%).* The highly-dispersed P3HT within the resin particles created charge transfer
complexes with the conduction band of the resin via electron donation, thus facilitating
efficient transfer of the photogenerated conduction band electrons through P3HT. In
addition, we also found that phenol-resorcinol-formaldehyde (PRF) resins with small
amounts of phenol (~5 mol % relative to resorcinol) exhibit enhanced H>O»-generation
efficiency (~1.0%).° Incorporating phenol bearing a single ~OH group in the resin matrices
relaxes the restriction on the arrangement of the aromatic rings originating from the
H-bonding interactions between the resorcinol —OH groups. This creates stronger donor—
acceptor m-stacking and increases the electron conductivity of the resins. Furthermore, we
found that Nafion-integrated RF resins, synthesized by polycondensation of resorcinol and
formaldehyde with an Nafion dispersion solution, exhibit high photocatalytic activities and
produce high-H,O,-content solutions.® Nafion acts as a surface stabilizer and suppresses the
growth of RF resin particles. This generates small Nafion-woven RF particles with large
surface areas and efficiently catalyze water oxidation and O, reduction. The Nafion-woven
resin surface, due to its hydrophobic nature, hinders the access of H,O, and suppresses its
subsequent decomposition. The simulated-sunlight irradiation of the resins in water under
atmospheric pressure of O, stably generates H,O», producing high-H>O,-content solutions
with more than 0.06 wt % H>O, (16 mM).

Recently, we also found that visible light irradiation of a carbon nitride-based catalyst
with graphene quantum dots as a co-catalyst in a H>O- solution containing HsPO4 generates
H, by the H,0; splitting (H202 — Hz + Oz, AG° = +131 kJ mol?),” which may be a
potential technology for the use of H.O- as a hydrogen carrier.

Figure 1. Structure of RF semiconducting resins

1) Y. Shiraishi et al. Angew. Chem., Int. Ed., 53, 13454 (2014). 2) Y. Shiraishi et al. Nat. Mater. 18,
985 (2019). 3) Y. Shiraishi et al. Commun. Chem. 3, 169 (2020). 4) Y. Shiraishi et al. J. Am. Chem.
Soc. 143, 12590 (2021). 5) Y. Shiraishi et al. ACS Mater. Au 2, 709 (2022). 6) Y. Shiraishi et al.
JACS Au 3, 2237 (2023). 7) Y. Shiraishi et al. Nat. Commun. 11, 3386 (2020)
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Nonequilibrium Separation and Transfer of Charge at Interfaces

(Department of Chemical and Biomolecular Engineering, College of Design and Engineering,
National University of Singapore) O Siowling Soh

Keywords: Charge Separation; Mechanochemistry, Static Charge, Surface Chemistry,
Interfacial Phenomena

What is static? Static charge is the immobile charged species on an insulating surface.
Beyond knowing its existence, however, it is not known what the chemical species of static
charge is. Static is tremendously important in our lives. It is the fundamental element of
electrostatics that gives rise to the driving force for a vast range of applications in industry (e.g.,
energy and sustainability). At the same time, it causes many undesirable consequences in
industry (e.g., explosion of flammable substances) and activities in our daily lives (e.g., electric
shock when touching a doorknob). Static has been widely popularized in science. Despite its
importance, little is known about the chemistry of electrostatics despite having been studied
for more than 2000 years. Physics typically only considers a static charge as a conceptual “point
charge” without any information of what its chemical identity is. This lack of understanding of
chemistry of electrostatics has greatly hindered the development of technologies in this field.

Fundamentally, static charge is produced by an interesting process that involves simply
bringing two surfaces into contact. This nonequilibrium interaction of the surfaces typically
generates large amounts of static charge on almost all types of insulating materials, including
polymers, rubbers, textiles, and inorganic materials. The general characteristics and behaviors
of static, however, are very poorly understood. There is thus a great need to understand the
fundamental mechanism of contact electrification that is currently still a subject under debate.
Without understanding how static charge is generated, it has been difficult to identify the
chemical species of static charge.

This presentation discusses the two most important questions of electrostatics: what is
the mechanism by which static charge is generated and what is the chemical identity of static
charge. Investigations have been challenging due to the complexity of surfaces.! Our study
involves the molecular-scale analysis of contact electrification using highly well-defined
surfaces functionalized with a self-assembled monolayer of alkylsilanes.? Analyses show the
elementary molecular steps of contact electrification: the exact location of heterolytic cleavage
of covalent bonds (i.e., Si-C bond), exact charged species generated (i.e., alkyl carbocation),
and transfer of molecular fragments. Static charge is thus an alkyl carbocation in this study. In
general, static charge is an ionic molecular fragment. Based on this understanding at the solid-
solid interface, the dynamic behaviors of static charge at the solid-liquid®** and solid-gas®
interfaces are discussed. The dynamic transfer of static charge at interfaces is a rich field of
research that gives rise to fascinating phenomena.®
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Control of the physicochemical properties of water by strong
coupling phenomena

(Department of Chemistry, Faculty of Science, Hokkaido University) OTomohiro Fukushima
Keywords: Vibrational strong coupling; Water; lon transport; Electrochemistry

When molecules are placed inside a cavity that resonates with a selected molecular vibration,
the electromagnetic fluctuations in the cavity vacuum field can lead to the formation of hybrid
light-matter states, even under the dark condition.
These hybrid states, called vibrational strong

i €
coupling (VSC) states, are governed by P @ ~ € c L
polaritonic interactions. Recent studies have o ® (‘F P o _

. . o (

shown that VSC can modify various e ™y c

n that an . modify  vari SN _ @
physicochemical properties, including reaction A A b - -
kinetics." Water is a crucial component in « - e ©
electrochemical applications due to its role in ion - a P &

dynamics and reactivity. The control of the
physicochemical properties of water is feasible in
terms of the.Varlou's chem'lstry fields, m.cludlng Fig. Schematic illustration of hydrated
electrochemistry, biochemistry, etc. In this study, . . . .
. . Do . ions in the cavity for the conductivity
we utilized VSC to modify the ionic conductivity .
of aqueous electrolyte solutions (Fig.).** modulation.
Formation of vibrational polaritonic states were confirmed by IR measurements, which showed
Rabi splitting behavior when the cavity mode was detuned to the OH stretching mode (3400
cm ™ '). The coupling strength was controlled from weak to ultra-strong coupling regime
depending on the water concentration and independent of the cavity mode, suggesting that VSC
of water could be utilized to modify dynamic properties.> We further examined the dependence
of ionic conductivity of aqueous electrolytes on the cavity mode. When the cavity mode was
in resonance with the OH stretching mode, an enhancement in ionic conductivities was
observed regardless of the electrolyte solutions. Notably, we observed a one-order magnitude
enhancement in proton conductivity.” We examined the dependence of the electrolytes and
observed a correlation between ion conduction and hydration dynamics.* From the results

above, we would like to discuss the possibility for the utilization of water under the VSC.

References
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Molecular Diversity and Selection: Directed Evolution of Artificial Bio-functional Molecules,
Proteins and Peptides (Graduate School of Science, Osaka Metropolitan University) lkuo Fujii.

Advances in methods for conformational prediction, structural analysis and site-directed
mutagenesis of proteins and peptides have contributed to the understanding of their structure
and function. However, with the exception of a few successes, the generation of practical
functional molecules solely by rational design remains a difficult challenge. The aim of our
study is to investigate molecular design relying on evolutionary processes, called as “directed
evolution”, to generate a novel class of bio-functional molecules. This evolutionary approach
consists of three steps; 1) constructions of protein/peptide libraries based on structural
information, 2) expressions of the libraries on phage particles, and 3) selections with
investigator-imposed selective pressures. Now, we study on directed evolution with using
protein and peptide libraries. We have generated highly active catalytic antibodies in phage-
displayed antibody libraries and molecular-targeting peptides in de novo designed o-helical
peptide libraries.

Keywords: Protein; Peptide; Directed Evolution; Immune System,; Phage-displayed Library
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Ultrahigh-sensitivity detection that exceeds that of living organisms ('Graduate School of
Engineering, Nagoya University, > Institute for Quantum Life Science, National Institutes for
Quantum Science and Technology(QST)) O Yoshinobu Baba'~

When I promoted to a Professor about 30 years ago, I had the dream of bringing innovation
to bioanalytical chemistry with the aim of achieving ultra-trace, high-sensitivity detection that
exceeds that of living organisms. Since then, I have been conducting research in the
interdisciplinary area of nanotechnology and biotechnology, and currently research in the
interdisciplinary area of quantum life science*?. In this lecture, I would like to introduce the
new concepts and research content that I have proposed so far. I hope that it will be helpful to
young researchers.

Keywords : Nanobioscience;, Nanobiodevice; Quantum Life Science
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MDA FEE 2D 2100 FEOHT LT, BAIESE, 2021, No. 3, 41-43. 3) Y. Baba, R. Hanayama
H. Akita, T. Yasui (Ed), Extracellular Fine Particles, Springer Nature, 2024. 4) {tHifg, B55(E,
ANIERE, EARBECHE CSIhLY FLEa1— £HEIFEBEDLE, (L2EFA, 2023, pp. 1-
173.5) [G3555(E . REHREARRE, FrEMMRMIRFISERY 2 £ B RO & £ 0H/H],
b5, 2023, 95, 133-216. 6) H. Yukawa, et al., Adv. Drug Deliv. Rev., 200 (2023) 14863. 7) T.
Shimada, et al., Trends in Anal. Chem., 171 (2024) 117496. 8) T. Yasui, et al., Science Advances, 3
(2017) €1701133. 9) T. Yasui, et al., ACS Nano, 13 (2019) 2262. 10) Z. Xixi, et al., Nano Lett.,
20 (2020) 599. 11) Y. Kitano, et al., ACS Appl. Mater. & Int., 13 (2021) 17316. 12) M. Tsutui, et
al., Small Methods, 5 (2021) 2100542. 13) T. Yasui, et al., Biosens. Bioelec., 194 (2021) 113589.
14) M. Tsutui, et al., Science Advances, 8, eabl7002 (2022). 15) M. Luo, et al., ACS Appl. Mat. &
Int., 14 (2022) 6377. 16) K. Takahashi, et al., Bioeng. Trans. Med., 7 (2022) ¢10338. 17) A.
Yokoi, et al., Science Advances, 9, cade6958 (2023). 18) A. Yokoi, et al., Nature Commun., 14, 6915
(2023).19) K. Chattrairat, et al., ACS Nano, 17, 2235 (2023). 20) H. Takahashi, et al., Biosens.
Bioelec, 234, 115318 (2023). 21) Z. Zhu, et al., ACS Appl. Mat. & Int., 15, 36866 (2023), 22) M.
Yoshida, et al., Cancer Science, 114, 295 (2023), 23) K. Matsuo, et al., eBioMedicine (Part of THE
LANCET Discovery Science), 95, 104737 (2023).

© The Chemical Society of Japan -A1423-3am-02 -



A1423-3am-03 AZ(b2a B1045SE2 (2024)

MRS HZRRIT DAIRFRIRESRT
(RALK - ZEHF) ki s, SERDE

Development of the Artificial Molecules for Regulation of Cellular Functions
(IMRAM, Tohoku University) OFumi Nagatsugi, Kazumitsu Onizuka

Recently, RNA has attracted attention as a new drug target. In this symposium, I will
present the development of artificial molecules for the regulation of cellular functions
by targeting RNA. Specifically, I would like to discuss the covalent forming
oligonucleotides (CFO), which react selectively to the target base in RNA and regulate
of miRNA functions in RNA. In addition, I will present the development and
application of molecules that alkylate RNAs with higher-order structures.

Keywords : targeted to nucleic acids, alkylation, miRNA, Higher ordered structure of RNA,
regulation of the gene expression
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1) Yamada, K.; Abe, Y.; Murase, H.; Ida, Y.; Hagihara, S.; Nagatsugi, F. J. Org.Chem. 2018, 83, 8851
2) Chen, Y. T.; Onizuka, K.; Hazemi, M. E.; Nagatsugi, F. Bioconjugate Chem. 2022, 33,2097
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Glycobiotechnology: Dreaming of elucidating the functions of glycans and creating applied
technologies (Faculty of Science and Technology, Keio University) Toshinori Sato

Research in the field of glycobiotechnology has made rapid progress along with the
development of biological field. We have mainly developed the following four methodologies
with the aim of advancing the field of glycobiotechnology. 1) Analysis of glycan recognition
ability against lectin, virus and amyloid 3 using a lipid raft membrane model. 2) Construction
of a glycan library and elucidation of glycan functions related to diseases such as infectious
disease and cancer using saccharide primer method. 3) Creation of glycan-binding peptides and
sugar-mimic peptides for infection control measures using phage display method. 4)
Development of cell-specific polysaccharide nanoparticles for gene therapy.

Keywords : Glycobiotechnology, Biomolecular Chemistry; Glycomics, Drug Delivery
System
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Dreaming of a bridge between supramolecular synthetic chemistry and biomolecular chemistry
(Graduate School of Science, The University of Tokyo) OMitsuhiko Shionoya

The molecular basis for the expression of biological functions provides important guidelines
for the design and synthesis of supermolecules. The real thrill of supramolecular synthesis lies
in the structural design of the constituent molecules and environmental settings (medium and
external stimuli) that enable supramolecular formation and function expression. In particular,
supramolecular metal complexes, in which metal ions self-assemble through directional
dynamic bonding with a specific number of organic ligands required for functional expression,
can exhibit structure-specific functions in relation to array, space, motion, and asymmetry. The
design of supramolecular metal complexes is one of the most challenging aspects of
supramolecular chemistry, with a view to the design of constituent molecules, selection of ions,
properties of molecular surfaces that control interactions, and chemical environments.

In this lecture, I will discuss the possibilities and challenges of synthetic chemistry that
creates a bridge between biomolecules and supramolecules, focusing on our recent examples
of metallo-DNA, ' supramolecular spaces,*” molecular rotors,’ molecular helicity inversion,’
asymmetric induction of metal-centered chirality,® and C-centered metal ion clusters.”'”
Keywords: Supramolecular Synthesis;, Molecular Design,; Supramolecular Formation,
Dynamic Functions; Bimolecular Systems
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Development of statistical thermodynamics in cell to aim for analyzing and controlling
functions of nucleic acids ('FIBER, Konan University, *FIRST, Konan University)
(ONaoki Sugimoto'~

Nucleic acids form not only a double helix structure as a canonical one but also non-
canonical ones such as quadruplexes depending on intracellular conditions. In this lecture, new
parameters which can predict these structural stability in cell are developed and their excellent
applications for the regulation of gene expressions are also presented. Based on the prediction
method, new statistical thermodynamics working in cell will be introduced.

Keywords: Nucleic acids, Cell; Statistical thermodynamics; Function; Non double helix
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1) a) N. Sugimoto, ed., “Handbook of Chemical Biology of Nucleic Acids”, SPRINGER NATURE,
2023, Vols. 1, 2, and 3. b) N. Sugimoto, “Chemistry and Biology of Non-Canonical Nucleic Acids”,
WILEY, 2021, 1-276. ¢) Our Group, Acc. Chem.Res. 2021, 54, 2110-2120. d) Our Group, Chem.
Soc. Rev, 2020, 49, 8439-8468.

2) a) Our Group, Proc. Natl. Acad. Sci. U.S.A. 2020, 117, 14194—14201. b) Our Group, Nucleic Acids
Res. 2023, 51,4101-4111. ¢) Our Group, J. Am. Chem. Soc., 2023, 145,23503-23518.

3) Our Group, under peer review.
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Development of Heterogeneous Solid Catalysts for Conversion of Biomass (/nstitute for
Catalysis, Hokkaido University) O Atsushi Fukuoka

Valorization of biomass offers a promising route for the synthesis of valuable compounds.
Cellulose and chitin are the most abundant biomass components having renewable carbon, and
nitrogen is also renewable with chitin. They are polymers of glucose and N-acetylglucosamine
(NAG) linked by p-1,4-glycosidic bonds. Hydrolysis of cellulose and chitin gives
oligosaccharides and monomers (Figure 1),"” which are important building blocks to produce
bulk and fine chemicals. However, efficient practical processes for the hydrolysis have not yet
been established due to the recalcitrance of the polymers. Heterogeneous catalysts are strong
candidates for the valorization of biomass, as they may be easily separated form reaction
mixtures and show unique product selectivity.” Here we report our work on valorization of
cellulose and chitin by heterogeneous carbon catalysts. The structure-activity relationship is
discussed for the carbon-catalyzed hydrolysis.

In the mix-milling of air-oxidized carbon (AC-Air) and cellulose, crystalline cellulose turned
amorphous and formed good solid-solid contact with the carbon surface. Then the adsorbed
cellulose was hydrolyzed by the weak acids.*® AC-Air showed excellent activity for selective
synthesis of oligomers (cellotriose, -tetraose, -pentaose and -hexaose) upon hydrolysis of
cellulose in a semi-flow reactor.”

Chitin has a more robust crystal structure than cellulose, and selective depolymerization of
chitin is extremely difficult. We found mechanochemistry is effective; chitin was mixed with
H>SO4 or AC-Air and ball-milling of the sample transformed chitin into NAG-oligomers.®>”
Cello- and chitin-oligosaccharides work as elicitors for plants. NAG is easily obtained by
hydrolysis of the oligomers, and it is further converted to valuable organonitrogen compounds
such as ADI and 3A5AF (Figure 2).

Keywords : Cellulose; Chitin;, Carbon catalysts; Weak acid, Oligosaccharides
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Figure 1. Hydrolysis of cellulose and chitin to oligomers and monomers.
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Multifunctional Solid Catalysts for Transient Reactions toward CO, and CHs Valorization
(School of Advanced Engineering, Kogakuin University) (OZen Maeno

Transient reactions in which different reactants are alternately fed in catalyst beds have
attracted considerable attention because they can avoid the problems of molecular
transformation by steady-state reactions. In this study, we present our recent works on
multifunctional solid catalysts effective for two types of transient reactions: 1) CO» capture
from mixed gas containing O, and selective hydrogenation to CO/CH,4 and 2) chemical looping
CH; dry reforming for syngas production.

Keywords : Unsteady-state Operation;, Chemical Looping, CO; Capture and Reduction (CCR),
CH, Dry Reforming,; Multifunctional Solid Catalyst
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Atomic-scale catalyst design based on the spontaneous mixing, assembly, and alignment of
surface atoms ('Graduate School of Engineering, Nagoya University) O Akira Oda'

Catalyst surfaces interact with substrates and form reaction intermediate to promote the
reactions. The smallest unit of surface atoms necessary for driving the reaction is called an
ensemble site.! Comprehensive analysis of model catalytic systems has led to the proposal of
many types of ensemble sites suitable for various catalytic reactions. The arrangement,
composition, and charge of the ensemble site are important descriptors of catalytic performance.
Attempts to frustrate these factors and to innovatively activate the ensemble sites have attracted
much attention. The typical approaches include the control of downsizing, multielement
alloying, and morphology control of metal/metal oxide particles®?, through which various
noteworthy catalytic performances have been created. However, the social implementation of
catalytic conversion, which is indispensable for the realization of a decarbonized and hydrogen-
based society, remains hampered by many problems. The activity-selectivity-lifetime tradeoff
and the requirement of high reaction temperatures and pressures make energy-conserving
processes difficult to achieve. Existing catalyst designs use and waste large amounts of
expensive precious metals, even though only ensemble sites at the surface are needed for the
reaction. To break away from extreme dependence on resource-rich countries and to build an
environmentally friendly society, it is necessary to develop a catalyst design technology that
conserves energy and precious metals. In addition, it is also important to reduce the cost of
catalyst design. The design of a catalyst with a precisely controlled structure requires extreme
environments such as high vacuum, expensive raw materials, advanced techniques, and multi-
step processes. These are not for everyone; the design difficulty makes social implementation
difficult.

The speaker aims to establish a simple design methodology of ensemble sites that can drive
desired reactions at low temperature, low pressure, and high speed with high selectivity. It is
based on the phenomenon that atoms spontaneously gather, mix, and array on surfaces of
metal/metal-oxides simply by mixing and baking the row materials. Through understanding the
spontaneous formation of surface atomic ensembles driven by epitaxial growth, galvanic
substitution, and host-guest interactions, the speaker has successfully created ensemble sites
capable of driving hydrogen carrier production/utilization processes, environmental exhaust
gas purification, and C1 chemical conversion at low temperature, low pressure, and high speed
with high selectivity. As representative examples, I will report the spontaneous formation
phenomena of atomic layers of Ru™VMOy (M = Mn, Fe, Co, Ni, Cu) composite oxide * and
crystalline Pt° sub-nanoislands>® and their unique catalytic properties.

Keywords: Ensemble Site; Epitaxial Growth; Galvanic Replacement; Host-Guest Interaction
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1) Y. Guo et al., Nat. Catal. 5,766 (2023). 2) H. Kobayashi et al., Acc. Chem. Res. 48, 1551 (2015). 3)
K. Yamamoto et al., Chem. Rev. 120, 1397 (2020). 4) A. Oda et al., J. Mater. Chem. A 11, 23854 (2023).
5)A. Oda et al., ACS Catal. 13, 10026 (2023). 6) /MIFIEE, #ER S, % 132 EftEtHS, O
1G10, 2023 £E.

© The Chemical Society of Japan - G02-3am-03 -



G02-3am-04 AX2a B1045SE4 (2024)

HWFE E RO BRI
CALRARERT) OB M

Developments of heterogeneous catalysts using machine learning
(‘Institute for Catalysis, Hokkaido University) Takashi Toyao

Recent revolutions made in data science could have a great impact on traditional catalysis
research in both industry and academia and could accelerate the development of catalysts.
Machine learning (ML), a subfield of data science, can play a central role in this paradigm shift
away from the use of traditional approaches. In this talk, I will show our recent contributions
to establishing “Catalysis Informatics”.

Keywords : Catalysis informatics, Catalysts, Machine learning
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Shimizu, K.; Takigawa, 1. Analysis of Updated Literature Data up to 2019 on the Oxidative Coupling of
Methane Using an Extrapolative Machine-Learning Method to Identify Novel Catalysts. ChemCatChem
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Development of heterogeneous catalysts for low temperature ammonia synthesis (/nstitute of
Innovative Research, Tokyo Institute of Technology) OMichikazu Hara

A significant increase in the efficiency of the Haber-Bosch process has been an important
challenge for over one hundred years and requires heterogeneous catalysts for the synthesis of
ammonia below 100-150 °C to minimize the energy consumption of the process. Here we
report catalysts to synthesize ammonia at low temperature. For example, metallic iron particles
combined with a mixture of BaO and BaH; species catalyzed ammonia synthesis even at
100 °C. The iron catalyst revealed that iron can exhibit a high turnover frequency (~12 s™),
which is over an order of magnitude higher than those of other transition metals used in highly
active catalysts for ammonia synthesis. This can be attributed to the intrinsic nature of iron to
desorb adsorbed hydrogen atoms as hydrogen molecules at low temperatures.

Keywords : Haber-Bosch process, Heterogeneous catalysts; Ammonia,; Iron
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Synchrotron Small Angle Scattering — Fundamental theories for structure analyses with SAXS
(Institute for Chemical Research, Kyoto University) OMikihito Takenaka

Small-angle X-ray scattering (SAXS) is a powerful method to characterize the hierarchical
structures of various kinds of materials including polymeric materials, liquid crystals, gel,
proteins, and metallic alloys in the range of from 1nm to 100nm. SAXS with high intensity
synchrotron sources enables us to investigate the dynamical processes of the transition in the
materials quantitatively with in-situ measurement. In this talk, the basic principles of SAXS
and the analyses techniques of SAXS are discussed.

Keywords : Small Angle X-ray Scattering; Hierarchical Structures, In-situ Measurement,
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Utilization of synchrotron small-angle X-ray scattering measurement equipment for material
evaluation (Japan Synchrotron Radiation Research Institute)

The materials we use have structures of various scales. There is some correlation between these
structures and physical properties. We create and use objects with various properties by
controlling the structure of materials. In order to control the structure, it is essential to
investigate the structure of the material in detail, and we use various methods to evaluate the
structure of the material. Small-angle X-ray scattering (SAXS) is one of the methods that can
evaluate nano- to micro-scale structures. SAXS measurements require the measurement of
scattered light at small angles with high angular resolution. Normally, the divergence angle of
light emitted from X-ray generators in laboratories is large, making it difficult to measure low-
angle regions with high angular resolution. Therefore, in SAXS measurements, synchrotron
radiation that produces X-rays with a low divergence angle is often used. There are several
beamlines that can perform small-angle X-ray scattering measurements using synchrotron
radiation. We will describe the X-ray scattering measurement device.

BLO3XU can utilize X-rays with a flux more than 105 times higher than that of standard
laboratory SAXS measurement equipment. In addition, by taking advantage of its high
brightness and coherence, it becomes possible to perform measurements that are different from
those in the laboratory. Here, we will omit the explanations of diffraction imaging (CDI) and
X-ray photon correlation spectroscopy (XPCS), which are measurements that utilize coherence.
By using synchrotron radiation X-rays, it is possible to perform structural evaluations that
cannot be performed with laboratory SAXS equipment. Using high-intensity X-rays and a
compound refractive lens (CRL), which is a condensing element, it is also possible to generate
minute X-rays several micrometers in size. Using this X-ray, it is possible to evaluate
hierarchical structures from subnanometers to several tens of nanometers with micrometer-
sized positional resolution. Furthermore, by using high-flux synchrotron radiation, it is possible
to track structural changes under external stimuli such as temperature and stress. This tracking
of structural changes (~seconds) is widely used as it can only be evaluated using synchrotron
radiation. In recent years, efforts have also begun to construct databases by measuring a large
number of samples and linking structural information with various physical property
measurements. It is expected that the use of materials informatics (MI), which combines this
with information science, to predict structural properties will increase in the future. X-ray
scattering is a very useful method that allows us to observe a wide range of hierarchical
structures from subnanometers to micrometers. X-ray scattering measurement using
synchrotron radiation allows us to penetrate into areas that were previously unobservable. In
this presentation, we will introduce a synchrotron radiation small-angle/wide-angle X-ray
scattering measurement method for evaluating the nano- and microstructures of polymeric
materials.Keywords : SAXS; microbeam,; DX; synchrotron radiation
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A= MAPBEAT ) A— MV OREEREEFHEINFTREL 725, £/, M7 T v 7 AD
E AR 5 2 & TR /172 EOSNT T FIC BT 2 &2 L0 BHR)S 7]
LD, ZOHMEZ(LOBH (~F) 13T LT Z R TERNBD
ELTHEFICEL A SN TV D, ZBORENIE 21TV REEHH & 8k~ 72 rElE
R EEMOT, T H R ARG, ThIUAD T, TREIERE: & A
AL~ T VTN AT H~T 47 A (MD) 2L DHEEWET R & OFHN
SBMZ 50BN, XBEGEWEIZY 7 ) A= b~ A 70 A— kLT
DONEIAOHE RS 2 BT 5 2 L AR FEFICHERA R TETH S, s vz
X HREGELENE Tl RERBIH CE Ao T lEIRIC IS AT Z E N TE B, KFEET
X, B THEO T )« ~ A 7 e EEFG AT 5 72 O O BUR eIV TR A X R HCELE
EETOW TR T 5,

AMFFE D%, MEXT Program: Data Creation and Utilization-Type Material Research and
Development Project Grant Number JPMXP1122714694 |2 X %,
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Structural Analyses of Macromolecular Assemblies by Small-angle X-ray Scattering
(Department of Chemistry and Biochemistry, The University of Kitakyushu) Isamu Akiba

Molecular assemblies ranging in size from a few nanometers to several hundred nanometers
despersed in solution, such as micelles and supramolecules, are expected to find applications
in a variety of fields, including the biomedical field. The physical properties of such nano-sized
materials depend strongly on the size, shape, aggregation number and their distribution, as well
as the composition distribution inside the materials. In addition, stimuli-responsiveness of these
structural characteristics leads to emergence of novel functions. Therefore, precise
characterization of these structural features in molecular assemblies and detailed tracking of
their transformation are strongly required for molecular design and property control.
Synchrotron small-angle X-ray scattering (SAXS) is a powerful tool for precise structural
analyss of nano-sized materials in dilute solutions and time-resolved measurements to trace the
process of structural change. Here, we will introduce the characterization of nano-sized
molecular assemblies in dilute solutions by using synchrotron SAXS.

Keywords : Small-angle X-ray scatterting; Polymer micelles; Synchrotron light source
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Elucidation of correlation between rheological properties and thickener structure change of
lubricating grease under shear flow ('NSK Ltd., *University of Hyogo, *Tohoku University,
*Hyogo STA, °JASRI) O Takashi Noda,"* Yuki Takayama,** Shigeo Kuwamoto,’ Kentaro
Sonoda,' Hitoshi Washizu®

Grease is a semi-solid substance consisting mainly of base oil and thickener. It is frequently
used as a lubricant for rolling bearings due to the ease of handling, and the demand for grease
is expected to further increase with the trend toward electrification of automobiles toward a
decarbonized society. Grease is also known to exhibit complex properties not found in oil in
response to external actions, as it forms a colloidal dispersion of fibrous structures mixed with
liquid oil. The thickener dynamics is thought to influence the appearance of complex properties,
but the mechanism have not been elucidated in detail due to the absence of an established
observation method. In this study, ultra-small angle X-ray scattering was used to observe how
the thickener structure changes when the grease is subjected to shear. The relationship between
the microstructure of the grease and the change in physical properties was also investigated.
Keywords : Lubricating Grease; USAXS,; Rheology

XCDIT . 7V =R TEMEHED X O F a2 ER ET 5 ERROWETH 5.
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IZE D WS TR S AL 5 20 & W o o B A 22 R IS B AR D, BGEL X R
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Fig. 1 Subtracted USAXS patterns of various greases (left) and the relationship between apparent viscosity and
thickener structure behavior: horizontal component of the subtracted USAXS patterns (right)
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1) PM. Lugt: Grease Lubrication in Rolling Bearings, John Wiley & Sons, Ltd. 2013

2) B.W. Hotten: Optical Studies of Lubricating Grease Structure, NLGI Spokesman, 1955, 19, 1, 14.

3) M. Paszkowski & S. Olsztynska-Janus: Grease Thixotropy: Evaluation of Grease Microstructure
Change Due to Shear and Relaxation, Industrial Lubrication and Tribology, 2023, 66, 2, 223.
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Retrogradation behavior and in-situ observation of cooked rice grains preserved at low
temperature (‘4jinomoto Co., Inc., *Graduate School of Science and Technology, Gunma

University) OChie Ohmoto!, Takahiko Kawai?, Kazuki Kurosawa?, Hideyuki Yamaguchi',
Kosuke Yamazoe'

It is well known that cooked rice ages, developing a harder and drier texture as time passes
after it is cooked. Processed foods including cooked rice, such as rice balls and boxed lunches,
are major industrial products, and methods for controlling their retrogradation is an important
social issue. Sealed sample changer was originally developed. This device is equipped with a
temperature control function in order to continuously track how individual rice grains change
over time. Individual rice grains were analyzed by simultaneously conducting small-angle X-
ray scattering (SAXS) and wide-angle X-ray diffraction (WAXD) measurement, and clarified
how that structure changes with retrogradation.

Keywords : Retrogradation of cooked rice, SAXS/WAXD
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Circularly polarized light detection using spin polarization of one-dimensional helical

nanomaterials
(!School of Advanced Science and Engineering, Waseda University) OAyumi Ishii!

Circularly polarized light contains useful information that cannot be detected by the human
eye. In this study, we have constructed new optical semiconductor devices in which the specific
electronic and spin states of one-dimensional helical nanomaterials are controlled by an
organic-inorganic hybrid structure. By utilizing their circularly polarized light absorption and
spin polarization properties, we succeeded in directly detecting circularly polarized light with
the world's highest sensitivity.

Keywords : One-dimensional helical nanomaterials, Organic-inorganic hybrid, Circularly
polarized light, Spin polarization, Photoelectric conversion device
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2B AR IR SN D 7o FREEDMRIETTIANIS T, BFIE A B g R
b S o, Bl iX, A EUERAERRREVWE 25T M - RifiZg EIZHR
HERONOLIRE T2 L AV URMBIC I 0 AT DM ER (A EAREBER) 2
BUAISND Z EDNHMBNTWD, ABFETIL, JEIT X D A B AR EE DT Ak 2 F
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1) Ishii, A.; Miyasaka, T. Science Adv. 2020, 6, eabd3274.; 2) Ishii, A. et al., submitted.
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Practical method for measuring solid-state samples using CD and CPL spectroscopy
('JASCO Co.) OYoshiro Kondo,!

Circular dichroism (CD) spectroscopy is widely used for structural analysis of chiral
molecules. In recent years, it has been applied not only to solution samples but also to solid
samples. On the other hand, circularly polarized light (CPL) spectroscopy has been used to
analyze the structure of chiral molecules in an excited state. In recent years, it has also
attracted attention as an evaluation method for CPL-emitting substances, which are expected
to find applications in devices such as 3D displays.”? Consequently, for both CD and CPL
spectroscopy, there is a growing need to perform measurements on solid samples.

Some solid samples exhibit macroscopic anisotropy, which can cause distortions of the
CD and CPL spectra, preventing these samples from being evaluated using conventional CD
and CPL spectrometers.” It is therefore important to determine the influence of such
anisotropy on CD and CPL spectra. In this presentation, we describe a practical method® for
evaluating the effects of macroscopic anisotropy that is useful for CD and CPL measurements
of solid samples.

In addition, JASCO has developed two new attachments for the CPL-300 CPL
spectrometer. The first is a small permanent-magnet attachment for measuring magnetic
circularly polarized luminescence (MCPL), and the second is an attachment for evaluating
circularly polarized organic light-emitting diodes (CP-OLEDs). Measurement examples using
these attachments are also described in this presentation.

Keywords: Circularly polarized luminescence, Solid-state CPL measurement, Circularly
polarized organic light-emitting diode (CP-OLED)

CD HIEIE T HIEE D E O EFENT I A <R S TRV . I TITRIEREHT
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1) K. Dhbaibi, L. Abella, S. Meunier-Della-Gatta, T. Roisnel, N. Vanthuyne, B. Jamoussi, G.
Pieters, B. Racine, E. Quesnel, J. Autschbach, J. Crassous, and L. Favereau, Chem. Sci.,
2021, 12, 5522-5533

2) M. Kitahara, K. Hara, S. Suzuki, H. Iwasaki, S. Yagi, Y. Imai, Organic Electronics, 2023,
119, 106814-106820

3) Y. Shindo, High Polymers, Japan (KOBUNSH), 1991, 40, 8, 528-531

4) E. Castiglioni, P. Biscarini, and S. Abbate, Chirality, 2009, 21, 28-36
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Development of OLED materials with Inverted Singlet and Triplet Excited States (' Graduate
School of Engineering, Osaka University) ONaoya Aizawa'

Hund’s multiplicity rule states that for a given electronic configuration, a higher spin state
has a lower energy. Rephrasing this rule for molecular excited states predicts a positive energy
gap between singlet and triplet excited states (AEst). Although there is general agreement that
AFEst must be positive, the potential for negative AFsr in phenalene analogues, such as
cycl[3.3.3]azine and heptazine has been discussed during the last two decades.'™ In this talk,
we present a fluorescent heptazine analogue HZTFEX, that disobeys Hund’s rule, possessing
negative AEst of —11 meV (Fig. 1).°
Keywords : OLED; Singlet—triplet inversion; Delayed fluorescence,; Intersystem crossing

7> PAIE D (Al — OB FBEIZB WV TRRO A B ZHEE 2R OIRRE D R+
X —IRRE LD, LTcino> T, —HHEBEIRARIL, [FE A E O —HEphEIREE X
DX —MELS, MREEO =L F—7 (AEsr) 1, IEE 72D Z ERHBILTW
%, —J7 T, 1980 FF{X K VU Cycl[3.3.3]azine X° Heptazine D AEst 23E Th 5 AIREM MR
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Time constant of delayed
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Fig. 1. a, Molecular Structure of HZTFEX,. b, Excited-state kinetics of HZTFEX; at 300 K.

1) W. Leupin, J. Wirz, J. Am. Chem. Soc. 1980, 102, 6068.

2) W. Leupin, D. Magde, G. Persy, J. Wirz, J. Am. Chem. Soc. 1986, 108, 17.

3) J. Ehrmaier, E. J. Rabe, S. R. Pristash, K. L. Corp, C. W. Schlenker, A. L. Sobolewski, W. Domcke, J.
Phys. Chem. 42019, 123, 8099.

4) P. de Silva, J. Phys. Chem. Lett. 2019, 10, 5674.

5) N. Aizawa, Y.-J. Pu, Y. Harabuchi, A. Nihonyanagi, R. Ibuka, H. Inuzuka, B. Dhara, Y. Koyama, K.
Nakayama, S. Maeda, F. Araoka, D. Miyajima, Nature 2022, 609, 502.
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Persistent and stimulated luminescence based on charge transfer of organic molecules
(OIST) ORyota Kabe

Persistent and photostimulated luminescence are well-known phenomena in inorganic
materials in which absorbed light is stored as charge carriers and emitted by slow or
photostimulated recombination. However, stimulated luminescence has not been realized in
organic materials because of the short-lived charge carriers. By utilizing the intermolecular
charge separation between electron donors and acceptors and the charge trapping mechanism,
we have realized persistent and photostimulated luminescence in organic materials.

Keywords . Persistent luminescence; Photostimulated luminescence; Charge separation;
Charge transfer, Time-resolved spectroscopy
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1) Nature 550, 384-387 (2017). 2) Commun. Mater. 2, 1-7 (2021). 3) Nanoscale 13, 8412-8417 (2021).
4) Nat. Commun. 11, 191 (2020).5) Nat. Mater. 21, 338-344 (2022).
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Spin angular momentum conversion between electrons and light on spin-photonic devices and
its applications (!School of Science, Kitasato University) ONozomi Nishizawa'

The spin angular momentum of the carriers is transferred to the emitted light through
radiative recombination, resulting in the emission of light with angular momentum, that is,
circularly polarized light (CPL) along with the emission direction. In order to put it in practice,
to inject the spin-polarized electrons into semiconductors efficiently and to recombine with
holes radiatively before they relax are required. Stated earlier, the emission mechanism (key
considerations) of CPL in inorganic devices are different greatly from that in organic materials
in which the focuses of the argument are the chirality and the density of state of the molecules
of interest. In 2017, we experimentally demonstrated the almost fully-polarized CPL emission
at RT in spin-LED devices consisting of ferromagnetic electrodes on semiconductor LED
structures. Also, we reported the electrical polarization switching and CPL detection. This
presentation reviews the emission mechanism, useful functions in spin-LED, and cancer
detection technique using CPL.

Keywords : Circularly polarized light, Emission mechanism, Spintronics, Spin-Photonics, Spin-
polarized electrons
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