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Symposium | Co-Innovation Program (CIP) | Data acquisition and utilization
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[K401-4am] Award Presentations, Special Lectures
Chair, Symposium organizer: Hiroaki lino, Ryo Koga, Tsuneo
Kashiwagi, Yasunobu Ando

9:00 AM - 11:30 AM K401 (K401, Lecture Hall Bldg. [4F])

[K401-4am-01] Ml and DX
” WAVEBASE” DX platform for Material
R&D
OTetsuya Shoji' (1. Toyota Motor
Corporation)
9:10 AM - 10:00 AM

[K401-4am-02] Digital Transformation of Advanced
Experiments with Synchrotron Radiation
to Promote Materials Development
Olwao Matsuda' (1. the University of Tokyo)
10:10 AM - 10:40 AM

[K401-4am-03] Research cases and prospects of energy-
materials DX
OJunichiro Shiomi1, Shoichi Matsudaz, Koji
Tsuda' (1. The Univ of Tokyo, 2. NIMS)
10:40 AM-11:10 AM

[4K40101-03-6add] Incubation Time

1T1:10AM - 11:30 AM
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Symposium | Co-Innovation Program (CIP) | The role of thermal energy
engineering in realization of low-carbon society

[K405-4am] The role of thermal energy engineering

in realization of low-carbon society
Chair, Symposium organizer: Eiji Hosono, Koichi Tokudome,
Michihiro Ohta, Nagatoshi Koumura
9:00 AM - 11:20 AM K405 (K405, Lecture Hall Bldg. [4F])

[K405-4am-01] Development of order-made materials for
thermo-chemical energy storage and
future issues
CJunichi Ryu' (1. Chiba University)

9:15 AM - 9:45 AM

[K405-4am-02] High-temperature thermochemical energy
storage / chemical heat pump system
toward low-carbon society
Cltoko Saita' (1. AIST)

9:45 AM - 10:15 AM

[K405-4am-03] Importance of the Second Law of
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Thermodynamics and Heat Transfer in
Effective Utilization of Thermal Energy
OYoichi Murakami' (1. Tokyo Institute of
Technology)
10:15AM - 11:05 AM
[4K40501-03-5add] Incubation Time

11:05AM - 11:20 AM
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chemistry and materials science
Chair, Symposium organizer: Hiroaki lino, Ryo Koga, Tsuneo
Kashiwagi, Yasunobu Ando
1:00 PM - 3:40 PM K401 (K401, Lecture Hall Bldg. [4F])

[K401-4pm-01] Digital transformation of inorganic thin-
film materials research using autonomous
synthesis system
ORyota Shimizu' (1. Tokyo Intitute of
Technology)

1:00 PM - 1:30 PM

[K401-4pm-02] Materials database creation and
integrated data application
OMasashi Ishii' (1. National Instituet for
Materials Science)

1:30 PM - 2:00 PM

[4K40104-07-3add] Incubation Time

2:00 PM - 2:20 PM

[K401-4pm-03] Ideals and Challenges in Utilizing
Research Data in the Materials Science
Field
OYoko Shinoda' (1. National Institute for
Materials Science)

2:20 PM - 2:50 PM

[K401-4pm-04] Toward construction of Measurement and
Characterization Platform -Concept and
standardization of common data format-
OShingo Ichimura' (1. Waseda University)
2:50 PM - 3:20 PM

[4K40104-07-7add] Incubation Time

3:30 PM - 3:40 PM
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[K405-4pm] The role of thermal energy engineering

in realization of low-carbon society
Chair, Symposium organizer: Eiji Hosono, Koichi Tokudome,
Michihiro Ohta, Nagatoshi Koumura
1:30 PM - 3:30 PM K405 (K405, Lecture Hall Bldg. [4F])

[K405-4pm-01] Thermoelectric Materials with Low-
environmental Impact for Waste Heat
Power Generation Applications
OMichitaka Ohtaki' (1. Kyushu University)
1:30 PM - 2:20 PM

[K405-4pm-02] Current Situations and Issues of
Thermophysical Property Measurement of
Solid Materials
OMegumi Akoshima' (1. AIST)
2:20 PM - 2:50 PM

[K405-4pm-03] Overviewing the world of thermoelectric
materials by materials informatics
OYukari Katsura'? (1. National Institute for
Materials Science, 2. RIKEN)
2:50 PM - 3:20 PM

C1311

Symposium | Asian International Symposium | Asian International

Symposium - Photochemistry -
[C1311-4am] Asian International Symposium -

Photochemistry -
Chair, Symposium organizer: Kiyoshi Miyata, Nobuhiro Yanai
9:00 AM - 11:40 AM C1311 (1311, Bldg. 13 [1F] + Zoom)

[C1311-4am-01] Versatile Post-nanoencapsulation
Strategy for the Preparation of Robust
and Extremely Uniform TTA-UC
Nanocapsules
OJaehyuk Kim' (1.Pusan National
University)

9:05 AM - 9:35 AM

[C1311-4am-02] Lasing &spin-orbit coupled polariton
condensates in lead halide perovskite
microcavities
OYongping Fu' (1. Peking University)
9:35 AM - 10:05 AM

[C1311-4am-03] Single-molecule study of plasmon-
induced chemical reactions of O, using
photon STM
OEmiko Kazuma'? (1. The University of
Tokyo, 2. RIKEN)

10:05 AM - 10:25 AM
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[C1311-4am-04] Energy transfer between Singlet, triplet
and doublet
OFeng Li' (1. Jilin University)
10:25 AM - 10:55 AM

[C1311-4am-05] Delayed Fluorescence from Energetically
Inverted Singlet and Triplet Excited
States
©Naoya Aizawa' (1. Osaka University)
10:55AM -11:15 AM

[C1311-4am-06] Highly Efficient invisible
electroluminescence from organic light-
emitting diodes
OHajime Nakanotani' (1. Kyushu

University)

11:15AM - 11:35 AM

K102

Symposium | Special Program | Protein Dynamics Chemistry: Chemistry
and Materials Science for Visualizing and Manipulating Protein Dynamics

[K102-4am] Protein Dynamics Chemistry: Chemistry
and Materials Science for Visualizing

and Manipulating Protein Dynamics
Chair, Symposium organizer: Takahiro Muraoka, Tomohide Saio
9:00 AM - 11:40 AM K102 (K102, Lecture Hall Bldg. [1F])

[K102-4am-01] Protein conformational changes
investigated by NMR and ESR using
paramagnetic lanthanide tags
OTomohide Saio' (1. Tokushima University)
9:05 AM - 9:30 AM

[K102-4am-02] Understanding the dynamic assembly of
protein disulfide isomerase enzymes
during their catalytic reaction
OMasaki Okumura' (1. FRIS, Tohoku univ.)
9:30 AM - 9:55 AM

[K102-4am-03] Protein Folding Promotion by Kinetically
Controlled Multistep Reactions
OTakahiro Muraoka'? (1. Tokyo Univ. of
Agriculture and Technology, 2. KISTEC)

9:55 AM - 10:20 AM

[K102-4am-04] Visualizing the microscopic dynamics of
biorelevant molecules by computational
science
OGo Watanabe'? (1. Kitasato Univ., 2.
KISTEC)

10:20 AM - 10:45 AM
[K102-4am-05] Regulation of Spatio-Temporal Dynamics



of Engineered Proteins in Vivo and Its
Application for Ischemic Stroke Therapy
Cltsuki Ajioka'? (1. Tokyo Medical and Dental
Univ., 2. KISTEC)
10:45AM -11:10 AM

[K102-4am-06] Regulation of cytoskeletal dynamics in
new neurons for brain regeneration
©Naoko Kaneko' (1. Doshisha University)

11:10AM - 11:35 AM

Symposium | Special Program | Luminescence Chemistry Ensemble: New
Developments in Luminescent Sensing for Super Smart Society

[K102-4pm] Luminescence Chemistry Ensemble:
New Developments in Luminescent

Sensing for Super Smart Society
Chair, Symposium organizer: Jumpei Ueda, Junpey Yuasa,
Shunpei Hitosugi, Suguru Ito, Toshikazu Ono, Yousuke Ooyama
1:00 PM - 3:40 PM K102 (K102, Lecture Hall Bldg. [1F])

[K102-4pm-01] Development of luminochromic systems
and film-type sensors based on
excitation-driven complexes
OKazuo Tanaka' (1. Kyoto University)
1:05PM- 1:35 PM

[K102-4pm-02] Electrofluorochromic Devices based on
Photo-electro Functional Molecules
OKazuki NAKAMURA' (1. Chiba University)
1:35PM - 2:05 PM

[K102-4pm-03] Static electricity luminescence sensing
technology
OKazuya Kikunaga' (1. AIST)

2:05 PM - 2:35 PM

[K102-4pm-04] Development of pyrene-based bright
probes for in vivo multi-photon excited
fluorescence microscopy imaging
OYosuke Niko' (1. Grad. Sch. of Int. Art. and
Sci., Kochi Univ.)
2:35PM - 3:05 PM

[K102-4pm-05] Application of flexible infrared-emissive
surface light source to biological sensing
technology
oRyo Nakabayashi1, Noriko Ueda1, Shusaku
Kon' (1.KONICA MINOLTA, INC.)
3:05PM - 3:35PM
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MI & DX
RTVTILHAE DX 75 v b7+ —.L WAVEBASE

(hax BB ERAS) ER B

Material Informatics and Digital Transformation, WAVEBASE: Material R&D DX Platform
(Toyota Motor Corporation) Tetsuya Shoji

Recent rapid evolution of computational
power and generalization of Al technology
enables information extraction from
variety types of data. Commonly, material
researchers and engineers tend to
recognize Al technology as tools for
machine learning in their material R&D
scene. But most important point of
material informatics is how we become
able to access meaningful descriptor
buried in high dimensional data which is
difficult to quantify. Moreover, material
data have multi-scale and multi-modal

information
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Figure 1
expression and corresponding measurement.

g-space expression of multiscale

problem. This fact makes data utilization more difficult. In order to get over this situation, we
focused on wave number “q-space” expression for handling multi scale structural data, as
shown in Figure 1. Using g-space expression, we can connect from atomistic diffraction
information to structural scattering information based on principle of diffraction and scattering.
Moreover, small angle scattering information is almost equivalent to power spectrum of
microscope image. Based on this fact, we can recognize that we can express multi-scale

structural information in one curved line which is consist of scattering, or power spectrum, and
diffraction?. Using superposition principle of wave, we can aware that all structural

information is overlapped in this curved line.
To extract information from multiscale dataset,
we utilize dimensionality reduction technique
for high dimensional multiscale data. For
example, we start with 35 different
composition and nanostructure Light Rare
Earth alloyed nano structured Nd,Fe 4B rare-
earth magnet samples and measure X-ray
diffraction (XRD)?. One XRD data consists of
3500 dimensions. Commonly known that
XRD spectrum consist of diffraction
information from atomistic configuration and
small angle scattering information from nano

Figure 2 35 XRD data of Nd reduced rare earth

magnet and 10 decomposed vectors by PCA analysis
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and  microstructure.  To ‘ i 3

extract feature from these 35 i At i
XRD data, we use PCA, 3 :
principal component _ ' ; .
analysis, to decompose 10 A R
independent vectors as shown Heat-map of linear correlation B vy-Plot

Property 1

on

in Figure 2. In this case
cumulative contribution ratio
is more than 0.95 with these
10 vectors. Looking at
decomposed  vector  with
knowledge of diffraction and small angle scattering, one can understand meaning of each vector.
In this case, 1* principal component (PC) corresponds to difference of scattering by

nanostructure and part of peak shape change and 2™ PC corresponds to peak shift of RE,Fe 4B

phase, this means that change of lattice parameter by alloying Light Rare Earth element in

Nd,Fe14B phase. 3™ PC represent change of peak width. Then we use coefficient of each PC as

descriptor for magnetic performance machine learning model. Coefficient of PC seems to work

well as good descriptor as shown in Figure 3. This is only one example, but we already

confirmed this like analysis may hold in other materials, such as catalyst, battery materials,

lubricant oil etc., and other spectrum data, such as FT-IR or GC-MS etc.

Based on our achievement of material informatics research include feature extraction by
dimensionality reduction, we deployed Data storage and Data analysis platform “WAVEBASE”
on AWS and started Material R&D DX support service business ©. Using this system, users
can store their data on same place in their limited community, or company and can extract
feature information from proper dataset and analyze correlation against objective parameters,
or target properties, by machine learning algorithms without coding. Furthermore, SINET6,
high speed data transfer network, will become in service, massive data from quantum beam
facilities, such as SPring-8, become able to transfer to AWS immediately for analyze measured
data on site. IT environment evolution may lead transformation of analytics of massive data
and efficient usage of beam time.

Our attempt is just one of option for users. This like SaaS business will become mainstream
for data analytics in material R&D, I think. Most important thing for engineers and researchers
is understand underlying theory, not only material itself but measurement principles and data
analytics.
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Figure 3  Correlation of properties and PC coefficient.

Keywords : Material informatics, Digital transformation; feature extraction, Dimensionality
reduction,

1) S. Koizumi et al; J. Appl. Cryst. (2019). 52, 783-790
2) A. Kato et al; Matere. (2021) 60, 1, 57-59
3) URL: https://www.toyota.co.jp/wavebase/
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MEBFZERET 5 EimREtEEERD DX 1k
(RORHPERT) 1 g

Digital Transformation of Advanced Experiments with Synchrotron Radiation to Promote
Materials Development (The Institute for Solid State Physics, the University of Tokyo)
Iwao Matsuda

An X-ray has been significant probe in materials science to characterize atomic structure,
chemical character, and electronic states of samples. A synchrotron radiation (SR) facility
provides such an X-ray beam with high-brilliance and makes users to conduct experiments with
high-resolution and multi-dimensional information. Furthermore, recent advanced in the
measurement techniques have allowed us to probe functional materials with spatiotemporal
resolutions under the operando conditions. Frontiers of the SR research have now required to
pioneer a combination of such advanced experiments with the DX technologies including
informatics and robots. We have been developing a system of in situ sample reparations and
the characterization with X-ray nanospectroscopy that operates in process informatics. In this
presentation, I will introduce our design and status of the development.

Keywords : synchrotron radiation, X-ray spectroscopy, materials science, synthesis
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ITRILF—#E DX OHEEHEEE

CRABEL ' - NIMS? « HUCH L) O 9 —88 ' - OfH f—2 - il 2R’
Research cases and prospects of energy-materials DX ('Graduate School of Engineering, The
University of Tokyo, *National Institute for Materials, * Graduate School of Frontier Sciences,
The University of Tokyo) OJunichiro Shiomi,' Shoichi Matsuda,? Koji Tsuda.’

TTVTNR A TH~T 47 A MD) BIMEBREO Y — K2 A4 L2 KT 5T
EELTHIRESRTWS, R RS IX 2015 4026 2020 4 F THEM S 7215
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1) Designing nanostructures for phonon transport via Bayesian optimization. S. Ju, T. Shiga, L. Feng, Z.
Hou, K. Tsuda, J. Shiomi, Physical Review X. 2017, 7, 021024.

2) Multifunctional structural design of graphene thermoelectrics by Bayesian optimization. M.
Yamawaki, M. Ohnishi, S. Ju, J. Shiomi, Science Advances. 2018, 4, eaar4192.

3) Machine-learning-optimized aperiodic superlattice minimizes coherent phonon heat conduction. R.
Hu, S. Iwamoto, L. Feng, S. Ju, S. Hu, M. Ohnishi, N. Nagai, K. Hirakawa, J. Shiomi. Physical Review
X 2020, 10, 021050.

4) Ultranarrow-band wavelength-selective thermal emission with aperiodic multilayered metamaterials
designed by Bayesian optimization. A. Sakurai, K. Yada, T. Simomura, S. Ju, M. Kashiwagi, H. Okada,
T. Nagao, K. Tsuda, J. Shiomi. ACS Central Science. 2019, 5, 319.

5) Designing metamaterials with quantum annealing and factorization machines. K. Kitai, J. Guo, S. Ju,
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S. Tanaka, K. Tsuda, J. Shiomi, R. Tamura, Physical Review Research. 2020, 2, 013319.

6) High-throughput combinatorial screening of multi-component electrolyte additives to improve the
performance of Li metal secondary batteries. S. Matsuda, K. Nishioka, S. Nakanishi, Scientific Reports.
2019, 9, 6211.

7) Data-driven automated robotic experiments accelerate discovery of multi-component electrolyte for
rechargeable Li—O2 batteries. S. Matsuda, G. Lambard, K. Sodeyama, Cell Reports Physical Science.
2022, 3, 100832.
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[K405-4am-01]
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Development of order-made materials for thermo-chemical
energy storage and future issues

©Junichi Ryu' (1. Chiba University)

9:15 AM - 9:45 AM

High-temperature thermochemical energy storage / chemical
heat pump system toward low-carbon society

Oltoko Saita' (1. AIST)

9:45 AM - 10:15 AM

Importance of the Second Law of Thermodynamics and Heat
Transfer in Effective Utilization of Thermal Energy

OYoichi Murakami' (1. Tokyo Institute of Technology)

10:15 AM - 11:05 AM
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A== FRIEZERMORE L SRORE
(FHEABET) OF fE—!

Development of order-made materials for thermo-chemical energy storage and future issues
(!Graduate School of Engineering, Chiba University) OlJunichi Ryu!

In recent years, there is a strong demand for the construction of energy systems that do not
depend on fossil resources, and the need for heat storage technology to effectively utilize
unused thermal energy such as industrial waste heat and solar heat is increasing.

Chemical heat storage technology is a technology that stores and releases thermal energy
using endothermic/exothermic phenomena in reversible chemical reactions. Chemical heat
storage technology has a higher thermal energy storage density than latent heat storage
technology, which has been put to practical use. However, the reaction rate for heat storage
operation and heat output operation is slow, which is a problem for practical use.

The authors have discovered that chemically modifying magnesium hydroxide can lower
the temperature of heat storage in chemical heat storage. In this presentation, I will introduce
order-made chemical heat storage materials that we are working on and future issues.
Keywords : Thermo-chemical energy storage, Gas-solid reaction, Alkaline earth hydroxide

I, EAERIEFE LRV L= 2T LOEE PR KO HNTEY, PE
FEPBRL KGR EDORFI B T R — 2 AR 2720 OFBE D =—X
P E o TV D, ALFEIENE, W b SOSIZ 31T 2 W FEEEISR & I
T X F—DRPERSC I 21T 9 S Th 5. AbLFEBEANIZ, EAAEAL TY
DIFPE A & LN TR WA R LR — IR D 5. L L, FEERIESEH
HEAED T2 ORISHE R E L, FERBIZAIT T2 E 7> T D,

FE DL, KWL~ 722 T L EALERNITEMT 5 Z LIk o T, &R
L HE PR EORIREA ARETH D Z L 2 I L T& . AGEHTIL, EH L
DTNDA = —A A FERULZEERS 0L, SRBROBEIZ OV TR 5.

1) R.Kurosawa and J. Ryu, J. Chem. Eng. Jpn., 52, 152-158 (2019).

2) R. Kurosawa, M. Takeuchi and J. Ryu, ACS Omega, 4, 17752-17761 (2019).

3) A.Maruyama, R. Kurosawa and J. Ryu, ACS Omega, 5, 9820-9829 (2020).

4) R. Kurosawa, M. Takeuchi and J. Ryu, RSC Adv., 11, 24292-24311 (2021).

5) R.Kurosawa, M. Takeuchi and J. Ryu, J. Phys. Chem. C, 125, 5559-5571 (2021).

6) A. Kondo, R. Kurosawa, J. Ryu, M. Matsuoka and M. Takeuchi, J. Phys. Chem. C, 125, 10937-
10947 (2021).

7) M. Takeuchi, R. Kurosawa, J. Ryu and M. Matsuoka, 4CS Omega, 6, 33075-33084 (2021).

8) S. Kono, R. Kurosawa and J. Ryu, Chem. Lett., 51, 614-617 (2022).

9) M. Takeuchi, R. Kurosawa and J. Ryu, J. Raman Spectrosc., 53, 1793-1804 (2022).

10) N. Kobayashi, R. Kurosawa and J. Ryu, ISIJ Int., 62, 2551-2558 (2022).

[3FE] A9 —3E1%, NEDO Gl ¥ (JPNP21014), SRR HE, B IERE S0
B %50 TiThivE Lz,
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BREHSICHETE-EREREM - I HILE—FROTOME
BAF

(PERAE) OFH 1

High-temperature thermochemical energy storage / chemical heat pump system toward low-
carbon society

(AIST) Oltoko Saita

Thermochemical energy storage (TCES) enables large capacity of heat storage comparing to
sensible heat storage. This study focused on utilization of reversible reaction between metals
and hydrogen for TCES at a temperature higher than 600°C. Titanium hydride formation (Ti +
H, & TiH,) was employed for a TCES test module and demonstrated.

Keywords : Hydrogen storage alloy, Metal hydride, High-temperature thermochemical energy
storage, Chemical heat pump
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REPR A E LADFIAT 2720128, @R CTORENL & FEDNEEH SN TN D,

LI DO —FE T H D FH BT, AT SOSITAE D BUSEVE R U CTEE- IEL L |
FOLZGIET 25 Z LI k> TRIEBNAIEETH 5, 7o, ISR ZHIETLHZ &I
K OWRELOR GEEY) X0 bR RIS (EY 2170w, E— MR 7 (5I0
Ne—hRCT) ELTHHATAZEBARETH D, (EFERB IR I e —+
N TR S D BTN T, KBRS 4 & KK & ORI U 2 RO IO H#E
FEMREWVWZ ENMOBATEY D, BGEEITHT 2@ VISEMER IR TE 5,

AW TIIKRFBRE A SO —FETH DT X > ZFH L T600°CLLED &R CIEEI$
HEE - I BN — N NRUT VAT L EER L, INURVERIZ THERE 2 5 L 7,
ZDOVAT LEFH LT, EREREICMLER ISR AR - 7 O®) ) % B4 v RE =
FNX =T IR, BERT RV —ZATT 5 Z E R [EE L 72 D, FEsE:
B L > TR ONDEEEIROEX T 0 A0V ) — Ny 7 U —IZFHT IR, 5
AR R VX —HROEB L OVENZFTFEIS U TG T2 2 L3 Afge L 72 0 | IK
IRFBAHEDOFEBUIHBRTE D,

1) FKA - IR, HARWKFSEE, 40-3 (1986), 159.

HRE  ABFZEIXENCAFZEB S IE AT = 3L — « EEEETR AR (NEDO) 0Bk
¥T7 ) =X =302 81T D BB O E B IE [FAF F05 3 RS & - 8
L RV X — RPN O B3 HOHT R R S B IR O [E BRIL [RAFZEBH F8 ) (JPNP20005) & L
T L7,
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BIRNX—EMEAICE ST I2RNEE 2 X EERFOEEN
RT K Eabh—Rorox)L¥—ifF) & E B—

Importance of the Second Law of Thermodynamics and Heat Transfer in Effective Utilization
of Thermal Energy (Laboratory for Zero-Carbon Energy, Tokyo Institute of Technology)
OYoichi Murakami

Although thermal energy is ubiquitous, its understanding is elusive. To make proper
advances in R&D of thermal energy utilizations, it is important to understand (i)
thermodynamics regarding the quality of thermal energy, especially the relation between exergy,
entropy, and dissipation, and (ii) heat transfer discipline that is indispensable for descriptions
of the rate of heat flow and the temperature field. In this lecture, these issues are explained
exemplifying, e.g., the forced-flow thermoelectrochemical conversion'™ and a thermo-
electrochemical cell” that have been studied by the lecturer, and a direct air capture (DAC) of
CO; that has recently drawn attention.

Keywords : Thermodynamics, Heat Transfer; Thermoelectrics

B R L F— ﬁ%ﬁﬁ“ﬂ DIZ < WAl 2 & D, A RV X —F 305 H o5
F‘aﬁ%%%@ﬂ J&@ﬁ‘éc’ VANV F—OBFERRETH= /L — = bR I:
. WU O AR SICBET 2B, BLON Bt L — N EIRES ORI TIC
Tk@hmimwﬁﬁﬂigkﬁéo_h%®$ﬁ%\£@%ﬂﬁnbfgt7m~
AERE D AL FREM YISO T H 2HE D 5 CO, DEHEZEX AT (Direct Air Capture,

DAC) 72 EZEMIZ Lo 2T %,

1) Integration of thermo-electrochemical conversion into forced convection cooling. Y. Ikeda, K. Fukui,
Y. Murakami, Phys. Chem. Chem. Phys. 2019, 21, 25838. DOI: 10.1039/¢9¢p05028k

2) Thermogalvanic energy harvesting from forced convection cooling of 100—200 °C surfaces generating
high power density. Y. Ikeda, Y. Cho, Y. Murakami, Sustain. Energ. Fuels 2021, 5, 5967. DOI:
10.1039/D1SEQ1264A

3) WMRLAENLRETS [T —BERE] O, M Eg—, mEE, L/HY7 2022, 91,
755. DOL: 10.11470/oubutsu.91.12_755

4) Thermoelectrochemical Seebeck coefficient and viscosity of Co-complex electrolytes rationalized by
the Einstein relation, Jones—Dole B coefficient, and quantum-chemical calculations. Y. Cho, S.
Nagatsuka, Y. Murakami, Phys. Chem. Chem. Phys. 2022, 24,21396. DOI: 10.1039/D2CP02985E
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BREMES AT LEFERL-EEERMHBIEO DX
CRTRWEFLT) Ok ik

Digital transformation of inorganic thin-film materials research using autonomous synthesis
system (School of Materials and Chemical Technology, Tokyo Institute of Technology) Ryota
Shimizu

To accelerate and deepen materials science research, introduction of artificial intelligence
(AI) and robot technology into materials research attracts much attention. Since the properties
of inorganic materials strongly rely on the fabrication processes, elaborate techniques are
required to introduce Al and robotics into practical synthesis processes. Accordingly, the
synthesis method of inorganic materials has suffered from high-throughput synthesis and
automation. Here, | introduce an autonomous system with Al and robots utilizing Bayesian
optimization to expand the search space for inorganic compounds. This approach will usher in
the next paradigm shift in materials research and beyond. I will talk about the utilization of real
experimental data from the autonomous system in terms of process informatics.

Keywords : Autonomous synthesis, Robot; Artificial intelligence, inorganic materials

BIEOWERRR O CIXRFRHFAN IR L THB Y |, L0 —BOZhRENEENT
W5, B RGO EaE GIZIII RS - BT ORI (EORB) N LETH Y | JERT
HERPRZERNC BN TE/RT A —F OBER 72N S X0k TE A2y, I, 20
0t A% NTHEEADE 2R v MIEE, EWEMICBWTHS TERN ] ([CWERE
THZENAREICR > CT& Tz, L LS, 20X 72 BEMRFIEA X A T,
BEAE TIIVE 72103 20,

Z T CATH T, Fox DI A X BB U7 A BN E O H A 72 BRFE A &
A NERRIT DX, Z D BBEK S AT LOEABIZ BN LR b, BfgesE 2 20
HEHTREZLICHOVTHERT D, £/0. VAT LFHAZE L THELNLIKEDY T
NIRRT — 2 EO X HITIEHTREN, EhHlE S L ITRMTT 5,

AI-ARYN R T LI &S BRI HIER
Bl 5D M F  EEERALE &) F\\

BT ‘/i@ﬁ@ﬂ%(GP)J
M: LifcERERZA E Ul AI-ORY MERKRS X7 A% ER U BENMRIEROERE,

1) Autonomous materials synthesis by machine learning and robotics. R. Shimizu, S. Kobayashi, Y.
Watanabe, Y. Ando, and T. Hitosugi et al., APL Mater. 8, 111110 (2020).
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Material database construction and integrated utilization of data (MaDIS, National Institute for
Materials Science (OMasashi Ishii

NIMS has been constructing various databases on the background of data-driven R&D. In
addition to the strengthening of the historical database called MatNavi, we are planning to
promote data integration and knowledge creation to go beyond the limit of activities of a single
institute, aiming to provide an overview of materials science and induce topical innovations
everywhere. The goal is to induce localized innovations everywhere. We present our efforts to
realize data structure and data linkage including huge background knowledge, which is the base
of machine learning and artificial intelligence.

Keywords : Database; Data-driven; Data Structuring,; Data Integration;, Knowledge Base

NIMS CTABH L T\ %7 — % X— X MatNavi (https://mits.nims.go.jp/) 1%, & < 2=
IR KD & NIMS OFIE Th 5 &R EHE I ZERT (National Institute for Materials,
NRIM) OJFEF R, ARG EE, MGk (7 U =7 55, FHM BB R A S
FOEE)NCET 27y =7 b b6 (Bl BB iR B2 (JST))
DEHEREWE ., MIEHEHROT —F X—=2 b FELZITHE, 2003 FIZ—D>DOHEHT
— X FAE L LT web ABH &AL, BUEE TRELZHIT CTE 1, ZOMOarBa—4,
T—HR—= A BEFHITOREIL, T2 X—ADRMEFIET LB AL, T X
BIRICH RE B L 52, BERT—ZIZRER 51T L, E L BIEOHEIR /2%
AT L, =TI LWEITOBEAFTEZRBR L TE e WZ 5, FRCEEDT
— 2 ERENVRIRFZE ~D KT, T —Z _X—ZD{EY Flo, KRERBELEH LT, =
ZTIE, WL OO B w7 AEFF T, HKIEO NIMS R A ERFNT 5,

(1) MDR XAFS 7 — % ~X— 2 (https://doi.org/10.48505/nims.1447)

EDA LT AT 4 7 ATBNTHRERT —F OffEfkiL, T OB O T T
— DO KFHETH DN, BH TRV EBZ LN TWS, (LEST DB THT —
Z Ol « BAIHERFT 28X 1307 < v, X BRIt (X-ray Absorption
Fine Structure, XAFS) (2 2oWTIX, FEOWE L5 — X DOHEBNBMNETHY , T—H
HHOFENEWTZD, NIMS OB —4 U AR kU (Materials Data Repository, MDR)
IR L7zT — % ~_X— A MDR XAFS DB OREEN A TS, 22 TiE, K
FHERERR PRI O KF D XAFS AT hLT — X Ziflbn =72 % | BT E - — 45
Fyoma—RRENTELLI)BMMAEHRE LT, T2 2 ZDEERET HI2T
TITHER DA T A4 AN L—VICRE S iEFEARE/ R AT FILOME D & TH 72
FERE ST D o 525, ARELD FHA TR A5 XA % 7 — % Oft 5. #
B OFEEIZ L 24 FE 2 FEBL L BEOBENEZE T D 2 &R 72V BRMEDS R T s
WT—HR_R—=2FFB LY, — B9 LAk BN D & RIEEZRELD 17
ZLTWDINBDOT —Z =2 & DR AREIC/R 5, FEFE. HAXPES 7 — % X —
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A, XANES Bibliography 72 & &85 U PNk & IFIC 2 sk S 481 m) 1) CEh & 4f
HTWD, 29 LIZMET —FX—RADE 2 FiL, 5% OLFHITICBIT 57 — 2B
OB D EEZ TV D,

(2) &5 +F — & ~_—Z PoLylnfo D Hlik~— 21,

PoLyInfo (https://polymer.nims.go.jp/) 1%, 2023 4F 1 ABIET —##Tlid, HERY
~—4% 18,697, 2R YU ~—4% 7,736, WPERA > ML 494,837, kT — # F 21,055
DHRTHEHE VIR, FL Fole@mP T —FE N LT —FX—2ATh 5,
5572 PoLylnfo &M E OfEFIE. B x o ERFISN DS 2% ZE W72
SOMBWEREI N, ZOHTIh_7/=i@ Y PoLylnfo %7 — & BREWMFFEIZHE AT 51
. WL ONFRENRH D L& 2 TWb, PoLylnfo (X FIC—RiEEEZ ER LIZT — &
—ZAThY  ALFRINIH LR U v —OBA e SITIX AW TW A K., & RS O
WATEALIZ 0 TlidZe v, 72, HEME L Wo T EE FEERERICR D & B2
LD T —HZX—ADIFIDENLTND EBEZ TS, 295 LIRBLIZH > TR
T —HRX—=2F, TNETOT —FPETEHIMERF LoD, fFki 7o B 23 A T
%, BWHZ 572 51E PoLylnfo O EMIZMRH-DD, HHE T X 54 CTldas Lk
BRAVICT — 2 BRENMFIC DM A ED Z & 2 & 2 T\ D, BARIIZIE

BRI E | BREASOAMEIRIT 572007 — & f2fit

A RN B FE ORI & Rt B DR )~ — DA G bt O ER b, MiEE &t
ERLFER DI O K & 727 — 2 X— A (il 1% NBCI, The National Center for
Biotechnology Information) 35 X O\BFi# 7 — & ~— X & PoLyInfo & DA iR ER
BEORESE & WGk
NA ARV ~— & OILFINIHFIE FAE DRSS

Spidersilk 7 & /NA AR U = — & PoLylnfo D& AR Y ~— & Ol & OFfHE
HhH 72 EIRWBLE T OB Z O, #5584 5 D 7o AR EE & DB
DAk,
T B — 2 DR AR
PoLyInfo 232 2 WS T W O M FENE 2 T3t k92 2 & TREigy
FAU IR U—EEEL, T X EHRE L TRADEOICTH L
HEDHTND,

BONZIR R | T —F_—= RIS L L BB EE X CTE T2, HEHREBER
Ebnbitlc, REOT —ZMEROSHRBREEIL. FONICBIEDT — & ~N—
AN LWEREIRCHAZ RO TWD, BRCAARITT —ZIEAICB W T, —SiEn & i
STWVDHEWVIERBZW, T2 ZAINT 20, AT M6, EHEELE
LT LDWEEDRO N TS THA D,

235 3Lk

1) M. Ishii, et. al., “Integration of X-ray absorption fine structure databases for data-driven materials
science”, to be published.
2) o FRERL DS [PoLylnfo & HME ) AHFEN, &1 Vol. 72, 2 H5 (2023).
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MHIBEOMRT—2FERICE T HEE L RE

(B - BPEMITTEREE) O mEG T
Ideals and Challenges in Utilizing Research Data in the Materials Science Field
(National Institute for Materials Science) OYoko Shinoda!

The National Institute for Materials Science (NIMS) has been developing amaterials data
platform, DICE (https://dice.nims.go.jp/), which contributes to the promotion ofdata-driven
research in materials science. The DICE is a system thathandles materials data from their points
of entry (data collection) to theirpoints of exit (data service). In this presentation, I would like
to introducesome examples of DICE and provide some topics on the utilization ofresearch data
based on the open-close strategy of data.

Keywords : research data, data utilization, open data, share closed data, data platform

WA - MR ERERE (NIMS) Tl B ERI2 31T 57 — & BRENVRIFFE DL I T =
MR AMET —4 75 > h 7 4+ —24 DICE (https:/dice.nims.go.ip/) DORESEIZHELY #H A
TW2%, DICE IMET—2oAv 10 () 2»oin REH) T2 AL TH
IVATATHY, BT —Z ORECHEIL LI D5,

AIEF TII DICE COFFIZAEIT LoD, T—F DA =T » 7 o — Xk a2 5 F
Z TG T — Z OFRERIZ OV TOREEZ L L 720,
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RIS TSy b I —LDBEIZRITT-RET—2 74—V
MFERE L 1EHEL-
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Toward construction of Measurement and Characterization Platform -Concept and
standardization of common data format- (Research Strategy Center, Waseda University)
(OShingo Ichimura

What should we consider toward the construction of measurement/characterization
platform? As the chair of the two committees relating measurement and characterization in
JSPS (Japan Society for the Promotion of Science), I have discussed the subject with committee
members from industry and academia. One of the outputs through the discussion is the concept
of CPS-type combined/synthetic analysis. Realizing CPS-type analysis and building big data
for MI/DX requires a data format common for various measurement instrument. We concluded
that such a format must have sufficient information to reproduce the experiments from multiple
aspects. We have developed an XML-based data structure called MaiML to realize this
"independent availability" also implementing modern mechanisms such as falsification-
proofing and partial encryption. MaiML format is now in the process of JIS standardization.

Keywords - common data format, instruments for measurement/characterization,
standardization

S AT BT VLR A« EE I O SRR E ST 2R D | B %@&m@L
HHNZEHBR L TV D, BHIEDN . ST OBT D ) — VB O BERIZE R -7
BN N &b BRRETE L CORERZEM T TWD, 2O L9 ITHEBEDS
WEHAI AT EAR 23T, SR%ITED K 5 BREEE B ET X0, F1-Z OBRICHESE
TRES Ty N7+ —LLFXEDL I Rb DN, FEEHF L. HAFNRES (FiR)
DA ) _—= g VAIIZAENT 25008 7 F » b 7 0 — LRI OSB3 5 A28
BAIEMEES ] GXEWM : 2014 410 A5 201749 A) ., [FHUIHT 7 Z v b7
+— 2193 BES | GREMM : 2018 45 4 H~2023 453 ) 7FEHZ BB LT, #HH
IHTHEERD A — D L 2 —FEEREER . THTITOREOF # LiEimr BERQTE
720

A% OFHN ST Z RS 5% — T — & L THRZR L72DiE, CPS (Cyber-Physical
System) BUEGFHHIOHT CTH D, TAUE. @AM EHERE DR B « HIAENZ )1 T
WL~ VT A — V[ VT — F VIR EH TR R 2 . A N —ZE RN LR
BT DRI AT FIEE BT 5, Fx X, TN EERT L0008 (77~ b
T4—25h) L LT, FHOHTEEDOT — X 7 +—~ v hOIE A L, G
WHEEE DT — 2 HEEIIA A — T (VAT LHYEE) [EA OB 2 HFITHESWTEREH S
TWHDONFETHY , FALOREER (2 O OXG) L5256, TOHIKEBE
L. &H AT E N O 7 — X G 1T METE RO £ £, AL e T —4
Tx—~v MERIZa s X— 4+ 52 2 HIEL,
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K401-4pm-04

FOBNITR LIEDIE, ZERE  SHUMMREBEL-YREORE FRUSEFUYIHS)

AT L TEHRD T EER GHA
Wrig@E=a—) OFEELOHOD
Thod, ILEMEZRED M
(Materials Informatics) /DX (Digital
Transformation) OHELE T, Ak~ 72
PR & B ORI 0 HrdE 18 2 BRAE L
THReNTET —Z DI EER
NiEZ D5, Baefilc X 570t
W=7 —~ v NOFEB - HH
XL B TICRB T s ey I — 4
AT ALRRIT OHEREIC T 5T 2 H D
ELTEEROHHBRE N LN
fAlz X9,

« BT —HRBZHINTA-IYMBRIZDIHATZE

FATERVIREE, AT —HO@IT(CENSHD (231
=23 #5REFRI1YD)

« RETHHEADTROPOFTICEBFOTHD. JERAD

PRFZRO TS, BHICE TEEINTVSH, —EBICIR
5NTL%,

o BEHOFHAID IR DT —SRBICEIT I TICRRZE

HTWS.

« SHAID R OT —2EEICOWTIE, JREDOZEXTHE

7R,

« RAEROATELT TR MR, PRIGREOMIET -

AORIERIEST -5, RSERET -IRET—INZIK.
S8 INBHDORIBENER,

o T-AOFBIECOWTIE., FAFEEPPIICLENTEEEEDFT

OFHRFHITH— REEK A=TAEHEELV

« TAEE (FMEBEDIESRT) (3/\—RILEEWLAL &D

LN BHEN DS, T —yih@ b3 EE. F—45E8
[COWVWT(IFRSETEEE LT RITERE X H5.

MIDX OHEEIZ T 59 2 k@ 7
=<y ML “SERLRBLEN DA TEREZFHRTE 5T XTOERNS, 77 A
RERIECT — 4 7 7 A MR EIND” T ENUETH D, Foxlx, WALalfED &
BESER LTe 2 021 2 . s iz 72 7RRA (E#ME, ridifk, 72 % vk,
M, BBRTREME) AT iR T — X T —~ v bR 2007 vy FER?
V%8 LT XML _— A TR L7o, & BICRFERES OEBEELREE Y280 T,
B LR oy OIS B Ak 72 & D BURAIEREEZ N2 . MaiML (Measurement, Analysis,
Instrument Markup Language) & 4517 72511087 —# @ 7 +—~ v b O
et T %, 2023 SEE PO JIS XA HEE L. £ 0% OEBRERElL IS0 1k) &
BEFIZAN TN D,

DA _—=2 g VAT 23R 00T 7T~ b 7 4 — DI OREEE ) (B8 D IFZERR S8 5
MEESWEE (HAREMIRES, YAk 2949 A)

2) TB w77 — &I o HOoE ) A T B0 o A ZE B 38 ) & & . NEDO No.
20190000000536 (2018)

3) 48 = R B BAFE O MEACIZ [ 7= AR HT o A 7 AFEB S 3 | Il
No. 20200000000670 (2020)
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[K405-4pm-01] Thermoelectric Materials with Low-environmental Impact for Waste
Heat Power Generation Applications
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Thermoelectric Materials with Low-environmental Impact for Waste Heat Power Generation
Applications ('Interdisciplinary Graduate School of Engineering Sciences, Kyushu University)
OMichitaka Ohtaki'

More than half of the primary energy supply in our society is rejected as unused waste heat.
Thermoelectric power generation has been expected to be promising to utilize this huge
potential energy resource we already have. However, a large-scale implementation of the
thermoelectric conversion in our society apparently requires cost-effective and environment-
friendly novel materials. This keynote talk reviews guiding principles and criteria for R&D
of oxide- and sulfide-based thermoelectric materials aiming at power generation applications.
Keywords : Thermoelectric material; Oxide thermoelectric ceramics, Thermoelectric power
generation; Waste heat energy harvesting; Bulk nanostructure

BRI BHEE LTV D — R X — G000 Bk AafIHSh D 2 &7
CEEELE L TRIRICE TOHNTWD, ZOFEAT R L —8& 2 HililZE IR 32
&L 100 5 kW ARJERS 180 FELL E O ERITHY L, FES O R LX — itk D&
T DN E D = F L X —BEIR OfF G 2B AL, Z OB KREBEN T 2L X — &R
B ARG D 2 EITBIRTE ARV,

PERAT XX —Z R 35 ECoOBEIL, =X —JENAL oL CEER—=x
LR —EENMERY) | BB & OREED—RINEL (=7 BEAXF—RhSW) —F
TEZETRLF—L LTOENMENZ L THDH, BELHIL, DT 1 CORE
AZTHEEBZFZHNTHEEMRETH Y REOREAZRLF =2 OBEFO L WE
RT RN —|CHBEERTEX DT v 77 L— Rl E LTI ST g, L,
RFVHAPER T 2L ¥ —Z BRI THFAT 2720101, BVEL O = 3L ¥ —%
BNR OB LIS A T, L& tb I3 2 nTRE & 3 2 KR AL - BRI E AL o
= 2 Mo BVEE MBI BN LETH D,

H33e R OAFAE BN EIR AR iR R -0M s 2 BB At R & T DB b - b R EVE
BHFEHI., WINBE 13 ETRNEERRLT =4 THDHEW I HEARH Y |
FEBEOBED GAEMENE VN, ZORBIZENTL, 2RV R 7 e —F
DL 725, Bl WL e bICER CE-ZAE IS 7T =4 v KB 24
U, ZHUCEDF v U TIREOE(LSCFHTZEICL D 7 4 / U HELIBEDEIC K&

T 50, FRASMICE T 230 51ET, e BRI X > TliE TRE R
725, BR L% & RALR OBNEZS AR & U C OBFREE 2 kM B 2 & el b4
BER &l LoD Bl OMEIBRR B M, FEICH AT 5 9 2 TOWL 200
BHERBAIZOWTHERT D,
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Current Situations and Issues of Thermophysical Property Measurement of Solid Materials
(‘National Institute of Advanced Industrial Science and Technology)
OMegumi Akoshima

Toward the realization of a low-carbon society, there is a need to solve social issues related
to heat and energy and the reliability of the thermophysical properties used for this purpose.
Typical thermophysical properties include coefficient of thermal expansion, thermal
conductivity, thermal diffusivity, and specific heat capacity. There are various measurement
methods and techniques, and it is important to select the measurement method/technique that
is appropriate for the object to be measured and to master the use of the measurement device.
The thermal diffusivity measurement by the flash method provides reliable results with two
significant digits by simple operation, but National Institute of Advanced Industrial Science
and Technology (AIST) has achieved reliability with three significant digits by examining
methods to obtain material-specific thermal diffusivity through uniform pulse light intensity
distribution, analysis considering heat loss, and pulse heating intensity dependence. The
National Metrology Institute of Japan (NMIJ), AIST, has developed and provided various
reference materials with this refined measurement technology.

Keywords : Thermal Diffusivity, Thermal Conductivity, Laser Flash Method, Certified
Reference Materials
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1) https://unit.aist.go.jp/qualmanmet/refmate/

2) W. J. Parker, R. J. Jenkins, C. P. Butler, G. L. Abbott: J. Appl. Phys., 32 (1961) 1679-1684.
3) T. Baba, A. Ono, Measurement Science and Technol., 12 (2001) 2046-2063.

4) M. Akoshima, B. Hay, M. Neda, M. Grelard, Int. J. Thermophys., 34 (2013) 778-791.

5) M. Akoshima, T. Baba, Int. J. Thermophys., 27 (2006) 1189 - 1203.

© The Chemical Society of Japan - K405-4pm-02 -



K405-4pm-03 BAlLSS B103BSES (2023)

Materials Informatics [ & % B EE #2444 0D 11 57 O B
(POBERERS 1 - FERED) Okt 12

Overviewing the world of thermoelectric materials by materials informatics (' National Institute
for Materials Science, Japan, *RIKEN) O Yukari Katsura'*

The real value of materials informatics lies in the development of technologies by using large
data sets. This reproduces long-held intuitions of researchers, and draws inspirations from them.
The Starrydata project we launched in 2015 used our proprietary Starrydata2 web system" to
manually extract experimental data from the graphs in the paper. The costs for these data
collectors were obtained from the project research funds and from joint research funds with
companies that want to use open data. By releasing this data set as open data, it is being used
to discover new concepts and develop data-driven property prediction techniques in the form
of citations in papers by researchers around the world.

Thermoelectric conversion materials are capable of interconverting heat and electricity. High
dimensionless figure of merit ZT=5?¢T (S: Seebeck coefficient [V/K], o: electrical resistivity
[S/m], T: temperature [K]) results in high power generation/cooling efficienciesS. Since the
thermoelectric properties comprising Z7T vary greatly depending on the carrier concentration
and microstructure, it is difficult to select the promising base material by looking only at the
ZT of a few samples. Therefore, in this presentation, we attempted to visualize the dependence
of thermoelectric properties on the parent material by analyzing this data independently and to
provide a bird's-eye view of the world of thermoelectric materials.

Keywords : Materials informatics; Database; Literature data mining; Thermoelectric materials
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1) Data-driven analysis of electron relaxation times in PbTe-type thermoelectric materials, Y. Katsura,
M. Kumagai, T. Kodani, M. Kaneshige, Y. Ando, S. Gunji, Y. Imai, H. Ouchi, K. Tobita, K. Kimura, K.
Tsuda, Sci. Technol. Adv. Mater. 2019, 20, 511-520.
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Versatile Post-nanoencapsulation Strategy for the Preparation of
Robust and Extremely Uniform TTA-UC Nanocapsules

(Department of Civil and Environmental Engineering, Pusan National University) O
Jaehyuk Kim
Keywords: Upconversion; Nanocapsule; Post-encapsulation; Hollow mesoporous silica;
Triplet-fusion

Upconversion (UC) refers to a photon-frequency amplification process in which the

energy absorbed by UC media from two or more incident photons is combined and one
photon with higher energy is subsequently emitted, resulting in an anti-Stokes shift. In this
presentation, some introductory stories about TTA-UC including basics of the photon
energy, mechanisms involved in TTA-UC, achievement and limitation of previous
researches will be given first. Then the latest development in our lab — novel vehicle for
UC-oil laden hollow mesoporous silica and its biophotonic applications — will be introduced.
The details are as bellows:
A recyclable, aqueous-phase functioning, and biocompatible photon upconverting system is
developed. Hollow mesoporous silica microcapsules (HMSMs) with ordered radial
mesochannels were employed, for the first time, as vehicles for the post-encapsulation of
oil-phase triplet-triplet annihilation upconversion (TTA-UC), capable of homogeneous
suspension in water. In-depth characterization of such upconverting oil-laden HMSMs
(UC-HMSMs) showed that the mesoporous silica shells reversibly stabilized the
encapsulated UC oil in water to allow efficient upconverted emission, even under aerated
conditions. In addition, due to the lipophilic nature of the encapsulated UC oil, UC-HMSMs
were found to be actively bound on the surface of human mesenchymal stem cells (hMSCs)
without significant cytotoxicity, providing a new concept for integrating TTA-UC and
stem-cell therapy. These findings reveal the great promise of UC-HMSMs to serve as ideal
vehicles not only for ultralow-power in vivo imaging but also for stem cell labeling to
facilitate the tracking of tumor cells in animal models.
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Lasing & spin-orbit coupled polariton condensates in lead halide

perovskite microcavities

Spin-orbit coupling (SOC) is responsible for a range of spintronic and topological
processes in condensed matter. Here, we show photonic analogs of SOCs in exciton-polaritons
and their condensates in microcavities composed of birefringent lead halide perovskite single
crystals. The presence of crystalline anisotropy coupled with splitting in the optical cavity of
the transverse electric and transverse magnetic modes gives rise to a non-Abelian gauge field,
which can be described by the Rashba-Dresselhaus Hamiltonian near the degenerate points of
the two polarization modes. With increasing density, the exciton-polaritons with pseudospin
textures undergo phase transitions to competing condensates with orthogonal polarizations.
Unlike their pure photonic counterparts, these exciton-polaritons and condensates inherit
nonlinearity from their excitonic components and may serve as quantum simulators of many-
body SOC processes.
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Single-molecule study of plasmon-induced chemical reactions of
Oz using photon STM

(!School of Engineering, The University of Tokyo, *SISL, RIKEN) OEmiko Kazuma'+
Keywords: Plasmon chemistry; Single Molecule; STM; Oxygen; Metal surface

Chemical reactions induced by localized surface plasmons are attracting increased attention
as novel photocatalytic reactions. Among many kinds of chemical reactions, the dissociation
of O, molecules is an important initial step for plasmon-induced oxidation reactions. The
mechanistic understanding of the dissociation of O, molecules is crucial not only for the precise
control of oxidation reactions but also for the development of various heterogeneous oxidation
catalysts. However, the reaction mechanism is still controversial because it is difficult to
directly observe and analyze the chemical reactions in the plasmonic field strongly localized
near the metal surface. To obtain mechanistic insights, we have developed an experimental
method using a scanning tunneling microscope combined with light irradiation (photon STM)
to investigate plasmon-induced chemical reactions at a single molecule level.!

O, molecules chemisorbed on Ag(110) have two different adsorption orientations and
electronic structures. We observed and analyzed the dissociation of a single O, molecule
induced by the plasmon generated at the nanogap between a plasmonic gold STM tip and the
sample, and distinguished the difference in the reaction efficiency between two types of O, on
Ag(110) (Fig. 1).? A combination of quantitative analysis by the STM and DFT calculations
revealed that the hot carriers generated through the decay of LSP are transferred to the
antibonding orbitals of O, strongly hybridized with the metal states. Furthermore, it was
revealed that the dominant pathway and the reaction yield are determined by the electronic
structures formed by the molecule—metal
chemical interaction. = The detailed @ e (b)

0O,[170; -0
Opticla near 2[110] hy
field of LSP . -

mechanism for the dissociation of O; hy
through the excitation of molecular
vibration (O-O stretching mode) has also
been unveiled at the single-molecule

Molecule —_—

ofoo1] 00

oo R~ -

level.>* In addition to the dissociation
reaction, molecular motions such as
rotation and hopping were also
observed, which is accessible by the catalytic reaction of a single O2 molecule using the STM.

transfer of plasmonic hot carriers to  (b) STM images of a 02[110] and O2[001] molecule
adsorbate states. before and after the plasmon excitation by light irradiation.

Figure 1 (a) Schematic illustration of the plasmon-induced

1) E. Kazuma, J. Jung, H. Ueba, M. Trenary, Y. Kim, Science 2018, 360,521. 2) E. Kazuma, M. Lee, J.
Jung, M. Trenary, Y. Kim, Angew. Chem. Int. Ed. 2020, 59, 7960. 3) M. Lee, E. Kazuma, et al, J. Phys.
Chem. Lett. 2021, 12, 9868. 4) M. Lee, E. Kazuma, ef al, Chem. Rec. 2022, ¢202200011 (1-12).
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Energy transfer between Singlet, triplet and doublet

Feng Li*"
2 State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry,
Jilin University, Qianjin Avenue 2699, Changchun, 130012, P. R. China
“Corresponding author. Email: lifeng01@jlu.edu.cn

F&ster-type and Dexter-type energy transfers between singlet, triplet and doublet excitons
can effectively occur in principle. But there are almost no experimental results about the energy
transfers due to the scarcity of stable luminescent radicals. Since we firstly reported the doublet
electroluminescent in 2015, a number of stable luminescent radicals with high PLQEs have
been developed. Using these radicals, we have studied the energy transfers between singlet,
triplet and doublet excitons [1-3]. In this talk, | will show and discuss some experimental results
about the energy transfers between singlet, triplet and doublet excitons.

[1] F. Li#, A.J. Gillett#, Q. Gu, J. Ding, Z. Chen, T.J.H. Hele, W.K. Myers, R.H. Friend*, E.W. Evans*,
Singlet and triplet to doublet energy transfer: improving organic light-emitting diodes with radicals,
Nature communications, 13 (2022) 2744.

[2] Y. Chen, L. Yang, Y. Huang, A. Obolda, A. Abdurahman, Z. Lu*, F. Li*, Highly Efficient
Fluorescent Organic Light-Emitting Devices Using a Luminescent Radical as the Sensitizer, The journal
of physical chemistry letters, 10 (2019) 48-51.

[3] J. Han, Y. Jiang, A. Obolda, P. Duan*, F. Li*, M. Liu*, Doublet-Triplet Energy Transfer-Dominated
Photon Upconversion, The journal of physical chemistry letters, 8 (2017) 5865-5870.
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Delayed Fluorescence from Energetically Inverted Singlet and
Triplet Excited States

(‘Graduate School of Engineering, Osaka University) ONaoya Aizawa
Keywords: Delayed Fluorescence, Singlet—Triplet Inversion, Organic Light-Emitting
Diodes

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 (AEsrt). Although there is general
agreement that AEsr must be positive, the potential for negative AEsr in phenalene
analogues, such as cycl[3.3.3]azine and heptazine has been discussed during the last two
decades' ™. Here we report a fluorescent heptazine analogue HZTFEX, that disobeys Hund’s
rule, possessing negative AEst of —11 meV (Fig. 1)’. The energy inversion of the singlet and
triplet excited states results in delayed fluorescence with short time constants of 0.2 ps,
which anomalously decrease with decreasing temperature due to the emissive singlet
character of the lowest-energy excited state. Organic light-emitting diodes using this
molecule exhibit a fast transient electroluminescence decay with a maximum external
quantum efficiency of 17%, demonstrating potential implications for optoelectronic devices.

a b kisc 2.3 x 107 s-1

T
CF4 !
J / AEst —11 meV
0 Sy
N J§N | kmisc 4.2 x 107 s—1

K 5.4 x 106 s~1

NI NN
Fogn PRI

Time constant of delayed
HzTFEX>2 fluorescence 217 ns

Fig. 1. a, Molecular Structure of HZTFEXo. b, Excited-state kinetics of HZTFEX> at 300 K.

1) W. Leupin, J. Wirz, J. Am. Chem. Soc. 1980, 102, 6068—6075.

2) W. Leupin, D. Magde, G. Persy, J. Wirz, J. Am. Chem. Soc. 1986, 108, 17-22.

3) J. Ehrmaier, E. J. Rabe, S. R. Pristash, K. L. Corp, C. W. Schlenker, A. L. Sobolewski, W. Domcke,
J. Phys. Chem. A 2019, 123, 8099—8108.

4) P. de Silva, J. Phys. Chem. Lett. 2019, 10, 5674-5679.

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, 502-506.
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Highly efficient invisible electroluminescence from organic
light-emitting diodes

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

Keywords: near-infrared electroluminescence;  organic  light-emitting  diodes;
thermally-activated delayed fluorescence

The research and development of organic light-emitting diodes (OLEDs) for uses
beyond display technology has gained increasing attention in recent years, particularly in
the realm of near-infrared (NIR) electroluminescence (EL) for applications such as sensing.
While the study of NIR-OLEDs has progressed over the past two decades (1), the recent
rapid increase in demand in the sensing market, and the successful commercialization of
OLEDs in displays have led to attention being focused on material design for NIR emitters
for high-performance NIR-OLEDs. By merging high-performance NIR-OLEDs with the
accumulated know-how from OLED display technologies, such as ultra-fine-patterning,
driver circuit design, and encapsulation technologies, high-performance NIR-OLEDs will
enable advanced OLED applications beyond the display.

However, NIR-OLEDs suffer from low external EL quantum efficiency (EQE) caused
by unbalanced charge trapping, aggregation-caused quenching, and accelerated nonradiative
deactivation of the excitons through a vibration coupling with a ground state, i.e.,
energy-gap law. Although recently developed NIR emitters, such as platinum complexes
that emit beyond 900 nm (2), have achieved relatively high PLQYs of over 10%,
highlighting the clear potential for creating highly efficient NIR-OLEDs, there are
enormous challenges in designing highly efficient NIR emitters that can compete with the
EL performance of visible OLEDs. In addition to developing highly-emissive materials, to
maximize the EQE of NIR-OLEDs, harvesting of low-energy dark triplet excitons as EL
before nonradiative decay is crucial because triplet excitons in organic emitters are directly
generated in every charge carrier recombination event. Further, the practical use of
NIR-OLEDs requires low power consumption, high operational stability, and high
tolerances, such as elevated temperatures, in addition to high external EL quantum
efficiency (EQE). Therefore, a comprehensive study on NIR-OLEDs is greatly needed.

We have recently investigated triplet harvesting technologies, such as TADF assisted
fluorescence and singlet fission, to demonstrate high-performance NIR-OLED for future
applications (3-5). Specifically, we demonstrated a highly efficient NIR emitter exhibiting
thermally activated delayed fluorescence (TADF) and its application to NIR-OLEDs. The
designed NIR-TADF emitter, TPA-PZTCN, has a high photoluminescence quantum yield of
over 40% with a peak wavelength at 729 nm even in a highly doped co-deposited film. The
EL peak wavelength of the NIR-OLED is 734 nm with an EQE of over ten percent, which is
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unprecedented among rare-metal-free NIR-OLEDs in this spectral range. Further,
TPA-PZTCN can sensitize a deep NIR fluorophore to achieve a peak wavelength of
approximately 900 nm, resulting in an EQE of over 1% in a TADF-sensitized NIR-OLED
with high operational device durability (LTes > 600 hr.). In this presentation, we will discuss
our ongoing efforts to develop highly efficient fluorescence-based NIR-OLEDs for practical

applications (6).
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1) Zampetti, A., et al., Adv. Funct. Mater., 29, 1807623 (2019). 2) Wei, Y.-C. et al., Nat Photonics 14,
570-577 (2020). 3) Nagata, R., Adv. Mater., 29, 1604265 (2017). 4) Nagata, R., Adv. Mater., 30,
1801484 (2018). 5) Balijapalli, U. et al., Angewandte Chemie Int Ed., 60, 8477-8482 (2021). 6)
Yamada, N., et al., (submitted)
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Protein conformational changes investigated by NMR and ESR using paramagnetic lanthanide
tags ('Institute of Advanced Medical Sciences, Tokushima University) OTomohide Saio'

Despite the dynamic features of proteins in solution, the structural variations and changes of
proteins in solution are poorly understood mainly because of the scarcity of the effective
methods in solution structural study. Here in this study, paramagnetic lanthanide ions were
exploited in NMR and ESR to investigate conformational variations and changes of a
multidomain protein enzyme MurD. Paramagnetic lanthanide ions were immobilized on
specific sites in MurD by a lanthanide-binding tag. In NMR, long-range structural information
extracted from the paramagnetic effects highlighted ligand-driven conformational change of
the protein. In ESR, the distance distribution between the lanthanide ions attached on the two
different sites in MurD showed conformational variation of MurD.

Keywords : Protein conformational change, multi-domain protein, paramagnetic lanthanide
ion; NMR; ESR
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1) Ligand-driven conformational changes of MurD visualized by paramagnetic NMR. Saio T, Ogura K,
Kumeta H, Kobashigawa Y, Shimizu K, Yokochi M, Kodama K, Yamaguchi H, Tsujishita H, Inagaki F.
Sci Rep. 2015, 5, 16685.

2) Conformational ensemble of a multidomain protein explored by Gd** electron paramagnetic
resonance. Saio T, Hiramatsu S, Asada M, Nakagawa H, Shimizu K, Kumeta H, Nakamura T, Ishimori
K. Biophys. J. 2021, 120, 2943-2951.
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Understanding the dynamic assembly of protein disulfide isomerase enzymes during their
catalytic reaction ('Frontier Research Institute for Interdisciplinary Sciences, Tohoku
University) OMasaki Okumura'

In mammalian cells, nearly one-third of nascent proteins are destined to insert into the
endoplasmic reticulum (ER) where they undergo disulfide bond formation, isomerization and
reduction with the aid of more than 20 members of the Protein Disulfide Isomerase (PDI)
family (PDIs). One likely reason for the presence of such a high number of PDI family
chaperone/enzyme is the need to deal with a wide variety of secretory proteins under various
conditions to maintain protein homeostasis in the secretory pathway. Therefore, recent
structural and physiological studies on the diverse proteostasis network constituted by PDIs
have been extensively undertaken.

So far, we have been accumulating the molecular actions of PDI family members by an
interdisciplinary approach such as crystallography, SAXS, NMR, and high-speed AFM 2, In
this symposium, I introduce how the dynamic assembly of PDIs with distinct functions are
regulated to guide client folding in the ER.

Keywords : PDI family,; oxidative folding; structural dynamics

¥ m ORI A E IR RETAE O 7o O RHT T OB AIRIE A AR S BRBRIC
ISET D, ZE C/MAERNRIED 7 +—VT 4 > 7 HiBHIA 1 PDI family O R EHEGE
FRARFZE A HED T, I ETIX I N O MBIRF R A H O AEREBELEZ DL T +—
VT TR LT 2B 2RI L RE O T 4 — v T o v ZARIE 2 I D PG
Gty 5 Z e vbinotz, RS Ri> PDI family OB EGIRDTE
FRIZDOWTHET D,

1) A unique leucine-valine adhesive motif supports structure and function of protein disulfide isomerase
P5 via dimerization. M. Okumura, S. Kanemura, M. Matsusaki, M. Kinoshita, T. Saio, D. Ito, C.
Hirayama, H. Kumeta, M. Watabe, Y. Amagai, Y.H. Lee, S. Akiyama, K. Inaba K, Structure. 2021, 29,
1357.

2) Dynamic assembly of protein disulfide isomerase in catalysis of oxidative folding. M. Okumura, K.
Noi, S. Kanemura, M. Kinoshita, T. Saio, Y. Inoue, T. Hikima, S. Akiyama, T. Ogura, K. Inaba K, Nat
Chem Biol. 2019, 15, 499.
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Protein Folding Promotion by Kinetically Controlled Multistep Reactions (' Graduate School
of Engineering, Tokyo University of Agriculture and Technology, * Kanagawa Institute of
Industrial Science and Technology)O Takahiro Muraoka,'

Folding is a critical reaction of proteins to acquire the biological functions. In the oxidative
protein folding, disulfide bond formation between the native cysteine pairs allows for folding
to the native forms, while misfolded forms are produced by the disulfide bonding between non-
native cysteine pairs. Therefore, promotion of not only disulfide bond formation but also its
shuffling is important for encouraging the folding into the native forms. In this study, thiol-
based synthetic protein folding promotors have been developed. Inspired by protein disulfide
isomerase (PDI), an enzyme promoting oxidative protein folding, synthetic compounds bearing
activated thiol units with enhanced nucleophilicity and oxidizability have been designed. These
chemical characteristics of the thiol unit are effective for prompting the protein folding, which
afforded the native form proteins with significantly high yields. Molecular design and
biochemical characterizations of the thiol compounds will be presented.

Keywords : Thiol,; Protein Folding; Kinetic Effect; Disulfide; Redox
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1) S. Okada, M. Matsusaki, K. Arai, Y. Hidaka, K. Inaba, M. Okumura, T. Muraoka, Chem.
Commun., 55, 759 (2019).

2) R. Kojima, M. Okumura, S. Masui, S. Kanemura, M. Inoue, M. Saiki, H. Yamaguchi, T.
Hikima, M. Suzuki, S. Akiyama, K. Inaba, Structure, 22, 431 (2014).
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Visualizing the microscopic dynamics of biorelevant molecules by computational science
('School of Science, Kitasato University, *KISTEC)

To understand the structure and function of biomolecules and artificial polymers possessing
biocompatibility, it requires capturing those detailed dynamics at atomic or molecular level.
All-atom molecular dynamics (MD) simulation is known as one of the useful tools to
investigate the microscopic dynamics of the molecules. We present several important insights
to elucidate the mechanism of function and related structural changes of biorelevant molecules
by means of MD simulations.

Keywords : biomolecules;biocompatible polymer,; molecular dynamics simulation
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1) S. Yoneda, T. Saito, D. Nakajima, and G. Watanabe, Proteins 2021, §9, 811.

2) A. Ishida, G. Watanabe, M. Oshikawa, I. Ajioka, and T. Muraoka, Chem. Euro. J. 2019, 25, 13523.

3) A. Ishida, M. Oshikawa, G. Watanabe, H. Hiramatsu, N. Uchida, C. Hara, N. Kaneko, K. Sawamoto,
T. Muraoka, and 1. Ajioka, Nat. Commun. 2021, 12, 6623.
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Regulation of Spatio-Temporal Dynamics of Engineered Proteins in Vivo and Its Application
for Ischemic Stroke Therapy ('Center for Brain Integration Research, Tokyo Medical and
University, “Kanagawa Institute of Industrial Science and Technology (KISTEC)) Oltsuki
Ajioka,"?

Slow-releasing desired growth factors in the injured area is crucial for achieving cell-free
regenerative therapy. Although chemically-crosslinked materials can regulate slow release,
they become chemically-unidentified degradation products in vivo. For this reason,
chemically-crosslinked materials face a problem in clinical application. In contrast, a self-
assembling peptide hydrogel is widely used in clinical applications because of its
biodegradability into chemically-identified non-toxic peptides. However, due to the
requirement of incompatible molecular design for achieving growth factor binding and release,
peptidic materials that slowly release growth factors for injured tissue regeneration have been
critically lacking. In this session, I would like to introduce a novel peptidic supramolecular
material that slowly releases growth factors and demonstrates therapeutic effects on the
subacute-chronic phase of brain stroke, one of the most extensive unmet medical needs.

Keywords : Self-assembling peptide; Ischemic Stroke; Regenerative Medicine; Cerebral
Cortex,; Angiogenesis
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%% 3L) Yaguchi A et al., Efficient protein incorporation and release by a jigsaw-shaped self-
assembling peptide hydrogel for injured brain regeneration, Nature Commun 12:6623, 2021
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Regulation of cytoskeletal dynamics in new neurons for brain regeneration
(‘Graduate School of Brain Science, Doshisha University) ONaoko Kaneko'

In the adult brain, neurons are produced only in specific areas. The newly-generated
immature neurons migrate rapidly within the mature brain tissue by actively changing the
cytoskeleton of themselves and the glial cells in their migration pathway, and then mature at
their final destination. Using a mouse model for ischemic stroke, we found that enhancing the
neuronal migration toward the injured area led to efficient neuronal rewiring, suggesting that
controlling neuronal migration is important for successful brain regeneration.

Keywords : Cytoskeleton; Neuronal regeneration
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1) New neurons clear the path of astrocytic processes for their rapid migration in the adult brain.
Kaneko N, Marin O, Koike M, Hirota Y, Uchiyama Y, Wu J, Lu Q, Tessier-Lavigne M, Alvarez-
Buylla A, Okano H, Rubenstein J, Sawamoto K, Neuron. 2010, 67, 213-23.

2) New neurons use Slit-Robo signaling to migrate through the glial meshwork and approach a lesion
for functional regeneration. Kaneko N, Herranz-Pérez V*, Otsuka T*, Sano H*, Ohno N*, Omata
T, Nguyen HB, Thai TQ, Nambu A, Kawaguchi Y, Garcia-Verdugo JM, Sawamoto K., Sci. Adv.
2018, 4, eaav0618.

© The Chemical Society of Japan - K102-4am-06 -



The Chemical Society of Japan The 103rd CSJ Annual Meeting

Symposium | Special Program | Luminescence Chemistry Ensemble: New Developments in Luminescent Sensing for Super
Smart Society

[K102-4pm] Luminescence Chemistry Ensemble: New Developments in

Luminescent Sensing for Super Smart Society
Chair, Symposium organizer: Jumpei Ueda, Junpey Yuasa, Shunpei Hitosugi, Suguru Ito, Toshikazu Ono,
Yousuke Ooyama
Sat. Mar 25, 2023 1:00 PM - 3:40 PM K102 (K102, Lecture Hall Bldg. [1F])

[K102-4pm-01] Development of luminochromic systems and film-type sensors
based on excitation-driven complexes
OKazuo Tanaka' (1. Kyoto University)
1:05 PM - 1:35 PM

[K102-4pm-02] Electrofluorochromic Devices based on Photo-electro Functional
Molecules
OKazuki NAKAMURA' (1. Chiba University)
1:35 PM - 2:05 PM

[K102-4pm-03] Static electricity luminescence sensing technology
OKazuya Kikunaga' (1. AIST)
2:05 PM - 2:35 PM

[K102-4pm-04] Development of pyrene-based bright probes for in vivo multi-
photon excited fluorescence microscopy imaging
OYosuke Niko' (1. Grad. Sch. of Int. Art. and Sci., Kochi Univ.)
2:35 PM - 3:05 PM

[K102-4pm-05] Application of flexible infrared-emissive surface light source to
biological sensing technology
©Ryo Nakabayashi', Noriko Ueda', Shusaku Kon' (1. KONICA MINOLTA, INC.)
3:05 PM - 3:35 PM

©The Chemical Society of Japan



K102-4pm-01 BALZS H103BFES (2023)

FHiCEEEN A Z B L LRI DS X LEEDEEL
Ta4 Lt oY —~DiA

CRURPBeHiER - sURPe ) Omrh—4

Development of luminochromic systems and film-type sensors based on excitation-driven
complexes (Graduate School of Global Environmental Studies, Graduate School of
Engineering, Kyoto University) OKazuo Tanaka

Sensor development is attracting attention as one of the post-organic EL technologies. In
order to achieve this, it is essential to develop solid-state luminescent materials with
environmental responsiveness. However, it is still difficult to design desired organic materials
due to concentration quenching.

Heteroatom-containing molecules that can move in the excited state are called excitation-
driven complexes. In this presentation, recent examples on the development of luminochromic
systems based on boron-containing excitation-driven complexes and applications of these
complex-containig polymers for film-type sensors.

Keywords : Boron Complex; Luminescent Chromism,; Film-type Sensor; Aggregation-Induced
Emission; Polymer
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1) Concept of Excitation-Driven Boron Complexes and Their Applications for Functional Luminescent
Materials, Gon, M.; Tanaka, K.; Chujo, Y. Bull. Chem. Soc. Jpn. 2019, 92(1), 7-18.
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Electrofluorochromic Devices by Using Photo-Electrochemical Functional Materials
(Graduate School of Engineering, Chiba University) OKazuki Nakamura

Electrofluorochromism is a phenomenon that controls photoluminescence through a change
in the redox states of functional molecules, metal complexes, polymeric films, etc.
Electrofluorochromic materials are considered prospective innovative materials because they
can convert electrical input into intuitive visual signals. The electrofluorochromic reactions are
mainly caused by energy/electron transfer process between redox active moiety and
luminescent moiety. In this paper, the EFC devices investigated by our group will be introduced.
Keywords : Electrofluorochromism,; Photoluminescence,; Redox reaction; Energy transfer;
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Fig. 1 Electrochemical luminescence control by controlling excitation energy transfer between
luminescent materials and EC molecules.

1) Electrochemical photoluminescence modulation of functional materials and their electrochemical
devices, K. Nakamura, K. Kanazawa, N. Kobayashi, J. Photochem. Photobiol. C: Photochem. Rev.,
2022, 50, 100486.

2) Electrochemical control of luminescence color using luminescent leuco dye derivatives, K. Nakamura,
N. Yanagawa, N. Kobayashi, J. Soc. Inf. Display, 2022, 30, 15.

3) Magenta-Blue Electrofluorochromic Device Incorporating Eu (III) Complex, Anthracene Derivative,
and Viologen Molecule, K. Nakamura, N. Yanagawa, N. Kobayashi, Materials, 2022, 15, 5202.

© The Chemical Society of Japan - K102-4pm-02 -



K102-4pm-03 BALEA H103BFES (2023)

BICRABVHERORELE VD VTl
(FERAHT) O Fih

Static electricity luminescence sensing technology (National Institute of Advanced Industrial
Science and Technology) OKazuya Kikunaga

Invisible static electricity may be a source of malfunction of electronic components and even
cause explosion and fire. So far, there have been no reports on luminescent materials being
responsive to low-energy charges under atmospheric pressure. We have reported on the
technology of luminescence sensing of charge using SrAl,O4:Eu?* luminescent material»?. The
light-emitting particles are the smallest sensors existing in the world that emit light when
charges are detected without requiring a power source. In this study, we introduce luminescence
sensing technology targeting static electricity using such luminescent materials.

Keywords : Static electricity; luminescence, sensing; Visualization, Charge
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1) Demonstration of Static Electricity Induced Luminescence has been reported. K. Kikunaga and N.
Terasaki, Sci. Rep. 2022, 12, 8524.

2) ERMTLAVY =X BICRAROVEEX DM IS ED 2 LI & E#EN R E
1Z%EN(2022/6/2) https://www.aist.go.jp/aist_j/press_release/pr2022/pr20220602/pr20220602.html
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Development of pyrene-based bright probes for in vivo multi-photon excited fluorescence
microscopy imaging (' Graduate School of Integrated Arts and Sciences Kochi University)
OYosuke Niko'

In vivo fluorescence imaging enables visualizing the living cells, tissues, and organs in model
animals with high spatio-temporal resolution. However, what can be observed through the
technique strongly depends on the performance of the fluorescent probes in use. In this
presentation, the author will introduce recently developed bright probes based on pyrene and
their application to in vivo imaging.

Keywords : Pyrene; In vivo Fluorescence Imaging, Multi-photon Fluorescence Microscopy
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M B (MEeR e, MR e &) 1T EOMRRIGEMEIZIS UTEIT 5 2 LM b
NWTEBY ., ZNOEZEEMICBIET A2 EM A BT 2 2 & 130 — &M A AEH O BfiE
& AT BT 2 PR RSO R P AN 2E . FEMEREIE AR DR REARRT . 6 KL ONRIRIER
FIZEN D EHHFSNTND, Ll #ERD invivo2PM TiX~ 7 A DT i E 58
W (HEm2S 0.8mm FRE) OMELBET LI ENTETH, iLE - FH%EHD
WEEEEE > 1.0mm) OMEZEET 252 SIEFICEE L, (RICBIZR T LT
He 1 BBEERET 5012 1 LU EPN-STLED (<Iframe/s (fps) HE03%<
MAEBREDOBLEZ 53 IR 0 IFRE 215 D L2 W RICRTEDN & %

FROMEE R T 572007 Fr—FO—>L LT, [EERIEL T r—T7 %
BAZE - FHT 5] 2B Fons, GEERTe—7 2N 5 2 & T, AREEIZ
(R LTSS 2kl L — = TH Ry 7PN a G5 2 LN TE | BIRIRE
M b3 5 & FREND, RS, ARHEBeERMED EVY > 900 nm ORI T VO E
(=R FOERNR « ORI E AL X #O B ICR) 2R L, S HICHiER
DO EEER TR E U TE D OR A ERB IR v — 7 R E L UL, in
vivo 2PM (T3 1T 2 BLESEREE O # o filfne 2 IRIER I 1A BT 5 L BIfF S D,

AEE I INE T, BL U2 e LR~ 72 invivo2PM B BEEEHE 7 0 —
TEBEBLTCERE (TR, 2021 FI2iX, U FAMEE L UFFER LipoPYFS
Z BR%E L72 2, LipoPYF5 (X, invivo2PM ([ZILH SN 5T F T AFm—& I (TMR)
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R LT 25 (S EOEEEZ T 5 Z EBRHALNTRS> TR LA
WO RS (GaAsP) DERERIC~ v F LI RadOot 27, [AaEz s EEs
LicF /=~ nya rz2El L, ~UAHIRE S35 2 & T, v U AR E D B
1.5 mm OIE#AHbT5Z LIk Liz, £7-, VLYo h2AFZF vy —%2H-
A A= 7 (120fps) ZFEMLZE A, RIETHMERS 1L1mm DME %
BET52 LR TE, YA THID T, 2PM IZ K D~ 7 AMHERE CAL KO MLk
EPEEET L LIRS Lz, B, TMR Z W84 OBZEE L 0.6~0.8 mm
BRETHD., LN o TARMEIZEBESYE Y 0 —7 OB - FIADS invivo 2PM D
PERE (BIZHEFE - BRI MERE) O LICH T 2 HEERT e —FThoH 2 L2 XFRFL
TW5D, 2022 F2iE, AFEEMEO@mWE IR (1100nm) TR 72 — 1
AL FE e & R BT L @B AR NIR-LipoPYFS B L7, ROELZSHEEERL
e a VEERL, v ANEFIRE ST 5 2 8T, MRITAEDETH D
WS BRI (MR E 254 1.8 mm) O IfE OBIEICHTh Li-fh, WE CAl
i (1.1~1.5 mm &) 2B OB 2 HRICHHET 2 2 SIcb s LT s Y,

In vivo 2PM RIRIEEEL VB8 | YUARME 2PM

Ex: 960 nm Ex: 1100 nm

TMR-dextran LipoPYF5 NIR-LipoPYF5

n = 1: LipoPYF5
n = 2: NIR-LipoPYF5

* alveus ‘ DG ‘
* CA1 neurons | ‘
Dye-loaded nanoemulsions Adv. Funct. Mater. 2021 ACS. Appl. Mater. Interfaces. 2022

RHEE TN ETIZ, EfR UM, BHCREERk & fkelebo
ZEER L L7e invivo2PM A i L CT& 70, AHTIX, ZRETICABLTELY
VymHRE LT e —T7 L EROEEH LT invivo A A=Y 7 LTS
BOREIZHOWTRET LIV,

1) K. Kisler, D. Lazic, M. D. Sweeney, S. Plunkett, M. El Khatib, S. A. Vinogradov, D. A. Boas, S.
Sakadzi, B. V. Zlokovic, Nat. Protoc 2018, 13, 1377.

2) M. Takezaki, R. Kawakami, S. Onishi, Y. Suzuki, J. Kawamata, T. Imamura, S. Hadano, S. Watanabe,
Y. Niko, Adv. Funct. Mater. 2021, 31, 1.

3) H, Matsuura, R. Kawakami, M. Isoe, M. Hoshihara, Y. Minami, K. Yatsuzuka, T. Tsuda, M.
Murakami, Y. Suzuki, J. Kawamata, T. Imamura, S. Hadano, S. Watanabe, Y. Niko, 4CS Appl. Mater.
Interfaces 2022, 14, 404810.

© The Chemical Society of Japan - K102-4pm-04 -



K102-4pm-05 BALEA H103BFES (2023)

EFRNFEALT LF D TIVALROERE L D 2T ZifI~ DG
(== X/ Vs RE ) OFFHIE - LT - S

Application of flexible infrared-emissive surface light source to biological sensing technology
(KONICA MINOLTA, INC.) ORyo Nakabayashi, Noriko Ueda, Shusaku Kon

Near-infrared (NIR) light has been used as the light sources of biological sensing including
pulse oximeters owing to its excellent permeability for biological tissues. Organic light-
emitting diode (OLED) possess great potential for biological sensing because of its thinness,
high flexibility, and low joule heating. However, the application of OLEDs in those fields
remains difficult due to the low quantum efficiency of the OLEDs emitting NIR light, and the
elevated voltage under a high output condition.

In this work, we developed a NIR-light emitting flexible area light source by the combination
of a newly developed organic film emitting NIR light and our commercially available flexible
OLED panel emitting red light. This light source can convert red (630 nm) light to NIR (761
nm, 799 nm, or 834 nm) light. In this presentation, we report the properties of the light source
and the application using it in the field of biological sensing.

Keywords : Organic semiconductor devices, Near-infrared;, Down-conversion;, Biological
sensing

WARANSEITEWERBEEEZ B L TEBY SV AEXF U A—F =7 B RRE v
THOERIZHWSNTWD, — T, A EL TS, ki, (RWBJEERED
FEMEDN O AR 2 v TICBIT DT B Z B D TV D 23, BRI TIEE T
WEROKT, mH R OBRENEE EACRFHMOK TR EORENRH T,

T 2 CHERA ITHHIBRE LT dfaN e 7 v 2 & BRICREM b L TV DR~
LR TNVAREL SRV EMAEHLED Z & T RN T LR T IVER A
BRIE LTz, F7o, BT L7727 U O 7V 3 T OIT RN T 4 b D2 i
ST H 2 LT, 630 nm DA EL ORI A Z A4 761 nm, 799 nm, 834 nm D
XD ar =T 52 ENAETHDH, AFERTIE, A LIERINFLT LF
CTIVENIROR & AR v T BB T DRI OV TS T 5,

4

down-conversion film

red-emissive OLED

Fig.1 (a) Illustration and (b) picture of ~ Fig.2 Emission spectra of red-emissive

a near-infrared flexible surface OLED (- - -) and red-emissive
light source by down-conversion OLED covered with film A (- - -), B
film and red-emissive OLED. (- - -),and C (-) at 17.8 mA/cm2.
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