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2:20 PM - 2:50 PM

[S04-2pm-04] Catalyst chemistry based on high-
throughtput experimentation
OToshiaki Taniike' (1. Japan Advanced Institute
of Science and Technology)
3:00 PM - 3:30 PM

[S04-2pm-05] Innovation in Drug Development
Accelerated by Flow and Automated
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OShinichiro Fuse' (1. Nagoya University)
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©Junko Morikawa' (1. Tokyo Institute of
Technology)
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[S03-2am-03] Photocatalytic water splitting over non-
oxide semiconductor materials under
visible light
OHigashi Masanobu' (1. Osaka City University)
11:10 AM - 11:40 AM
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1:00 PM - 4:20 PM Webiner 3 (Online Meeting)

[S03-2pm-01] Development of high-pressure hydrogen
production from formic acid
oHajime Kawanami' (1. National Institute of
Advanced Industrial Science and Technology)
1:00 PM - 1:30 PM

[S03-2pm-02] Novel Catalytic Process for Hydrogen
Production from Ammonia as Energy
Carrier
OKatsutoshi Sato' (1. Kyoto University)
1:30 PM - 2:00 PM

[S03-2pm-03] Nano-engineering of metal catalysts for the
interconversion of formic acid/CO,
OKohsuke MORI" (1. Osaka University)
2:10 PM - 2:40 PM

[S03-2pm-04] Design of supported alloy catalysts for
highly efficient hydrogen storage and
production
oTetsuya Shishido™? (1. Tokyo Metropolitan
University, 2. Kyoto University)
2:40PM - 3:10 PM

[SO03-2pm-05] Recent trends on green hydrogen
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OYasushi Sekine' (1. Waseda Univ.)
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[S06-2pm-01] Design of photocatalysis materials and
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splitting under visible light
ORyu Abe' (1. Kyoto University)

1:05 PM - 1:40 PM

[S06-2pm-02] Conversion of small molecules in the gas
phase using photoenergy
OFumiaki Amano'? (1. The University of
Kitakyushu, 2. PRESTO, JST)

1:40 PM - 2:15 PM

[S06-2pm-03] Advanced ab-initio calculation studies on



heterogeneous catalytic reactions
Ovoshitaka Tateyama1 (1. National Institute for
Materials Science)
2:15PM - 2:50 PM

[S06-2pm-04] Nano-sized Reaction Field Controlled by
Microwaves
oYuji Wada'? (1. Tokyo Institute of Technology,
2. Microwave Chemical Co. Ltd.)

2:50PM - 3:25 PM
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Chair, Symposium organizer:Kyoko Nozaki, Hiroshi Kitagawa
4:10 PM - 6:35 PM Webiner 6 (Online Meeting)

[S06-2vn-01] Catalytic electrochemical transformation of
organic compounds
OSeiji Suga' (1. Okayama University)
4:10 PM - 4:45 PM

[S06-2vn-02] Nonthermal Plasma-enabled Electron-driven
Catalysis
©Tomohiro Nozaki' (1. Tokyo Institute of
Technology)
4:45 PM - 5:20 PM

[S06-2vn-03] Surface protonics promotes low
temperature catalysis
OYasushi Sekine' (1. Waseda Univ.)
5:20 PM - 5:55 PM

[S06-2vn-04] Mechanism of water-splitting in natural
photosynthesis
CJian-Ren Shen Shen' (1. Okayama University)

5:55PM - 6:30 PM

Symposium | Special Program | Optical functional science based on chiral

molecular space with helical structure: towards device application of
circularly polarized luminescent materials

[SO7-2pm] Optical functional science based on
chiral molecular space with helical
structure: towards device application of
circularly polarized luminescent

materials
Chair, Symposium organizer:Ken-Ichi Sugiura, Masashi
Hasegawa(Graduate School of Science, Kitasato University),
Yoshitane Imai(Kindai University), Kenichi Akao, Hiroyuki
Nishikawa
1:00 PM - 3:40 PM Webiner 7 (Online Meeting)
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[SO7-2pm-01] External Stimulus-Invertible Chiral Liquid
Crystals that Afford Helicity-Controlled
Conjugated Polymers with Chiroptical
Properties
OKazuo Akagi' (1. Ritsumeikan University)
1:05 PM - 1:35 PM

[SO7-2pm-02] Synthesis and Properties of Chiral
Molecules Using Linked Naphthalenes
OKazunori Tsubaki' (1. Kyoto Prefectural
University)
1:35PM - 2:00 PM

[SO7-2pm-03] Circularly polarized luminescence of
partially overlapped carbazolophane
derivatives
OKeita Tani' (1. Osaka Kyoiku University)
2:00 PM - 2:25 PM

[SO7-2pm-04] Development of new circularly polarized
luminescent materials; use of helical
macromoleculer scaffold ands the
prospects for the utilization of theoretical
calculation
OYuuya Nagata' (1. Hokkaido Univ.; WPI-
ICReDD)
2:25 PM - 2:50 PM

[SO7-2pm-05] Innovative Circular Dichroism and
Circularly Polarized Luminescence
Measurement Methods
OYoshiro Kondo! (1. JASCO Corporation)
2:50 PM - 3:15PM

[SO7-2pm-06] Development of phosphorescent OLEDs
based on organometallic complexes
towards circularly polarized light-emitting
devices
OShigeyuki Yagi' (1. Osaka Prefecture
University)
3:15PM - 3:40 PM
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[SO7-2am] Luminescence Chemistry Ensemble:
From the Aggregate Model to Amorphous
Solid

Chair, Symposium organizer:Hitoshi Ishida, Fuyuki Ito, Toshiki

Mutai
9:00 AM - 11:40 AM Webiner 7 (Online Meeting)

[SO7-2am-01] Tuning the Transition Electric and Magnetic

Dipole Moments: [7]Helicenes Showing



Intense Circularly Polarized Luminescence
OTakashi Hirose! (1. Inst. Chem. Res., Kyoto
Univ.)
9:05 AM - 9:20 AM

[SO7-2am-02] Development of CPL-emitting molecules
based on the understanding of efficient
CPL emission from photoexcited dimers
OYasuyuki Araki' (1. Tohoku University)
9:20 AM - 9:35 AM

[SO7-2am-03] Design of Amorphous Molecular Materials
and Their Emitting Properties
OHideyuki Nakano' (1. Muroran Institute of
Technology)
9:35 AM - 9:50 AM

[SO7-2am-04] Multicolor fluorescence from aggregated
perylene
oRyuzi Katoh' (1. Nihon university, College of
Engineering)
9:50 AM - 10:05 AM

[SO7-2am-05] Transient Absorption Measurement of
Highly Luminescent Materials
OTatsuo Nakagawa1 (1. Unisoku Co., Ltd.)
10:05 AM - 10:25 AM

[SO7-2am-06] Crystal-to-Amorphous Phase Transitions of
Mechanochromically Luminescent Organic
Molecules
OSuguru Ito’ (1. Yokohama National
University)
10:30 AM - 10:45 AM

[SO7-2am-07] Single-Particle Emission Imaging of
Stimulus-Induced Structural Changes
OTakashi Tachikawa' (1. Kobe University)
10:45 AM - 11:00 AM

[SO7-2am-08] Emissive Molecular Crystals with Ordered
Packing Arrangements
OTomohiro Seki' (1. Shizuoka Univ.)
11:00AM - 11:15 AM

[SO7-2am-09] Femtosecond Pump-probe
Microspectroscopy for Emissive Organic
Solids
OYukihide Ishibashi' (1. Ehime University)
11:15AM - 11:30 AM
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[S04-2am-02] High-throughput searching for electrolytes for next-generation
rechargeble batteries by using automated robotic experiments
OShoichi Matsuda' (1. National Institute for Materials Science)
11:00 AM - 11:30 AM

[SO4-2am-03] Materials R&D Strategy Using Al, Robotics and Big Data
OTaro Hitosugi' (1. Tokyo Institute of Technology)
11:30 AM - 12:00 PM
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The future of smart labs and data linkage for thin film material development (*National Institute
for Materials Science) OTakahiro Nagata

In recent years, the project of materials informatics has been progressing in many countries.
This is a new approach to accelerate materials development by introducing information
technology, especially data science, to materials development. In this talk, I will discuss our
current and future work on high-throughput materials synthesis and evaluation, database
creation, and their linkage, with a focus on the development of inorganic thin film materials,
for which the number of systematic experimental data is very small compared to other research
fields

Figure shows the materials development cycle that we are aiming for. In addition to the
combinatorial materials synthesis and characterization technology, which is a high-speed thin-
film materials synthesis technology that has been developed so far, we aim to further accelerate
materials development by introducing materials informatics, which consists of multipoint
analysis, database creation, and computational science, and promoting external collaboration.
NIMS is developing a database and tools to promote the utilization of the database, which will
be the foundation of this cycle, and examples of these will be shown and the current and future
visions will be discussed.

Keywords . Materials informatics; combinatorial synthesis; High throughput film synthesis;
Inorganic film materials
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Data-driven Automated Robotic Experiments Accelerate Discovery of New Electrolyte for
Next Generation Rechargeable Batteries (National Institute for Materials Science) OShoichi
Matsuda

Data-driven material discovery has recently become popular in the field of next-generation
secondary batteries. However, it is important to obtain large, high quality data sets to apply
data-driven methods such as evolutionary algorithms or Bayesian optimization. Combinatorial
high-throughput techniques are an effective approach to obtaining large data sets together with
reliable quality. In the present study, we developed a combinatorial high-throughput system
(HTS) with a throughput of 1000 samples/day. The aim was to identify suitable combinations
of additives to improve the performance of lithium metal electrodes for use in lithium batteries.
Based on the high-throughput screening of various number of samples, a specific combination
of five additives was selected that drastically improved the coulombic efficiency (CE) of a
lithium metal electrode. Importantly, the CE was remarkably decreased merely by removing
one of these components, highlighting the synergistic basis of this mixture. The results of this
study show that the HTS presented herein is a viable means of accelerating the discovery of
ideal yet complex electrolytes with multiple components that are very difficult to identify via
conventional bottom-up approach.

Keywords - Automated Robotic Experiments, High-throughput Screening; Combinatorial
Chemistry; Rechargeable Batteries
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1) 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.
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Materials R&D Strategy Using Al, Robotics and Big Data
(Tokyo Institute of Technology) OTaro Hitosugi

Future materials-science research will involve autonomous synthesis and characterization,
requiring an approach that combines machine learning, robotics, and big data. Here, we
highlight our recent experiments in autonomous materials exploration. We show the synthesis
and resistance minimization of Nb-doped TiO; thin films as a proof of concept. The system
fully automates sample transfer, thin film deposition, and growth condition optimization.
Combining Bayesian optimization with robotics illustrates how the required speed and volume
of a future big-data collection in materials science will be achieved and demonstrate the
potential of this approach. We briefly discuss the outlook and significance of these results and
discuss a new materials research style to accelerate materials science.

Keywords : Autonomous synthesis, robot synthesis, Bayesian optimization, inorganic materials,
thin film growth
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2:20 PM - 2:50 PM

[S04-2pm-04] Catalyst chemistry based on high-throughtput experimentation
OToshiaki Taniike' (1.Japan Advanced Institute of Science and Technology)
3:00 PM - 3:30 PM

[S04-2pm-05] Innovation in Drug Development Accelerated by Flow and Automated
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OShinichiro Fuse' (1. Nagoya University)
3:30 PM - 4:00 PM

[S04-2pm-06] Machine-learning-assisted molecular design of polymers with high
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©Junko Morikawa' (1. Tokyo Institute of Technology)
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High-Throughput Preparation, Evaluation, and Analysis of Powder Libraries (Faculty of
Science and Technology, Tokyo University of Science) Kenjiro Fujimoto

With the increasing number of publications on materials informatics (MI), it is essential for
researchers who are engaged mainly in synthesis to automate and accelerate the high-
throughput experiment. In this presentation, I will focus on high-throughput in synchrotron
radiation experiments. When a group of samples obtained in a high-throughput experiment is
brought to a synchrotron radiation facility, a lot of time is required to prepare for the
measurement. Our group developed a tool that mimics the shape of a cassette tape, and
proposed a method for continuous XRD measurement by attaching well-milled powder to the
tape and rewinding it. In addition, the developed tool could be reused in XAFS measurements.
We would like to propose a method in which conventional XRD and XAFS measurements are
used for detailed data acquisition and the jig is used for high-speed screening.

Keywords : Materials informatics;, Combinatorial technology;, High-throughput;, Powder,
Synchrotron
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1) Development of Measurement Tools for High-Throughput Experiments of Synchrotron Radiation
XRD and XAFS on Powder Libraries, K. Fujimoto, A. Aimi, S. Maruyama, ACS Comb. Cham. 2020,
22,734-737.
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Automation of cell culture by LabDroid

(' RIKEN Center for Biosystems Dynamics Research, > Robotic Biology Institute Inc.)
OGenki N. Kanda"*
Keywords: Laboratory Automation; Cell Culture; LabDroid

Basic research in the field of life sciences is
supported by the expertise of skilled technicians, and
there is an urgent need to access their implicit
know-how and eliminate training costs. As a solution
to these problems, we propose the use of robots for
automation, sophistication, and sharing of experiments.

In this study, as a model experiment, we attempted to 3 :
transfer the procedure for differentiation induction of iPS cells to a versatile human01d the
LabDroid "Maholo" (photo above). First, we implemented a protocol for differentiation of
human iPS cells into retinal pigment epithelial (RPE) cells on the robot, and successfully
automated the differentiation procedures involving cell seeding, medium exchange, and cell
passaging. Next, we aimed to improve the protocol and searched for more optimal
differentiation induction parameters. Using the number of pigmented cells among
differentiated cells as indicator for differentiated RPE cells, we mechanically searched the
parameter space using the design of experiments and other methods, and obtained
experimental conditions showing the same differentiation induction efficiency in terms of
biochemical indicators and microscopic morphological observations as that obtained by a
skilled technician'. This demonstrates a method to improve the implemented protocol in a
mechanical way. The fact that the robot acquired a technique equivalent to that of a skilled
technician means that a shared environment was created which can also be shared with
researchers not skilled in culture techniques so they can conduct research using
differentiated cells of equivalent quality to those prepared by a skilled technician. We
believe that implementing an experiment through a robot does not only enable automation
of this experiment, but also the acceleration of the work of all researchers by protocol
improvements and sharing. In addition to the study just described, I would also like to
introduce an overview of and progress report on the "Robotic biology Prototyping Lab," a
next-generation experimental environment to provide researchers with open and even access
to cutting-edge technologies, and discuss the future of science that lays ahead of us »>.

1) Kanda and Tsuzuki et al., Robotic search for optimal cell culture in regenerative medicine. bioRxiv
(2020)

2) Yachie et al., Robotic crowd biology with Maholo LabDroids. Nature Biotechnology (2017)

3) Ochiai and Motozawa et al., A variable scheduling maintenance culture platform for mammalian
cells. SLAS Technology (2020)
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Research Automation to Discover Highly Functionalized Molecules; Challenges for
Autonomous Exploration of Drug Candidates (‘Biomedical Research Institute, National
Institute of Advanced Industrial Science and Technology (AIST))

During the coronavirus pandemic around the world, challenges have been started to
overcome the situation using automation systems in various sectors. The rapid advancement
of artificial intelligence enables us to design and the deep evolution of robotics allows us to
synthesize novel functionalized molecules. Researches in AIST have been developing
automated architecture to accelerate exploration of drug candidates, the representatives of
highly functionalized molecules. The system consists of integration of computational drug
design programs and robotic compound synthesis apparatuses. The presenter will talk the
outline and the recent development of their automated system.

We propose innovative automated architecture to accelerate drug discovery. The system
consists of integration of computational drug design programs and robotic compound synthesis
apparatuses. The computational programs design novel potential candidates based on tacit
knowledge which is automatically extracted from tens of thousands of papers in the medicinal
chemistry field, and predict their profiles based on the state-of-art machine learning
technologies including deep learning. Flow reactor is a key operation device integrated with
preparative chromatography to synthesizes a series of analogous molecules. Our system
investigated novel potent compounds comparable to a clinical candidate.

Keywords : Research Automation, Automated Design,; Automated Synthesis, Drug Discovery
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Catalyst chemistry based on high-throughput experimentation (' Graduate School of Advanced
Science and Technology, Japan Advanced Institute of Science and Technology) O Toshiaki
Taniike'

The development of catalytic materials premises synergistic combinations among multiple
components, while combinatorial rules are hardly estimated. Therefore, catalytic informatics is
expected to replace the conventional approach that heavily relies on trials and errors as well as
on the intuition of individual researchers. Needless to say, a prerequisite of the catalyst
informatics is the presence of the data itself, but as in the case of other materials, it is rare to
have catalyst data sufficient in size and non-sparsity. Moreover, the performance of catalysts is
highly process-dependent, which makes it difficult to collect and merge data in literatures.

Oxidative coupling of methane (OCM) refers to a catalytic reaction that directly converts
methane into C, compounds such as ethane and ethylene in the presence of an oxidant without
mediating syngas. In spite of continuous efforts over 40 years, the tradeoff between the activity
and the C; selectivity has not been successfully overcome, which originates from the fact that
C, compounds are more easily oxidized than methane. Near saturation of the field is equal to
the presence of rich literature data. Hence, several attempts have been made to collect literature
data and find catalyst design guidelines based on catalyst informatics.! However, due to the
above-mentioned data problem, such efforts failed to make discoveries beyond the experiences
of catalyst researchers.

Recently, we have developed a high-throughput screening (HTS) instrument that can
automatically obtain the OCM performance of 20 catalysts in fixed bed configurations under a
programmed series of reaction conditions (Figure 1). A demonstrational operation of the HTS
instrument for 3 days led to catalyst big data (12708 data points) for 59 catalysts derived from
Mn-Na;WO4/SiO; (Figure 1). This data is an order of magnitude larger than the 30-year
literature data, and significant in a sense that it was obtained using an identical process
regardless of whether the catalysts were good or bad. These features enabled us to achieve
highly accurate machine learning and improved the C, yield in a short period of time.?
Furthermore, we have realized catalyst research that does not rely on previous knowledge by
using catalyst informatics.> 300 quaternary catalysts were randomly sampled from a vast
materials space consisting of 36540 catalysts. Their OCM performance was systematically
evaluated by HTS. Machine learning was then applied to the resulting bias-free dataset in order
to learn the underlying patterns in catalyst performance. The trained machine successfully
predicted novel quaternary combinations for OCM with an accuracy of 80%.

Keywords : Catalyst chemistry; High-throughput experimentation; Oxidative coupling of
methane; Data science
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Figure 1. Developed HTS instrument and catalyst big data.

1) U. Zavyalova, M. Holena, R. Schlogl, M. Baerns, ChemCatChem 2011, 3, 1935.

2) T. N. Nguyen, T. P. N. Tran, K. Takimoto, A. Thakur, S. Nishimura, J. Ohyama, 1. Miyazato, L.
Takahashi, J. Fujima, K. Takahashi, T. Taniike, ACS Catal. 2020, 10, 921.

3) T. N. Nguyen, S. Nakanowatari, T. P. N. Tran, A. Thakur, L. Takahashi, K. Takahashi, T. Taniike, ACS
Catal. 2021, 11, 1797.
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Innovation in Drug Development Accelerated by Flow and Automated Synthesis (Graduate
School of Pharmaceutical Sciences, Nagoya University) OShinichiro Fuse

Recent rapid development of Al, flow synthesis and inline monitoring technologies as well
as COVID-19 pandemic, labor population decline, and geoeconomic risk dramatically
increased importance of automation and remote control of R&D. There are expectations that
the automation of every researches and rapid acquisition of big data lead to new scientific
discoveries and technological innovations. However, in my opinion, the most important point
is "what" should be automated toward the new discoveries and innovations. I would like to
introduce the latest automation and remote control of synthetic organic chemistry in drug
development area. I also introduce continuous-flow synthesis that enhance its utility by
combining Al, automation and in-line monitoring technologies.

Keywords : Micro-Flow; Automated Synthesis; Drug Development, Peptide, Al
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Machine-learning-assisted molecular design of polymers with high thermal conductivity: from
the perspective of an experimental scientist

(' School of Materials and Chemical Technology, Tokyo Institute of Technology) O Junko
Morikawa '

In order to efficiently search the polymers with high thermal conductivity, we imposed a
framework based on Bayesian inference integrating with machine learning models by using the
PoLyInfo database. Three chemical structures were selected from a list of 1,000 designed
candidates on the basis of criteria involving synthetic accessibility and ease of processing. An
ML framework referred to as “transfer learning” was introduced to obtain a thermal conductivity
model with the given small data set. The experimentally confirmed properties of the
computationally designed polymers are highly consistent with the predicted values from ML.
Keywords : Thermal conductivity, Polymer, Bayesian inference, Materials informatics, Polyinfo
database
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1) Machine-learning-assisted discovery of polymers with high thermal conductivity using a molecular
design algorithm, S. Wu, Y. Kondo, M.-A. Kakimoto, B. Yan, H. Yamada, . Kuwajima, G. Lambard,
K. Hongo, Y. Xu, J. Shiomi, C. Schick, J.Morikawa, R. Yoshida, npj Comput. Mater. 2019, 5, 66.

2) Bayesian molecular design with a chemical language model, Journal of Computer-Aided Molecular
Design, H. Tkebata, K. Hongo, T. Isomura, R. Maezono, R.Yoshida, Bayesian molecular design with
a chemical language model, Journal of Computer-Aided Molecular Design, 2017, 31, 379

3) iQSPR in XenonPy: A Bayesian Molecular Design Algorithm, S. Wu, G. Lambard, C. Liu, H.
Yamada, R. Yoshida, Mol. Inf. 2020, 39, 1900107.
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How far has the "Global Reaction Route Mapping" advanced the automation of computational
chemistry? (' Faculty of Science and Technology, Keio University *Nara Institute of Science and
Technology) OMiho Hatanaka'~

In the conventional computational chemical studies, the reaction mechanism was discussed
based on a few pre-determined reaction coordinates. Recently, a new strategy, called the Global
Reaction Route Mapping (GRRM), has made it possible to find reaction pathways
automatically. However, it is still difficult to handle GRRM for most users, because a large
amount of data could be obtained. In this talk, I describe how to automatically analyze the data
obtained by GRRM. I also propose strategies to accelerate the discovery of functional
molecules based on the reaction path data and machine learning techniques.

Keywords : Global Reaction Route Mapping, Machine Learning
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1) S. Maeda, K. Ohno, and K. Morokuma, Phys. Chem. Chem. Phys., 2013, 15, 3683.

2) T. Yoshimura, S. Maeda, T. Taketsugu, M. Sawamura, K. Morokuma, S. Mori, Chem. Sci. 2017, 8,
4475.; M. Hatanaka, T. Yoshimura, S. Maeda, Topics in Organometallic Chem., 2020, 67, 57.

3)Y. Sumiya, Y. Nagahata, T. Komatsuzaki, T. Taketsugu, S. Maeda, J. Phys. Chem. A,2015, 119, 11641.
4) M. Hatanaka, S. Maeda, K. Morokuma, J. Chem. Theory. Comput. 2013, 9, 2882.; M. Hatanaka, K.
Morokuma, ACS Catal. 2015, 5, 3731.
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Chemistry and Applications of PCP/MOF - Present and Future
(WPI-iCeMS, Kyoto University) OSususmu Kitagawa

The current status and future prospects of the chemistry and applications of 2nd to 4th
generation type MOFs are discussed. The 3™ generation MOFs (Flexible MOFs) are flexible
porous frameworks that respond reversibly to external stimuli. Flexible MOFs have great
potential as new porous materials with high selectivity, efficient storage, catalytic, sensing, and
actuator functions in addition to conventional storage. The 4th generation MOFs having “HAD”
attributes are rapidly developing and are discussed including their future prospects.

Keywords : MOF, PCP, Flexibility, Hierarchy, Hybrid
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1)S.Kitagawa, Angew.Chem.Int.Ed., 2015,
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54,10687. Editorial for 3 and 4™ generation

2)S.Kitagawa, Acc.Chem.Res., 2017,50,514. Commentary for 4th generation

3)S.Kitagawa, et al.,Angew. Chem.Int. Ed.,
4)S Kitagawa, et al.,Angew. Chem.Int. Ed.,
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The Newest PCP/MOF Commercialization Trends Spring 2021 (‘iCeMS, Kyoto University)

Masakazu Higuchi'

Porous coordination polymers (PCPs), or metal-organic frameworks (MOFs), have been
researched as potential materials for a variety of applications. Twenty-four years have passed
since PCP/MOF research started, and many companies around the world have become active
in commercialization. In 2011, the world's first startup specializing in PCP/MOF was born, and
mass production and commercialization through collaboration research with large companies
have begun. In this talk, I would like to talk about the newest trends in commercialization of
PCP/MOF as of the spring of 2021.

Keywords : Porous Coordination Polymer, Metal-Organic Framework, Practical

Applications, Commercialization
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Liquid and glass sciences of metal-organic frameworks: MOFs
(Institute for Advanced Study, Kyoto University) OSatoshi Horike

Almost all research on metal-organic frameworks (MOFs) has been conducted on crystals.
In recent, liquid and glass states are found from MOF crystals. The structure of MOF glasses
is that of a "network glass" connected by coordination bonds, which offers the advantages of
porosity, ionic conductivity, and catalytic properties, as well as the soft material mechanical
properties, transparency, and wide range of compositions characteristic of glasses.! In addition
to the functions in above, MOF glasses have the advantages of soft material mechanics,
transparency, and wide range of composition. In this presentation, I will introduce recent
developments in the synthesis of MOF liquids and glasses, identification of their internal
structures, and functions. In particular, MOF glasses acting as proton conductors will be
introduced, and their applications to electrolytes for fuel cells and ion switches will be
discussed.

Keywords : Glass; lon conductors, Metal-organic frameworks, Functional liquid; Amorphous
materials

& JE — ARSI (MOF) OMFZIXIZIER TR Z dRICEBLTE 2, — 5T
2015 FEN G Mﬁ#ﬁﬁmﬁ’ibﬁ%m¢é%@ FmENC LD T 2T
LI ERE SNEED T2, MOF 7 AOEIIRNAEGIC LI VEfE S Txy MU
— I HITA] ThHO, ZHME, A F A8V, ﬁﬁ*&i@iﬁ@f@c‘:@% Wz, 7’372%
B OZF S DO EHSARE, BN, 18ISV E oS E A D (B FIX) !
AFEF TlT MOF JRIA, ﬁ?xwé%%@ﬁ%ﬁ%@@m\%Lfm<oﬂ@%%
DWTHRII DB ZFENT 5D, FF7 1 b ArERE L TE < MOF 7 A2\ T
FRIT L %ﬂﬁ?fﬂzﬁ FEBIREA T AL v Tl E~DIEHIZONTHIR RS,
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1) A New Dimension for Coordination Polymers and Metal-Organic Frameworks: Towards Functional
Glasses and Liquids., S. Horike, et al. Angew. Chem. Int. Ed. 2020, 59, 6652.
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Intercalated Metal-Organic Frameworks for Nobel Electrode Materials (Toyota Central R&D
Lab., Inc.,) ONobuhiro Ogihara

As novel concept of negative electrode materials for advanced energy storage devices, an
intercalated metal-organic framework (iMOF) is introduced. 2,6-naphthalene dicarboxylate
dilithium as a representative iMOF material forms an organic—inorganic layered structure of -
stacked naphthalene and tetrahedral LiO4 units, and shows a reversible intercalation reaction at
a potential of 0.7 V vs. Li/Li". The layered framework was maintained during Li intercalation
and its volumetric change was only 0.33%, which is smaller than existing Li-containing oxide
positive electrodes (3-9%) and graphite-based negative electrodes (ca. 10%) and is expected to
reduce the mechanical electrode degradation due to the volumetric change during charging and
discharging. In addition, this characteristic operating potential enables the construction of safe
lithium-based energy storage devices by inhibiting lithium dendrite deposition resulting in
internal short circuits.

Keywords : Electrode; Intercalation; Metal-organic framework; Safety

FERY DIVER L ) F 0 LA (LY 525 8B AEEERIT, nAX v F
YT E ORI EINTEF T Z LSRR AE L UK Lios DRy T —
7670 D IEREIE I X o THERL S5 ARE-TERE IR E 2 TR L. BB PRI AT
W7RLiA X —hb—a URIGERT(Fig. 1), TOLiA 2 —L—3 3 mfER
4> B A F§ 15 {8 (intercalated metal-organic framework, iMOF)1Z, DEETE O ERLbT BHC 1% 35 R84
BHZ THAEI D720 0.7-0.8 V (vs. Li/Li") OEN CHREES G Z R~ L, AfE L CHIH

ATRE. 2)FE IR O RFEIZ IR D 8D T/ S 3) T BRI S A RSB AR~ DA A3 72
VN DBV E T H(<550°C), SHLifHAIZ LV EHEMELHIT L3, 6)5F
ks & Li & OMBEAERIZ X0 KIS A B = X LRWNERIREINE(LT 5 4, 70 & DR
=H0,

Intercalated Li

a
Sl-»c

Fig. 1. Schematic illustration of redox mechanism for 2,6-Naph(COOLI),.
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TRNVX—EEEAGT D Li-ion ¥ ¥ /30 F 672 EOLEIREGEINAREL 12D,
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ZNETORY MAZDOWTHIT L, FBET A AZMT 72 MOF MEHOA % O Al HE
PEIZ DWW TR RS,

& 3R
Ogihara, N.; Yasuda, T.; Kishida, Y.; Ohsuna, T.; Miyamoto, K.; Ohba, N. Angew.
Chem. Int. Ed. Engl. 2014, 53, 11467-11472.
Yasuda, T.; Ogihara, N. Chem. Commun. 2014, 50, 11565-11567.
Ogihara, N.; Ohba, N.; Kishida, Y. Sci. 4dv. 2017, 3, ¢1603103.
Mikita, R.; Ogihara, N.; Takahashi, N.; Kosaka, S.; Isomura, N. Chem. Mater. 2020,
32, 3396-3404.
5 Ogihara, N.; Ozawa, Y.; Hiruta, O. J. Mater. Chem. A 2016, 4, 3398-3405.
Ozawa, Y.; Ogihara, N.; Hasegawa, M.; Hiruta, O.; Ohba, N.; Kishida, Y. Communs.
Chem. 2018, 1, 65.
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Development of Photocatalyst and Gas Separation Materials using MOFs (Graduate School of
Engineering, Osaka Prefecture University) OYu Horiuchi

Metal-organic frameworks (MOFs) are new class of organic-inorganic hybrid materials
which have a great potential as photocatalyst and gas separation materials owing to their
flamework designability. By choosing appropriate inorganic metal clusters and bridging
organic ligands, our group achieved the development of visible-light-responsive MOF
photocatalysts for H, evolution reaction (HER). In addition, linker defect engineering of MOFs
realizing by a photothermal treatment was found to be a useful way to create effective reaction
sites for photocatalytic HER. On the other hand, in light of practical use, the present study
proposes a new fixation method for MOF powder into marshmallow-like organosilicate gels
(MGs). The fixation of MOFs into MG was achieved by simple dipping of MG into slurry of
MOFs. The resultant composites were able to be used as shaped materials and showed no
deterioration of unique adsorption properties as compared to the parent MOFs.

Keywords : Metal-organic framework; Visible-light-responsive photocatalyst; Gas separation
material; Shape forming

LA BSER (MOF) 1X, &80 7 A — LY v —nb7e 2 AIMEZ ALK
THY., TNOHBREZDOSEMAEbYEEZ TS, ZOREEZFIAL, EVE
TR RTT X U T AX — L ARRINGEEZ AT DAY > h— L %
FAB T MOF 26T % 2 & T, AIE/KFEAE RSS2 H rTHEZ2 MOF Stfil
BEDOBRFEICARII LT Y, & 51T, A MOF ISR 2 9~ = & T, B R a)sE
ANENDZ L, £ O8N, BTN %2 LB & BITHERE T 2 Al Ak E A
RIGEMER & L CHRET D &2 A L7,

— 5T, EROBLENS. BIRTH S MOF DIREZ St LT-, TORE, A
A LAY TRERC S AL, @O RERME & BTkt AT A~/ n ik Th H~
vawull (MG) YEFAT S E T, MOF BB ~D MG OIRIELLEE & 9
BARFHRICEID ., MG O~ 27 o fifLNIC MOF ZEV AR, AT 2D Z &NTlfE
B R LI, 2O MG OZEREOE S, mAEENEH I, &I,
N HE—=RT 4 T =DM ELIE L L2, MOF ASkDOHE R 22 EVERED
MEFFDSFTRE T o 7o, MA T, ARFIENLFELERZ: MOF (23 L CHEHFRETH D
WHAEDE W TH D Z L BB LTV S,

1) Y. Horiuchi, T. Toyao, M. Saito, K. Mochizuki, M. Iwata, H. Higashimura, M. Anpo, M. Matsuoka, J.
Phys. Chem. C 2012, 116, 20848.

2) Y. Horiuchi, K. Tatewaki, S. Mine, T.H. Kim, S.W. Lee, M. Matsuoka, J. Catal. 2020, 392, 119.

3) G. Hayase, K. Kanamori, M. Fukuchi, H. Kaji, K. Nakanishi, Angew. Chem., Int. Ed. 2013, 52, 1986.
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MOF-based Membranes for Selective Gas Permeation (Department of Chemical, Energy and
environmental Engineering, Kansai University) OShunsuke Tanaka

There is an increasing social interest in the industrial application of metal-organic framework
(MOF) with diverse composition, tunable pore structures, and versatile functionality. The dense
and ultrathin MOF membranes are expected to provide outstanding gas separation due to
molecular sieving effect. This talk will describe recent progress in MOF-based membranes and
the challenges and opportunities for future membrane separation technology.

Keywords : Continuous Membranes, Mixed Matrix Membranes,; Effective Pore Aperture;
Adsorption, Diffusion

ZERTRMRK - HEE DR EHEZ b OB ARG (MOF) O T2ERISHA~OEH)
RBLEE - TETCWVWD, MOF OMFLITEWRAINE & MRS TV D T
D | BN ZEBRNFAE L 72 WS 7o B & (R0 1 5 5 WERNC K D IR DS
I T& %, A TIX. MOF OISV THERL L. MOF ~X— 2 D43 BERE D f5 T
DR & B BESAT ORF I ANT T OMRE & I OV TELET 5,
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Schematic of the methods developed for synthesis of continuous MOF membranes. Membrane
separation performances for separation of C3He¢/C3Hs.

1) Mechanochemically synthesized ZIF-8 nanoparticles blended into 6FDA-TrMPD membranes for
C3He¢/C3Hg separation, Y. Liu, H. Kita, K. Tanaka, K. Imawaka, S. Tanaka, T. Takewaki, J. Appl.
Polymer Sci. 2020, 138, 50251.

2)  Metal-organic framework 512 & % [R{LKSE 57 BE, HH A, B2 2020, 45, 286.

3)  MOF JEDOHUR &R - A BE & HRIARSTBE, 22, 15 2019, 44, 2.

4)  Grain size control of ZIF-8 membranes by seeding-free aqueous synthesis and their performances
in propylene/propane separation, S. Tanaka, K. Okubo, K. Kida, M. Sugita, T. Takewaki, J. Membr.
Sci. 2017, 544, 306.
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Fabrication of Innovative Polymer Materials Using MOF Templates ('Graduate School of
Frontier Sciences, The University of Tokyo, *Graduate School of Engineering, The University
of Tokyo) OTakashi Uemura'~

Metal-Organic Frameworks (MOFs) composed of metal ions and organic ligands have been
extensively studied. The characteristic features of MOFs are highly regular channel structures
with controllable pore sizes approximating molecular dimensions and designable surface
functionality. Use of their regulated and tunable channels for a field of polymerization allows
multi-level controls of resulting polymer structures. In addition, construction of
nanocomposites between MOFs and polymers provides unprecedented material platforms to
accomplish many nanoscale functions.

Keywords : Metal-Organic Frameworks; Polymer

T BB A 4 L ARENL L DHCERICL > THRONDHAIN R~ 1 7 v fl
EAEIENIZH T 5 % 4L114 B S5 (Metal-organic framework: MOF) 23 H Z8E0H TUW1 5,
MOF X, BIfL 1 & &JRA 4 OBEROMAEGOENGFET D Z b, MEHA %
BHMICEETT 5 2 & T, EHOW IV A ZH720 TIER < IR OFIEE
BERRDBAFZTTE D, ZOX )RS5, ITFE CIISERILEFEE O Fde b T IR N
B OMEE NS EVEREZED TN D, 22T @ HbF L ORIz 7 +—70
AL, MOF OF / ZEMNAET DFHEABME T2 2 & T, fERIETITERDS TE 0
mo T OER - R - BRI L TR D Y,

[MOF @7}/ ZMZzHE & LI-mFaFEH]

MOF O~ A 7 vflz @y amkoth s LTRATIUE. G625 Em0F DKL
B SARHAINE, ST B EO—RIEEEDEBBRIEN RIS S, B, —koT
DF ) EMNTE = LVE ) ~—DT P HNVEREITH & RN TF ) ZZRIPTlET Y
AN REINARFE I NS T2, VB TEHAMICEIT L TWD Z ERH LI -
722, /o NTEm ST O— AL, ZEE O A XLk, FEREBIZSE T TEEL,
A BT F o I @S T OERRF TV ES T OEKRS AIRRIC Lz 29, Ol T,
MOF ZERINTHEAEITO &, BH TILER TE QWK - EFM2F o2t ES
EKNRFEOEND Z E LW LN STz 2,

MOF ##il L3252 & C, morOERKEBLHI#ETL 2 L b A6EICR D 3, fl
Z X, MOF OBEHHNTEBES M4 Z & T, OB AMNEEIC—FAIC eI Hl
STz @y TR, BT ) ~— 50 OB LOFFZ 700 Z IR ST EE R 51
DBAFEIZ AL LTz 32, MOF OMFLNIC A 7 0 F 2 Y A, Z O L RET S
EWV D IR T e — T K a2 QIR TR S T LUV TRE TR
5D EENDTHEIELT ),
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MOF D/ ZERNIZ @5y 82 K Y325 2 & C. @y oA, Blm., &
D OREEZREEIZa L hr— L TE | WIRE S 7S K DR 2 EE) O Re 2 7 81
SHDHZ EHAEEICR S TWD Y, filxIE, MOF MifLICHER S =R U AF L it
HOE STHATFEROa L T r A —2 9 U EIRD -0, 85 OIS VIREED & 13
R S VSO R B VBRI B HIZEEE T 5 2 E N LT o7 W), F iz,
MOF ZEicH R =R U =F L > 7 a— ) W(PEG) DB X8 2 55 & | @
® PEG OflfiRzEh & 1T R0 | MLV A XAORMEIRREITIK T L CHRBIRE 23421
T5H LWy INoT ),
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TP OR P oo m A TIX LR G L FF o, i —F ) ~—DHD
BEAKRTHoTE LTH, ARED TORTREIIIDADPAEL, EEOE ) ~—%1fF
LIS EITy— 7 = U ADEND M Do SOSHALE I L ONZARBIRIE O F14E & K 7e
ZENEL BHEMICHER SN TV D @S FHEHE, Bix @ o F8#BNIR C > 2iRE
MeicoTnsd, §2FETHRL, AR TOEENRZEOYMEEZRET DT, LW
BT OHRZEY U, SEEER AT 5 = L1350 - PEERIC b IER I R R
Lo TS, Fxld MOF OHAIMEMALAE WD Z & C, @y H8IcI T 5 K00 1
2=y FOBEWEEEIC D, FEIZOBET S 2 &2 FEEIC L2 Y, MOF DAL
A ARENT 1Y — R MR EZRET 52 LT EEDOEVNIZEALE RN
B TIRAE W A S IR 2 FIEZBRE L, 2 E TOFRTITE L 2 2ok
Hefli & BHAE L7,

(1) (a) T. Uemura, S. Horike, S. Kitagawa, Chem. Asian J. 1, 36 (2006). (b) T. Uemura, N. Yanai, S.
Kitagawa, Chem. Soc. Rev. 38, 1228 (2009). (¢) T. Kitao, Y. Zhang, S. Kitagawa, B. Wang, T.
Uemura, Chem. Soc. Rev. 46,3108 (2017). (d) S. Mochizuki, T. Kitao, T. Uemura, Chem. Commun.
54, 11843, (2018). (e) N. Hosono, T. Uemura, Matter 3, 652, (2020).

(2) (a) T. Uemura, et al., Chem. Commun. 5968 (2005). (b) T. Uemura, Y. Ono, K. Kitagawa, S.
Kitagawa, Macromolecules 41, 87 (2008). (c) T. Uemura, Y. Ono, Y. Hijikata, S. Kitagawa, J. Am.
Chem. Soc. 132, 4917 (2010). (d) T. Kitao, et al., J. Am. Chem. Soc. 141, 19565 (2019). (e) T.
Uemura, D. Hiramatsu, Y. Kubota, M. Takata, S. Kitagawa, Angew. Chem. Int. Ed. 46,4987 (2007).
(f) S. Mochizuki et al., Nature Commun., 9, 329 (2018).

(3) (a) G. Distefano, et al., Nature Chem. 5, 335 (2013). (b) N. Hosono, S. Mochizuki, Y. Hayashi, T.
Uemura, Nature Commun. 11,3573 (2020). (¢) T. Uemura, et al., Nature Commun. 6, 7473 (2015).

(4) (a) T. Uemura, et al., J. Am. Chem. Soc. 130, 6781 (2008). (b) T. Uemura, et al., Nature Commun.
1, 83 (2010). (c) B. Le Ouay, S. Kitagawa, T. Uemura, J. Am. Chem. Soc. 139, 7886 (2017). (d) B.
Le Ouay, H. Takaya, T. Uemura, J. Am. Chem. Soc. 141, 14549 (2019). (e) B. Le Ouay, et al., J.
Am. Chem. Soc. 138, 10088 (2016). (f) S. Wang et al., Nature Commun. 9, 1660 (2018).

(5) (a) B. Le Ouay, et al., Nature Commun. 9, 3635 (2018). (b) N. Mizutani, et al., J. Am. Chem. Soc.
142, 3701 (2020).
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Development of active ammonia synthesis catalysts under mild conditions for green hydrogen
storage (' Graduate School of Engineering, Nagoya University) OKatsutoshi Nagaoka'

Conversion of green hydrogen into ammonia for its storage and transportation is expected to
promote the use of renewable energy. Since green hydrogen is produced by photolysis or
electrolysis of water, it is necessary to develop catalysts that can synthesize ammonia under
milder conditions than the HB method. In this presentation, we will introduce the design of
highly active ammonia synthesis catalysts under mild conditions based on the interaction
between the metal and the rare-earth element oxide support.

Keywords : Green hydrogen; Renewable energy, Energy and hydrogen carrier;, Ammonia;
Heterogeneous catalysis

BAMRZXALF—HRO 7Y = KFEOXF ¥ YT & LT, 1) L LLT < KFE
DEEFE « EEEEDE, 2) K - kA v 7 I8 LT D, 3) A—ARr 7Y
—REDRHEEAT LT BT NERSATWD, BIE, 78271, ARPK
IR AHFDOKFE A, @i (3450 C). M&EE20 MPa)DIEF 1@ 72 514 T,
L8O CO ZHFH L7225 HBIEIZ L D ARLEE N TV D, D7), B R KFEHRK
DAREARZOFIFAICHE L, BRI T =7 ORGSR ZRiRf 74 (<400 °C,
<10MPa) T7 > E&=7 ZmE TEHRRERMLEDOBIFE RO 5TV 5,

A TIRFZ2 5T Fe 10 H@mWEMEEZ AT Ru Z15HESRE L L, RIEEMETE
teREREZ AT 24 HEB RS OMBERZFIAT 52 & T &miEET o E=
T AWM DRI EIT o TE I, T E TIZ, RuPrnOs”, Ru/lLagsCeosOi7s.”
Ru/LaosProsO15”. Ru/BaoiLaoasCeoasOres’ D3 VEPEA R 2 & 2 L7, FFIC
Ru/Bag 1 LagasCeoasOrsx & TERITABEDBERE A RET 72D 2 T — L STV
700 CE W) EIRTEILT 5 &, HINZEIL SR Ru 7 /R T2 B> -2
T2 VO L 720 = v B O Ru T R~ DRV E TR LY, FE
BIZEWT BT ERIEER SO Z 2 R LT,

Stk D OfIEEREHES 2 S DICRRSED 2 LT 7 U — L IKFEOF R,
i pRFE L DFEBUCEBRTE 2 LW LTV D,

1) K. Sato, K. Imamura, Y. Kawano, S.I. Miyahara, T. Yamamoto, S. Matsumura, K. Nagaoka, Chem.

Sci., 8 (2017) 674.

2) Y. Ogura, Katsutoshi Sato, S. Miyahara, Y. Kawano, T. Toriyama, T. Yamamoto, S. Matsumura, S.

Hosokawa, K. Nagaoka, Chem Sci., 9 (2018) 2230.

3) Y. Ogura, K. Tsujimaru, K. Sato, S. Miyahara, T. Toriyama, T. Yamamoto, S. Matsumura, K.

Nagaoka, ACS Sustainable Chem. Eng., 6 (2018) 17258.

4) K. Sato, S. Miyahara, Y. Ogura, K. Tsujimaru, Y. Wada, T. Toriyama, T. Yamamoto, S. Matsumura, K.
Nagaoka, ACS Sustainable Chem. Eng., 8 (2020) 2726.
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Hydrogen generation of ammonia electrolysis with high efficiency at high current density
(‘School of Advanced Science and Engineering, Waseda University) ONobuko Hanada'

Hydrogen can be produced by various primary energies such as renewable energy sources.
However, the practical technologies of hydrogen storage and transport with high gravimetric
hydrogen density, volumetric hydrogen density and handling ease have not been established,
yet. Liquid ammonia (NH3) has a high volumetric hydrogen density of 107.3 kg Hym™ (25 °C
and 1.0 MPa) and a high gravimetric hydrogen density of 17.8 mass% compared with solid
state hydrogen storage materials. We have focused on electrolysis of liquid ammonia to
generate hydrogen. This method can decompose the ammonia itself by keeping high hydrogen
density at room temperature. The catalyst effect on anode reaction was investigated by focusing
on the metal nitride formation enthalpy which corresponds to the strength of metal-nitrogen
bond. On the other hand, ammonia aqueous solution is one of the hydrogen carriers and
hydrogen can be also be generated by electrolysis in alkali solutions. The maximum hydrogen
capacity is limited to 6.1 mass% because the ammonia concentration in a saturated ammonia
aqueous solution is 34.2 mass% at 20 C. However, the vapor pressure, which is 0.08 MPa with
a saturated ammonia aqueous solution, is lower than that of the liquid ammonia, which is 0.86
MPa at 20 C. In this study, to increase the surface area of the electrode catalyst three
dimensionally, Pt nanoparticles are held on a sponge-like film of carbon nanotubes that has a
large surface area. The electrodes were adapted to the ammonia electrolysis in aqueous solution
to increase the current density with a low overvoltage".

Keywords - Liquid Ammonia; Ammonia Aqueous Solution; Electrolysis; Hydrogen Generation

KFIL, BAEFARBZRINLNX =R EDRL 72— IR=IXN X —)poETE 5, LL,
IKFERTIR « TR IZ DWW IS AR R EE, MEEKRBEESLIY V0 LG S &4
i 2 TR D 5N TN D, IBIRT =7 1%, 107.3 kgHym*(25°C, 1.0 MPa) &
W) EWERTEKFREE, 17.60EE%DmEWVEBEKEREEZH L CE Y EARKRITH
MEHTHENTE W, ZHETICHRIET v E=T O E#EKELZRY K4 Hiks LT,
BRNIRICE B LKERHEZRBTERASE WD, 7/ — FRESFEDR Lo 7=
(2, A B O ZEFE L DRSO Lo IR U, RE S E M0 T @B E NS
BN AL DYER ZIT o120 —H7. 7 2B =T 13KIT34.2E B%QR0°CHEIT 5 72D,
KRBT DT v E=T DHEMELTHT v E=T KA E LT61EE%DKFZE %
BT, BRORIC L W BB TKFBARNARETH D, 7T E=T KBBRDT »FE
=7 ZR&KE130.08 MPa(20 °C) TH V) | HRIKT > =7 10.86 MPa(20 °C)IZ Fb~_THEL Y,
B O BGH A& 3R TTHNCIEET 572D A& hiF 2 L —R T F =
— 7 EEM A 7 =T OKEMRICEA L, KREE TOBEREEOM EEX 7Y,

1) N. Hanada, Y. Kohase, K. Hori, H. Sugime, S. Noda, Electrochim. Acta, 2020, 341, 135027.
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Photocatalytic water splitting over non-oxide semiconductor materials under visible light
(Research Centre for Artificial Photosynthesis, Osaka City University) OMasanobu Higashi

Photoelectrochemical water splitting using semiconductors has attracted considerable
attention due to the potential to produce H, from water by utilizing solar energy. Most of non-
oxide semiconductors, such as oxynitrides and sulfides, possess appropriate band levels for
water reduction and oxidation as well as a narrow band gap allowing visible light absorption
due to the contribution of N-2p (S-3p) orbital to the valence band. However, these materials
are unstable for water oxidation because self-oxidative deactivation (e.g., 2N* + 6h* — N)
easily occurs in water under photoirradiation. We demonstrated that loading of cocatalyst (e.g.,
IrO*? and CoO,®) on the TaON photoanode effectively suppress self-oxidative deactivation
of the TaON surface, resulting in stable water splitting. Furthermore, Z-scheme splitting of
water was achieved using K.Cd[Fe(CN)s]-modified metal sulfides as H-evolving
photocatalysts combined with an appropriate Oz-evolution system (CoOx-loaded TaON
photoanode) in the presence of [Fe(CN)s]*"* as an electron mediator.

Keywords . water splitting; oxynitride; sulfide; photocatalyst; visible light
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1) R. Abe, M. Higashi, K. Domen, J. Am. Chem. Soc., 132, 11828 (2010)., 2) M. Higashi, K. Domen, R. Abe, Energy
Environ. Sci., 4, 4138 (2011)., 3) M. Higashi, K. Domen, R. Abe, J. Am. Chem. Soc., 134, 6968 (2012)., 4) T.
Shirakawa, M. Higashi, O. Tomita, R. Abe, Sustainable Energy & Fuels, 1, 1065 (2017).

Metal sulfides
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Development for High-pressure Hydrogen Production from Formic Acid (Interdisciplinary
Research Center for Catalytic Chemistry, National Institute of Advanced Industrial Science
and Technology) OHajime Kawanami

Formic acid (FA) has been received considerable attention as one of the liquid organic
hydrogen carriers for the production of hydrogen. Recently, various homogeneous catalysts
were developed for the selective dehydrogenation of FA (DFA) into H» and CO; at atmospheric
pressure for the practical application. However, there are few reports on the production of H,
from FA at high pressures above 10 MPa. Here, efficient water-soluble Cp*Ir (Cp*:
pentamethylcyclopentadienyl) catalysts are reported to perform selective DFA and
demonstrated the high-pressure H»/CO, production over 100 MPa. An advantage of DFA is to
produce high-pressure H, without mechanical compression, which can reach up to 225 MPa
according to the calculations. In addition, the high-pressure gas generation can also lead to an
advantage of efficient separation of CO» and H, by phase changing.

My presentation will be included (i) the performance of efficient Cp*Ir catalyst, (ii)
generation of high-pressure gas above 10 MPa, and (iii) the separation of H, and CO; by phase
changing.

Keywords : High-pressure; Hydrogen; Formic Acid; Iridium Complex; Homogeneous Catalyst
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Novel Catalytic Process for Hydrogen Production from Ammonia as Energy Carrier. ('ESICB,
Kyoto University) OXKatsutoshi Sato!

Ammonia is expected as the medium for storage and transportation of green hydrogen, i.e.,
energy/hydrogen carrier. To use ammonia as an energy/hydrogen carrier, developing the
catalytic process for producing hydrogen that is highly efficient and start-up rapidly is
necessary. In this talk, I show our novel process, Rapid Cold-Start of Ammonia Oxidative
Decomposition, based on the catalyst's self-heat evolution.

Keywords : Green Hydrogen; Renewable Energy, Oxidative Decomposition; Cold-start
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1) K. Eguchi, in: Y. Kato, M. Koyama, Y. Fukushima, T. Nakagaki (Eds.), Energy Technology
Roadmaps of Japan, Springer Japan (2016) 167-181.

2) T. Matsunaga, S. Matsumoto, R. Tasaki, Y. Ogura, T. Eboshi, Y. Takeishi, K. Honda, K. Sato, K.
Nagaoka, ACS Sustainable Chem. Eng., 8 (2020) 13369-13376.

3) K. Nagaoka, T. Eboshi, Y. Takeishi, R. Tasaki, K. Honda, K. Imamura, K. Sato, Sci. Adv., 3 (2017)
e1602747.

© The Chemical Society of Japan -S03-2pm-02 -



S03-2pm-03 BAfLE2 H101EFES (2021)

FEE/ICO MELMZEER L -EBME S/ T 00T )T

(BRBE Lt - UK ESICB?) O# sz 12
Nano-engineering of metal catalysts for the interconversion of formic acid/CO, (*Graduate
School of Engineering, Osaka University, 2ESICB Kyoto University) OKohsuke Mori,!?

Hydrogen has received increasing attention as a candidate for clean energy, and efficient
energy conversion can be realized by combining with fuel cell technology. Among investigated,
formic acid (HCOOH), which is a liquid at room temperature and contains 4.4 wt% hydrogen,
is widely recognized as a convenient hydrogen carrier. Additionally, economical CO,-mediated
hydrogen storage energy cycle can be attained by realizing the regeneration of formic acid
through the hydrogenation of CO, with H,. Herein the heterogeneous nano-catalysts, such as
PdAg, PdAu, PdCu, PdCuCr, have been developed for the efficient production of high-purity
H. from formic acid dehydrogenation®?. More recently, the selective production of hydrogen
isotope compounds from a combination of formic acid and D.O can be attained through
cooperative action by a PdAg nanocatalyst on a silica substrate whose surface is modified with
amine groups®. On the contrary, the single-atom Ru as well as PdAg catalysts have been
designed for the hydrogenation of CO; to form formic acid*®.

Keywords  formic acid; hydrogen carrier; alloy nanoparticles
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1) K. Mori, M. Dojo, H. Yamashita, ACS Catal., 3, 1114 (2013).

2) K. Mori, H. Tanaka, M. Dojo, K. Yoshizawa, H. Yamashita, Chem. Eur. J., 21, 12085 (2015).

3) K. Mori, Y. Futamura, S. Masuda, H. Kobayashi, H. Yamashita, Nature Commun., 10, 4094 (2019).
4) K. Mori, T. Taga, H. Yamashita, ACS Catal., 7, 3147 (2017).

5) K. Mori, T. Sano, H. Kobayashi, H. Yamashita, J. Am. Chem. Soc., 140, 8902 (2018).
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Design of supported alloy catalysts for highly efficient hydrogen storage and production
(‘Graduate School of Urban Environmental Sciences, Tokyo Metropolitan University, >Recerch
Center for Hydrogen Energy-based Society, Tokyo Metropolitan University, *Recerch Center

for Gold Chemistry, Tokyo Metropolitan University, *ESICB, Kyoto University,) O Tetsuya
Shishido,!*3#

We have developed supported Pd—Au alloy catalysts for hydrogen production with high
efficiency from various hydrogen-energy carriers such as ammonia borane, formic acid, and
ammonium formate under mild conditions. Supported Pd—Au random alloy catalysts exhibited
a superior activity than supported monometallic Pd and Au catalysts under ambient conditions
even without additives such as acids or bases. A series of Pd-Au alloy NPs supported on active
carbon (Pd-Auw/AC) with various Au/Pd ratios were tested to reveal the correlation between the
activity and the state of Pd and Au in supported Pd—Au alloy catalysts.

Keywords : Hydrogen; Formic acid; Ammonium Formate; Ammonia Borane; Alloy
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1) K. Nakajima, M. Tominaga, W. Waseda, H. Miura, T. Shishido, ACS Sus. Chem. Eng., 2019, 7, 6522.
2) H. Miura, K. Endo, R. Ogawa, T. Shishido, ACS Catal. 2017, 7, 1543.

© The Chemical Society of Japan -S03-2pm-04 -



S03-2pm-05 BAfLE2 H101EFES (2021)

7)) —UKHRRE - FrEEnE - FIRORKES&
(RAHT) OB #

Recent trends on green hydrogen production, transportation/storage, and utilization (Science
and Engineering, Waseda University)O Yasushi Sekine

Hydrogen production, transportation/storage, and utilization are highly anticipated based on
SDGs and ESG. Green hydrogen production from renewables has been conducted using water
electrolysis, photocatalyst, and biomass gasification etc. For hydrogen transportation, liquid
hydrogen is one promising option, and for hydrogen storage, organic hydride including toluene-
methylcyclohexane cycle is a good candidate. Further investigation for establishing green
hydrogen society is anticipated.

Keywords : Hydrogen production; Hydrogen transportation; Hydrogen storage; Hydrogen
utilization
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KRFEFHAOT-DDOTiEE LCIE, fEkoRrlEm (EikE S 77, BEIERBRLmr)
WA, HHRIECCIEEY L 9 2 Fi OB EM O 72D D ERA 4 =27 ARPEBR%E (CO
a3, Eomlize Pt AAEICR D) 0, RS T T =T EEREE,
HHENA RTA4 RO FC EHEFH, 72 ERWIREESh 5,
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(RURBE L) OFES #a
Design of Photocatalysis Materials and Systems toward Highly Efficient Water Splitting under
Visible Light (Graduate School of Engineering, Kyoto University) ORyu Abe

Water splitting using semiconductor photocatalysts has received much attention due to the
potential of this method for the clean production of H, from water utilizing solar energy.
Because almost half of all incident solar energy at the Earth’s surface falls in the visible region,
the efficient utilization of visible light remains indispensable for realizing practical H»
production. We have so far developed a new type of photocatalytic water splitting system,
mimicking the two-step photoexcitation (Z-scheme) mechanism of natural photosynthesis.
Herein, our recent developments on both the novel visible-light-responsive photocatalysts (e.g.,
layered oxyhalides) and the efficient Z-scheme water splitting systems will be introduced.
Keywords : Artificial Photosynthesis, Hydrogen Production; Photocatalysts, Visible Light

KBt FX—%2FH L COKFEL2RET D FED 1 5& LT, etz Huv 72k
IR S, AR T T2 REIRED S TWD, 2 A MEFTIOH D 5~10%
FREE D KB RV ¥ — N R A2 BT 5 7o I, K AT Mo RKE %
H 5 TaEYE ] OFFIRANRAIRTHY . ZoftE 722 TR E Rl
LI, HFIHRNRORERE D=0 TRIGHR] OBFEZ ERBETE T
%o WAIITAETIT, WO NERRZ B L7z 2 BERERIE (Z A % — 1) Bl
Tut A VR L, AHEE AW AKO SR E TR EBRIT THEIEL CT& 72, AR
T, 2FEO R 5 -G RRL R OEFBEIZ AL Ky 7 22 W THEET 5
Z & T BRI N L X — MBI S L CRIENERI AN E S IC b L L b
2, FERMBIC R R 72 DKFE LB OB 7R EBRREE 72D, Z AF— LRI
BT, 1RO DI T2 5T BREW 72 & ORIGDLISERMES T =4 1Aba!
NEARETHDZ L2 INETEIFELTCE L, UL, @FEOEAET =4 1MLEW
Tl BRUSNOT =F 2 DB L > TE# RIYEM A AIZT 7 b LT
JISBMERFEBLT 5 — 5T, EALIC L 2 BEBLRIERIFR T EVWHI VL o~EHF L
TV, ZOBEICH L, xS5O A~ AZ@BIRAFT I NT A FEED (B 213
BisNbOsCl) 23F DR/ ME&E ISR LT, AIEDERE T2\ Tiied TLE
WCKEBIETED Z L2 RWE L, 2D % 7z B RERh R A A 16 K oy il % SERIE
L7oo AGEBECIE, 2006 AIEDLSBADLAEE OB R IEE-OR TR, & DICREE
fifi YL Ky 7 AR Ve &0 Z A% — LSRR BIZET 2B AR T D,

1) R. Abe, J. Tang et al., Chem. Rev. 2018, 118, 5201.

2) H. Fujito, H. Kageyama, R. Abe et al., J. Am. Chem. Soc. 2016, 138, 2082.

3) A. Nakada, H. Kageyama, R. Abe et al., J. Am. Chem. Soc. 2021, DOI: 10.1021/jacs.0c10288.
4) A. Nakada, H. Kageyama, R. Abe et al., ACS Appl. Mater. Interfaces, 2019, 11, 45606.

5) Y. Iwase, O. Tomita, R. Abe et al., J. Photochem. Photobiol. A: Chem., 2018, 356, 347.
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Conversion of small molecules in the gas phase using photoenergy
(!The University of Kitakyushu, *PRESTO, JST) oFumiaki Amano':?

Photoelectrochemical water splitting reaction is a technology that has the potential to
produce CO,-free hydrogen from solar energy on a large scale. In order to use water vapor in
the gas phase as a reactant, we developed an all-solid-state photoelectrochemical system using
a solid electrolyte. We found that it can be applied to hydrogen production by vapor-fed
photoelectrolysis and methane conversion reaction.

Keywords : Photoelectrochemistry; Semiconductor electrode; Photocatalyst

HWBRALFHI KRR T, KT RV F—0 5 CO, 7 U —/KFE & KBS
HLETE DA Z L OHIT Th 5, [T OKRERERIGY & T D712, Fxlx
BRERE 2R LA OERCF LV ERE L TE T, ZhETIT, KK
KE UTHEE Lo AR RIZ L A AKRERLEDM, A % o OEBBKISICEATEX 52 2 %
RHLTWS,

JEMEIC L D Ho B 1T, KB L — 2 RBHC S U RPE-SOt & IR & 4
%o OFBEDTDOIT /7 — RIZiE, a2 NOZEMEOBLR) IR L5
BN L RSN T WD, £z, KESCFE T, MRS & 135872
V. 2ODBRCELEUG LR TSN Z D72, Ha & O 0B L CTAERT S
TENTED, ZOXDRKRONEMRIL, W, BEREKEERFT TITbitd, Lo
L. FEEEOEM TIIMADOKREHGEARKREZ2RBEICRY 557255, KOUFED =2 A
NaeBEz25HE, MEEDOTOORBKERE LT, KARFOWE L LTFEET DK
AKOFHALMEFHET S B2 HivD,

SFAFEHEIC BT D HEBXKACFEE T, 7'a b AR & OE IR ERE &
THVENDHD (Fig. 1), LOLARNL, 2EEMOEESLFELTIE, #ERDOE
R AR L0 HRBEIISENE L /N E o iz, KAFEHR CHREDE - 78
HOD 1 2/%, KEROIEGE FIZBWTA T MEENE LIEL 2570 TH D, &
T, Boxik DEERCEE-RA O SARREE RIS L, £, RERE
MROBEF AN T 7 N AZEE 535720, ZHEO Ti fEHERER R 2 BB ML
MELUTHER L, ZOY8KEMmIT, VAEBECLERLT-bDOTH D, KRIT, £
UEBMBOERRL T RKE A, 71 N AREMED Nafion A 4/ ~— O CHE L
2o ZOREFRE LT, KEKFEHKATIZEIT D WO; X0 TiO, ERO JEFEHEI B K &
KMETHZZEEZRHLE D, Zo=MAEERMATS 2 LT, 6 L7 AKEKRN
JT  — R THR X 0, 23384 L, Nafion JlZ 7 L= Y — RAIC H, 2MERT 5 &
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AT NERESE LT (Fig. 1) . KRZRKUEAG O SIS HIZ Nafion A 4/ ~—O—HH A3
LR SID Z LN olzhd, TiO, DDV IZ SITiO; BfRAE A5 Z & T,
Nafion D fEAINHI S, KB AT LOFMBHER LIZY, £/, VW AIEEMED
WOs EizZ BiVOs TIEAT 5 Z 12KV AR EMEOHERICKII L T 5 9,

Nafion { 4/ ~— %8 L 7= ZLE WO B A A ¥ VS SICEA Lz & 2 A,
AFASEHRS T C CHa 28 CoHe & Ho 1AM E N D Z EBbho7z 9, StEXKILFEN2
CHs DWAKFES v 7V T OO TOHREFI T D, ZDLE, CHe DAERHEIL,
CHy 23 EICHFHICHBI L CHEM L7z, Z O RE 2 MR @#EL LZE 2 A,
Pt/GayO3 (123 T CHy DKFE D v 7V o 7S T LIZ D,

Cathode with
gas diffusion layer photoanode

Figure 1. (a) PEC cell for solar H> production using water vapor in the air over the sea and (b)
vapor-fed PEC water splitting system using a gas-diffusion cathode, a proton exchange
membrane (PEM), and a gas-diffusion photoanode for O, evolution.

F. Amano, A. Shintani, H. Mukohara, Y. M. Hwang and K. Tsurui, Front. Chem., 2018, 6.

F. Amano, H. Mukohara, A. Shintani and K. Tsurui, ChemSusChem, 2019, 12, 1925-1930.

F. Amano, H. Mukohara, H. Sato and T. Ohno, Sustain. Energy Fuels, 2019, 3, 2048-2055.

F. Amano, H. Mukohara, H. Sato, C. Tateishi, H. Sato and T. Sugimoto, Sustain. Energy

Fuels, 2020, 4, 1443-1453.

5. C. X. M. Ta, C. Akamoto, Y. Furusho and F. Amano, ACS Sustainable Chem. Eng., 2020,
8, 9456-9463.

6. F. Amano, A. Shintani, K. Tsurui, H. Mukohara, T. Ohno and S. Takenaka, ACS Energy
Lett., 2019, 4, 502-507.

7. F. Amano, C. Akamoto, M. Ishimaru, S. Inagaki and H. Yoshida, Chem. Commun., 2020,

56, 6348-6351.

L=

© The Chemical Society of Japan - S06-2pm-02 -



S06-2pm-03 BALES E101ESES (2021)

T —RARE RIC D SEENE —REEHRR
(#)%4H5H% GREEN' - UK ESICB?) Offil i 2

Advanced ab-initio calculation studies on heterogeneous catalytic reactions
(‘Center for Green Research on Energy and Environmental Materials (GREEN), National
Institute for Materials Science (NIMS), “ESICB, Kyoto University) O Yoshitaka Tateyama'?

Static ab-initio calculation study on heterogeneous catalytic reaction has become very
popular nowadays. However, the catalytic reactions in electro- and photo-catalyst should
consider the redox (electron/hole transfer) processes between the electrode and the
reactant/product species. The analysis of temperature-dependent conversion and selectivity
needs a kinetic treatment of the multiple pathways. In this talk, I’ll introduce the advanced ab-
initio calculations studies on these recent issues.

Keywords : Density Functional Theory, Heterogeneous catalyst, Redox reaction, Microkinetics

RV — RS X ERE ENCSOSDIRFE T D 2 S &0 s oiEE b= x v
F—MET L., B et S 2 RIS T 5, Z O BOSHEAE O BLER IMEAT
FEE LT, FFEFHEIIASHHIN TN D, LNLIRLNATEMIGREEIZOWT
FR 7088 — BRI K 0 dpik e, fOIRRE RS J OV o e R EERE 2 SR, 2D
D DOIEMEAL = /L ¥ — % Nudged Elastic Band 7572 & CRHMii L, #5507 s 7 1 7
TANDOIED LG SEZWETHE VI OREA LTS (Ka),

LU, R ES 72 & & AW T B AOS Tl B W 7217 TidZe < (Xb)
fe{biE ok b (B - A— B CELETCEMABHRL (), ZRITfn
b7 a7 7 A NVEELL D 5, BB L CXIENEERZ2E 2 508 L H 5
(K d), 2 bZ b RS & KA WS 72 E SRR BOGTRRIE 2 8 L 72 iU,
SIS DT & 72 5 BOGHEA b ERSC AR R PR EOFHIIXEE LV (K e),

o e g CE @R — RS
J— 4 — U0 1 N N o
T MaE | <3 | EARAMX =T RT A (b)
= [ — 227 U=0.88V — 1 EYN = Cy
RN/ Sy = _ | FHEAFEmETICL LK
i wE_ L " Eow  S— ] > > °
= o S e B L ANK—TRT 7 AN,

= " e BEOBIR, (d) FREE TEE) L
"R e €2 Bz | /A7 R Y S 7 = VI EBRIOBR, (e)F
nratn e coon ey I+ SUBE O 5 B g 4 %
=129 OHYH & €3 10 JE U 7 SO BE R . O
Erogon BRALIRITTRAL (V vs RHE) H]%

KHEHTIZ, ORI RBZREEZET D700, 1RO F — [ BEARGEEH R 2 B 2
DR T T —=FIZOWTHIET 5. FICE - REE R 2 AR L L (1) il
filfht -+ et 2 AUE U2 BRfk - EoSOSICBE T 27 e —F ., (2) ROSHER S &
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MBS TG R &2 B 58 L T2 R R ORIl SV TR 2,

(1) IZBALTIE, BT A2 > O bIS(CHs <> CHs + H' + ¢ ; B{biE oL
=+2.06 V vs SHE), /KO—&EFI{LiEfE(H0 <> OH + H + ¢ ; B#{biZEjuE =+2.79 V
vs SHE)2 E A5 & ZFI2id, b Xy &EREME LD, LK XL —DFE
T R VBB ATRE IR L L 7 D, TIO, OAiE T TH ki SHE JEHET+2.6
V ULEDBAMIHYE T 5, (o TH UsEEDO R —/L % v U 7 AR S v, Sl
DAFFIE, £ 2 TEROMICSISIT IS 5 5, T TiO, OXERIL S DR E D
ERTHD, L LA OFE—FESFE/1FMDYY 7Y 7k b &, Tio: b
SN K 2 Tt D BB AR — )V DERFENE N B2 0 | Z Ol b /18
anatase (001) CHR< 725 Z & B/RIB I L7z, — 7 anatase(101) 1 230 (2 b L &5 1 & 46
BT <L B A U COKSBAERQH +2e > H)BMEE S T, ihEEE T - A—b
INA L= AZHRT % 2 & T TiO: 1 WO IEARBETEME 2 FF5 & W D iliam 2 1572 [1], [RIAR
\Z CeOy/Pt /) 7 T AL —KFEIZIENTH CeO, DIEILIINZFEm 7 1 b o E il E)
(SRR 2 R I29 2 LR S22,

AR T & #9+2.2Vvs SHE LU FE TR MR LICENETE UL, BRx 22 ik
EBFREL 2%, ZhdAR By =724 ¥E FEMIZL > TERBESh TV,
Hox D3 —JEL MD 24T - 7o 2R, #&5HAE H, OH, F DJIFIC BDD OffifE—-4ff L3575 &
IRENANIRBE L, & SIZFEAREERM OBUKME, BKYESMHE LT, AmikibiEsc
FOGD LG SBRED Z LAURE I NTZ[3] (X d),

(2) DOEALR « BIREOFHImIZ ST — IR EEF R T b iz ig b r L %
—Z R, UGS ER k 2 B FRRIZ OV TESD, £11% microkinetics DFRAUT
AT D2 ETHISHEZRNT 5, S OICNEET VA D 2 & TG « /LR
DENPRER IO FRERE 25T 25, 245612 80 O fin o= 2 K
WHZENTED, HaITFICRIALUE & KBS Z RFICH S Z LT, LD BLFER
TR AR — RSO G OfEHT &2 IRE & 975 Z L AT L, R NO+CO SUGRA & 1k
6> 70 o 7RO L TE DA RMEE FERE L 72[4,5],

AGEH TR T 2019813, NIMS R X R 7 5EE (M) O KK, FUTERA
Zdenck &, SZABOVA Lucie KX UF NIMS EAEWIFER - JST & & T HFZEH D415
LKL DR TH B,

[1] M. Sumita, C. Hu, Y. Tateyama, "Interface Water on TiO: Anatase (101) and (001) Surfaces: First-
Principles Study with TiO: Slabs Dipped in Bulk Water", J. Phys. Chem. C 2010, 114, 18529.

[2] M. F. Camellone, F. N. Ribeiro, L. Szabova, Y. Tateyama, S. Fabris, "Catalytic Proton Dynamics at
the Water/Solid Interface of Ceria Supported Pt Clusters", J. Am. Chem. Soc. 2016, 138, 11560.

[3] C. Yamaguchi, K. Natsui, S. lizuka, Y. Tateyama, Y. Einaga, "Electrochemical properties of
Sfluorinated boron-doped diamond electrodes via fluorine-containing plasma treatment”, Phys. Chem.
Chem. Phys. 2019, 21, 13788.

[4] A. Ishikawa, Y. Tateyama, "First-Principles Microkinetic Analysis of NO + CO Reactions on Rh(111)
Surface toward Understanding NOx Reduction Pathways", J. Phys. Chem. C 2018, 122, 17378.

[5] A. Ishikawa, Y. Tateyama, "4 First-Principle Microkinetics for Homogeneous-Heterogeneous
Reaction: Application to Oxidative Coupling of Methane Catalyzed by Magnesium Oxide", submitted.
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Nano-sized Reaction Field of Solids Controlled by Microwaves (Institute of Innovative
Research, Tokyo Institute of Technology, *Microwave Chemical Co., Ltd.)

Microwave chemistry is a candidate of a new technology in which chemical processes can
be controlled in a manner which cannot be achieved by conventional techniques limited by
thermodynamics. Chemical reactions containing solid surface, solid-solid, liquid-solid, and
gas-solid systems will be a target of microwave chemistry, because microwave heating induces
non-equilibrium temperature distribution on the surface and the bulk of solids depending on
the heat production rate and heat transport. On the other hand, electron transfer reactions are
accelerated on the solid surfaces. I would show the size-depending “microwave thermal effects”
observed as non-equilibrium local heating in the scales of mm, pm, and nm, and “microwave
nonthermal effects” observed as acceleration of electron transfer. These are an origin of
microwave special effects observed as the enhancement of chemical reactivity by microwaves.
Keywords : Microwave special effects; Non-equilibrium heating; Local heating, Reaction
enhancement
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[1] N. Haneishi, S. Tsubaki, M. M. Maitani, E. Suzuki, S. Fujii, and Y. Wada, Ind. Eng. Chem. Res., 56,
2017, 7685-7692. [2] N. Haneishil, S. Tsubakil, E. Abel, M. M. Maitani, E. Suzukil, S. Fujii, J.
Fukushima, H. Takizawa, Y. Wada, Scientific Reports, 9,2019, 9:222. [3] T. Ano, M.M. Maitani, Y. Sato,
S. Tsubaki, Y. Wada, Processes, 8, 2020, 72. [4] T. Ano, S. Tsubaki, A. Liu, M. Matsuhisa, S. Fujii, K.
Motokura, W.-J. Chun, Y. Wada, Communication Chem., 3, 2020, 86. [5] F. Kishimoto; T. Imai; S.
Fujii; D. Mochizuki; M. M. Maitani; E. Suzuki; Y. Wada, Scientific Reports | 5:11308 | DOLI:
10.1038/srep11308. [6] F. Kishimoto; M. Matsuhisa; S. Kawamura; S. Fujii; S. Tsubaki; M. M.
Maitani; E. Suzuki; Y. Wada, Scientific Reports | 6:35554 | DOIL: 10.1038/srep35554. [7] M.
Matsuhisa, S. Tsubaki; F. Kishimoto; S. Fujii; I. Hirano; M. Horibe; E. Suzuki; R. Shimizu; T. Hitosugi;
Y. Wada, J. Phys. Chem. C, 124, 2020, 7749. [8] F. Kishimoto, M. Matsuhisa, T. Imai; D. Mochizuki; S.
Tsubaki; M. M. Maitani; E. Suzuki; Y. Wada, J. Phys. Chem. Lett., 10, 2019, 3390.
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Catalytic Electrochemical Transformation of Organic Compounds (Graduate School of
Natural Science and Technology, Okayama University) OSeiji Suga

Synthetic processes involving electrochemical reactions should contribute to the realization
of a sustainable development, because electrochemical methods are considered to be
energetically more efficient than thermal molecular transformations. In this presentation two
“catalytic” electroorganic reactions are described. First one is dehydrogenative C—S bond
formation using electrogenerated [Br'] as a promoter. This strategy was effective for the
synthesis of m-expanded thienoacenes, which are potent candidates for useful organic materials.
As a second topic, electroorganic reactions in which only a small amount of electricity is
needed to complete the reaction will be focused on. In these cases, highly active promoters
should be generated by the electrochemical reaction process. These reactions can be more
effectively performed on the flow process than the usual batch system.

Keywords . electrosynthesis, electron, catalyst, microreactor
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WERFERIC < 2 ALl RIS TEE < O F AR AREMBISHNARE S TE Y,
A I, Tkt 2% — U — RICTHEBEOMIGE A Lz, —2HIX, filli
BOAT 42— —5EHWEKETHY . ZORIGHR TIEERIEFH ez L0 4
CADEDAT 4 == —NRISEMET 5, &5 —2i%, ilEEOBEXIC LY Kk
MMEEINDRTHD 2, @HEOFEINCB T L GAIO &) ITHYT 550
NAHEEMR I TEXE] (@ Fmol TEbEND) THY ., KGFBEICHIE L
T, REREBEBIENRE D, — KR AHEMR CIMEFEREOBEXENMLETZN,
filft & OERE CEDRMICTIX, ETBBHICXVEER T ee—2—04 1L, ZhiZ
K0 SO HET e, iV EH L TCWAIGHIERY EiFs & &bz, a7
—RA~ERET D2 LI L ERI LTINS DN T TR LT,

D LD 2 F ¢ =— X — % - BRSO S

W OFWEM CIXE T ORI N EmKR T L TTbi, ALEMH —E FIse
—ETRILEZT . ZIUCK LT, LRI AN T B MO0 AT 4 =i —
ERWE D TEBLMLNTWD, Fx OWFE T V—T7 T, Bix e s FE o724
THEL L THAZED TWDOINT RREGOLRAFR, 7T, T4 7 = VRN HE
BRLIeTFT ) 7y LTINS O FOESICFRREHICHE L & 5 R ETT-> T

© The Chemical Society of Japan - S06-2vn-01 -



S06-2vn-01 AZ{b2a B101E5SE2 (2021)

W5, ZNODILR n B RO FIFAKT LY br =7 A2V OHERICAE LS
WCTHLN., B LRTEBRBMEEZ AWl v 7Y I OGEAT IS ER% <
INODOEEOBEBAD LT LIERELE 25, 2K LT, EfHEZ HWIZHEEITIE
BEBRERT U —TCRICEIT) ZENTE D720, 2O X iEIFA TRy, N1
R B 2 BRI D BUSIZOWTHE 2 ORMFRFT 2T o 72ftiR, BILT7 v E=0
LEAT 4o —F =L LIZBRIC, IFFICOR LS BUSHEITT 5 2 L3, 20
flf AT b R L7z Y,

Fea HS cat. Buy;NBr N S
A — &/ \ (1)
< - E electro-oxidation ~- E

E=0,S
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1) Yan, M.; Kawamata, Y.; Baran, P. S. Chem. Rev. 2017, 117, 13230-13319.

2) Studer, A.; Curran, D. P. Nat. Chem. 2014, 6, 765-773.

3) Mitsudo, K.; Matsuo, R.; Yonezawa, T.; Inoue, H.; Mandai, H.; Suga, S. Angew. Chem., Int. Ed. 2020, 59, ,
7803-7807.

4) Mitsudo, K.; Yoshioka, K.; Hirata, T.; Mandai, H.; Midorikawa, K.; Suga, S. Synlett 2019, 30, 1209-1214.

5) Mitsudo, K.; Kurimoto, Y.; Yoshioka, K.; Suga, S. Chem. Rev. 2018, 118, 5885-5999.
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Nonthermal Plasma-enabled Electron-driven Catalysis (School of Engineering, Tokyo
Institute of Technology) Tomohiro Nozaki

Plasma-enabled promotion of heterogeneous catalysis for CHs conversion attracts keen
attention because the strong C-H bond breaking is possible via vibrational excitation of CH4
at moderate conditions. Similarly, vibrational excitation of CO» highlights unique reactivity in
heterogeneous catalysis: nonthermal plasma is expected to be a promising method which
generates vibrational species via nonequilibrium approach. La-Ni/Al,O3 was combined with
dielectric barrier discharge (DBD) at 5 kPa and 400-700 °C. Activation energy decreased
from 91.0 kJ/mol to 44.7 kJ/mol which was well correlated with the state-specific gas-surface
reactivity of vibrationally excited CH4 on Ni surfaces. Reactivity of plasma-excited CO; is
quantified by the in situ DRIFTS, showing the plasma-activated CO, promotes the formation
of surface carbonate species (COs*). In addition, CO, hydrogenation using DBD and
bimetallic alloying catalyst (i.e. Pd>Ga/Si0,) combination is studied together with in sifu
Transmission IR spectroscopy for deep insight into plasma catalysis mechanisms.

Keywords : Plasma Catalysis, Nonthermal plasma; CHy dry reforming; CO: hydrogenation,
in situ IR.
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1) A Bogaerts, X Tu, ] C Whitehead, G Centi, L Lefferts, O Guaitella, F Azzolina-Jury,
H-H Kim, A B Murphy, W F Schneider, T Nozaki, J C Hicks, A Rousseau, F Thevenet,
A Khacef and M Carreon, The 2020 Plasma Catalysis Roadmap, J Phys D: Appl Phys,
53, 443001(51pp), 2020.

2)  Plasma Catalysis: Fundamentals and Applications. ed. X Tu, C Whitehead, T Nozaki, 2019.
Springer.

3) Z Sheng, Y Watanabe, H-H Kim, S Yao, T Nozaki: Plasma-enabled mode-selective
activation of CHy4 for dry reforming: First touch on the kinetic analysis, Chem Eng J,
399, 125751(14pp), 2020.

4) Z Sheng, H-H Kim, S Yao, T Nozaki: Plasma-chemical promotion of catalysis for CH4
dry reforming: unveiling plasma-enabled reaction mechanisms, Phys Chem Chem Phys,
22, 19349-19358, 2020.
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Surface protonics promotes low temperature catalysis (Science and Engineering, Waseda
University) O Yasushi Sekine

The process combining heterogeneous catalysts and DC electric field can achieve high catalytic
activities, even under mild conditions (<500 K). Hydrogen production by steam reforming of
methane, aromatics and alcohol, dehydrogenation of methylcyclohexane, dry reforming of
methane, and ammonia synthesis are known to proceed at low temperatures in an electric field.
Surface proton hopping by a DC electric field, called surface protonics, is important for these
reactions at low temperatures.

Keywords : Surface protonics, Heterogeneous catalysis;, Low temperature; CO: utilization;
Ammonia synthesis
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Figure 1 Methane steam reforming activity with (ef-) and without an electric field (A) and apparent activation

energy for methane steam reforming with and without an electric field (B) .
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Synthesis of Helical Conjugated Polymers in External
Perturbation-Responsive Chiral Liquid Crystal Field and Their
Circularly Polarized Luminescence

(Research Organization of Science and Technology, Ritsumeikan University) Kazuo Akagi
Keywords: Conjugated Polymers, Chiral Liquid Crystal, Helicity Control, Chiroptical

Properties, Circularly Polarized Luminescence

Helical conjugated polymers have been attracting current interests because of their
peculiar structures, morphologies and optoelectronic properties.! Hierarchically assembled
helical conjugated polymers are anticipated to exhibit highly enhanced and even novel
chiroptical properties. We have developed a novel polymerization method for synthesizing
helical conjugated polymers by using chiral nematic liquid crystals (N*-LC) as asymmetric
reaction fields.> Recently, helicity-controlled polyacetylene™ (Figure below) and
poly(ethylenedioxythiophene)* are  synthesized with thermally invertible’ and
photoinvertible® chiral liquid crystals, respectively. It is of keen interest that the helical sense
of helical polyacetylene is opposite to that of the N*-LC because of the peculiar
polymerization mechanism for acetylene in the N*-LC. Switching and amplification of
circularly polarized luminescence of helical conjugated polymers are achieved using selective

reflection and transmission of chiral nematic liquid crystals.°

Low 24444 Heating S High

temp. b _— a temp.

(12°C) Left-handed 3 — Right-handed | (g o)
N*-LC Cooling N*LC

Polymerization

Right-handed Left-handed

1) a) K. Akagi, Chem. Rev. 2009, 109, 5354. b) M. Goh, et al, Chem. Soc. Rev. 2010, 39, 2466. 2) a) K.
Akagi, et al., Science 1998, 282, 1683. b) J. Am. Chem. Soc. 2005, 127, 1464. ¢) M. Goh, et al., J. Am.
Chem. Soc. 2007, 129, 851. d) S. Matsushita, et al., J. Am. Chem. Soc. 2011, 134, 17977. 3) K. Akagi,
et al., Adv. Mater. 2020, 1906665. 4) a) S. Matsushita, et al., Angew. Chem. Int. Ed. 2014, 53, 1659. b)
S. Yamakawa, et al., Adv. Funct. Mater. 2019, 29, 1806592. 5) a) H. Hayasaka, J. Am. Chem. Soc.
2012, 734, 3758. b) J. Bu, et al., Nat. Commun. 2014, 5, 3799. c) S. Yoshida, et al., Adv. Opt. Mater.
2020, 200093. 6) a) B. A. San Jose et al., J. Am. Chem. Soc. 2012, 134, 19795. b) Angew. Chem. Int.
Ed. 2014, 53, 10641.
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Synthesis and Properties of Chiral Molecules Using Linked
Naphthalenes

(Graduate School of Life and Environmental Sciences Kyoto Prefectural University)
OKazunori Tsubaki
Keywords: oligonaphthalene; circularly polarized luminescence; circular dichroism

We have been studying rod-shaped chiral oligonaphthalenes consisting of
naphthalene rings linked at the 1,4-position. In recent years, we have been synthesizing
helical compounds using oligonaphthalene as an axis and introducing dyes (such as
BODIPYs) around the axis using the hydroxyl groups at the 2,3-position of each
naphthalene as scaffolds, and - |
evaluating their functions. The oH 2o N
orientation of added dyes can be OO on OO gB\ND

. ®
precisely controlled by character OO OO %B’N>

. OH G
of connecting elements between ONS

OH )

the naphthalene rings and the OO on OO %B’ﬁ) -
o N

outer components. For example, on 5
if boron is selected as the OO oH OO %q”)
connecting element, the outer dyes T on
are arranged orthogonally to
naphthalene rings (Figure 1).

In the above study, the dihedral angles between the naphthalene rings are fixed at
about 90 degrees, therefore, the interactions between the upper and lower naphthalene rings
are negligible. For the next idea, we are now synthesizing compounds in which the
dihedral angle of binaphthol are controlled by linking two hydroxyl groups with alkyl
chains and dyes are introduced at 6,6’-position of the binaphthol (Figure 2).

We will talk about the synthesis and optical properties of these molecules in this
presentation.

OH

oligonaphthalene orthogonal

Figure 1. Oligonaphthalene with a Helical Arrangement of Dyes.

Figure 2. Compounds focusing on Dihedral Angle of Binaphthyl
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Circularly Polarized Luminescence of Partially Overlapped
Carbazolophane Derivatives

(‘Division of Natural Science, Osaka Kyoiku University) O Keita Tani
Keywords: Carbazole, Chiroptical Property, Circularly Polarized Luminescence, Planar
Chirality, Luminescence Dissymmetry Factor, Cyclophane

Carbazole is a popular fluorescent heterocyclic aromatic amine and one of the famous
polymer containing carbazole chromophore is poly(N-vinylcarbazole), which is well known
as organic hole-transporting materials. To investigate the structure and photophysical
properties of the excimer formed in poly(N-vinylcarbazole), our group has synthesized both
partially overlapped and fully overlapped carbazolophanes.

As shown in Figure 1, two carbazole rings in partially overlapped carbazolophanes are
helically stacked. They possess a C2-symmetry axis and thus they are planar chiral. Optical
resolution has been carried out by preparative chiral HPLC employing a Daicel Chiralpak 1D
column. The CD spectra of two separated fractions are mirror-imaged in shape and identical
in absolute intensity.

( V)

N
o

o “w.m

CD[mdeqg]
o

]
- o

(a.u.)

Intensity

N N
(Ry) X X (Sp) )
CZ1:X=CN &
CZ2: X = o-nitrophenylsufonyl - 05140 e - o0
Cz3:X ='Bu Wavelength [nm]
Figure 1. Planar chiral partially overlapped Figure 2. CPL (top), Emission (middle), and gy, (bottom)
carbazolophane derivatives CZ1-CZ3. spectra of CZ1 in benzene. Blue and green colors correspond

to Sp and Ry, respectively.

The determination of the absolute configuration of enantiomers was based on the
comparison of experimental and theoretical CD spectra, and measurements of X-ray crystal
analysis of enantiomerically pure CZ2. Figure 2 shows the CPL spectra of (Ry)- and (S,) of
CZ1, which are shown in green and blue line, respectively. Although the fluorescence
quantum yield of CZ1 was low, luminescence dissymmetry factor gm is 0.013." This value is
comparatively large as a small organic compound.

To examine the correlation between molecular structure and gum, tert-butyl amine
bridged [3.n](3,9)carbazolophane derivatives such as CZ3 will be prepared, and their
photophysical and chiroptical properties will be discussed.

1) K. Tani, R. Imafuku, K. Miyanaga, M. E. Masaki, H. Kato, K. Hori, K.Kubuno, M. Taneda, T. Harada, K.
Goto, F. Tani, and T. Mori, J. Phys. Chem.A, 2020, 124, 2057.
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Development of New Circularly Polarized Luminescent Materials;
Use of Helical Macromoleculer Scaffold and the Prospects for the
Utilization of Theoretical Calculation

(Hokkaido Univ.; WPI-ICReDD) O Yuuya Nagata'
Keywords: Circularly polarized luminescent materials, Helical polymer, theoretical
calculation

In recent years, more attention has been paid to chiral materials exhibiting
circularly polarized luminescence (CPL) for the applications in chemical sensors,
copy-safe printing, and three-dimensional displays. Increasing interest has focused
on the switch of the handedness of CPL by external stimuli. However, reports on the
full-color-tunable CPL materials with switchable handedness has been limited,
because the mechanism of the switch of the CPL handedness was closely related to
the structure of the luminophore.

Recently, we have reported that a poly(quinoxaline-2,3-diyl) (PQX) serves as a
new helical macromolecular scaffold, which exhibits a solvent-dependent switch of
its helical chirality.[1,2] Herein we report the incorporation of achiral luminophore
units to the backbone of the PQX bearing chiral side chains for the color-tunable
and handedness-switchable CPL.[3] PQXs bearing common chiral units containing
(S)-2-butoxymethyl side chains and various 5,8-diarylqunoxalaine units (1a—g) were
synthesized to investigate their optical properties (Fig. la). These polymers
exhibited left-handed CPL in CHCIs, although right-handed CPL was observed in
1,1,2-trichloroethane (1,1,2-TCE). We also report the prospects for the rational
molecular design of CPL materials based on the theoretical calculations.

CHCI, 1,1,2-TCE
(Left-handed CPL) (Left-handed CPL)

T T
pREN 1
1b 1c 1d

1 1f 1g

1a

Figure 1. (a) Structures of 1a—g. (b) Picture of 1a—g in CHClIz or 1,1,2-TCE under
UV-light (365 nm) irradiation.

[1] Nagata, Y.; Yamada, T.; Adachi, T.; Akai, Y.; Yamamoto, T.; Suginome, M. J. Am. Chem. Soc.
2013, 735, 10104-10113.

[2] Nagata, Y.; Nishikawa, T.; Suginome, M. J. Am. Chem. Soc. 2015, 137, 4070-4073.

[3] Nishikawa, T.; Nagata, Y.; Suginome, M. ACS Macro Lett. 2017, 6, 431-435.
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CD/CPL D 1=bDF -7 BIEEZDIRE

(AASDEY Ol H8 !
Innovative Circular Dichroism and Circularly Polarized Luminescence Measurement Methods
(1JASCO Co.) OYoshiro Kondo,!

Circularly polarized luminescence (CPL) spectroscopy measures the difference in
fluorescence intensity between left- and right-circularly polarized light. CPL spectroscopy has
been used to analyze the structure of chiral molecules in their excited state. Recently, it has
found an increasing range of applications in the analysis of molecules that emit circularly
polarized light and can be used in 3D displays, and the number of articles focusing on CPL
spectroscopy has increased dramatically.

Until now, the principal targets of CPL measurements have been solution samples. However,
for practical device applications, it is also necessary to measure CPL spectra from solid state
samples. In addition, since electronic devices often operate at high temperatures, it is important
to evaluate the thermal dependence of CPL characteristics.

To this end, JASCO has developed various accessories for the CPL-300 spectrophotometer.
In this presentation, we describe CPL spectra of solid samples obtained at high temperatures
using the CPL-300 spectrophotometer. We also introduce a technique referred to as magnetic
circularly polarized luminescence (MCPL) spectroscopy that uses a small permanent magnet.

Keywords . CPL; Europium complex; Solid-state CPL measurement; Temperature-dependent
CPL measurements; Magnetic circularly polarized luminescence

CPL HIEVEITICAIEEME A H T 2 /oA FUROCIREE D EOMRE D ZEZRET 2 6
DT, JEHEMES O REORGEMITICH WO TE e, IEFETIE3ID T 4 AT
LA 72 ISP EIRE S 5 MR F OFHliEEE & L THIER 28D TR |
CPL IETEZ W o i 3R EERIZEE 2. T\ D,

ZHNET CPL WEDKBRIIEITIEERAL Th oz, L Lo, FREILIHILH
BrELTHRT I E2RMEX D &, REHICIZEARIRRETO CPL JIENLEEND
L Fle, TA AL LTHER LSS, BIRED EANIEZ 5729, CPL R#kd
IREERAFEOF & LB TH D 3,

INDHOMEZEEB S L7202, ARG TIL CPL IELE (H A tttid CPL-
300) Mk~ 727 7Y U —ZBHR L CT& 7z, AFETIL, CPL-300 % Bz [E A
Bl IO O FERIRETO CPL MIEBI AR5, £, /INUKARA Z Wi
KPR EFESE (MCPL) (oW T BN 5,
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Fig.1 (A) Sample compartment of CPL-300 with installed JKBR-469 pellet holder, and front view of
JKBR-469. (B) CPL and fluorescence spectra of Eu(facam)s/KBr pellet at rotation angles of 0°
(green) ,45° (blue), and 90° (red). (C) gim, CPL and fluorescence spectra of Eu(facam)s/KBr pellet (green,
left vertical axis) and in DMSO solution (blue, right vertical axis).

1) N. Taniguchi, K. Nakabayashi, T. Harada, N. Tajima, M. Shizuma, M. Fujiki, and Y. Imai, Chem.
Lett., 2015, 44, 598-600.

2) T. Kimoto, T. Amako, N. Tajima, R. Kuroda, M. Fujiki, and Y. Imai, Asian J. Org. Chem., 2013, 2,
404-410.

3) Y. Okazaki, T. Goto, R Sakaguchi, Y. Kuwahara, M Takafuji, R. Oda, and H. Ihara, Chem. Lett.,
2016, 45, 448-450.
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Development of Phosphorescent OLEDs Based on Organometallic
Complexes towards Circularly Polarized Light-Emitting Devices

(Graduate School of Engineering, Osaka Prefecture University) OShigeyuki Yagi
Keywords: Circularly Polarized Luminescence; Organic Light-Emitting Diode;
Phosphorescence; Electroluminescence; Organometallic Complex

Recently, an increasing number of organic compounds exhibiting circularly polarized
luminescence (CPL) have been developed. The CPL luminophores are attracting much
attention in terms of industrial applications, because they are expected to be applied to three-
dimensional (3D) displays, bioimaging systems, light sources for plant growth control, and so
on. Especially, utilization of self-emitting CPL devices will allow us to produce 3D displays
showing stereoscopic images without special glasses on the part of the viewers. In this term,
organic light-emitting diode (OLED) is the good candidate as the light source. Towards the
practical devices, phosphorescent OLEDs using organometallic phosphors are desirable
because of the better luminous efficiencies than those of the fluorescent devices. The device
fabrication process is also an important issue for development of OLEDs exhibiting circularly
polarized electroluminescence. OLEDs are often fabricated by a vacuum deposition method.
For optically active luminophores exhibiting CPL, however, racemization as well as thermal
decomposition is concerned during the thermal evaporation process. From this viewpoint,
solution processed OLEDs, usually fabricated by a spin-coating method in the laboratory, are
more suitable for the CPL emitters. In this presentation, the author talks about his recent studies
on phosphorescent OLEDs based on organometallic complexes as emitting materials,* looking
towards development of circularly polarized electroluminescent devices.

Solution-Processed Double-EML OLEDs using an Organoiridium(I1I) Complex?
Phosphorescent organoiridium(Ill) complexes bearing six-coordinated octahedral
geometry are often used for OLEDs in the form of a racemic mixture of 4 and A optical isomers.
Although not so many examples have been reported for CPL from optically active
organoiridium(Ill) complexes, they are potentially applicable to circularly polarized light-
emitting devices. Recently, we have developed phosphorescent bis- and tris-cyclometalated
iridium(Ill)  complexes bearing a 5’-benzoyl substituent in each 2-(4°,6-
difluorophenyl)pyridinate cyclometalated ligand (B-1 and B-2 in Figure 1), which emit sky
blue photoluminescence (PL) with excellent PL quantum yields (@p. > 0.8).2 The solution-
processed OLEDs bearing a poly(9-vinylcarbazole) (PVCz)-based single emitting layer (EML)
doped with B-1 (or B-2) gave modest device performance (external quantum efficiency #ex; <
2%), whereas fabrication of OLEDs bearing solution-processed p/n double EMLs led to
considerable improvement of device performance up to #e« of 8.6%. It was likely that
establishment of the p/n interface of EMLs allowed us to improve the hole—electron charge
carrier balance in the EML.>* Thus, the double EML device will be effective to develop highly
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efficient OLEDs using organometallic CPL materials.

Non-Doped Multilayer OLEDs using Dendritic Organoiridium(III) Complexes*’

Attaching carbazole-based dendrons to the benzoyl groups in B-1 and B-2, hole-
transporting dendritic organoiridium(IIl) complexes D-1 and D-2 have been developed
(Figure 1).* With the help of steric hindrance of the dendrons, aggregate-based emission
is considerably suppressed even in the film state, and thus these dendritic complexes
are applicable to non-doped OLED:s. It is noteworthy that the solubility of the dendritic
complexes in an apolar solvent such as cyclohexane as well as the insolubility in an
alcoholic solvent such as 2-propanol allowed us to fabricate a non-doped multilayer
OLED, where all the organic layers (PEDOT:PSS/PVCz/D-1 or D-2/BPOPB) were
fabricated by solution processing employing an orthogonal solvent system. This type
of device afforded higher device performance in comparison with conventional
solution-processed OLEDs, due to drastic improvement of charge carrier balance.
Aimed at further improvement of the charge carrier balance, we were also succeeded
in introduction of both hole- and electron-transporting dendrons to obtain an ambipolar
dendritic iridium(IIT) complex.’ The solution process affording the multilayer OLED
will be useful for circularly polarized light-emitting devices: the device performance
should be improved by employing the non-doped EML, even in the case of CPL
materials with middle-to-high molecular masses.

(e}

F
‘\
F N

N oo
t-Bu I 3-n
O N X
B-1 B-2 (fac-isomer) O D1 :n=2
Emitters applied to double EML device - +Bu ~|In D-2:n=3

Suitable for non-doped multilayer device
Figure 1. Structures of Organoiridium(III) Complexes.

1) S. Yagi, N. Okamura, T. Maeda, J. Synth. Org. Chem. Jpn., 2019, 77,26.2) N. Okamura, T. Nakamura,
S. Yagi, T. Maeda, H. Nakazumi, H. Fujiwara, S. Koseki, RSC Adv., 2016, 6, 51435. 3) N. Okamura, K.
Ishiguro, T. Maeda, S. Yagi, H. Nakazumi, Chem. Lett., 2017, 46, 1086. 4) N. Okamura, T. Maeda, S.
Yagi, New. J. Chem., 2017, 46, 1086. 5) N. Okamura, T. Maeda, S. Yagi, Bull. Chem. Soc. Jpn., 2018,
91,1419.
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Tuning the Transition Electric and Magnetic Dipole Moments:
[7]Helicenes Showing Intense Circularly Polarized Luminescence

(Institute for Chemical Research, Kyoto University) (OTakashi Hirose
Keywords: Circularly Polarized Luminescence; Transition Dipole Moments; Emission
Quantum Yields; DFT Calculations; Helicenes

Circularly polarized luminescence (CPL) is a photophysical phenomenon, in which
right- and left-handed circularly polarized lights are emitted at different intensities.
Although chiral molecules with both high-emission quantum yields (®r) and high
dissymmetry factors (gcpr) are desired for applications in sensors, bioimaging, displays, and
optical communications based on circular polarization, there is a trade-off relationship
between @ and gcepr: chiral molecules showing a high @ tend to have low gcpr.

A major challenge in the field of CPL is to establish the design strategy to achieve the
maximum gcpr value (gep. = +2) with quantitative emission quantum yield (®r = 1);
however, a reliable guideline to design such ideal chiral molecules is undeveloped so far.
According to the theory of optical activity,' the gcpr value is a function of (i) the magnitude
ratio between the transition electric/magnetic moments (8 = |u//|m|) and (ii) the angle
between the g and m vectors (ym), i.€., gcer = 45/(B* + 1)-cos G, This equation suggests
that the |4, |m|, and cos 6., are the three key parameters for evaluating the gcpr values, and
the gcpr value is maximized (i.e., gcrr = £2) under the conditions of (1) |g| and |m| are the
same magnitude (i.e., f= |/|m| = 1) and (2) the directions of g and m vectors are parallel
or antiparallel (i.e., cos Gn ==*1).2

In this work, we investigated the substitution position of the [7]helicene framework so
that the S;—S, transition has a large
transition  magnetic  dipole = moment

—— Magnetically allowed excited state
== Major CD transition (g¢p * €)
(TMDM) and is partially symmetry- =3 Maijor CPL transition (gcp, * dr)

allowed (Figure 1)2 A [7]helicene
derivative (3) thus designed showed a large
fluorescence emission rate (kr = 0.02 ns™!) |
and a large TMDM for the S;—So 5 | T l
transition (|m| = 2.37 x 1072 erg-Gauss '), S, \ ¥

which are more than 10 times greater than

those of unsubstituted [7]helicene (kr = o) N NC .916 o
0.001 ns', |m| = 0045 x 102 - g > g o T2
¢
erg-Gauss™!) (Table 1). As O . Q=
1 2 3

i S,

So

a result,
compound 3 exhibits a large dissymmetry
factor of CPL and high fluorescence
quantum yield (Jgep| = 1.3 x 1072, @ =
0.17) in the solution phase.

o5 0.02 0.08 0.17
|9cpLl 0.006 0.004 0.013

Figure 1. Chemical structures of 1-3.
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Table 1. Electronic transition properties of 1-3.”

Compd  |u|/10 X esu-cm  |m|/10 > erg:G ' )] cos(Gum) Sf? 8CPL caled”
1 23 0.045 511 —1.00 0.0006 —0.008
2 124 0.17 729 —1.00 0.014 —0.005
3 265 2.37 112 0.50 0.058 0.018

“Calculated for the (P)-isomers at the TD-RB3LYP/6-311G(2d,p) level. “Oscillator strength.
“Dissymmerty factor calculated as follows: gcpL = 48/(? + 1)-cos(um), where = |ul/|m)|.

The strategic substitution of electron-withdrawing (-CN) and electron-donating (-OMe)
groups into a [7]helicene framework allowed us to alter the types of their frontier molecular
orbitals (FMOs) (Figure 2), which is an effective approach to realize a magnetically allowed

. . e
S1— Sy transition with large |m| values. C . Ne ‘96@ N gﬁo o
The large |m| value is a necessary o/ %’ P35 @
16 (o]
condition to design chiral molecules K 1 2 " 3
whose ®¢ and gcpr are both high.> The -1.04 @ _@_ @
trans.ltlon .mo.n'lent .de.ns1ty .analy51s g 3 (LuMO+1 EMO e L
provides intuitive insights into the @ -204 ) ( )
relationship between the shape of B Ay I = <4 "§ a
. @ (f=00008) ™ LUMO L(wo
FMOs and the magnitude of |m/|; the (5 -30] " —
& (o s T
TMDM density (proa) tends to be = A 1=0.014 ¥ .
1 h the  bondi d 6 1 = |-——
arge where e bonding an o0 i ) & - =
antibonding natures alter between the ] ? :ﬁ: HOMO s )
HOMO and LUMO with large orbital A Homo . . %
overlaps (Figures 3). This finding will o= Homo-1 /

TD-B3LYP-GD3BJ/6-311g(2d p)
) e . i " Figure 2. Orbital correlation diagram and
investigation of organic emitters with compositions of the S;—S, transition for 1-3. The
excellent CPL properties. molecular structures were optimized in the S; state.

(@
=5
.,:_,"} \
I W
m'(=100)

be a logical guideline for the further

cos G.m = 0.50 |47 =265 x 10 esu-cm  |m'| =237 x 10 erg: G
Figure 3. Transition moment density analysis of 3 calculated at the TD-B3LYP-GD3BJ/
6-311G(2d,p) level. (a) The spatial arrangement of x and m vectors, where length of the m
is multiplied by 100 for clarity. (b) The transition electric/magnetic dipole moment
densities (,og)tal and p{i..;) correspond to the |y (left) and |m| (right) values, respectively.

1) J. A. Schellman, Chem. Rev. 1975, 75, 323-331. 2) Circular Dichroism: Principles and
Applications, 2nd ed.; N. Beroba, K. Nakanishi, R. Woody, Eds.; Wiley-VCH: New York, 2020. 3) H.
Kubo, T. Hirose, T. Nakashima, T. Kawai, J.-y. Hasegawa, K. Matsuda, J. Phys. Chem. Lett. 2021, 12,
686—695.
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Development of CPL-emitting molecules based on the
understanding of efficient CPL emission from photoexcited dimers

(Mnstitute of Multidisciplinary Research for Advanced Materials, Tohoku University)
OYasuyuki Araki
Keywords: Circularly polarized light; Chirality; Photo-excited state

In recent years, research on molecules that can emit circularly polarized light (CPL) has
attracted much attention from the viewpoint of direct 3D display and security printing
applications. While the CPL properties of a wide variety of molecules have been reported, CPL
from excited dimers (so-called excimer) is more interesting because of the high anisotropy
factor (gem) . The high gem may facilitate good CPL luminescence in the excimer state;
however, excimer formation in solution is a collisional process between two freely rotating
molecules, and it is often difficult to form chiral excimer molecules with retention of chirality,
i.e., the relative arrangement between the two molecules. Therefore, to investigate the
properties of a chiral excimer in solution, the conformations of two identical molecules as an
excimer must be fixed® so that chirality is maintained before photoexcitation.

o °9 ° }

(M)-D2 n3 n5
Oy 0.047 0.039 0.031
Gem 6 x 102 5 x 102 1 x 102

Wasielewski et al. reported that the chiral dimer of the nonfluorescent naphthalene diimide
(D2) emits excimer-like luminescence with a fluorescence quantum yield (@n) of a few
percent?. Based on CPL measurements, we demonstrated that D2 is a good CPL emitter.
Therefore, we synthesized D2 analogs (n3 and n5) and measured their CPL, as well as the
fluorescence and CPL. Interestingly, gem for the CPL of these compounds was on the order of
10 in non-polar solvents.

Although it is possible to maintain the chiral excimer, we believe that a fundamental question
remains unanswered: “Why and how does the excimer state emit CPL efficiently?”

To answer this question, we recently prepared chiral anthracene dimers based on the
cyclophane structure and investigated their photophysical properties, including their CPL
performance. We believe that we can find a new approach to utilize excimers for the
development of CPL-emitting molecules by elucidating the theoretical background of the
excimer system and proposing a new compound to verify the theory.
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(1,5)[3.3]DTA : Dithia(1,5)[3.3]anthracenophane

AAfba S101E5FE2 (2021)

pes=RPeesy

(2,6)[3.3]DTA : Dithia(2,6)[3.3]anthracenophane

The fluorescence and CPL spectra of (1,5)[3,3]DTA are shown below. It has been reported
that the lowest excited singlet state of (1,5)[3,3]DTA has excimer character”, and our
measurements revealed that (1,5)[3,3]DTA emits CPL with a gem of ~ 107 only in the excimer
emission wavelength range. Interestingly, (2,6)[3,3]DTA also showed CPL with a gem of ~ 10

| 2, suggesting that the angle between the anthracenes was hardly affected the gem value. TD-DFT
calculations suggested that the CPL sign and transition energy were reproducible if structural

relaxation in the lowest excited singlet state was considered.
| In this work, we discuss the details of the experimental results and the theoretical background.
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1) K. Kano, et al., J. Am. Chem. Soc. 1985, 107,6117.2) Y. Chujo et al., J. Mater. Chem. C 2015, 3, 521.
3) K. Takaishi et al., Chem. Commun. 2018, 54, 1449. 4) Y. Wu, M. R. Wasielewski et al., Angew. Chemie
Int. Ed. 2014, 53, 9476. 5) S. Sato et al., J. Phys. Chem. A 2003, 107, 10019.
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Design of Amorphous Molecular Materials and Their Emitting
Properties

(Muroran Institute of Technology) OHideyuki Nakano
Keywords: Amorphous Molecular Material; Non-planar Structure; Glass-transition
Temperature; Emitting Material; Mechanochromic Emission

Low molecular-mass materials that readily form amorphous glasses above room
temperature are referred to as "amorphous molecular materials". From 1990s, studies on
creation of novel photo- and electro-active amorphous molecular materials were actively
made in Prof. Y. Shirota's group in Osaka University and more than one hundred kinds of
amorphous molecular materials have been created. Charge-transporting and emitting
amorphous molecular materials have been investigated to be applied for use in organic
electroluminescent devices. Recently, we have found that several emitting amorphous
molecular materials exhibited mechanochromic emission. Here, basic concept of
molecular design for amorphous molecular materials and our recent progress of the studies
on mechanofluorochromic amorphous molecular materials will be presented.

Design of Amorphous Molecular Materials"

In the initial stage of the studies on the creation of amorphous molecular materials, a
series of m-electron starburst molecules shown in Chart 1 were designed and synthesized,
and it was found that these molecules could easily form stable amorphous glasses above
room temperature when the melt samples were cooled either rapidly by liquid nitrogen or
slowly on standing in air. Since then, a variety of amorphous molecular materials have
been designed and synthesized. It was suggested that glass-forming ability can be added
relatively easily by introducing a propeller-like skeleton with a non-planar structure, such as

triphenylamine, tris(diarylamino)benzene, or triphenylbenzene, into the molecule.

R

10 : e

® \
N AN 2,0,0
PO00 “ErS o oo

7
R @ @_R > R/ N N
> ® e
R=H

TDATA : (TDAB:R=H) TDAPB:R=H
o-MTDATA : R=0-CH3 o-MTDAB : R = 0-CHj3 o-MTDAPB : R = 0-CH3
m-MTDATA : R=m-CH3; m-MTDAB : R = m-CHj; m-MTDAPB : R = m-CH3
p-MTDATA : R = p-CH3 p-MTDAB : R = p-CH3 p-MTDAPB : R = p-CH;

Chart 1. Starburst Molecules for Amorphous Molecular Materials

© The Chemical Society of Japan - S07-2am-03 -



S07-2am-03 The 101st CSJ Annual Meeting

However, highly symmetric molecule might not allow to form amorphous glass. For
example, TDAB with a non-planar but rather symmetric structure crystallizes easily and
does not form an amorphous glass.

The control of the glass transition temperature (Tg) is also important in the design of
amorphous molecular materials. Tg can be improved by introducing a rigid skeleton such
as carbazolyl, thiazolyl, naphthyl, and fluorenyl groups into the molecule.

Mechanofluorochromic Amorphous Molecular Materials
The phenomena of reversible changes in emission color induced by mechanical stimuli

are referred to as "mechanochromic emission" or "mechanofluorochromism" and have
recently attracted much attention. We have reported that the amorphous molecular
material, BMABA, exhibited mechanochromic emission.”) ~While the recrystallized
sample of BMABA exhibited blue-violet fluorescence, the emission color turned to yellow-
green by mechanical grinding, and returned to the original on standing. BMABA was
thought to take TICT structure in the excited state, however it emitted in shorter
wavelengths region in the crystalline state because it cannot relax its structure upon
excitation. On the other hand, in the amorphous state obtained by mechanical grinding,
relaxation to take TICT structure was allowed to emit in longer wavelength region. Since
the Tg of BMABA was lower than room temperature (8 °C), the amorphous state after
grinding was unstable and crystallization took place gradually, so the luminescent color
returned to the original on standing. BMAAP (Tg: 9 °C) exhibited similar
mechanochromic emission,” whereas BFABA with higher Tg of 67 °C was stable in the
amorphous state so that yellow-green emission obtained by mechanical grinding could be
stored for a long time at room temperature.? BMBZA and BMZPy exhibited OFF-ON and
ON-OFF type mechanochromic emissions, respectively.”

)
Q.8 &
N CHO N~()-COCH; N~C)-CHO N CH=N-Ar
5O §OT 5O o

BMABA BMAAP BFABA BMBZA : Ar = phenyl

BMZPy : Ar = 1-pyrenyl

Chart 2. Amorphous molecular materials exhibiting mechanochromic emission.
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Multicolor fluorescence from aggregated perylene

(College of Engineering, Nihon university,) ORyuzi Katoh
Keywords: Aggregate; Excimer; Perylene

Fluorescence properties of fluorescent

organic molecules are often affected by OO
molecular aggregation. This is mainly due to
interaction between molecules in excited state, OO

including excimer formation between the

Molecule Excimer
ground state molecule and an excited molecule. M) (E) PO'YTELETL)P)
For systematic understanding of the effect of
aggregation on fluorescence properties such as
spectral shape, lifetime (7v) and quantum yield
(@r), perylene would be a suitable molecule.
This is because various aggregate forms such as
excimer in solution, two crystal polymorphs, a-crystal p-orystal
highly doped polymer film and molten liquid (o) (B)

can be prepared. Fig. 1 schematically shows
such aggregate forms.

Fig. 2 summarizes fluorescence spectra of
various aggregate forms of perylene, solution, crystal, polymer film and molten liquid. Blue

Fig. 1 Aggregated perylene

fluorescence is observed from a dilute solution (M) with high @k (0.95). At high concentrated
solutions (> 107 M), from an excimer can also be observed. From detail
kinetic analysis of the fluorescence, @r and v of the excimer fluorescence were estimated to
be 0.02 and 17.6 ns, respectively [1]. Accordingly, the radiative lifetime (zr) of the excimer is
evaluated to be 880 ns (zr = 7v / @¥). This long w indicates that the excimer fluorescence is
optically forbidden transition caused by the sandwich configuration of the excimer.

is also observed in a-phase crystal, which has a dimer herring-bone
structure. This is reasonable because structure of the dimeric pair in the crystal is similar to that
of the sandwich configuration of the excimer in solution. Similarity of the electronic structure
of these excimer has also been studied by using transient absorption spectroscopy [2]. Relative
high @r (0.3) could be obtained [3]. The large difference between the @r values of the excimer
in solution and in the a-phase crystal suggests that differences in the extent to which molecular
motion is restricted lead to large differences in fluorescence properties.

Perylene has a different polymorph, B-phase crystal, which has a monomer herringbone
structure. B-phase crystal shows green fluorescence and @ and 7= of the fluorescence were
evaluated to be 0.6 and 12.3 ns, respectively [4]. Relative short 7 (20 ns) indicates that it arises
from the excimer in which the two molecules are in a nonparallel configuration, which is
optically allowed transition.
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It has been known that -phase crystal

undergoes to phase transition into a-phase 12 [T T T T T
crystal at around 140°C. This phase OO Solution
transition can be easily identified by 08 ‘ E
observing fluorescence color from green to OO

as shown in Fig. 3.
Green fluorescence is also observed in

a polymer film doped with large amounts of

perylene [5]. Again, this green fluorescence
can be attributed to the excimer with the
nonparallel configuration, which is formed
by randomly oriented molecules in the
polymer film.

For molten state of perylene, green

fluorescence with low @r (0.05) is observed

and spectral shape was very broad. As 12 [T T T T T
shown in the bottom of Fig. 2, the spectra Polymer film
could be divided into two contributions, 08 [ .

Normalized Fluorescence Intensity

green (L) and (L») components. We é@
conclude that the green fluorescence is 04 P “%% .

emitted from the excimer with the

nonparallel configuration populated by 0 L L L L
thermal activation of the excimer with the 12— . . T .
stable parallel configuration [6]. Molten state (Liquid)
08 | L i
04 L i
L2
0

] 1 ]
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Wavelength / nm

Fig. 3 Fluorescence color change during

phase transition Fig. 2 Fluorescence spectra of perylene in

various aggregate states.
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Transient Absorption Measurement of Highly Luminescent
Materials

(Unisoku Co., Ltd.) OTatsuo Nakagawa
Keywords: transient absorption spectroscopy; fluorescent lifetime; RIPT method; TCSPC
method

In the study of luminescent materials, measuring luminescence spectrum and/or
luminescence lifetime would be the first step, but they don’t necessarily tell us why the
yield of luminescence improves or decreases, while other approaches may provide us
important information. In this talk, I mainly focus on time-resolved measurements,
luminescence lifetime and transient absorption (TA).

From the viewpoint of instrumentation, technical complexity increases in
time-resolved measurement compared to steady state absorption / fluorescence
measurements. First, regarding acquisition of Iluminescence lifetime, measurement
techniques are largely different between fluorescence and phosphorescence due to time
region they lie. Specifically, fluorescence lifetime which is the relaxation process of excited
singlet state typically lies in the range of 0.1 ns to 100 ns, and advanced technique, Time-
Correlated-Single-Photon-Counting (TCSPC), is often used. Easy-to-use instruments are
now commercially available, so it is relatively easy to acquire fluorescence lifetime. On the
other hand, phosphorescence which is relaxation process of excited triplet state occurs in the
time range of microseconds to milliseconds, so direct measurement of emission intensity
decay is possible and degree of technical difficulty is decreased.

Techniques for TA also differ dependent on time region of reaction processes of
interest. In TA, probe light is required in addition to the excitation light. When
continuous-wave light is used for the probe light, its intensity and response time of detector
determines the time resolution, and it is typically several nanoseconds. On the other hand,
Pump-Probe method, which utilizes a probe-light pulse and a pump-light pulse which are
emitted and split from an ultrafast laser makes it possible to enhance time resolution to
femtoseconds, while time region longer than nanoseconds is difficult to be measured.
Therefore, by conventional TA techniques, systematic measurement and study of excited
singlet state which lies in the time range of nanoseconds has been limited so far.
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Figure 1. Absorption and emission spectra of CPP in THF, and TA spectra with and without oxygen
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For these several years, we have been developing a new TA technique, Randomly-
Interleaved-Pulse-Train (RIPT) method ' in which pulse trains are utilized for probe light.
The RIPT method has enabled to measure TA from subnanosecond to millisecond, and
another remarkable feature of this method is its capability to discriminate luminescence
signal from TA signal. For such a new technique, it is very important to evaluate its validity
and reliability. Since manufactures like us are often not familiar with materials and its
chemistry, so we are actively collaborating with many research groups and are trying to
apply the RIPT method to various types of photofunctional materials, some of which are
highly luminescent, and over 30 papers have already been published.

Figure 1 is one of examples and shows fluorescence spectra and TA spectra of
Cycloparaphenylenes (CPP) in THF by collaboration with Osaka University and Nihon
University 2. The quantum yield of its fluorescence is > 0.8 in some conditions, but it
decreases with increasing the concentration of oxygen. It is well acknowledged that the
excited triplet state is quenched by oxygen because the ground state of molecule oxygen is
triplet, but the reason of quenching of excited singlet of CPP was unclear only from
fluorescence measurement. However, lifetime of 1~10 ns and strong fluorescence makes it
difficult to measure TA by conventional methods. The RIPT method can change this
situation, and we could obtain conclusion that oxygen

enhances intersystem crossing from the fact that TA ~ 1000]- : :
spectra of triplet is clearly increased by increasing E 525 um excitation
oxygen concentration. This study shows that TA ‘;: 500
measurement by the RIPT method is very useful in z \
highly luminescent materials and elucidation of ﬁ \\._.____
luminescence-related various mechanism. ° PR ——

In the RIPT method, high time resolution is Time (ns)
achieved by calculating time difference between a ey —
pump-light signal and each probe-light signal in a 0-10 \“ __gonm |
pulse train recorded in an oscilloscope. This technique 2z 00s D e
is analogous with TCSPC in which time difference Z 0.00 _Ji
between excited light pulse and a single photon of ' ‘L"

0.05| |

fluorescence is measured. We recently succeeded in . I e——
incorporating TCSPC capability to the RIPT system Time (ns)
only adding a single photon counting detector. As a

. Figure 2.  Oscilloscope-based
result, we can now obtain both TA curves and

TCSPC fluorescence decay and
RIPT-TA temporal profile of MK2

dye in toluene

luminescence decay curves with a single instrument.
We would like to enhance its performance and
reliability by collaborating with many researchers.

1) T. Nakagawa, K. Okamoto, H. Hanada, R. Katoh, Opt. Lett., 2016, 41, 1498.
2) T. Suenobu et al., J. Phys. Chem. A 2020, 124, 1, 46
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Crystal-to-Amorphous Phase Transitions of Mechanochromically
Luminescent Organic Molecules

(Faculty of Engineering, YOKOHAMA National University) OSuguru Ito
Keywords: Organic Crystals; Amorphous; Solid-state Emission; Mechanochromism;
Energy Transfer

Mechanochromic luminescence (MCL) describes the reversible color change of the
solid-state luminescence induced by mechanical stimuli. Typical organic MCL molecules
exhibit a bicolor emission-color switching based on crystal-to-amorphous phase transitions.
A second external stimulus such as heating or exposure to solvent is generally required to
recover the original emission color from the mechanically changed state (Figure 1).!'! We
have developed novel organic fluorophores
that exhibit versatile MCL behaviors.*™

Mechanical
Two-component dyes have also been ;;;;;; Stimulus N
investigated to control the MCL properties

Crystalline Amorphous

FIPITT ~“hating

of organic fluorophores.”® In this talk, I 220080 o sorvent
will discuss the behavior of amorphous

states in the MCL of organic molecules. Figure 1. Typical MCL of organic molecules

1. Donor-acceptor-type benzothiadiazoles that exhibit versatile MCL behaviors
Indolylbenzothiadiazoles 1 exhibited self-recovering MCL, whereby the original

emission could be recovered autonomously at room temperature after grinding (Figure 2a).
The self-recovering nature should be rationalized by a spontaneous recrystallization of 1
from the amorphous states.””*) The MCL of phenanthroimidazolylbenzothiadiazoles 2 could
be tuned by changing the substituent Ar on the benzothiadiazole ring (Figure 2b).
Red-shifted or blue-shifted MCL as well as two-step MCL were observed for these dyes
owing to the formation of different crystal structures by introducing various substituents.*

(a) Crystalllne Amorphous
Donor R2 Acceptor R' = Boc, EtOCO,

> B =L .
Ts, PhCO, T - oy "( i
‘ N O R3 t-BuCO, Me et _ G””d’”g ik o

A R2=H, Me, Et, i-Pr

Nig’N' 1 | R®=H,Me, cHO, CN

Ar=Ph, i Amorphous Crystalline
4-M905H4, 3
4-MeOCgHy, Grinding ﬁ%‘ |
4-EtOCGH4, ¢ AL h— * : ,

-UF3leHy, - =~ =
4-Pyridyl Aem =505 nm Aem = 570 nm A.em 607 nm

Figure 2. (a) Self-recovering MCL of indolylbenzothiadiazoles 1. (b) Red-shifted and
blue-shifted MCL of phenanthroimidazolylbenzothiadiazoles 2.
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2. Two-component systems for controlling the MCL properties of organic molecules

The preparation of two-component organic fluorophores is a useful method to tune the
range of the mechanical-stimuli-induced shift of the emission wavelength (AAcm). The
two-component mixture of a poorly MCL-active dipyrenylbithiophene (Adem = 13 nm) and
non-MCL active N,N'-dimethylquinacridone (DMQA) exhibited tricolor MCL (Adem = 135
nm) based on the transition of the fraction of the MCL dye between one crystalline and two
amorphous phases.l”! The self-recovering nature of 2-alkyl-4-(pyren-1-yl)thiophenes 3 was
tunable by changing the length of alkyl group R. Upon mixing the hexyl derivative of 3 with
DMQA, a high-contrast self-recovering MCL (AZem = 194 nm) could be achieved (Figure 3a).[%
Furthermore, a wide-range MCL over 300 nm (Adem = 340 nm) was realized based on the
transition between segregated crystals and an amorphous mixture composed of a
bis(1-pyrenylmethyl)diamine derivative and a far-red-emissive organic dye (Figure 3b).

Typical MCL Self-recovering MCL

(a)
OGO Single component | Short alkyl groups Single component | Long alkyl groups
Q Grinding Grlndmg
—
G—
/N Heating Self -recovery

High-contrast MCL High-contrast, self-recovering MCL

Grinding ‘ Grinding ‘
— —
——— C——

Heating Self-recovery

Buixiw Aq abues O ayy Buiun]

DMQA Tuning the recovery behavior by controlling the length of the alkyl chain
(b) Heated Ground
Segregated Amorphous eate roun
crystals mixture

' ' ' ' ' ' Grinding
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Inorm
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Figure 3. (a) Tunable MCL of 2-alkyl-4-(pyren-1-yl)thiophenes. (b) Wide-range MCL based on
the transition between segregated crystals and an amorphous mixture.
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Single-Particle Emission Imaging of Stimulus-Induced Structural
Changes

(Molecular Photoscience Research Center, Kobe University) OTakashi Tachikawa
Keywords: Single-Particle Observation; Emission; Structural Change; External Stimulus;
Fluorescence Microscopy

Crystalline materials that change their structures and properties in response to
environmental stimuli such as mechanical force are of great interest both from basic and
technical viewpoints.! However, fundamental mechanisms of structural changes remain
unresolved. Recently, we have developed the fluorescence microscope system for
investigating the structural and functional changes of a single particle induced by external
stimuli. By monitoring emission behaviors in real time, we could capture elementary steps
such as structural transitions that are masked in bulk samples. In this presentation, we will
discuss the following two topics.

1) Structural transition during halide Exchange on a single perovskite nanocrystal.? In
this study, transformation from red-emitting metal halide perovskite CH3;NH;Pbl;
nanocrystals to green-emitting CH3NH3PbBr; nanocrystals was achieved without significant
morphological changes and loss of photoluminescence (PL) efficiency via a controlled
halide exchange reaction. Single-particle PL measurements revealed that sudden
cooperative transitions between two light-emitting states via intermediate dark states with
>100 s durations during halide exchange originate from two distinct defect-mediated
reconstruction processes with different activation energies.

2) Structural transition on mechanochromic organic dyes. Mechanochromic
luminescence refers to mechanical-stimuli-responsive reversible color changes of solid-state
emissive dyes. Recently, phenanthroimidazolylbenzothiadiazoles (PBs) have been
developed as a new class of highly emissive solid-state fluorophores that exhibit versatile
mechanochromic properties.® For instance, emission color of the crystalline powder of PBs
changes from green to orange during the mechanical stimulus, suggesting a transition from
crystalline phase to amorphized structures. In this study, we monitored the structural
changes of mechanochromic dyes under the fluorescence microscope with a mortaring
system.

We thank Prof. Suguru Ito (Yokohama National University) for preparation of
mechanochromic dyes. This work was partially supported by JSPS KAKENHI Grant
Numbers JP18H01944, JP18H04517, JP20H04673, and others.

1) M. Kato, H. Ito, M. Hasegawa, K. Ishii, Chem. Eur. J. 2019, 25, 5105. 2) 1. Karimata, T.
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Asami, S. Ito, J. Mater. Chem. C 2019, 7, 4988.
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Emissive Molecular Crystals with Ordered Packing Arrangements

(‘Faculty of Science, Shizuoka University,) OTomohiro Seki'
Keywords: Gold complex; Phase transitions; Single crystal; Photoluminescence.

Recently, various stimuli-responsive molecular crystals exhibiting their property changes or
mechanical movements under temperature change/photoirradiation have been attracted
significant attentions. In general, properties of molecular crystals are different from those of
the corresponding individual molecules. This is because the properties of these molecular
crystals depend not only on a molecular structure but also on a molecular arrangement and the
pattern of intermolecular interactions in the crystalline lattice. Therefore, when molecular
arrangement changes, i.e., phase transitions, take place under some external stimulation, the
molecular crystals often display their property changes, for example chromic luminescence and
mechanical movements. Our group has intensively developed stimuli-responsive molecular
crystals prepared based on a series of gold complexes. So far, we have reported unique
responses of the crystals which are initiated by mechanical stimulation, photoirradiation, and
temperature changes. Herein, we report our gold complexes that exhibit i) luminescent
mechanochromism, ii) salient effect, and iii) ferroelastic properties in which their single
crystallinities are retained even after applying external stimulation.

Studies of single-crystal-to-single-crystal phase transitions are attractive because
their precise structure analyses are possible by means of X-ray diffraction techniques. Typically,
single-crystal-to-single-crystal phase transitions are induced by solvent vapor or temperature
change. Contrary, mechanical stimulation is rarely utilized to initiate single-crystal-to-single-
crystal phase transitions. Our group have reported mechano-induced single-crystal-to-single-
crystal phase transitions of several gold complexes with luminescent mechanochromic
properties.!"™ We revealed their precise molecular packing even after the phase transitions to
clarify the mechanism of their luminescent mechanochromism.

Salient effect is a rapid movement and jumping phenomenon of molecular crystals
typically initiated by phase transitions in response to external stimuli. Typically,
characterization of the relationship between microscopic strain accumulated during phase
transitions and macroscopic mechanical motions is difficult to identify. Our group reported
salient effect of a gold complex triggered by photoexcitation.'*®! Very recently, we also reported
another gold complex showing salient effect by cooling.!”! DSC analyses indicate the thermal
phase transition of the crystals to initiate salient effect. Temperature-dependent single-crystal
XRD analyses exhibit anisotropic changes of the molecular arrangement occur in this crystal.
The crystallographic a axis contracts upon cooling while the b axis expands. In addition, a
detailed observation of macroscopic changes of the crystal morphology bridges the gap
between macroscopic mechanical responses and microscopic changes of the crystal structure.

Ferroelasticity is the phenomenon in which molecular crystals plastically bent with a
spontaneous strain under mechanical pushing through a twinning deformation. Ferroelasticity
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has been typically reported only in alloys. Organic-based ferroelastic molecular crystals have
been rarely reported so far. Recently, we found that a gold complex can show a ferroelastic
behavior as well as blue photoluminescence.®! By applying mechanical pushing to the crystal,
it bent plastically with a bending angle of 45°. This bent crystal retains its blue emission,
indicating that its photoluminescence property is stable against bending deformation. Single-
crystal XRD analyses of the bent crystal reveal that a crystal twinning takes place, i.e., the
relative orientation of the packing arrangement is altered in the bending moiety. The single
crystal of this gold complex exhibited the stress-strain hysteresis curve which is typical for
ferroelastic materials.
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Ultrafast time-resolved microspectroscopy is a fruitful technique to observe the dynamics
of excited states and intermediates for photochemical processes in organic solids, which can
help us gain rational designs of organic solids nanoaggregates having high emission yield and
novel photo-functions. Usually, the signal detections in the time-resolved microspectroscopy
are classified into two, emission and transient absorption. When emission of organic solids is
detected, the detection sensitivity is high, and the temporal resolution is a few hundreds of
picoseconds (ps). However, the target is limited to highly emissive materials. These indicate
that the time-resolved fluorescence (e.g., time-correlated single-photon counting) technique
makes it difficult to observe initial events of the photochemical processes in a few ps time scale.
On the other hand, when transient absorption (transmitted light) of the solids is used for the
detection, generally all the transient species are observed, and the temporal resolution becomes
higher than that of the fluorescence by using a femtosecond laser pulse. Along with this, line,
we have developed the novel femtosecond pump-probe microspectroscopic system and applied
it to the elucidation the excited-state relaxation processes of single organic crystals having the
size of a few micrometers.!” Furthermore, when the size of the organic solids is smaller than
the focusing beam diameter, the gain of the transient signal in the absorption-based mode
becomes low because the photodetector detects the stray light which does not transmit a
nanocrystal. To avoid detecting the stray light and increase the transient signal gain, we
proposed the femtosecond pump and back-scattering-light probe technique to measure the
nanometer-sized organic solids. As a result, we succeeded in the measurement of the excited-
state relaxation dynamics of single nanocrystals.' In the presentation, we introduce two organic
crystals results by using the developed femtosecond pump-probe spectroscopic system.

Figure 1 shows a schematic illustration of the developed experimental setup, where the
output of a femtosecond Ti: Sapphire oscillator (790 nm, 1 W, 80 MHz) was used as a light

source. The pump pulse was the N e P— 5
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= T —t—
O\ Fyvstaee | S o w50

) 0BJ (x60)
G HM White-light Continuum Generation

8s
'_]—@T:
o8y o8)

020) P (xa0)

fundamental light of the oscillator,
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the fundamental light into the
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photonic crystal fiber. Pump and
probe lights were co-linearly  Figure 1. Schematic illustration of the developed pump-
focused on a sample organic solid ~ Probe microspectroscopic system.
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with an objective lens (60x, NA=0.70). The transmitted probe ooraf
light was collected with another objective lens and detected ool o ;\%.\..M
with an avalanche photodiode (APD) combined with a lock- o
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in amplifier as an absorption-based mode. The spatial and
temporal resolutions of 700 nm and 350 fs, respectively. Here,

AAbsorbance
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we applied this absorption-based setup to single organic Time e
microcrystal of 6-Cyano-2-(2'-hydroxyphenyl)imidazo[1,2 ;u&.m o ::‘;J‘f:m.

aJpyridine (10um X 15pum) showing three crystalline .
polymorphs  with  different ~ molecular  packings " o

5500 ps

Enol form

(herringbone-like, antiparallel dimer stacking and two slip- . .

. Figure 2. Time profile of the
stacked, parallel stacking modes) and polymorph-dependent  {:ansient absorbance at 500 nm and
excited-state intramolecular proton transfer (ESIPT)  schematic illustration of the ESIPT
emission.’ In the case of the single microcrystal having the and the sequential processes.
antiparallel dimer stacking, the transient signal due to the excited-state absorption of the enol
decayed with the time constants of 0.8 ps and 25 ps and remained long-lived species in Figure
2. The 0.8-ps time constant was assigned to the ESIPT process, close to that in THF. After the
ESIPT process, the heteroexcimer between excited keto and neighboring ground enol
molecules was formed with a time constant of 25 ps and emitted in a few ns time scale.
Comparing the results of three polymorphs, we demonstrated that the time constants of the
ESIPT process and the heteroexcimer formation strongly depended on the molecular packings.

The second result is the excimer formation dynamics of single o-form perylene
nanocrystals having the size distribution of 100 to 500 nm.' In this measurement, we used a
back-scattering light of the sample through the confocal optical setup as a probe one. Probe
wavelength was set to 630 nm, where the rise curve due to the excimer formation was obtained.
Considering that the peak wavelength of the excimer emission was blue-shifted as the perylene
nanocrystal size became small,’ we also measured the emission spectrum of the identical
nanocrystal. The representative results are shown in Fig. 3. The time constant of the excimer
formation in each panel was different (0.3 ps for
A, 12 ps for B, and 1.9 ps for C), which was
shorter than that of the bulk crystal (3 ps). When
the emission peak wavelength appeared in the
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demonstrated the size-dependent excited-state  Figure 3. Representative emission spectra and
time profiles of the transient signals of three
single perylene nanocrystals.
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shorter wavelength, the time constant became

Signal intensity (|4l I¢]) / a.u.

shorter. This result indicated the faster excimer
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dynamics of single organic nanocrystals.

1) Y. Ishibashi, T. Asahi, J. Phys. Chem. Lett., 2016, 7,
2951. 2) Y. Ishibashi, Y. Inoue, T. Asahi, Photochem. Photobiol. Sci., 2016, 14, 1304. 3) Y. Ishibashi, M.
Murakami, K. Araki, T. Mutai, T. Asahi, J. Phys. Chem. C, 2019, 123,11224. 4) T. Asahi, T. Sugiyama,
H. Masuhara, Acc. Chem. Res., 2008, 41, 1790.

© The Chemical Society of Japan - S07-2am-09 -



