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Introduction

This annual report is the activity records of Research Institute for Science and Technology, Organization
for Research Advancement, Tokyo University of Science (TUS-RIST) in fiscal 2022 (from April 2022 to
March 2023).

Research Institute for Science and Technology has innovated and strengthened its research system in
Tokyo University of Science with the aim of opening up new research areas and developing research activities
based on an organic collaboration system in line with the new era. In FY2022, Research Division of Medical
Date Sciences and Research Division for Smart Healthcare Systems were newly installed. In addition, on
June 1, 2022, as a co-creation project, a new “Research & Development Platform of Function Green Building
Materials” was established in collaboration with Shimizu Corporation, and joint research in industry-
academia collaborations has begun. As a result, Research Institute for Science and Technology consisted of
three Research Centers, 22 Research Divisions one Joint Usage/Research Center, and two Open Innovation
Projects at the end of FY2022.

Purposes of establishment of this research institute are as follows.

— Promotion of substantial collaborative research

— Development of cross-sectional research

— To open up new fields from a comprehensive perspective on basic and applied research

— Promotion of collaborative research that removes both domestic and international barriers within and
outside academia

— Strengthening cooperation with society

— Nurturing highly creative and diverse human resources that are responsible for the next generation of society

In order to actively promote collaborative research to achieve these goals, we introduced a domain system in
FY2010. At present, the system consists of five domains: “Bio and Pharmacy”, “Fundamentals”, "Functional
Materials”, “Information and Societal”, and “Structural Materials”. In addition, since FY2014, the Advisory
Committee, consisting of experts inside and outside the university, has been set up in each of the Research
Centers, Research Hubs, and Research Divisions, and has been playing a key role in developing R&D

activities from a broader perspective.

Among Tokyo University of Science that aim to make progress “From TUS in Japan to TUS in the World”,
Research Institute for Science and Technology will continue to make further efforts to contribute not only to
academia but also to society through the development of ambitious research activities from a global

perspective.

We appreciate the cooperation and support of everyone involved.

March, 2023

Hiroshi Nishihara

Director. Research Institute for Science
and Technology (RIST)

Tokyo University of Science
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History and Current Status of Research Institute for Science and Technology

(1) Objectives and Features of Research Institute for Science and Technology

In order to respond to changes and advances in academia, and to meet the needs of society, Research
Institute for Science and Technology (RIST) aims to develop an interdisciplinary and cross-disciplinary
comprehensive research system through the cooperation of teachers in several disciplines, and to create and
disseminate outstanding research benefits through active collaboration with non-academic experts and
industrial and administrative agencies. It also aims to contribute significantly to society through the
sustainable development of the academic and educational research system in this academy and the realization
of an upgraded environment for human resources development.

RIST is a cross-linking organization that connects Faculty of Science Division I, Faculty of Science
Division II, Faculty of Pharmaceutical Sciences, Faculty of Engineering, Faculty of Science and Technology,
Faculty of Advanced Engineering, and School of Management. RIST emphasizes not only domestic but also
international collaboration, and actively promotes activities as a research base both domestically and

internationally.

(2) History of Research Institute for Science and Technology

Research Institute for Science and Technology (RIST) was originally General Research Institute, which
was established on January 21, 1981. General Research Institute has been active as the university's only
cross-disciplinary comprehensive research organization, and has accumulated many achievements. In the 25
years up to 2005, 17 research departments were established, and the university has played an important role
as a pioneer of cross-disciplinary research groups and a parent body for many research organizations. In 1989,
Research Institute for Biological Sciences was established from Biosystems Division, and in 1996,
Organization for Information Science Education and Research was established from Computational
Mechanics Division.

On March 31, 2004, the “Report on the Ideal Form of Research Institutes, etc., at the Tokyo University
of Science” was compiled, and based on this, on April 25, 2005, “Proposal for establishment of Tokyo
University of Science General Research Institution (Final Report of the Future Plan for the Tokyo University
of Science Institute for General Research) was compiled. On November 10, 2005, the “Report of the
Preparatory Committee for the Establishment of the Tokyo University of Science Research Organization”
was compiled, and based on it, General Research Institution consisting of 10 centers and 5 research divisions
was established.

On April 1, 2015, with the reorganization into Organization for Research Advancement with the aim of
enhancing the research promotion system, General Research Institution was reorganized into Research
Institute for Science and Technology.

(3) Organization of the Research Institute for Science and Technology
Research Institute for Science and Technology consists of Research Centers, Joint Usage/Research Center,

Research Hubs, Research Divisions, and the Open Innovation Projects.
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Center for Fire Science and Technology



Center for Fire Science and Technology

1. Overview

The Center for Fire Science and Technology was established in 2003 when its predecessor, the Research
Division of Fire Science Research within the Research Institute for Science and Technology, was selected as a
core organization for the 21st Century COE Program (program name: the Center of Excellence for Promoting
Leading Research on Building Fire Safety Engineering) by the Ministry of Education, Culture, Sports, Science
and Technology (MEXT) of Japan. In 2008, the MEXT Global COE Program (program name: the East Asia
Center of Education and Research for Leading Fire Safety Engineering) was subsequently accepted. Through
the ten years of these two COE (Center of Excellence) programs, we have promoted not only cutting-edge
research but also activities to contribute to the development of fire science from various perspectives by
organizing international symposia/seminars, publishing a peer-reviewed international journal, and making full
use of the Laboratory for research projects with industry and government. The journal, International Journal for
Fire Science and Technology, was launched in 1981 and now publishes papers on the J-stage platform, which
people worldwide can freely access. In particular, we have contributed to developing human resources by
promoting foreign education/research institutions. The activities include the analysis of fire risks and safety
measures to reduce them in Asian (mainly East Asian) cities, holding intensive lectures, accepting early-career
researchers for short-term stays, and joining the Sakura Science Plan promoted by JST. Further, in 2013, MEXT
adopted our proposal of a project to support the formation of a strategic research infrastructure for private
universities (project name: Formation of an Asian Fire Safety Information Center Based on Sharing Specialized
Knowledge—a New Direction of Fire Safety in the Information Society). Asian cities, which are modernizing
with the increasing number of high-rise buildings at an unexperienced rate and scale, need scientific analyses
and taking appropriate safety measures against the threats posed by emerging fire risks. We aim to reduce fire
risks and improve the city’s safety levels by utilizing the Internet to identify fire hazards in Asian cities, building
a fire-information network to share such information with related parties, and utilizing the results of TUS
research. Specifically, we have the following two research themes:

1) Fire risk analysis of Asian cities based on the formation of the fire safety information center

2) Analysis of fire hazards and incidents in Asian cities

The former is to establish a mechanism in the Asian region to collect fire-incident information and to
share specialized knowledge of fire engineering. The latter is to discuss how to investigate the causes and
safety measures for the emerging fire risks associated with modernization and urbanization. Consequently,
the Center aims to function as a research center for sharing expertise in fire safety engineering, analyzing fire
incidents in Asian cities, and deploying information in combination with safety measures to reduce fire risk
in the region as a whole. The Center has been established as a permanent organization indefinitely since
2018; it was also accredited as a designated performance-evaluation organization by the Ministry of Land,
Infrastructure, Transport, and Tourism in 2020, utilizing the facilities and equipment of the Laboratory.

Furthermore, the ‘“Research Center for Fire Safety Science” was accredited by MEXT as a joint
usage/research center in 2009, promoting joint research in cooperation with researchers inside and outside TUS.
Its primary objective is to contribute to minimizing potential fire risks that increase with available new spaces
associated with urbanization and new materials associated with industrialization and energy conservation.

2. Organization and Facilities
As shown in Fig. 1, building fire safety engineering research covers fire phenomena, smoke flow, fire

spread, evacuation behavior, and heating properties of structural members. The research scope also includes
fire safety in cities as a set of buildings and underground spaces. The Center considers interrelationships
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among these diverse research subjects, as shown in Fig. 2, and expands research activities. Putting “fire safety
engineering corresponding to changing space and material utilization” as the vital theme, the Center develops
research activities in the following four areas: (1) physical and chemical phenomena in fires, (2) human
behaviors (psychology, physiology, and behavior) during fires, (3) performance-based fire safety design
technology, and (4) establishment of fire-safety performance evaluation and design systems corresponding
to changing space and material utilization,” which aims to integrate each element for practical use. The Fire
Research and Test Laboratory, one of the world’s largest university-based fire-science research laboratories,
plays a crucial role in these research activities. The Laboratory capabilities have been enhanced by installing
large-scale facilities and equipment. Figure 3 and Photo 1 show their names and the layout using floor plans.
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(i) ®Multi-purpose horizontal loading furnace (i) ®Large-scale wall fire-resistance furnace
Photo 1. Fire Research and Test Laboratory.

3. Activity Reports

3. 1. Area of Fire Dynamics

In the Fire Dynamics Research Area, fundamental studies are conducted to elucidate the
phenomena related to fire, combustion and explosion. In this issue, results of research on
smoke flow and fire whirls are reported.

Experimental studies on smoke flow have been carried out on the effectiveness of smoke exhausting
method by using elevator shafts. In the case of fires in high-rise buildings, efficient and continuous smoke
control/exhausting outside the building over a long period of time is required to prolong evacuation and to
support firefighters. This study focuses on smoke tower systems
that can exhaust smoke to the outdoors not only in the early stages

Opening Opening
of a fire but also during a fully-developed fire due to the (No etectric field) (Brectric field)
buoyancy of the smoke, especially utilizing elevator shafts that ¢ (] FireRoom
are not in use during a fire. Furthermore, this study aims to -
establish a more efficient smoke control system by introducing a 1000
new smoke control method to the existing smoke control system. —

Specifically, the method utilizes an electric field. First, we started ~ Fig. 4. Experimental Setup on Smoke
by using the model shown in Fig. 4 to understand the state of  flow.
electrification of smoke particles generated by combustion.

As to the fire-whirl research, experiments were conducted to
understand the formation mechanisms in urban and wildland
fires. Fire whirls are tornado-like flows generated near fire areas.
Once generated, the rate of fire spread tends to increase owing to
an increase in radiant heat flux and the enhanced firebrand
showers. Fire whirls are believed to be formed by the interaction
between the buoyancy upward flows from a fire and a natural
wind. Therefore, open-field experiments were conducted to : G ;
understand the effects of natural wind, as shown in Photo 2. Photo 2. Fire whirl experiment.
Differences between conditions that tend to fire-whirl formation
and those that do not were analyzed by comparing measured wind data. Furthermore, numerical simulations
using FDS were conducted to reproduce experimental observations.

3.2. Area of Evacuation and Human Behavior

This area covers not only evacuation safety during fires, but also occupational safety of firefighters at fire
sites. Here, we introduce the results of our research on the following two points.

(Occupational Safety of Firefighters) Firefighters are exposed to various risks on a daily routine as
they respond to fires and other severe disaster situations. The results of the study in FY2022 were as
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follows: (1) measurement of mental and physical workload of firefighters using a wearable device and (2)
measurement of heat acclimatization response for developing countermeasures against heat stroke. And we
established a method to estimate the physical and mental workload of firefighters in the field using only non-
invasive methods, such as wearable devices and saliva analysis (Photo 3). Furthermore, in project (2), we
were able to clarify the daily dehydration state of firefighters and behavioral characteristics associated with
high risk of heat stroke based on the measurement of changes in the heat acclimatization response over time.

] k S

Photo 3. Measurement Physiological markers are monitored by a wearable device (middle) during
actual training (left) to measure the training load (right).

(Basic research on indoor evacuation guidance using drones) In recent years, drones have been used in
various situations in the field of disaster prevention, and as one of them, the use of drones for indoor
evacuation guidance in the event of a fire in a high-rise building or an underground mall has begun. However,
sufficient studies have not been conducted on the appropriate drone flight speed and altitude for indoor
evacuation guidance by drone. Therefore, as basic research on indoor evacuation guidance using drones, the
appropriate positional relationship between drones and people during evacuation guidance was examined.
Subjects following a drone flying at two speeds (0.5 m/s, 1.0 m/s) and four flight altitudes (1.5 m, 2.0 m, 2.5 m,
3.0 m) on straight and hooked paths were analyzed for walking dynamics (Fig. 5). The relative distance
between the drone and the subject was maintained at the initial value at 1.5 m and 2.0 m altitude for both
straight and hooked paths. However, at altitudes of 2.5 m and 3.0 m, the distances between them could not
maintain their initial values, and the difference in values increased with movement. The distance was greater
with a velocity of 1.0 m/s than with a velocity of 0.5 m/s. In the future, it is necessary to conduct a study with
an increased number of subjects.
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Fig. 5. Experiment Setup — Plan View.

3.3. Area of Fire Resistance for Structural Members and Materials for Disaster Prevention

The fire safety of building components and frames, as well as the fire safety of materials used for interior
finishes, fixtures, and furniture have been the primary focus in this area. In FY2022, we continued our
previous work by analyzing the fire behavior of fire-protected steel columns using a finite element analysis
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method, with experimental results from several cases used as a benchmark. In particular, we investigated a
finite element analysis method that considers high-temperature creep of steel for columns with higher
strength (700 MPa tensile strength) or higher yield points (400 MPa and 500 MPa yield points) compared to
ordinary steel (yield point of 325 MPa or lower and tensile strength of 490 MPa or lower). These steel grades
were developed by Japanese steel manufacturers for advanced seismic design, and their fire resistance
performance is still unknown. This research theme is unique and made possible by TUS’s advanced
experimental facilities, analytical capabilities, and collaboration with industry groups.

In terms of material research, we conducted experiments to simulate an entire fire in a compartment under
conditions that replicate the type of materials used in the surrounding structure, such as walls, floor, and
ceiling. We also accumulated quantitative data on the effective value of the thermal inertia of materials.

Furthermore, we examined methods to evaluate the functional degradation of buildings caused by natural
disasters and the recovery time from such degradation. We conducted resilience analysis of buildings with
different collapse modes, which will lead to the development of a seismic performance analysis method from
the perspective of the resilience of the city as a collection of buildings. This research aims to address the
vulnerability of urban functions to natural disasters, as exemplified by the paralysis and confusion of the
capital city of Tokyo after an earthquake, which is currently the most socially feared issue in Japan. This
theme is a characteristic research area of TUS, which conducts research on safety against multiple hazards,
including fire and earthquakes.

3.4. Area of Firefighting, Fire prevention, and Industry Fires

Research is conducted from the viewpoints of “using science and
technology to enhance firefighting activities” and “protecting against
industrial fires caused by chemical substances.”

In the research on mental and physical health management and
effective training methods to prevent occupational accidents among
firefighters, in cooperation with a fire department, physiological indices
are measured during training of firefighters wearing the equipment they
will actually use; then, management methods and effective training
methods to maintain safety in firefighting activities are formulated. Other
studies included: (1) on-site analysis of changes over time in heat
acclimatization  training  for Photo 4. Vehicle materials.
firefighters to reduce the risk of
heat stroke during summer; (2) research on the use of drone
technology in the field of firefighting disaster prevention; and (3)

research on evaluating the capability of fire-suppression agents in
light of their environmental impact. In addition, we studied the
electrical-breaker behaviors at fire scenes toward determining the
fire-starting point in fire investigations. Other studies include
modeling building damages using a U-Net convolutional neural
network to support activities during forest fires.

In the research for protection against industrial fires caused by
Fig. 6. A dust-explosion simulation.  chemical substances, we aimed to establish methods that can

accurately and quantitatively assess the risk of potential fires and
explosions. A dust-explosion model that can predict the lower explosion limit was developed (Fig. 6). In
addition, from the viewpoint of investigating fire safety measures for trains from the vehicle material (Photo
4), improvements aimed at preventing vehicle fires and developing flame retardants for electrical components
were investigated. The use of Al technology for analyzing the “causes and consequences” and the “materials
and conditions” of industrial fires was also studied.
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4. Challenges and Prospects

Research activities were initiated in four new areas in 2021, reflecting the diversification of fire phenomena
in recent years. These days, fires such as gasoline arson, or more specifically, “unexpected fires,” have
frequently been occurring, and the current fire prevention measures may not be sufficient to ensure human
safety. These circumstances forced us to initiate research activities in a new, updated framework. Research is
conducted by first analyzing characteristic fire phenomena and then identifying and discussing issues in each
area. Such efforts will require time to produce satisfactory outcomes. We will continue to solve common
problems through close collaboration among the research areas, which will lead to the reduction of fire damage.
In addition, as a “Joint Usage/Collaborative Research Center,” we have conducted many joint research projects.
In recent years, however, due in part to the coronavirus pandemic, research activities, especially with overseas
partners, have been sluggish. Now that the spread of the new coronavirus has finally come to an end, we will
work to bring our overseas joint research activities back to the level they were before the pandemic.

5. Conclusion

The Center’s research organization has carried out two COE programs promoted by MEXT for ten years.
It has also carried out the Strategic Research Infrastructure Formation Support Program for Private
Universities (project name: Formation of Asian Fire Safety Information Center Based on Sharing Expertise—
A New Approach to Fire Safety in the Information Society) for five years since 2013. In recognition of these
achievements, the Center has been positioned as a research center with no fixed term from 2018. We will
continue to analyze information on fire accidents, mainly in Asia, and produce research outcomes that
contribute to fire risk reduction while promoting them by sharing information with relevant parties in Asia.
Furthermore, in Japan, the Center will actively promote and implement its services as a designated
performance evaluation institution by the Minister of Land, Infrastructure, Transport and Tourism.

The “Research Center for Fire Safety Science” operated by the Center has been accredited by the Ministry
of Education, Culture, Sports, Science and Technology as a Joint Usage/Collaborative Research Center.
Therefore, it has the mission to fulfill further its role as the core of fire science research in Japan. Overseas
collaboration has been sluggish over the past few years due to the COVID-19 pandemic. However, we will
conduct joint research with more overseas institutions in the future and continue to expand our global
activities as a center for fire science and fire safety engineering in Asia.

In November 2022, a symposium entitled “Preparing for Arson Fires Involving Gasoline Spraying” was
held on gasoline arson, an issue in recent years to be addressed. This symposium was held in a hybrid face-
to-face and online format, with lectures delivered from two venues in Noda and Kagurazaka. Notably, the
Center’s features were fully utilized by delivering lectures with dynamic fire experiments conducted in our
Laboratory, which could be observed on-site. At the same time, the online attendees could see them in a
highly realistic video format, leading to a deeper understanding of the contents of the lectures. The
symposium was a success, with more than 200 participants, both in person and online, and a lively question-
and-answer session with participants.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

Damage-resistant performance evaluation of RC columns with wing walls from the viewpoint of
functional recovery, Shibata R., Kinugasa H., Mukai T., Choe H., AlJ journal of technology and design,
Vol. 29, No.71, pp.168-173, 2023.2 (in Japanese) (Peer-reviewed)

COLLAPSE BEHAVIOR EVALUATION OF STEEL FLOOR STRUCTURES WITH UNINSULATED
SECONDARY BEAMS UNDER ELEVATED TEMPERATURES IN FIRES, Jiro TAKAGI, Song
WANG, Jun KURIHARA, Mamoru KOHNO and Ken MATSUYAMA, J. Struct. Constr. Eng., AlJ,
Vol. 87, No. 799, 944-953, Sep., 2022 (in Japanese) (Peer-reviewed)

ANALYSIS OF CREEP BEHAVIOR OF HIGH YIELD POINT STEELS YP400, YP500 COLUMNS
AT ELEVATED TEMPERATURES, Quoc Tuan PHAN, Mamoru KOHNO, Steel Construction
Engineering, Vol. 29, pp.57-68, 2022 (Peer-reviewed)

Modeling of Creep Behavior of High Strength Steel H-SA700 Columns at Elevated Temperature,
Quoc Tuan Phan, Mamoru Kohno, Yukio Murakami, Hoang Long Nguyen, International Journal for

Fire Science and Technology, Vol. 41, pp. 1-20, 2022 (Peer-reviewed)

Effect of circulation on flame heights over liquid fuel pools, X. Ju, M. Mizuno, T. Matsuoka,
T. Yamazaki, K. Kuwana, Y. Nakamura, Combustion and Flame, Vol. 246, 112435 (10 pages), 2022
(Peer-reviewed)

Determining kinetic parameters of cellulose and lignin pyrolysis by Gaussian process regression (GPR)
method, P. Viriya-amornkij, K. Kuwana, Progress in Scale Modeling, an International Journal, Vol. 3,
Article 03-01-05 (10 pages), 2022 (Peer-reviewed)

Large-scale fire-whirl and forest-fire disasters: awareness, implications, and the need for developing
preventative methods, A.D. Ahmad, N.K. Akafuah, J. Forthofer, M. Fuchihata, T. Hirasawa, K. Kuwana,
Y. Nakamura, K. Sekimoto, K. Saito, F.A. Williams, Frontiers in Mechanical Engineering, Vol. 9,
1045542 (16 pages), 2023 (Peer-reviewed)

NUMERICAL SIMULATION OF THERMAL PLUME ABOVE COMMERCIAL COOKING GAS
STOVE USING CFD ANALYSIS (PART 1): TEMPERATURE AND VELOCITY DISTRIBUTIONS
OF EXHAUST GAS, AND CAPTURE EFFICIENCY OF EXHAUST HOOD UNDER OPEN FLAME
CONDITION, Yuki SHIMANUKI, Takashi KURABUCHI, Takao OSAWA, Yoshihiro TORIUMI,
Sihwan LEE, Ami KUDO and Yasuhisa ASAWA, J. Environ. Eng., AlJ, Vol. 87, No. 799, 569-578,
Sep., 2022 (in Japanese) (Peer-reviewed)

Reproduction of Thermal Plume above Commercial Cooking Gas Stove using CFD Analysis. Takao
Osawa, Takashi Kurabuchi, Yoshihiro Toriumi, Sihwan Lee, Yuki Shimanuki, Ami Kudo : Proceedings
CLIMA 2022: The 14th REHVA HVAC World Congress, pp. 166-170, (April, 2022) (Peer-reviewed)

Fire Retardancy of Fire-retardant-impregnated Wood after Natural Weathering 1II. Fire performance after

10-years exposure, Masayuki Kawarasaki, Ryoichi Hiradate, Yasushi Hirabayashi, Yasuhiro Kawai,
Shinich Kikuchi and Yoshifumi Ohmiya, Mokuzai Gakkaishi, Vol. 69, No. 1, pp 30—40 (2023) (in
Japanese) (Peer-reviewed)

Analysis of Evacuation Behavior in Underground Mall Fire using VR Simulator Influences of Player's
Location and Direction at the Start of Evacuation and Composition Ratio of Evacuees with Different
Walking Speeds, Toshinari Tanaka, Masayuki Mizuno, Bulletin of Japan Association for Fire Science
and Engineering, Vol. 72, No. 1, pp.9-24, 2022.4 (in Japanese) (Peer-reviewed)

Questionnaire Survey on Maintenance of Residential Fire Alarms, Masayuki Mizuno, Hiromichi Ebata,
Shuji Ito, Yoshiharu Nagawa, Journal of social safety science, No. 42, 10 p, 2023.3 (in Japanese) (Peer-
reviewed)

Combustion behavior of corrugated cardboard for disaster shelter by combustion calorimeter method,
Y. Mizutani, Y. Mochizuki, A. Sakuma, M. Okoshi, K. Matsuyama, Journal of Materials Life Society,
Vol. 34, Issue 3, pp. 51-58, 2022 (in Japanese) (Peer-reviewed)
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14. Flame-retardancy evaluation of corrugated cardboad beds for disaster shelter and prevention of fire
spread with their zoning, Y. Mizutani, Y. Mochizuki, A. Sakuma, M. Okoshi, K. Matsuyama, Journal
of Materials Life Society, Vol. 34, Issue 3, pp. 59-65, 2022 (in Japanese) (Peer-reviewed)

15. Similarity of Energy Balance in Mechanically Ventilated Compartment Fires: An insight into the
conditions for reduced-scale fire experiments, H. Suto, K. Matsuyama, Y. Hattori, Nuclear Engineering
and Technology, Vol. 54, Issue 8, pp. 2898-2914, 2022 (Peer-reviewed)

16. M. Araki and K. Matsuyama, Rapid Measurements of Hydrogen Cyanide Concentration in Combustion
Gas via Terahertz Spectroscopy, Current Applied Physics, Vol. 36, pp. 83-87, 2022 (Peer-reviewed)

Books
1. Takashiro Akitsu, Akinori Honda, “Flame-Retardant Polymeric Foams and Materials of Trains”,

Polymeric Foams: Materials, Technology and Applications, chapter 21, American Chemical Society, in
press. (Peer-reviewed).

2. Principles of Fire Preventive Materials - For Protecting Building and Life Safety from Fire with Building
Construction and Materials -, Yoshifumi Ohmiya, and 12 others, p74, Architectural Institute of Japan,
2022 (in Japanese)

Invited Lectures
1. VHBHIEENCR T DEIE Y R 7, KEPHEZ, MATCHE RS - 5 6 B2 2, 21 May 2022
(in Japanese)

2. kOB - kOKE, BIRFEZ, BHET KRS, | Aug., 2022 (in Japanese)

3. Takashiro Akitsu: “Sustainable Nanomaterials of Metals and Safety”, World Science Congress
~Science for Society and Sustainable Development~ (2022.8.13) West Bengal, India (Online).

4. Takashiro Akitsu: “Mercury Toxicity from Factory and Fire”, GREEN TECHNOLOGY: ISSUES AND
CHALLENGES 2022 (2022.9.20) Chaudhary Charan Singh University, Meerut, India (Online).

5. FREREIG L KHE - EE, REEY, RS E £ ¥ —, 31 Oct., 2022 (in Japanese)
FRAESUC L DRI O 85 & xR, REZ, FRER TS, 14 Dec., 2022 (in Japanese)

Public Relations

1. #FHJE—BES, FHT /73— MRS 50 IO T A2 b, FiseHiH], 2022.5 (in Japanese)

2. FJE—RS, KREACHT ik K OREFARIZET 52 A, 4 HHTE, 2022.6 (in Japanese)

3. B BB, BEARKREET NX— MKEMND 50 20T A2 b, 5 HHH, 2022.12.18 (in
Japanese)

C BB, AIBBRETO K SFAZONT A B o —%f, B HG%, 2022.12.21 (in Japanese)

5. FKIR—RE, & DRI 257 5 7o O OREEERTE ), >R w L 1Y) Az 9 i

KKK Z D), KEEFFIFERT, 2022.11.25 (in Japanese)

Awards

1. Kazunori Kuwana, JAFSE Award, Japan Association for Fire Science and Engineering, 2022

2. Kazunori Kuwana, Wookyung Kim, Toshio Mogi, Ritsu Dobashi, Best Paper Award, Japan Society for
Safety Engineering, 2022

3. Kohei Matsushita, Ai Sekizawa, Masayuki Mizuno, Excellent Paper Award in Fire Science and Disaster
Prevention, Fire and Disaster Management Agency, Ministry of Internal Affairs and Communications,
2022

4. Yusuke Ikuma, Shinya Yanagita, Masayuki Mizuno, Yoshifumi Ohmiya, Takahiko Yamamoto, Paper
Award of the Japan Institute of Electronics Packaging, Japan Institute of Electronics Packaging, 2022
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Individual Research Topics

Takashiro AKitsu
“Flame-retardant polymer foams and materials for trains, and fire accident train surveys”

Both thermosetting and thermoplastic resins are used in foamed plastics such as polyurethane and
polystyrene, and advances in nanotechnology have greatly improved the controllability of foaming and
molding. These advances include not only packaging-related applications, but also industrial applications
such as thermal insulation that depend on structure and physical properties. Regarding the use of foamed
plastics as insulation materials for railway vehicles and cushioning materials for seats, the history and
examples of railway vehicles (survey on fire accident trains), improvement of flame resistance, and thermal
analysis are summarized.

Shiro Ichimura
“Epidemiological survey of heart disease in Japanese firefighters during work time”

On American firefighters, deaths caused heart disease during work time are very high, averaging 43% of
all deaths over the past decade (7% for police officers and 11% for emergency medical workers). In particular,
the greatest risk is during or immediately after firefighting and the frequency reported to be 10 to 130 times
greater than during other fire department operations. However, it is not clear how many Japanese firefighters
have heart disease during work time. Therefore, we conduct an epidemiological survey of heart disease during
work time in Japanese firefighters.

Yoshifumi Ohmiya
“Study on properties of fire plume ejected from an opening during a building fire”

Assuming a fully-developed fire in a building, the conditions of combustible materials and architectural
conditions (eaves, balconies) are used as parameters, and research is conducted on the properties of fire plume
through the openings. In this study, we quantitatively grasp the influence on the properties of the fire plume
when unburned combustible gas blows out from the opening and burns outside, and proposes an evaluation
method for preventing the spread of fire in building.

Manabu Kanematsu
“A study on evaluating the durability of fire-retardant-treated wood”

In recent years, fire-retardant-treated wood has been increasingly used as an exterior material for building
facades due to its fire-prevention properties. However, concerns have been raised regarding the possibility
of the fire-retardant agent leaching out when exposed to rain, which can cause a loss of its required
performance over time. This study aims to establish a fire performance evaluation method for fire-retardant-
treated wood for exterior use in Japan while taking into account its long-term deterioration characteristics, as
well as to clarify the degradation mechanism of fire-retardant-treated wood and develop an accelerated
degradation test method by repeated dry-wet cycles.

Hideyuki Kinugasa
“Study on urban functional recovery in the event of natural disasters”

Concerns about the vulnerability of urban functions to natural disasters are growing due to the paralysis
and chaos of the capital city “Tokyo” due to recent earthquakes. Based on this background, a method to
evaluate the “loss of functionality” and “recovery time” of buildings caused by natural disasters, was
developed and resilience analysis of buildings with different collapse mechanisms were carried out. Using
this method, establishment of a seismic analysis method from the viewpoint of resilience of a city is expected.
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Takashi Kurabuchi

“Study on CFD prediction of thermal plume from gas stove and capture efficiency by exhaust Hood”
Standard k- model tends to overestimate the exhaust capture efficiency of an exhaust hood of a gas stove

on which a pot is placed. It is known that there is a problem with the consistency of the turbulence model,

and an attempt was made to apply GGDH, which takes into account temperature and velocity gradients in

lateral directions to predict the turbulent heat flux. We are aiming at high-precision prediction by CFD

simulation of the exhaust capture efficiency when a pot is placed on a gas stove.

Kazunori Kuwana
“Modeling reactions of combustible solids”

Improving the accuracy of fire and explosion simulations is crucial for quantitative risk assessment and
developing efficient firefighting strategies. This study aims at developing mathematical models of
combustible-particle reactions during dust explosions and smoldering-to-flaming transitions. Further,
dynamical markers for the early detection of transition phenomena are being investigated.

Mamoru Kohno
“Study on the fire resistance performance of building structural members”

Experimental and analytical investigations were conducted on the members that make up buildings, such
as columns and floors. Specifically, a finite element method (FEM) analysis technique was developed and
analyzed, taking into account creep behavior during fires of columns using high-yield-point steel. In addition,
the study focused on a floor frame structure consisting of a steel deck and concrete composite slab and non-
fire-protected steel beams. The study involved understanding the behavior through experiments and
constructing a finite element analysis procedure benchmarked against the experimental results. Further, the
developed methodology was used to analyze the fire resistance performance of these members under different
conditions from those of the experiment.

Atsushi Shono
“Study on thermophysical properties of thermal insulation materials”

Evaluation of thermal insulation performance is essential for the development of lightweight insulation
materials, and thermal conductivity is one of the most important indices. The purpose of this study is to
measure the thermal conductivity of various insulation materials and to clarify the relationship between the
structure of insulation materials (fiber orientation, fiber length, fiber diameter, porosity, void shape,
continuous porosity, etc.). The anisotropy of thermal conductivity of insulation (fiber orientation) was
measured by the steady-state method; the spatial information indexing was modeled from the analysis of the
internal structure of insulation using an X-ray CT scanner. The correlation between structure and thermal
conductivity was investigated from the obtained results.

Ichiro Hagiwara
“Study on criteria for firefighting support performance”

The purpose of this study is to clarify the firefighting support performance that buildings should have,
and to organize it as a fire safety standard. In past fire incidents, it is often the case that damage has increased
because it is difficult to enter in the fire building. In this year, overseas regulations and standards regarding
the emergency access openings for firefighters to enter indoors were collected, and the contents and the
concept of the regulations were organized.
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“Security measures for evacuation safety”

A field survey of security measures such as access control on evacuation routes, which have been
increasing in recent years, will be conducted, accidents and failures that are expected to occur will be
analyzed, and countermeasures will be considered to ensure evacuation safety. In this year, experimental study
was made regarding the manipulation of security lock devices by subjects, but the experiment was postponed
due to the spread of COVID-19. The experiment is scheduled to be conducted in the next fiscal year.

Yoshiyuki Matsubara
“Research on mitigating the damage of chemical fires”

Improving the accuracy of fire and explosion simulations is crucial for quantitative risk assessment and
developing efficient firefighting strategies. This study aims at developing mathematical models of
combustible-particle reactions during dust explosions and smoldering-to-flaming transitions. Further,
dynamical markers for the early detection of transition phenomena are being investigated.

“Research to contribute to advanced firefighting activities”

To aid in determining the location of fires at the scene, this research studies the behavior of electrical
breakers at the scene of a fire and the U-Net convolutional neural network model that can effectively analyze
images of buildings after forest fires using satellite images. The research aims to advance firefighting activities.

Ken Matsuyama
“Smoke exhausting/control systems based on new concepts”

Smoke exhausting/control systems have been mainly concerned with the initial stage of a fire. On the other
hand, due to the increasing size of buildings, evacuation times might be longer, and from the viewpoint of
supporting firefighters, there is a need for a method to exhaust smoke outside the building for a longer period
of time until fire is extinguished. This study focuses on the characteristics of smoke particles, especially their
charge, and aims to establish a new smoke exhausting/control methods by improving the efficiency.

Masayuki Mizuno
“Study on planning methods for total building evacuation from high-rise office buildings”

Total building evacuation from high-rise buildings is a potential event that may occur in a disaster, and
it is necessary to consider measures to implement it smoothly and safely. Based on the results of
investigations conducted on total building evacuation drills in an office building in Tokyo, a method for
planning a building evacuation with phased scenario will be considered. A method for evaluating evacuation
status in stairways will be proposed, and its applicability will be confirmed.

“Study on the validity evaluation of evacuation behavior characteristic analysis using VR technology”

In recent years, research on evacuation behavior analysis using VR technology has been actively
conducted. In this study, we compare experiments conducted in real space and those reproduced in a VR
space, focusing on factors such as people passing each other and congestion in front of an exit, in order to
reveal differences and identify important features to consider in evacuation behavior analysis using VR
technology.

Shinya Yanagita
“Physiological analysis for the prevention of heat stroke in firefighters”

In order to improve the safety of firefighters in fire and rescue operations, physiological measurements of
physical and psychological stress during actual firefighting activities are being conducted. Currently, heat
acclimatization and body cooling experiments are being conducted in an environment that simulates an actual
fire site, with heat stroke prevention as a particular research target.
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“Quantifying the physical and mental workload of firefighters”

Not only do firefighters work in a time-consuming environment, such as 24-hour shifts, but they also
respond to disasters and accidents, which is considered to be an occupation with an extremely high mental and
physical workload. In order to maintain their occupational safety, we are analyzing the physical and mental
conditions of firefighters using physiological measures.
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Water Frontier Research Center (WaTUS)
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Water Frontier Research Center (WaTUS)

1. Overview

Water Frontier Research Center (WaTUS), established on April 2021, is a successor research
organization of Water Frontier Science & Technology Research Center (W-FST) which was launched on
November 2016 for promoting Research Branding Project “Formation of an Interdisciplinary Research
Center for Water at Material Surfaces and Interfaces,” supported by the Ministry of Education, Culture,
Sports, Science and Technology, Japan. Our research center focused on “water” which is essential for all the
lives and their various activities. Especially, interaction between water and materials’ surface, namely “water
interface”, is generally very complicated and particularly difficult to be fully understood. Our aim is to tackle
these complicated issues related on “water interface.”

We, WaTUS, aim to pursue leading-edge research and developments relating to “water interface” with
multi-disciplinarily collaborative research. Our goal is to perform following missions:

(1) Pursuit of state-of-the-art science and technologies of water interface by collaboration and technical

excellence

(2) Establishment of international research core of excellence

(3) Provision of “one-stop service” of water research for industries

(4) Visualization of TUS through our research activities
Formation of research and development hub for “water interface” through our research means creating the
place where researchers all over the world can join and establishing research organization which can provide
practical solutions to industries.

To accomplish the above missions, highly intensive collaborations of fundamental research and technology
developments with researchers inside and outside of the center become a key.

2. Organization and Facilities

WaTUS promotes interdisciplinary collaborative research to achieve our goals. We consist of matrix-
based research units with approaches (Materials development, Measurement & Analysis, and Theory &
Simulation) and targets (Materials & Water, Life & Water, and Environment & Water). In this 3 x 3 matrix-
based research unit, our center encourages researchers who develop novel materials with high functionality,
ones who develop cutting-edge measurement and analysis techniques, and ones who perform advanced
theoretical consideration and simulation, to perform intensively flexible collaborative studies expecting
synergetic effects. Also, more flexible style of collaboration involving ones outside the center is appreciated
in this center.

» Materials & Water: this unit pursues research and development considering relation between water and

materials from atomic to macroscale

» Life & Water: this unit pursues research and development contributing to human beings and medical

diagnostics or medical and biological engineering

* Environment & Water: this unit pursues research and development for environment and industries. Earth

science and energy conservation are also included in this unit

WaTUS has advanced facilities with state-of-the-art analytical systems for pursuing leading-edge
research of “water interface”; for example, (i) heterodyne sum frequency generator, (ii) atmosphere-
controlled scanning probe microscopy, (iii) sputtering equipment, (iv) interfacial fluorescence microscopy,
and (v) high-speed camera system. Also, we are developing a multi-level water simulator, which provides
intuitive connection between quantum mechanics, molecular dynamics, and fluid dynamics calculations for
water on materials interface.
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3. Activity Reports

As mentioned above, our research center consists of three research units, “Materials & Water,” “Life &
Water,” and “Environment & Water.” Each unit performs research activities with mutual cooperation. Below
we report some of our recent research activities.

3. 1. Nanoscale Droplet on Material Surface

In this research, we investigate atomic- and molecular-scale interaction of water with material surfaces,
especially nanoscale wetting. It has been reported that the adsorption structure of water on SiO, surface under
different humidity conditions is very complex, and that a single layer of structural water is observed when
the relative humidity is above 90%, while partial wetting is observed at lower relative humidity of 50-80%,
but the details have not been clarified. In this study, nanoscale water droplets on the surface of SiO; placed
in different humidities were measured using an atomic force microscope (AFM). Experimental results
showed the presence of water droplets with a height of a few nm (Fig. 1). The droplet height tends to increase
with increasing humidity and gradually disappeared when the humidity was decreased by opening the
chamber. The frequency analysis of AFM revealed that these nano-droplets existed on the structural water
formed on the SiO; surface. Subsequently, the adhesion force between the substrate and the water obtained
by the peak force tapping mode clarified that

the adhesion force of the nano-water droplet 6
was smaller than that of the adsorbed 5 L
structural water. This fact suggests that the g 4 .
structures of the water film and the nano- .‘g z
water droplet are different. z }
6 1

3. 2. Fluid Mechanics of Spreading Gas- 30 40 50 60 70 80 90
liquid Interface Interacting with Micro- RH(%)
pillar

Dynamic  wetting, which involves *
movement of interface, has a lot of unclear water film
issues in contrast to static wetting. In this : Si0s l
research, we investigate dynamic wetting Fig. 1. Nanoscale water droplet.

around hydrophobic microstructures on

hydrophilic surfaces. When a gas-liquid interface spreading on a hydrophilic surface passes through a
hydrophobic micro-particle or structure (10-100 um in typical size), the interface becomes curved, and then
the wetting is abruptly enhanced as the curved interface recovers. Numerical simulation results show that a
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Fig. 2. Complex flow at curved interface around micro-pillar and pressure distribution.
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large pressure distribution is generated near the curved interface due to Laplace pressure, resulting in a
complex flow structure similar to the horseshoe vortex which is often seen in large scale flows such as those
in bridge and building legs (Fig. 2). The formation of surface tension-driven vortices around micro-pillars
has not been reported before, and this finding indicates new potential applications of meniscus pumps, not
only for liquid transport but also for mixing promotion.

3. 3. Characterization of Carbon Nanoparticles in Water and Effect on Climate

It is known that black carbon particles (BC) originating from human industrial activities cause
suppression of thermal convection in atmosphere due to absorption of sunlight, cloud formation and
precipitation, and melting of snow surfaces. Moreover, it is said that BC would promote global warming,
especially in the Arctic region. Accurate monitoring of BC in the Arctic is important for understanding the
causes and considering countermeasures. However, the large uncertainty in the measurement method of BC
concentration from collected snow samples has hindered precise estimation of BC. In this study, we
developed an improved method to determine the mass concentration and size distribution of BC in water (Fig.
3). BC in water is atomized into the air as droplets, then irradiated by Nd:YAG laser, and incandescent light
of multiple wavelengths is acquired. The ratiometric approach was to remove signals from other mineral
components. It was then clarified that the particle extraction efficiency in the device was about 50% for
particles of 60 nm to 2 pm in diameter, independent of particle size. Consequently, the BC measurement
method with high quantitative reliability was established. The same snow samples collected from various
regions were compared with the conventional method, and it was found that the conventional method
overestimated the BC concentration by a factor of 2 to 25 in samples from Alaska and northern Norway. This
large discrepancy in BC concentration will have a great effect on the estimation of the snow surface
reflectance of sunlight which influences the climate prediction.

4. Challenges and Prospects
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Fig. 3. Schematic diagram of single-carbon-particle detection system.

As an interdisciplinary research center for “water,” we hope to be a leading organization tackling social
issues, in addition to promoting cutting-edge research through mutual collaboration among physics,
chemistry, and engineering fields. In addition to research, in 2022, we started an educational class of
“Advanced Water Science” for all the graduate students in Tokyo University of Science, and more than 250
students were enrolled.

5. Conclusion
New joint research and collaborations have started while on-going projects has actively continued. Therefore,

further progress is expected. Also, a multi-level water simulator was partially released. We, Water Frontier
Research Center (WaTUS), intend to continue both research and educational activities with high enthusiasm.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

Lubrication effects on droplet manipulation by electrowetting-on-dielectric (EWOD), Ken Yamamoto,
Shimpei Takagi, Yoshiyasu Ichikawa, Masahiro Motosuke, Journal of Applied Physics, Vol. 132, No.
20, 204701, 2022 (Peer-reviewed)

Enhancing the Foam Stability of Aqueous Solution with High Ethanol Concentration via Co-Addition
of Surfactant, Long-Chain Alcohol, and Inorganic Electrolyte, Sakai K, Muto R, Hara M, Hattori R,
Harata E, Akamatsu M, Sakai H, Chem. Lett., 51, pp 982-984, 2022 (Peer-reviewed)

Correlation between copper particle morphology and number of graphene layers on a palladium

substrate, Junro Takahashi, Kengo Nakamura, Yusei Kioka, Hiroki Kato, Takahiro Yamamoto,
Yoshikazu Homma, Appl. Phys. Express 16, 015503, 2023 (Peer-reviewed)

Catalyst-free synthesis of sub-5 nm silicon nanowire arrays with massive lattice contraction and wide
bandgap, Sen Gao, Sanghyun Hong, Soohyung Park, Hyun Young Jung, Wentao Liang, Yonghee Lee,
Chi Won Ahn, Ji Young Byun, Juyeon Seo, Myung Gwan Hahm, Hyehee Kim, Kiwoong Kim, Yeonjin Yi,

Hailong Wang, Moneesh Upmanyu, Sung-Goo Lee, Yoshikazu Homma, Humberto Terrone, Nat.
Commun. 13, 3467, 2022 (Peer-reviewed)

Non-destructive estimation of the cation composition of natural carbonates by micro-Raman
spectroscopy, Shu-hei Urashima, Mayu Morita, Shintaro Komatani, Hiroharu Yui, Analytica Chimica
Acta, vol. 1242, 340798, 2023(Peer-reviewed)

Inner and Interfacial Environmental Nanoarchitectonics of Supramolecular Assemblies Formed by
Amphiphiles: from Emergence to Application, Akamatsu M, J. Oleo. Sci., Vol. 72, pp 105-116, 2022
(Peer-reviewed)

New measurement system based on small-angle neutron scattering for structural analysis of light-
responsive materials, Iwase H, Akamatsu M, Inamura Y, Sakaguchi Y, Morikawa T, Kasai S, Oh-uchi
K, Kobayashi K, Sakai H, J. Appl. Cryst., Vol. 56, pp 110-115, 2023 (Peer-reviewed)

Mechanism of Chiral-Selective Aminoacylation of an RNA Minihelix Explored by QM/MM Free-
Energy Simulations, Tadashi Ando, Koji Tamura, Life, Vol. 13, pp. 722, 2023 (Peer-reviewed)
Viscoelastic flow behavior and formation of dead zone around triangle-shaped pillar array in

microchannel, Yoshiyasu Ichikawa, Masahiro Motosuke, Microfluidics and Nanofluidics, Vol. 26, 44,
2022 (Peer-reviewed)

Controlled polymerization of metal complex monomers - fabricating random copolymers comprising
different metal species and nano-colloids. Shigehito Osawa, Sosuke Kurokawa, Hidenori Otsuka,
Chemical Communications, 58, 5273-5276, 2022 (Peer-reviewed)

Photoreduction of copper ions using silica-surfactant hybrid and titanium (IV) oxide under sulfuric acid
conditions, S. Machida, R. Kato, K. Hasegawa, T. Gotoh, K. Katsumata, A. Yasumori, Materials, Vol.
15, pp. 5132, 2022 (Peer-reviewed)

Simulation model of boiling heat transfer and flow maldistribution in parallel mini-channels heated
unequally, Kizuku Kurose, Takuya Kawasuso, Kazushi Miyata, Yoshinori Hamamoto, Int. J. Heat and
Mass Transfer, Vol. 195, 123184, 2022 (Peer-reviewed)

Binding and Distribution of Water Molecules in DPPC Bilayers Doped with -Sitosteryl Sulfate,
A. Kafle, M. Akamatsu, A. Bhadani, K, Sakai, C. Kaise, T. Kaneko, H. Sakai, Colloids and Surfaces B-
Biointerface, 218, 112748, 2022 (with review)

High Friction Mechanism of ZDDP Tribofilm Based on in situ AFM Observation of Nano-Friction and
Adhesion Properties, Kaisei Sato, Seiya Watanabe, Shinya Sasaki, Tribology Letters, 70, 94,1-15, 2022
(Peer-reviewed)

Electrochemical impedance simulation of porous electrodes with variously shaped pores using 3-
dimensional finite element method, Noya Loew, Tomohiro Tanaka, Hikari Watanabe, Isao Shitanda,
Masayuki Itagaki, Electrochimica Acta, Vol.440, pp. 141723-141730, 2023(Peer-reviewed)
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Self-emergent vortex flow of microtubule and kinesin in cell-sized droplets under water/water phase
separation, Hiroki Sakuta, Naoki Nakatani, Takayuki Torisawa, Yutaka Sumino, Kanta Tsumoto,
Kazuhiro Oiwa, Kenichi Yoshikawa, Comm. Chem. 2023, accepted (Peer-reviewed)

Proton Conductive Mononuclear Hydrogen-Bonded Cobalt (II) Spin Crossover Complex,
[Supplementary Journal Cover] F Kobayashi, T Hiramatsu, K Sueyasu, M Tadokoro, CRYST.
GROWTH DES., 23, 1633-1640, 2023 (Peer-reviewed)

Multicellular structures in thin free liquid films induced by thermocapillary effect, T. Homma, T.
Yamashita, R. Wada, K. Kawazu, K. Kurose, T. Tsukahara, and I. Ueno, Journal of Colloid and Interface
Science, Vol. 641, 187-196, 2023 (Peer-reviewed)

Spectral analysis on dissimilarity between turbulent momentum and heat transfers in plane Couette
turbulence, T. Kawata and T. Tsukahara, Physics of Fluids, Vol. 34, 075135, 2022 (Peer-reviewed)
Machine learning to estimate the mass-diffusion distance from a point source under turbulent conditions,
T. Ishigami, M. Irikura, and T. Tsukahara, Processes, Vol. 10, 860, 2022 (Peer-reviewed)

Extremely large electro-optic effect of TPPS J-aggregates in the PVA or PVP polymer matrix and
aqueous solution, Kazuaki Nakata, Takayoshi Kobayashi, Eiji Tokunaga, Phys. Chem. Chem. Phys. 24,
12513-12527, 2022 (Peer-reviewed)

Samples returned from the asteroid Ryugu are similar to Ivuna-type carbonaceous meteorites,
Tetsuya Yokoyama, Kazuhide Nagashima, [zumi Nakai, Hiroharu Yui, et al., Science, 379, 6634, 2022
(Peer-reviewed)

Contribution of Ryugu-like material to Earth’s volatile inventory by Cu and Zn isotopic analysis, Marine
Paquet, Frederic Moynier, Tetsuya Yokoyama, [zumi Nakai, Hiroharu Yui, et al., Nature Astronomy, 7,
182-189, 2022 (Peer-reviewed)

Ryugu's nucleosynthetic heritage from the outskirts of the Solar System, Timo Hopp, Nicolas Dauphas,
Yoshinari Abe, Izumi Nakai, et al., Science Advances, 8, eadd8141, 2022 (Peer-reviewed)

Numerical Simulation of the Solidification of a Single Molten Droplet Impinging on Flat Plate Using
Multi-Resolution MPS Method, S Kato, K Fukudome, M Yamamoto, Proceedings of Global Power and
Propulsion Society (GPPS Chania22) , GPPS-TC-2022-0140, pp.1-6, 2022 (Peer-reviewed)
ortho-Substituted Aryldiazonium Design for the Defect Configuration-Controlled Photoluminescent
Functionalization of Chiral Single-Walled Carbon Nanotubes, Boda Yu, Sadahito Naka, Haruka Aoki,
Koichiro Kato, Daiki Yamashita, Shun Fujii, Yuichiro K Kato, Tsuyohiko Fujigaya, Tomohiro Shiraki,
ACS nano, Vol. 16, pp. 21452-21461, 2022 (Peer-reviewed)

Numerical study on the rotational and machining accuracy of an end-milling process with spindles
supported by aerostatic bearings, Keita Shimada, Daisuke Wakabayashi, Yuma Shimoyakawa, Shouhei
Kawada, Masaaki Miyatake, Shigeka Yoshimoto, Proceedings of the Institution of Mechanical
Engineers, Part J: Journal of Engineering Tribology, Vol. 236, pp. 10541-10553, 2022 (Peer-reviewed)
Measurement of number and mass size distribution of light-absorbing iron oxide aerosols in liquid water

with a modified single-particle soot photometer, Mori T, Kondo Y, Goto-Azuma K, Moteki N, Yoshida
A, Fukuda K, Ogawa-Tsukagawa Y, Ohata S, Koike M, Aerosol Science & Technology, 57, 35-49,
2022 (Peer-reviewed)

(Invited) Nanoscale Wetting and Its Connection with Macroscopic Young's Equation,
Yasutaka Yamaguchi, Hiroki Kusudo, Carlos Bistafa, Donatas Surblys, Takeshi Omori, Gota Kikugawa,
ECS Transactions, 108, pp. 93-102, 2022 (Peer-reviewed).

Invited Lectures

1.

2.

Analysis of nanoparticle alignment by localized surface plasmon resonance of metal nanostructures and
related thermofluidic phenomena, Masahiro Motosuke, Multiphysics Conference 2022, Tokyo, 2022
Improved Stability of Foams in Ethanol/Water Mixtures, Kenichi Sakai, JOCS-AOCS Joint Meeting in
the 2nd World Congress on Oleo Science (WCO0S2022), Online, 2022
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10.

11.

12.

13.

14.

Chemical analysis of groundwater, river, and ocean towards SDGs: Nondestructive and Noncontact
analysis of cation compositions of sedimentary rocks by Raman microspectroscopy, Shu-hei Urashima,
Hiroharu Yui, 7th conference of The Research Society of Water Science for Future Life, Foundation for

the Promotion of Engineering Research, Tokyo, 2022.

Air and Water Purification by Photocatalyst, Ken-ichi Katsumata, International Congress on Pure &
Applied Chemistry (ICPAC) Kota Kinabalu 2022, Kota Kinabalu, Sabah (On-line), 2022
Development of a Self-Powered Diaper Glucose Sensor Combining a Low Power Wireless Transmission
Device and a Paper Substrate Biofuel Cell, Isao Shitanda, Diabetes Technology Meeting 2023, Online, 2022
Molecular Conductor with Proton-Assisted Electron Transfer, Makoto Tadokoro, ICPAC (International
Congress on Pure & Applied Chemistry), Kota Kinabalu, Malaysia 11/22~27, 2022
Deep learning for viscoelastic fluids and turbulent diffusion, Takahiro Tsukahara, JSME Annual
Meeting EFD Workshop: Fluid Engineering and Al, Toyama Sept. 11-14, 2022
What does the glass excavated from Okinoshima tell us?, [zumi Nakai, “Sacred Island”, World Heritage
Open Lecture, Online, February 2, 2022

K[RERFREFA A A - =T a Y V&> T 40 F-, ZFZ, AARARKERTEH 100
EIFFE Rl AR FR 2, BXUHIE KT, 2023 (in Japanese)
Numerical Simulation of Enjine Icing ~Current Status and Future Trends~, Makoto Yamamoto, 7th
WEATHER-Eye Open Forum, 2022 (without review)
In situ observation of nano water droplet on glass, Yuki Araki, Kyoto Workshop on Investigation of
Solid-Liquid Interfaces by Atomic Force Microscopy, Kyoto, 2023.
Towards a machine learning forcefield using FMO data, Koichiro Kato, 20th Anniversary Symposium
of the Society of Computer Chemistry, Japan, Tokyo, 2022

Nanoscale Wetting and Its Connection with Macroscopic Young's Equation, Y Yamaguchi, H Kusudo,
C Bistafa, D Surblys, T Omori, G Kikugawa, 241st ECS Meeting, Vancouver, Canada, G01-1252, May 2022
Investigation on the dynamics of Leidenfrost droplets using interferometry and thermographys,
Ken Yamamoto, 50th Symposium of the Visualization Society of Japan, Tokyo, 2022

Public Relations

1.

Masahiro Motosuke, Novel Thin and Flexible Sensor Characterizes High-speed Airflows on Curved

Surfaces, Press Release of Tokyo University of Science, 2022

Intriduction of Water Frontier Research Center, Green Infrastracture Industries Exhibition 2023, 2023.
Takahiro Yamamoto, Kids Science Lecture: Volta cell using hot-spring Slime, Scramble Beppu
(Uchilabo), November 26, 2022

Masahiro Motosuke, Takahiro Yamamoto, Appeared in “Mochiyori Nazo Q-den”, TV Asahi, September 24, 2022
Takahiro Yamamoto, “Volta cell using pure water [Experiment]” https://youtu.be/hj2hFihmyo8,
Educational YouTuber {Yobinori Yasu) Channel, August 5, 2022~

Makoto Tadokoro, Press Release: Novel Multi-Proton Carrier Complex as Efficient Proton Conductor
at High Temperatures Researchers develop a highly symmetric ruthenium (III) complex with six
imidazole-imidazolate groups for efficient high-temperature proton conduction in fuel cells, 2022
Izumi Nakai, “Beauty of Tsubo” (Yohen Tenmoku), NHK Online, 2023

Awards

1.

S

Ryosuke Yamaguchi, Puneet Jain, Yoshiyasu Ichikawa, Masahiro Motosuke, Best Paper Award, Japan
Society of Thermophysical Properties, 2022

Kenichi Sakai, 66th Best Paper Award, Foundation, Oil & Fat Industry, 2023

Masaaki Akamatsu, JOCS Young Scientist Award, The Japan Oil Chemists’ Society (JOCS), 2022

H Sakai, Japan Oil Chemists’ Society Award, 2022.

Shingo Machida, JAICI Award, Japan Association for international chemical information, 2023

Shohei Kawada, JSME Young Engineers Award, Japan Society for Mechanical Engineers, 2022
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Individual Research Topics

Masahiro Motosuke
“Nanoparticle manipulation using plasmonic bubble”

In this study, the manipulation of nanomaterials suspended in water using plasmonic heating with
themophoresis and interfacial flow around a photothermal bubble is investigated. It is found that frequent
modulation in the heating provides significant difference in the accumulation pattern of nanomaterials. This
would suggest that an itnteraction between heat dissipation and bubble dynamics including the onset of the
interfacial flow grealy influence the accumulation phenomena.

Kenichi Sakai

“Preparation and characterization of a-form hydrated crystal (a-gel) with nonionic surfactants”
a-Form hydrated crystal (a-gel) was prepared using nonionic surfactants having oxyethylene units as a

hydrophilic group. The addition of salting-in ions resulted in increased lamellar d-spacing. Furthermore, an

increased salt concentration resulted in increased cohesion energy between domains consisting of o-form

hydrated crystals, leading to increased viscosity. The hydration state of the hydrophilic group significantly

affects the structure and property of a-form hydrated crystal (a-gel).

Yoshikazu Homma
“Evaluation of structure and physical properties of water confined in nanospace of nanocarbon”

We investigate the structures and physical properties of 2D nanostructured water on the surface of carbon
nanotubes (CNT) and graphene, and 1D nanostructured water in the inner space of CNT based on
sophisticated measurements by spectroscopy and atomic force microscopy. Through this, the
thermodynamics of the phase change of adsorbed water on the outer surface of CNTs and the water contained
therein is constructed.

Takahiro Yamamoto
“Two state coexistence and dynamical heterogeneity of water in a nanotube”

Our group has investigated the phase transition and dynamics of water in carbon nanotube (CNT) using
classical molecular dynamics (MD) simulations. It is well-known that no clear first-order phase transition is
observed in encapsulated water. We clarify that there are two states distinguished by the strong or weak
retention of the (n,0) ice structure, and that the coexistence ratio of the two states varies with temperature.
From the fact that these two states have different rotational dynamics, we concluded that the water in CNT
is in the dynamical heterogeneity.

Hiroharu Yui
“Interaction between material surfaces and water by cutting-edge vibrational spectroscopy”

The interaction between material surfaces and water drastically affects their properties and functions. The
aim of the research is to clarify the interaction from the molecular scale by developing cutting-edge
vibrational spectroscopy. The examples are (1) Minerals on the asteroid Ryugu experienced aqueous
alteration at the early stage of the solar system, (2) Chemical states of the glass surfaces precisely
manufactured, and (3) Molecular self-assembled system including water such as gels and foams.
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Masaaki Akamatsu
“Reversible adsorption-desorption of anions at air/water interfaces”

Anion—r interaction is an attractive interaction between an electron-deficient aromatic ring and anions.
In recent years, the contribution of the interaction to interfacial phenomena such as bio-adhesion has been
clarified. In this work, we have found that the Langmuir membranes formed by naphthalene diimide (NDI)
derivatives at the air/water interface can be used to reversibly adsorb and desorb anions by compression
manipulation of the membrane materials. The adsorption and desorption processes of anions were also
evaluated by measuring the surface potential of the membranes.

Tadashi Ando
“Mechanism of chiral-selective aminoacylation of an RNA minihelix explored by QM/MM free-energy
simulations”

A primordial RNA minihelix shows preference for L-amino acid over D-amino acid during its
aminoacylation, which is a key reaction determining the chiral selection of amino acids in the evolution of
life. In this studt, we used quantum mechanics/molecular mechanics-based simulations to investigate the
physiochemical origin of the chiral selective aminoacylation in the primordial RNA. Our calculations showed
that the energy barrier for the L-alanine reaction was 9 kcal/mol lower than that of the D-alanine reaction.

Yoshiyasu Ichikawa
“Measurement of complex fluids’ behavior”

This study uses optical flow measurement techniques to reveal the complex behavior of viscoelastic fluids
showing instability in a microchannel. We especially focused on the locally changed viscosity affected by
the shear rate and tried to establish the viscoelastic fluids’ viscosity distribution measurement technique in
the microchannel utilizing fluorescent molecular rotors, which have the sensitivity for the viscosity. Then,
the validity of the technique was shown by combining it with the velocity measurement technique.

Ichiro Ueno
“Hrat and mass transfer at three-phase contact line”

This study investigates (i) local acceleration of liquid wetting with tiny obstacles on solidsurface, (ii)
phase-change with high heat flux with cooperative oscillation of vapor bubbles, (iii) formation of coherent
structure of particles with low Stokes number under surface-tension-driven convection.

Shu-hei Urashima
“Hydrogen-bonding networks of water on material surfaces and interfaces”

Adsorbed water on material surfaces under atmospheric conditions drastically changes their properties
such as friction, wettability, and electrification. Oil/water interfaces are ubiquitously found in biological
system and utilized in solvent extraction processes, where molecules are dynamically crossing through the
interfaces. However, we have still little knowledge about how the water molecules at the surfaces/interfaces
change their properties and affect the functions and the transport phenomena. The aim of the study is pushing
forward our knowledge from the scale of the microscopic changes in the hydrogen-bonding network
structures of water at the surfaces and interfaces.

Shigehito Osawa
“Building locally concentrated state of metal complexes in aqueous milieu based on polymer chemistry
toward biomaterial applications”

Metal complexes installed on polymer chains would be under a locally concentrated state because the
diffusion of the metal complexes is limited on inside of polymer conformation even though the metal
complexes total concentration is quite low. During chemical reaction, the locally concentrated state would
promote formation of the reaction intermediates composed of the multiple metal complexes, eventually
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changing catalytic activity of the metal complexes. We develop the polymers having metal complexes toward
biomaterial applications through investigations and evaluations on the catalytic activity and molecular
recognition properties of the locally concentrated state of metal complexes under physiological circumstances.

Hidenori Otsuka
“Structural design of novel self-healing interpenetrating polymer network (IPN) gels with hydrazone
bond-derived cross-links”

An IPN gel consisting of three components, hyaluronic acid-polyethylene glycol-peptide, was designed.
Structurally, it employs chemical cross-linking formed by hydrazone-dynamic bonds and physical cross-
linking formed by peptides, and it is characterized by its self-healing properties. At the moment of strong
strain, it showed a sol state with a storage modulus G’ < loss modulus G’ ’  and recovered a gel state at
weak strain. Repeated measurements confirmed that the mesh density in the gel state does not change, i.e.
that it has self-healing properties.

Ken-ichi Katsumata
“Development of photocatalytic materials for decomposition of nitrate ion in water”

Photocatalysts with Pd and Cu loaded on the surface of titanium dioxide (TiO,) and graphene (GnP)
composite were prepared, and changes in the concentration of nitrate ion in water were measured. Therefore,
it was considered that the loading of Cu, Pd, and GnP on TiO; contributed to the decomposition of NOs™. The
concentrations of NO,, NH3, and NHs" that may have been formed in the aqueous solution after
decomposition were measured, and only a slight increase in NH4" concentration was observed, suggesting
that 90% of the NO3;~ decomposition destination were gas products.

Kizuku Kurose
“Heat transport characteristics of pulsating heat pipe”

We conduct heat transfer experiments and develop a simulation model to improve the heat transport
performance and clarify the complex gas-liquid two-phase flow with boiling and condensation in Pulsating
Heat Pipes (PHPs). In the experiments, we confirmed that the heat transfer was enhanced by sintered metal
porous structure. In the simulation, the predicted transition boundary condition between oscillating and
pulsating-circulating flows well reproduced the experiments, and the transition mechanism was proposed
based on the simulation results.

Hideki Sakai
“Effect of phytosterol derivatives on membrane properties and hydration state of phospholipid
bilayers”

In the previous year, we reported that the addition of phytosterol sulfate (PSOs4) to liposomes formed
from saturated phospholipids (DPPC) enhanced hydration of hydrophilic groups and improved dispersion
stability in aqueous solutions. In this year, we investigated the effect of PSO4 on the membrane properties of
DPPC/unsaturated phospholipid (DOPC)-mixed liposomes mimicking cell membranes, and found that the
addition of a small amount of DOPC to DPPC resulted in formation of flexible bilayers and improved
dispersion stability of the liposomes.

Kenji Sasaoka

“Study on phase state of water encapsulated in carbon nanotube by molecular dynamics simulation”
The phase state of water encapsulated in a carbon nanotube (CNT) using the molecular dynamics (MD)

method is studied. By analyzing the time-series data obtained by the MD method from the viewpoint of the

rotational motion of water molecules and the hydrogen bond network, it is clarified that randomly rotating

water molecules and frozen water molecules coexisted in the water included in CNT. It is also found that

water molecules whose rotational motion is frozen form a domain structure of about 1 nm.
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Shinya Sasaki
“Study on friction mechanism by interface nanostructure control”

We are conducting research to control the macro-friction characteristics by adding nanostructures to the
friction surface. Water molecules in the atmosphere and lubricating oil form an adsorption layer on the
friction surface, but in the case of polymer materials, in addition to the water molecule adsorption structure,
the layer in which the surface polymer captures water molecules is a constant layer. It is believed that having
the above-mentioned load bearing capacity will produce an excellent friction reduction effect. In this study,
in order to elucidate the mechanism of low friction of contact lenses, we measured the interface nanostructure
before and after friction using FM-AFM, and confirmed the friction reduction effect of the hydration layer.

Isao Shitanda
“Study on the behavior of water/enzyme/carbon interfaces in local space to improve the performance
of biofuel cells”

The activity and stability of enzymes in biofuel cells depend on the design of the water/enzyme/porous
carbon interface, which requires a detailed evaluation of the interface behavior. We are studying the dynamics
of enzymes at the water/enzyme/porous carbon interface by using small-angle X-ray and electrochemical
measurements. In this year, we established a method to evaluate the kinetic changes of enzymes in electrolyte
solutions during redox in electrochemical measurements.

Yutaka Sumino
“Self-organization of hierarchical structure with biological molecular motors under water/water phase
separation”

A water/water phase separation is a type of phase separation between two aqueous phases composed of
polymer and salt solution. In this research, we created a droplet system with biological molecular motors
under water/water phase separation. Here, we found spontaneous formation of organized hierarchical
structure which leads to the formation of continuous vortical flows. A mathematical model revealed that the
vortex flow is realized via super critical pitch fork bifurcation.

Makoto Tadokoro
“Jon-conducting behavior of water molecular cluster confined to hydrophilic molecular nano-porous
crystals”

Our research has revealed that water molecular cluster (WMCs) confined to nano-porous crystals with
quasi-one-dimensional pores adopt a hierarchical cluster structure. When electrolyte ions such as NMe4Cl
were disolved into the WMC, the ionic conduction of the electrolyte ions and the proton conduction drived
from H>O were competed. In this research, we would like to construct an equipment for a measuement of
DC ionic conductivity, and clarify ionic conductivity through WMCs with a nano-meter scale.

Takahiro Tsukahara
“Diffusion source estimation and viscoelastic fluid surrogate-model building using machine learning”
Using convolutional neural networks (CNN), a kind of machine learning, we have extracted information
on instantaneous local concentration or stress fields, and estimated the distance from the observed field to
the scalar concentration diffusion source, or from the velocity field to the constitutive stress field. The former
is a necessary technique for gas leakage prevention in various plants. The latter is developed to construct a
data-driven simulator instead of solving numerically the constitutive equations of viscoelastic fluids, which
are numerically unstable in nature. The feasibility of both have been demonstrated successfully.
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Eiji Tokunaga
“Study of mechanism and application of the interfacial water Pockels effect”

We are conducting research to elucidate the physical mechanism that can predict the giant Pockels
coefficient of water in the electric double layer at the electrode interface and to apply the interfacial water
Pockels effect. This year, we found that the Pockels coefficient of water at the interface of titanium electrodes
is comparable to that of water at the interface of transparent oxide electrodes due to the effect of the surface
oxide film, and that the effects of the application of a steady magnetic field and pressure on the Pockels effect
of water at the electrode interface are characteristic dependences, although their mechanisms are unknown.

Izumi Nakai
“XREF analysis of light elements in asteroid”

The chemical composition of Ryugu is similar to that of Ivuna-type carbonaceous meteorites (CI
chondrite). The sample is characterized with a high water content, which could be directly quantified by
determining its total O content. Energy dispersive XRF enabled the analysis of C by introducing a new silicon
drift detector (SDD) that uses graphene as a detector window material. The proposed method allows
nondestructive analysis of light elements and expands the applications of XRF analysis to a wide range of
geological samples.

Shingo Machida
“Improvement of anion adsorption capability of layered double hyddroxide-supported glass-beads
filter”

Layered double hydroxide (LDH) features anion exchange capability and can be supported on glass-
beads fileter, a sintered body of spherical glass beads. This fileter adsorbs anions under running water,
although the adsorption capability is not relatively high. This study thus improves such the low anion
capablity by changing the sizes of both LDH particles and GBF pore.

Kazuhiko Miura
“Study on climate effects of atmospheric aerosols”

In order to investigate the effects of anthropogenic and background aerosols, we are conducting
observations on the roof of TUS Building No. 1, and on Mt. Fuji, respectively. The particle concentration
measured at the summit of Mt. Fuji in summer decreased to about one-third from 2006 to 2019. We have
continued year-round observations at Tarobo (1290m) at the foot of Mt. Fuji in order to see post-coronavirus
changes, but there was no tendency for a decrease in the total particle concentration in the summer from 2017
to 2022 at Tarobo. we would like to analyze it in detail in future.

Makoto Yamamoto
“Study on numerical simulation of icing phenomenon”

Icing is a phenomenon in which supercooled droplets or ice particles in the atmosphere collide with a
wall surface to form an ice layer on the wall surface. When icing occurs on an aircraft, it causes deterioration
of aerodynamic performance and mechanical damages due to the collision of shed ice pieces, which causes
a serious threat to flight safety. In our laboratory, we are conducting numerical simulation research on the
development of simulation methods for accurately predicting icing phenomenon, the evaluation of anti-icing
and de-icing technologies, and the clarification of the impact behavior of droplets on walls and the
solidification process.
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Yuki Araki
“Research on microscopic wetting of glass surfaces”

We investigated the physical property of nano water droplets formed on glass by measuring the adhesion
force on the glass by peak force tapping atomic force microscopy. Existence of thin water film under the
condition which nano droplets form was confirmed as well as by previous frequency atomic force microscopy
(FM-AFM) measurement. We will clarify the microscopic structure of the interface of nano droplet and thin
film by observation of liquid structure by FM-AFM.

Koichiro Kato
“Integration of data science and molecular simulation to study water on material surfaces and in
polymer membranes”

Molecular simulation and data science will be used to study the structure of water at the micro- and meso-
scale. Microstructural analysis of water on graphene surfaces using persistent homology has successfully
revealed the transition from surface water to free water, and these methods will be extended to other material
surfaces. In addition, mesoscale phase-separated structural analysis of polymeric materials and water by
coarse-grained simulation and persistent homology will be initiated.

Shouhei Kawada
“Relationship between of lubricationg properties of ionic liquids and relative humidity”

Ionic liquids form stable electric double layer and exhibit low friction. From this property, it is considered
that more stable layer can be formed by using surface potential and lead ultra-low friction. On the other hand,
water molecules also move on surface and show disadvantage about lubricating properties and corrosion
properties. In particular , as the relative humidity became high, the tribological properties of ionic liquids
became poor trend.

Tatsuhiro Mori
“Development of the technique for measuring a charge distribution of black carbon particles”

The purpose of my study is to develop the technique for measuring the size-resolved number
concentration of charged black carbon (BC) particles to estimate the charge distribution of BC, which is a
system consisting of a parallel electrode plate device and a single-particle soot photometer (SP2). In this year,
I developed a flow system that automatically switches the flow paths using four electric ball valves and a
relay. In addition, the optical axis was adjusted by aligning the laser of SP2 so that BC particles could be
detected correctly.

Yasutaka Yamaguchi
“Microscopic and Macroscopic physics of liquid-solid interface regarding wetting and friction”

We examine the physics of liquid-solid interface regarding wetting and friction using molecular dynamics
analysis. Specifically, we focus on the water wetting on silica and graphene surface and on the method to
extract liquid-solid friction from the equilibrium fluctuation of the shear force between liquid and solid.

Ken Yamamoto
“Investigation on the efficient droplet manipulation”

We achieved efficient manipulation of droplets using the Leidenfrost effect and electrowetting effect. In
droplet manipulation using the Leidenfrost effect, we hydrophobically processed the ratchet substrate and
controlled the substrate temperature relatively low. This increased the driving force of the droplets by an
order of magnitude by causing solid-liquid contact at the microscale. In droplet manipulation using the
electrowetting effect, we realized low-voltage and high-speed droplet manipulation using microstructured
surfaces and a lubricating liquid.
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Naoki Watanabe
“Improvement of unified water simulator”

We have improved unified water simulator which was developed to carry numerical simulations of atomic
structure, dynamics, and calculations of physical properties of water molecules on material surface. By these
improvements, it has become possible to simulate dynamics of water molecules at given temperature,
pressure and volume by statistical ensembles. Also, it has become possible to calculate viscosity and surface
tension of water from the dynamics of water molecules. In addition, at the WaTUS seminar held on Dec 2022,
we have demonstrated those simulations and calculations by using the unified water simulator.
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Research Center for Space System Innovation

1. Overview

By bringing together our research and education activities related to space development and space
environment utilization at Tokyo University of Science, we have established a research center for
comprehensively studying various technological issues, ranging from basic research to ways of traveling into
space.

Specifically, with the following goals in mind, we aim to build a place for co-creation where cross-
disciplinary technologies and human resources can be brought together to form a virtuous cycle between the
earth and space, in order to solve various issues common to both space and earth (Fig. 1).

* By utilizing photocatalytic technology, which is one of the specialties of our university, we aim to develop
life-support technologies in space and to realize a safe and comfortable living environment on earth.

» We will work on demonstrating technologies in space using suborbital spaceplanes under development and
the International Space Station, and develop a new “space” market in partnership with industry.

* The Research Center for Space Colony, which has been researching and developing space-stay technologies,
will shift its focus to “dual development on earth and in space and the development of space vehicles to
bridge the two,” to achieve further strategic development.

* We will provide a place for education based on these research opportunities connected to space, secure and
foster Ph.D students and young researchers, and build an environment where they can experience “real”
research.

Aiming at Long Term Sustainability. %
Space for the VI TR
Benefit of Earth

g

Formation of Global Platform

Fig. 1. Dual development on earth and in space.
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2. Organization and Facilities

The Research Center is engaged in collaborative research between its four units and coordinates the
technologies produced by its research and development processes (Fig. 2). The technologies are rapidly
transferred to applications which can effectively utilize them and realize technological advancement that can
be used on Earth as well as in the future for usage in space.

Education Unit
“Education utilizing “real” technology and experience that leads to actual use in space”

Utilizing the technologies and research of Tokyo University of Science, such as flight missions, rocket
launches, theoretical research in astrophysics, and astronomical observations, for the purpose of education is
a great incentive for both researchers and students. In addition to participating in a number of missions, we
will work in close cooperation with domestic and international space development organizations, space
venture companies, and space development companies, and will actively utilize the results obtained for
education.

Photocatalysis International Unit
“Solving resource and environmental problems based on photocatalysis”

Photocatalysts, such as titanium dioxide, are effective for decomposing organic pollutants and have
antibacterial and disinfecting properties, due to their strong oxidative decomposition power. In addition,
research on artificial photosynthesis using photocatalysts (hydrogen production by water decomposition and
generation of valuable substances by carbon dioxide reduction) is being actively conducted. By advancing
these studies, we will tackle existing issues on earth that must also be overcome when entering space, such
as environmental purification and energy production.

Space Colony Unit
“Advancement of space-stay technologies and promotion of social use, with a focus on space habitation”
We will conduct cross-disciplinary research and development of various technologies related to clothing,
food, and housing that have not been directly related to space so far, as well as infrastructure construction
technologies in closed environments, such as electric power and telecommunications. In addition, we will
collaborate with companies and research institutes on the applied development of space-stay technology
designed to allow humans to stay in an extreme closed environment for a long time, aiming to solve social
issues such as disasters and food problems on earth, which are common issues for humanity.

Spaceplane Unit
“Development of spaceplanes that allow anyone to travel to and from space”

The Spaceplane Unit conducts research and development on system integration, including system
optimization technology, fault-tolerant systems, LOX/LNG engine operation, autonomous navigation
technology, composite airframes and propellant tanks, and the legalization of commercial space
transportation, all of which are necessary to allow anyone to travel freely to and from space using spaceplanes
just like using an airplane, under the slogan “Space is for everyone.”
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Fig. 2. Research Center for Space System Innovation’s structure.

The facilities of the Research Center for Space System Innovation include Building 22 of the Research
Center for Space System Innovation, which is comprehensively engaged in research on resource circulation
and environmental cleanup.

3. Activity Reports

3. 1. Education Unit

The Education Unit participates in propagating active-learning educational programs in cooperation with
the Space Education Program. The program was started as the Interdisciplinary Study of Space Humanities
program (a Commissioned Expense for Promoting Space Aeronautics and Technology by the Ministry of
Education, Culture, Sports, Science and Technology (MEXT)) as educational material. As a result, multiple
educational events have been implemented such as STEM education events at the Science Museum, Tokyo,
and space events performed by the Adachi City—spun off from the “Space Education Program” and rolled
out by the Academic Venture Business called “Ucyunomanabiya Seed.” It has also implemented “Space
Education Program Lectures” and “Space Education Program Presentations” that have been newly
constructed as courses of the Graduate School of Science and Engineering.

3. 2. Photocatalysis International Unit

The symposium on photocatalysis was held on 16™ December 2022, with the concerted efforts of this unit.
Total number of participants was 174. Based on a rigorous review process, ten student poster awards (Photo 1)
were selected, in order to encourage the young researchers.
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Photo 1. Student poster awards.

3. 3. Space Colony Unit

The Space Colony Unit is engaged in technological development for future long-term space habitation
and is built on five pillars: (1) Health maintenance, (2) Radiation measurement and protection, (3)
Environmental Control and Life Support Systems (ECLSS), (4) Food production, and (5) Communication
and energy infrastructure.

In research results from 2022, a flight model for an experimental odor-elimination device using
photocatalyst technology was developed by the Japan Manned Space System Corporation and the Tokyo
University of Agriculture and Technology, jointly. In the study an experiment was performed on the
International Space Station in cooperation with AXIOM SPACE, a private space travel company, that
warrants special mention.

In addition, during space habitation R&D in the development of inflatable habitation modules—which
was performed jointly between Shimizu and Taiyo Kogyo and intended for the construction of space
colonies—has been phased up from a Feasibility Study (FS) to a Research Study (RS) of the StarDust
Program of the Japan Cabinet Office. It has shifted to full-on research and development.

The associated study “Realization of Advanced Homeostatic Inflatable Autonomous Structure (HIDAS)”
has been selected as a moon-shot program and the study “Earth-Space Dual Development Research Base for
Near-future Urban Function” has been selected as a COI-Next program, and their activities have begun.

In the Building 7 “Space Colony Demo Module” room is prepared for outreach of its unit’s research
activities. The unit has accepted many visitors, such as the Mutual-understanding, Intellectual Relations and
Academic Exchange Initiative (MIRAI) organized by the Ministry of Foreign Affairs, together with several
introductions in the media, including “Saturday Watch 9”” on NHK, “Let’s Talk About Space” on BS11, and
in “Science Focus: Living on the Moon” in the Yomiuri Shimbun.

41



In addition, the unit has been recognized as an official partner of GUNDAM Open Innovation and is
performing research and development on future space habitation in an officially recognized project called
“Team Space Life” with companies such as Takasago Thermal Engineering, NTT DATA SBC, and the
International University of Health and Welfare.

3. 4. Spaceplane Unit

The basic design phase (part 3) started in October 2021 with partner companies Kawasaki Heavy Industries, THI,
I-NET, Toray Carbon Magic, and with the Japan Aerospace Exploration Agency (JAXA), strategically working
together on the development of suborbital spaceplanes for science missions and small satellite launch missions.

As a joint research project between the Tokyo University of Science and JAXA, we have started
manufacturing the experimental winged rocket, WIRES #015, which is a technology demonstrator under a
partnership agreement with the German Aerospace Center (DLR). Flight safety reviews have been
conducted by the Swedish Space Corporation (SSC), which is a candidate site for the flight experiment.

Furthermore, with DLR Augsburg, in January 2022, we started joint research and prototyping of the
world’s first composite tank compatible with liquid oxygen, using a liquid-oxygen-compatible material for
which the Tokyo University of Science has applied for domestic and international patents. ArianeGroup
Germany, which manufactures Europe’s flagship Ariane rocket, has decided to provide support to promote
this joint research. Airbus, which is a commercial airliner manufacturer, has also expressed its anticipation
of the outcome of the above research and prototyping.

4. Challenges and Prospects

The Research Center for Space System Innovation is a large-scale research center with over sixty
associated researchers. These researchers have been active in the Educational, Photocatalytic, Space Colony,
and Spaceplane Units. These people have produced significant science and technology and achieved
remarkable results (See the Important Research Results page). For this term, we have selected several large-
scale projects in the space field: the “JST COI-NEXT Program for Creating Innovation through Interaction
among Core Technologies” and the “JST Moonshot Research and Development Program,” are promoting
research and development on space habitation. The success of these projects is recognized as a vital task in
realizing the vision of the directors of the Research Center for Space System Innovation.

Next year, the organization’s goal is to construct systems conducive to cooperation both inside and outside
the school by implementing the same research activities as this year and by presenting the technological
capabilities of the Research Center to the outside world by enhancing its activities on a global platform.

5. Conclusion

The Research Center for Space System Innovation is aiming to construct a global platform capable of aggregating
cross-disciplinary technologies and people of talent by forming “A virtuous cycle between earth and space.”

We are accelerating our initiatives for the realization of future space habitation. In addition to the “Space
Innovation through Partnership and Acceleration of Collaboration and Technology Program (StarDust
Program)”; the “Advanced Technology for Space Development through Utilization of Unmanned Construction”
of the Ministry of Land, Infrastructure, Transport, and Tourism; and the GUNDAM Open Innovation “SPACE
UTILITY PROJECT” for realizing the “Space Century’” (directed by Bandai Namco,) we have accelerated our
future space habitation programs, starting with the “JST COI-NEXT Program for Creating Innovation through
Interaction among Core Technologies” and the “JST Moonshot Research and Development Program.”

The key to human space venture is proactive cooperation with universities, research institutes, and private
enterprises, both in Japan and overseas. Innovation is fostered by bringing experts together. We will
continue to become a new platform for collaboration and a global platform for the aggregation of various
technologies and talents, centered around the Research Center for Space System Innovation.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

Boron-doped diamond powder-packed electrolysis flow cell, T. Kondo, S. Nakamura, T. Tojo, M. Yuasa,
Chemistry Letters, 51, 873-876, 2022 (peer reviewed)

Numerical Simulation of the Solidification of a Single Molten Droplet Impinging on Flat Plate Using
Multi-Resolution MPS Method, S. Kato, K. Fukudome and M. Yamamoto, Proceedings of Global
Power and Propulsion Society (GPPS Chania22) , GPPS-TC-2022-0140, pp.1-6, Nov. 13th 2022
Effects of music exposure during pregnancy on maternal behavior in mother rats, Yurika Takano,
Masakazu Umezawa, Natsuko Kubota, Ken Takeda, Shinya Yanagita, Heliyon, Vol.5, €10029, 2022

(peer reviewed)

Preparation and characterization of titania supported on layered double hydroxide precipitated on glass
fiber cloth S. Machida*, K. Hasegawa, K. Katsumata, and A. Yasumori, Appl. Clay Sci., 238, 106935,
2023 (peer reviewed)

Multispectral Near-Infrared Imaging for Wetness Estimation, Yoshihiro Maeda, Goki Tsukimura,
Daisuke Sugimura, Takayuki Hamamoto, Journal of the Optical Society of America A, 39, 1958-1970,
2022 (peer reviewed)

Blood Volume Pulse Signal Extraction based on Spatio-Temporal Low-Rank Approximation for Heart
Rate Estimation, Kosuke Kurihara, Yoshihiro Maeda, Daisuke Sugimura, Takayuki Hamamoto, in Proc.

IEEE International Conference on Visual Communications and Image Processing (VCIP), 5 pages, Dec.
2022 (peer reviewed)

Metal-nanocluster Science and Technology: My Personal History and Outlook, Y. Negishi, Phys. Chem.
Chem. Phys, 24, 7569-7594, 2022 (peer reviewed)

Environmental Performance and Operational Analysis of a Sewage Sludge Fermentation Solid
Oxidation Fuel Cell System Using Fe>Os and Kanuma Clay, Kento Torii, Hiromu Sugihara, Kiyoshi Dowaki,
Journal of the Japan Institute of Energy, 101, 66-75, 2022 (peer reviewed)

A Floatable and Highly Water-Durable TiO;-Coated Net for Photocatalytic Antibacterial Water
Treatment in Developing Countries. Dylan Shun Izuma, Norihiro Suzuki*, Tomonori Suzuki,
Haruka Motomura, Shiro Ando, Akira Fujishima, Katsuya Teshima, and Chiaki Terashima*, Water, 15,
320/1-320/13, 2023

Enhanced degradation of ibuprofen using a combined treatment of plasma and Fenton reactions, Yuki Hirami,

Yuvaraj M. Hunge, Norihiro Suzuki, Vicente Rodriguez-Gonzalez, Takeshi Kondo, Makoto Yuasa,
Akira Fujishima, Katsuya Teshima, Chiaki Terashima, J. Colloid Interface Sci., 642, 829-836, 2023
Introduction of visible-light-transparent novel devices using widegap nickel oxide (NiO) thin film,
Mutsumi Sugiyama, JSAP Review, 230410, 2023 (peer reviewed)

Effect of Microbial Components on the Photocatalytic Bactericidal Effect, Haruka Motomura,

Shigehumi Ogura, Akane Saikachi, Kotone Sugasawara, Ayano Takao, Chiaki Terashima,
Akira Fujishima, Tomonori Suzuki, Seikei-Kakou, 35, 48-52, 2023 (non-peer-reviewed paper)
Heat-transfer-printed Glucose Biosensor for Use in Diapers, Isao Shitanda, Rina Nogami, Noya Loew,
Hikari Watanabe, Masayuki Itagaki, SENSORS AND MATERIALS, 34, 3185-3190, 2022 (peer
reviewed)

Jun Koyanagi, Asa Mochizuki, Ryo Higuchi, V.B.C. Tan, T.E. Tay, Finite element model for simulating
entropy-based strength-degradation of carbon-fiber-reinforced plastics subjected to cyclic loadings,
International Journal of Fatigue, 165, 107204, 2022 (peer reviewed)

Syntheses and properties of Cu(Il), Al(IIl), and Ti(IV) coordination polymers using an acetylacetonato-
terminated polyhedral oligomeric silsesquioxane, Yohei Sato, Ryohei Hayami, Kazuki Yamamoto,
Takahiro Gunji, Polymer Journal, 54, 985-993, 2022 (peer reviewed)
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16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Age of Air Measurement in Air-recirculating Systems Applying Dynamic Steady-state Concentration
Theory. Haruki Taguchi, Takashi Kurabuchi, Jinya Takeuchi, Hajime Yoshino, Yoshihiro Toriumi,
Masaki Shimizu ,Proceedings CLIMA 2022, The 14th REHVA HVAC World Congress, pp. 137 - 142,
Apl. 2022

Metal-nanocluster Science and Technology: My Personal History and Outlook, Y. Negishi, Phys. Chem.
Chem. Phys, 24, 7569-7594, 2022 (peer reviewed)

Promoting Photocatalytic Carbon-Dioxide Reduction by Tuning the Properties of Cocatalysts,
T. Kawawaki, Y. Akinaga, D. Yazaki, H. Kameko, D. Hirayama, Y. Negishi, Chem. Eur. J., 29,
€202203387, 2023 (peer reviewed)

Effect of the settings of electrospray deposition method on the structure and performance of the fuel cell

catalyst layer, Hikaru Arai, Koki Asami, Hajime Ito, Noboru Katayama, Current Applied Physics, Vol.
39, July 2022, 296-303 (peer papar)

Positive-Electrode Properties and Crystal Structures of Mg-Rich Transition Metal Oxides for
Magnesium Rechargeable Batteries, Naoto Kitamura, Yoichiro Konishi, Wenli Ma, Naoya Ishida,
Toshihiko Mandai, Chiaki Ishibashi, Yasushi Idemoto, Scientific Reports, 12, 18097, 2022 (peer
reviewed)

Electrochemical properties and crystal and electronic structure changes during charge/discharge of

spinel type cathode-materials Mg; 33V 1.67.xMnxO4 for magnesium secondary batteries, Yasushi Idemoto,
Mina Takamatsu, Chiaki Ishibashi, Naoya Ishida, Toshihiko Mandai, Naoto Kitamura, Journal of
Electroanalytical Chemistry, 928, 117064, 2023 (peer reviewed)

First-principle calculations of stable configurations and electronic structures of pristine and discharged
spinel Mgi31V1.67-xNixO4 (x =0, 0.13) as cathode materials for magnesium secondary batteries,

Chiaki Ishibashi, Naoya Ishida, Naoto Kitamura, Yasushi Idemoto, Computational Materials Science,
221, 112087, 2023 (peer reviewed)

Writer Alternation Detection for Online Exam by Exponential Moving PCA, Taisuke Kawamata,
Takako Akakura, Proceedings of 2022 IEEE 11th Global Conference on Consumer Electronics, pp. 156-
157, 2022 (peer reviewed)

Active material and interphase structures governing performance in sodium and potassium ion batteries,

Eun Jeong Kim, P. Ramesh Kumar, Zachary Gossage, Kei Kubota, Tomooki Hosaka, Ryoichi Tatara,
Shinichi Komaba, Chemical Science, 13, 6121-6158. 2022 (peer reviewed)

Examination of photocatalytic Z-scheme system for overall water splitting with its electronic structure,
Tadaaki Tani, Yuichi Yamaguchi, Taisei Nishimi, Takayuki Uchida, Akihiko Kudo, Phys. Chem. Chem.
Phys., 25, 11418-11428, 2023 (peer reviewed)

Photoacoustic Spectroscopic Analysis of Electron-Trapping Sites in Titanium(IV) Oxide Photocatalyst
Powder Treated by Ball Milling, Tatsuki Shinoda, Yuichi Yamaguchi, Akihiko Kudo, Naoya Murakami,
J. Phys. Chem. C, 126, 20975, 2022 (peer reviewed)

Boron-Doped Diamond Powder-Packed Electrolysis Flow Cell, Takeshi Kondo, Shunsuke Nakamura,
Toshifumi Tojo, Makoto Yuasa, Chem. Lett., 51, 873-876, 2022 (peer reviewed)

Role of dipyridyl disulfide cross-linking moieties in an acrylate photo-adhesive material,

Masahiro Furutani, Kentaro Nakayama, Kazuki Okuma, Koji Arimitsu, Journal of Polymer
Research,,29, 245, 2022 (peer reviewed)

Low-temperature synthesis of AMoO4 (A = Ba, Ca, Co, Ni) by steam treatment of acetylacetonate and
ethyl acetoacetate complexes, Yoshito Iida, Yohei Sato, Ryohei Hayami, Akihisa Aimi,
Kazuki Yamamoto, Takahiro Gunji, Journal of Sol-Gel Science and Technology, 103, 576-583, 2022
(peer reviewed)

Abnormal grain growth of 68Cu-16Al-16Zn alloys for elastocaloric cooling via cyclical heat treatments,
Yuya Kawarada, Akihisa Aimi, Abimael Santos, Gentaro Nakata, Ichiro Takeuchi, Kenjiro Fujimoto,

Journal of Physics-Energy, 5, 024012, 2023 (peer reviewed)
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31.

32.

33.

34.

35.

36.

37.

38.

Controlled Recombination Rate of Lophyl Radicals in Cationic Surfactant Micelles, M. Akamatsu, T. Morita,
K. Kobayashi, H.Iwase, K. Sakai, H. Sakai, Colloids and Surface A - Physicochemical and Engineering
Aspects,638,128319, 2022 (peer reviewed)

Dual function of rhodium photodeposition on ZnO/ZnS: Enhanced H; production and photocorrosion
suppression in water, S. Khan, V. Poliukhova, N. Tamir, J. Park, N. Suzuki, C. Terashima, K. Katsumata,
S.-H. Cho, Int. J. Hydrogen Energy, 48, 9713, 2023 (peer reviewed)

Fluorosulfonamide-type Electrolyte Additives for Long-Life K-lon Batteries, Zachary T. Gossage,
Tomooki Hosaka, Tatsuo Matsuyama, Ryoichi Tatara, and Shinichi Komaba, J. Mater. Chem. A, 11,
914 - 925, 2023

XMM-Newton view of the shock heating in an early merging cluster, CIZA J1358.9-4750, Yuki Omiya, ,
Kazuhiro Nakazawa, , Kyoko Matsushita, Shogo B. Kobayashi, Nobuhiro Okabe, Kosuke Sato,
Takayuki Tamura, Yutaka Fujita, Liyi Gu, Tetsu Kitayama, Takuya Akahori, Kohei Kurahara,

Tomohiro Yamaguchi, Publications of the Astronomical Society of Japan, Publications of the
Astronomical Society of Japan, 75, 37-51, 2023

Surface atomic structures of nickel plating films reacted with methane at high temperature, K. Miyazawa,
M. Asahara, T. Miyasaka, T. Nagai, K. Kimoto, Y. Tanaka, Surface and Interface Analysis, 55, 321-
328, 2023 (peer reviewed)

Finding Multiple Local Solutions to Optimal Control Problems via Saddle Points and Its Application to
the Ascent Trajectory of a Winged Rocket, T. Fujikawa, K. Yonemoto, SICE (The Society of
Instrument and Control Engineers) Journal of Control, Measurement, and System Integration, 15, 126 -
140, 2022

Ascent Guidance Trajectory Optimization Using Evolutionary Algorithm Considering Engine Gimbal

and Aerodynamic Control, M. Murakami, ,K. Yonemoto, T. Fujikawa, International Journal of

Aeronautical and Space Sciences (Selected papers from the 12th Asia-Pacific International Symposium
on Aerospace Technology (APISAT2021) (Jeju, Korea, Nov. 15-17, 2021), 2022

BER Minimization by User Pairing in Downlink NOMA Using Laser Chaos Decision-Maker,
Masaki Sugiyama, Aohan Li, Zengchao Duan, Makoto Naruse, Mikio Hasegawa, Electronics, 2022,
1452, DOI: 10.3390/electronics11091452, 2022

Books

1.

Bio-inspired materials using metal porphyrin complexes, Makoto Yuasa, November 18, 2022, Corona
ISBN: 978-4-339-06663-0 C3043

New DDS technology and formulation for novel modality drugs Chapter 3 Design and modification of
lipid nanoparticles and liposome formulations Section 10 Design and preparation of liposome vesicles
for improvement of structural stability and retention, Makoto Yuasa, January 31, 2023, Japan Institute
of Technology Information, Inc., Number of applicable pages or total number of pages: 9 out of 500
pages (pp. 191-199) ISBN : 978-4-86104-936-1

Photocatalytic Water Pollutant Treatment: Fundamental, Analysis and Benchmarking, Katherine
Rebecca Davies, Ben Jones, Chiaki Terashima, Akira Fujishima and Sudhagar Pitchaimuthu,
Nanostructured Materials for Environmental Applications, Springer, August 2022, ISBN: 978-3-030-
72075-9

Numerical simulation for tensile failure of fiber-reinforced polymer composites based on viscoelastic-
entropy-damage criterion, Jun Koyanagi, Advances in Mechanics of Time-Dependent Materials, pp 65—
83,2023

Invited Lectures

1.

Research on antioxidant anticancer drugs using metal porphyrin complexes, Makoto Yuasa, The Color
Materials Association of Japan, 2023 Pigment Property Study Group, 1st Research Report Meeting and
General Meeting, Gakushi Kaikan (Kandanishikicho, Chiyoda-ku), March 7th 2023
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Numerical Simulation of Enjine Icing ~Current Status and Future Trends~"’, Makoto Yamamoto, 7th
WEATHER-Eye Open Forum, Dec. 6th 2022

3. Synthesis of mesoporous TiO»/BDD hybrid and its application toward an efficient water purification”
Norihiro Suzuki, One Day International Symposium on Advances in Photocatalysis, Online, April 13th
2022.

4. Development of a Self-Powered Diaper Glucose Sensor Combining a Low Power Wireless
Transmission Device and a Paper Substrate Biofuel Cell, Isao Shitanda, Diabetes Technology Meeting
2023,0n-line, 2022

5. Application of Controlled Metal Nanoclusters as Active Sites in Energy and Environmental Catalysts,
Yuichi Negishi, Nanoscience Days 2022, 2022

6. Total Scattering Studies of Lithium-Rich Transition-Metal Oxides for High-Energy Rechargeable
Batteries, Naoto Kitamura, AsCA2022, Jeju, Republic of Korea, 2022

7. Development Trends of Magnesium Secondary Batteries - Focusing on Cathode Materials,
Yasushi Idemoto, Seminar D (The Electrochemical Society of Japan), Chiba, 2023

8. Photocatalytic water splitting and CO; fixation as artificial photosynthesis, A. Kudo, The 9th Tokyo
Conference on Advanced Catalytic Science and Technology (TOCAT9) (Keynote), July 24-29, 2022.
(Fukuoka International Congress Center, Japan)

9. Boron-doped Diamond Powder for Electrolytic Electrode Material, Takeshi Kondo, International
Conference on Materials Science and Engineering 2022 (Materials Oceania 2022), Gold Coast,
Australia, 2022

10. The Challenge of Automated High-Throughput Experiments on a Variety of Powder Libraries,
Kenjiro Fujimoto, 241st ECS Meeting, Vancouver convention center, BC, Canada (Hybrid), 2022.6.1

11. Novel “Photoswitchable” Molecular Assemblies, H. Sakai, M. Akamatsu, K. Sakai, The 5th
International Conference on Nanospace Materials (ICNM2022), Pattaya, Thailand, Dec. 11th 2022

12. Air and Water Purification by Photocatalyst, Ken-ichi Katsumata, International Congress on Pure &
Applied Chemistry (ICPAC) Kota Kinabalu 2022, Kota Kinabalu, Sabah (On-line), 2022

13. HRTEM-EELS Analyses of Carbon Nanostructures for Catalytic Applications, K. Miyazawa and
Y. Tanaka, 6th Global Webinar on Materials Science & Engineering (GWMSE-2023), WEB, 2023

14. Bringing Space Technology Down to Earth — Next Generation Composite Vessels, A. Manabe and
K. Yonemoto, JEC World 2022, Paris in France, May 3-5, 2022

Patent

1. Takeshi Kondo, Tatsuo Aikawa, Makoto Yuasa, Kentake Miyashita, Masahiro Nishikawa,

Takahiro Takahiro, Electrode material for capacitors,Patent No. 7174956, Nov.10-2022

Public Relations

1. Y.Idemoto, N. Kitamura, Tokyo University of Science develops Mg secondary battery cathode material
with maxmum discharge capacity of 256 mAh/g, Nikkan Kogyo Shimbun, March 2023

2. Y. Idemoto, Mg secondary battery, Achieve high discharge capacity, Tokyo University of Science,
Development of cathode material, Kagaku Kougyou Nippou, 2023.3

3. Tanaka Laboratory, The future is created here! “New Energy” research at Tokyo University of Science
(Laboratory introduction), Kawaijuku “VOICE”, July 2022

4. Ferdinand Peper, Kenji Leibnitz, Tetsuya Shimokawa, Mikio Hasegawa, Kaori Kuroda,
“Communication method and network system,” US11405072B2, Aug. 2022

Awards

1. Shingo Machida, JAICI Award, Japan Association for international chemical information, 2023

2. Yuichi Negishi, [AAM Inovation Award, 2022
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Mayu Hamazaki, Kento Torii, Miao Shan, Mitsuo Kameyama, Jericho Victor L Mercado and
Kiyoshi Dowaki, Best Paper Award, International Conference of Biomass and Bioenergy 2022, 2022
A. Ikeda, N. Suzuki, A. Fujishima, C. Terashima, "CO, conversion by in—liquid microwave plasma
CVD with multiple parameters ", Organizing Commitee of the joint Symposium 12th International
Symposium on Non-Thermal Plasma & International Symposium on Electrohydro Dynamics 2022,
ISNTP-12 & ISEHD International conference Best Poster Presentation, Sep. 2nd 2022

Yohei Sato, Ryohei Hayami, Kazuki Yamamoto, Takahiro Gunji, Selected Polymer Journal’s Featured
Article, Syntheses and properties of Cu(Il), Al(III), and Ti(IV) coordination polymers using an
acetylacetonato-terminated polyhedral oligomeric silsesquioxane, Polymer Journal, 54, pp. 985-993,
Aug. 2022

Tokuhisa Kawawaki, 19th Honda-Fujishima Prize (The Electrochemical Society of Japan) , 2022
Naoto Kitamura, Tomoya Imura, Naoya Ishida, Chiaki Ishibashi, Yasushi Idemoto, Supplementary
Cover (ACS Omega), Facile Surface Modification of MgMn,O4 Positive-Electrode Material for
Improving Cycle Performance of Magnesium Rechargeable Batteries, 2022

Akihiko Kudo, Contribution to Promotion of Technology Award from Tokyo metropolitan, Oct. 3rd
2022
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Individual Research Topics

Sinich Kimura
“Space colony system design and the implementation of related technology in space”

Technology from a range of fields is necessary to maintain the space-colony closed environment that
turns the concept into reality. We have developed high-performing space equipment using commercial-off-
the-shelf technologies as it is inefficient to develop the underlying technology to be used only in space. We
aim to build space colonies using ground-based technology, turning it into technology that can also be used
in space.

Hideyuki Suzuki
“Supernova neutrinos and diffuse supernova neutrino background”

Large-scale multidimensional numerical simulations on supernova neutrinos are currently being
conducted. I am aiming towards a comprehensive understanding of diffuse supernova neutrino background
and cosmic chemical evolution by combining a simplified model that qualitatively reproduces the results of
the multidimensional simulations with population synthesis calculations.

Makoto Yamamoto
“Numerical simulation of multi-physical phenomena in propulsion system”

The intermixing of solid microparticles, fluid droplets, and chunks of ice into theflow within aerospace
propulsion systems results in multi-physical phenomena. The objective of my research is to develop methods
to numerically predict multi-physical flow phenomena in propulsion systems to enhance safety.

Koichi Yonemoto
“Winged reusable space transport system (spaceplane)”

We are researching a winged, reusable space transport system, commonly known as “spaceplane,” to
replace conventional expendable rockets. The ultimate goal is to create a future in which space travel is as
accessible and effortless as air travel for everyone. In cooperation with universities, research institutes, and
enterprises inside and outside Japan, we are engaged in basic research on system optimization technology,
advanced guidance and control technology, and cryogenic propellant tanks made of composite materials.
Additionally, we are developing small experimental aircraft and performing flight demonstrations and tests
on our emerging technologies.

Chiaki Mukai
“Lunar medicine and space QOL”

I am promoting research and development in Space Medicine for lunar exploration, based on the
knowledge of space medical research (physiological countermeasures, psychiatric and psychological support,
radiation exposure management and protection, spacecraft environment maintenance, on-orbit medical
system development) that has supported the health of astronauts on the Space Shuttle Program and the
International Space Station. In doing this, we are adding to the medical and life science fields considering
the Iunar environment (e.g. variable gravity physiology, effects of regolith on the human body, protection
from regolith, development of living space) to the existing space medicine performed in earth orbit.

Kozo Fujii
“Research on moving means in dilute gas”

I am engaged in research on propulsion means for outer space and flight technologies enabling transport
in thin atmospheres such as Mars, which is the next destination after the moon. This year, I have engaged in
foundational experiments and numerical simulations on wing-equipped missile shapes and similar features,
which may enhance lift.
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Kyoko Matsushita
“Research on experiential space education in collaboration with space education programs”

By capitalizing on the expertise in space education that we have accumulated, I have cooperated with
new programs to develop new materials, in tandem with promoting examinations for curriculum formation
in the graduate school, where I have held lectures since 2022.

Kazuo Watanabe
“Research on formation mechanisms for noble gas hydrides”

The presence of cations of various noble gas hydrides such as ArH" and HeH" in outer space has been
well known. In contrast, the presence of neutral gas hydrides that do not have an electric charge has been
almost unknown. However, by irradiating a noble gas ion beam onto a metal substrate surface and further
exposing it to hydrogen gas, we have detected neutral noble gas hydrides such as ArH and KrH. We are
currently studying their formation mechanisms by using thermal desorption spectroscopy.

Takashi Kurabuchi
“A Study on contaminant diffusion behavior under zero gravity conditions using numerical simulation
Technique”

In zero-gravity conditions, natural convection driven by buoyancy does not occur, so the diffusion of
contaminants is greatly restricted compared to the environment where gravity acts,

and the air environment inside the spacecraft may deteriorate due to localized stagnation. Fundamental
study is carried out with the aim of clarifying this problem by combining numerical simulation and ventilation
efficiency evaluation techniques.

Mikio Hasegawa
“6G interconnecting terrestrial and satellite networks”

We propose optimization algorithms for 6G networks that utilize space, air, and ground networks.
Communication capacity can be improved by interconnecting terrestrial and satellite networks and
optimizing network routing. We showed that the overall throughput can be improved by optimization using
machine learning.

Tomoaki Tatsukawa
“A study of multi-objective design optimization with severe constraints using evolutionary
computation”

Selection of colony construction sites and various space exploration missions have extremely harsh
constraints in addition to a multitude of parameters, and it is difficult to efficiently find feasible solutions that
simultaneously satisfy multiple performance indicators. I am engaged in research on advanced multi-
objective optimization techniques that can be applied to multi-objective problems. This year, I performed
basic verification of the efficacy of existing techniques using benchmark problems and actual problems.

Ichiro Ueno
“Interfacial thermo-hydrodynamics in the space environment”

We have performed research on thermal and material transport using space environments such as surface
tension-driven convection and phase change heat transfer. Since 1999, we have been joint researchers in
interfacial thermo-hydrodynamics experiments on the Japanese Experiment Module of the International
Space Station. We are currently preparing for the Japan-Europe Research Experiment on Marangoni
Instability (JEREMI) on the International Space Station.

49



Takayoshi Kohmura
“Development of sensor for space radiation monitoring and its evaluation of radiation durability”

On the airless lunar surface, electronic devices, such as sensors used in monitoring the ambient
environment of space colonies, e.g., the visualization sensors for CMOS, and radiation measurement sensors
for monitoring exposure are exposed to solar radiation degrading their performance. Therefore, in this
research, I am developing radiation measurement sensors that operate normally under high radiation and I
am evaluating their durability.

Hiroshi Gotoda
“Spatiotemporal dynamics and short-term prediction of a buoyancy-driven turbulent fire”

The interface between the high-temperature combustion products and the ambient atmosphere becomes
hydrodynamically unstable due to buoyancy, forming turbulent fire. A major topic in the field of fire is the
elucidation of the complex relationship of Kelvin-Helmholtz and Rayleigh-Taylor instabilities with
hydrodynamic structures. In this research, we have posited various space environments and elucidated the
behavior of turbulent fire from low-gravity to high-gravity fields.

Yuichi Takaku
“Space colony system design and the implementation of related technology in space”

Technology from a range of fields is necessary to maintain the space-colony closed environment that
turns the concept into reality. We have developed high-performing space equipment using commercial-off-
the-shelf technologies as it is inefficient to develop the underlying technology to be used only in space. We
aim to build space colonies using ground-based technology, turning it into technology that can also be used
in space.

Chiaki Terashima
“Development of liquid fertilizer with sterilizing effect for automated plant factories”

In the view of resource recycling, the reformulation of air and water was conducted into liquid fertilisers
with anti-algae effects by using of in-liquid technology. The aim is to elucidate the plasma reaction field and
make it practical for industrial applications through the present research work under the space system
inovation.

Norihiro Suzuki
“Enhancement of photocatalytic activity by utilizing mesopore-induced lattice distortion”

As an environmental purification technology, photocatalysts (such as TiO») have been attracted great
attention in various fields. Recently, several studies have reported that lattice distortion forms potential slopes
and/or a dipole moment and induced internal electric field promote photocarrier separation, resulting
improved photocatalytic activity. In this study, I aim at enhancing photocatalytic activity with mesopores,
which can induce lattice distortion facilely and inexpensively.

Idemoto Yasushi
“Development and structural analysis of next-generation secondary battery materials with high
capacity and high safety”

We focused on MgMn,04 as a cathode material for magnesium secondary batteries and succeeded in
improving cycle properties by surface modification. In addition, as for high-capacity cathode materials used
in lithium-ion batteries, structural analysis of the electrodes after charge/discharge was performed to clarify
the effect of current density on the crystal and electronic structures.
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Akihiko Kudo
“Water splitting and CQO; reduction over powder-based photocatalysts using water as an electron donor”
Development of a highly efficient photocatalyst as artificial photosynthesis is an important research topic
to realize carbon neutral society. We successfully developed a highly efficient BisTi3012 photocatalyst for
water splitting by the flux method using two kinds of flux reagents. In addition, highly efficient CO, reduction
over a metal oxide photocatalyst loaded with cocatalysts based on novel and transition metals was achieved.
We will keep on developing highly efficient photocatalysts by utilizing the strategies such as ‘elemental
strategy’, ‘band engineering’ and etc.

Shinichi Komaba
“Study on next generation Na-ion batteries with Earth-abundant elements”

We study on new materials for Na-ion batteries which are free from rare metals and toxic elements.
Commercialization plans of Na-ion battery have been released from industry and large-format Na-ion battery
is expected to be used for ESS application. In 2022, we studied the layered manganese-based oxide and hard-
carbon materials for positive and negative electrodes and their compatibility to all-solid-state NA-ion
batteries are demonstrated and K-ion batteries are successfully solidified with dry polymer electrolyte.

Yuichi Negishi
“Creation and evaluation of highly active water splitting photocatalysts with fine metal clusters”
Water splitting photocatalysts, which can produce hydrogen from water and sunlight, have attracted
attention as a truly clean hydrogen production method. In order to increase the activity of this photocatalyst,
it is effective to load fine metal particles, called cocatalysts. However, it is difficult to precisely control the
"size" and "electronic state" with conventional loading methods. In this study, we aim to further increase the
activity of water-splitting photocatalysts by establishing a novel method to load ultrafine metal clusters
synthesized in the liquid phase on the surface of photocatalysts.

Naoto Kitamura
“Development and structural analysis of next-generation secondary battery materials with high
capacity and high safety”

We focused on MgMn,04 as a cathode material for magnesium secondary batteries and succeeded in
improving cycle properties by surface modification. In addition, as for high-capacity cathode materials used
in lithium-ion batteries, structural analysis of the electrodes after charge/discharge was performed to clarify
the effect of current density on the crystal and electronic structures.

Yumi Tanaka
“Study on ceramic electret for electrostatic vibration generator”

With a motivation for developing high-performance electrets, which are the dielectric materials that holds
stable static electricity, for electrostatic vibration generators based on ceramics, the relationship between the
composition, dielectric/conduction properties, and electret performance of various ceramics is investigated.

Yuichi Yamaguchi
“Development of novel visible-light-driven metal oxide photocatalysts based on a Ag metal ion for
oxygen evolution”

Development of a novel visible-light-driven photocatalyst is of a great importance for realizing green
hydrogen production using a photocatalyst. We developed novel visible-light-driven photocatalysts by
focusing on an Ag ion. As a result, AgMVO4 (M = Zn, Ca, Mg) and Ag,Zn(VO3)s showing the activity for
sacrificial oxygen evolution under visible light irradiation were successfully developed. We will keep on
developing novel visible-light-driven photocatalysts by utilizing the strategies found by our lab.
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Tokuhisa Kawawaki
“Creation of fuel cell cathode electrodes using size-controlled platinum clusters”

Fuel cells, which are expected to be a clean power generation material, use a large amount of platinum
particulate catalysts because the oxygen reduction reaction at the cathode is the rate-limiting step. However,
platinum is an expensive precious metal, so it is important to reduce the use of platinum. In this study, we
worked to establish a simple and high-yield method for synthesizing platinum clusters smaller than
conventional platinum particles. Furthermore, we aim to create a practical platinum catalyst by applying it to
fuel cell cathode electrocatalysts.

Ryoichi Tatara
“Study on next generation Na-ion batteries with earth-abundant elements”

We study on new materials for Na-ion batteries which are free from rare metals and toxic elements.
Commercialization plans of Na-ion battery have been released from industry and large-format Na-ion battery
is expected to be used for ESS application. In 2022, we studied the layered manganese-based oxide and hard-
carbon materials for positive and negative electrodes and their compatibility to all-solid-state Na-ion batteries
are demonstrated and K-ion batteries are successfully solidified with dry polymer electrolyte.

Tomoki Hosaka
“Study on electrolytes and insertion materials for potassium-ion batteries”

Potassium-ion batteries can be constructed with abundant elements and are expected to achieve high-
voltage operation and fast charging. I have discovered electrolytes and positive electrode materials for
realizing the high-voltage operation of potassium-ion batteries and have achieved stable operation for five
hundred cycles and more.

Chiaki Ishibashi
“Development and structural analysis of next-generation secondary battery materials with high
capacity and high safety”

We focused on MgMn,04 as a cathode material for magnesium secondary batteries and succeeded in
improving cycle properties by surface modification. In addition, as for high-capacity cathode materials used
in lithium-ion batteries, structural analysis of the electrodes after charge/discharge was performed to clarify
the effect of current density on the crystal and electronic structures.

Makoto Yuasa
“Research on reactive oxygen sensors by biomimetic approach, as well as antioxidants and anticancer
drugs”

We examined a sensor of superoxide anion radicals (O27), that is, active oxygen species, which are highly
useful in space colonies in outer space or on the ground, and can confirm the physical condition of the pre-
disease state. In the future, we will consider the construction of O, sensors with higher functionality,
improved quantitation, and compatibility with living organisms.

Hideki Sakai
“Effect of hydrogen peroxide addition on the formation of rare sugars and formic acid using
photocatalytic reactions”

We have reported in the previous year that rare sugars such as arabinose and erythrose were efficiently
generated from biomass-derived starting materials (glucose and gluconic acid) by using rutile-type titanium
dioxide as a photocatalyst. This year, we found that the addition of a low concentration of hydrogen peroxide
to the system during the photocatalytic reaction increased the production efficiency of erythrose, and that
formic acid was also produced with high efficiency.
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Isao Shitanda

“Development of wearable biosensors for stress monitoring needed in outer space health management”
In this study, I will develop a wearable biosensing system capable of the noninvasive and real-time

monitoring of components in sweat when worn in outer space. This year, I performed implementation

evaluation tests, particularly of lactate sensors, sodium sensors, and chloride sensors worn on the skin.

Ken-Ichi Katsumata
“Development of photocatalytic materials for decomposition of nitrate ion in water”

Photocatalysts with Pd and Cu loaded on the surface of titanium dioxide (TiO,) and graphene (GnP)
composite were prepared, and changes in the concentration of nitrate ion in water were measured. Therefore,
it was considered that the loading of Cu, Pd, and GnP on TiO; contributed to the decomposition of NOs™. The
concentrations of NO,, NHs, and NHs" that may have been formed in the aqueous solution after
decomposition were measured, and only a slight increase in NH4" concentration was observed, suggesting
that 90% of the NO3~ decomposition destination was gas products.

Kiyoshi Dowaki
“A comprehensive study on the FC-bike with metal alloy cartridge fueled by bio-H, from sewage
sludge”

The comprehensive R&D of bio-H; synthesized through the indirect pyrolysis process using sewage
sludge has been conducted. In addition, this year, the basic tests of a fuel cell with a hydrogen metal alloy
cartridge for FC-assisted bikes were discussed regarding waste recovery heat use.

Takahiro Gunji
“Self-cleaning material using titanium dioxide nano particles supported on a flexible organic polymer
thin film.”

A suitable structure was investigated by clarifying the relationship between the molecular structure of
polysilsesquioxane to support titania nano particles and the physical and chemical properties of self-cleaning
film which was prepared by using the materials. In addition, another self-cleaning film was prepared by spin-
coating of titanium dioxide nano particles on an organic polymer film having adhesive layer and the durability
as photo-catalyst was evaluated. The photo-catalytic ability was increased by pre-treatment of the organic
polymer layer by ozone.

Koji Arimitsu
“Grafting of organic silicon polymers to titanium oxide surfaces and application in self-cleaning
materials”

I simultaneously prepared titanium oxide macroparticles in a solution containing tetra-isopropy! ortho-
titanate and polysilane by sol-gel processing while photochemically grafting the polysilane. I was thereby
able to obtain modified titanium oxide particles with smaller particle diameters compared to polysilane-
modified titanium oxide particles prepared by conventional solid-phase methods. Furthermore, when I
prepared a UV-cured film on which these polysilane-modified titanium oxide particles had been dispersed, |
succeeded in preparing a self-cleaning film with higher transparency than conventional films.

Tomonori Suzuki
“Study on analyses of sterilization mechanism of photocatalyst and its application”

Diaminopimelic acid-type peptidoglycan and its constituent amino sugar and diaminopimelic acid enhanced
the photocatalytic bactericidal effect. However, this effect was not confirmed for lysine-type peptidoglycan.
Bacterial flora and fungal flora were analyzed as a preliminary survey for using photocatalysts to preserve the
cultural properties of Nikko shrines and temples. The effectiveness of the wastewater treatment system with
photocatalyst diamond electrode was demonstrated, but the presence of resistant bacteria was confirmed.
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Kenjiro Fujimoto, Akihisa Aimi
“Photocatalysts are anticipated”

A quarter century has passed since we discovered that oxides with a Hollandite crystal structure—which
were researched as one-dimensional superionic conductors—function as nitric oxide selective reduction
catalysts and photocatalysts. We are attempting to improve the material synthesis process for a higher specific
surface area and we are pursuing the differences in catalytic activity performance according to differences in
particle morphology, and the novel possibility of carbon monoxide adsorption.

Takashi Kondo
“Research on the development of a conductive diamond powder-packed flow cell”

We have developed a conductive boron-doped diamond powder (BDDP)-packed electrolytic flow cell
toward application to efficient water treatment. The BDDP-packed layer was found to act as a porous
electrode, and it was able to efficiently decompose an organic substance in an electrolyte via electrolysis. In
addition, a repeated electrolysis test revealed excellent long-term durability of the BDDP-packed flow cell.

Shingo Machida
“Development of techniques for stabilizing powders with photocatalytic activity or adsorption
capability to bulk materials”

Although photocatalysts and adsorbents have high expectations from materials besides environmental
publication, such as water purification, because powder samples can hardly be handled, I develop techniques
for stabilizing powders to bulk materials without both detachments of them and decreasing their
photocatalytic activities and adsorption capabilities.

Toshifumi Tojo

“Research on active oxygen sensors and antioxidants/anticancer drugs through a biomimetic approach”
I have been studying the superoxide anion radical (O2"), the so-called “active oxygen,” which would be

incredibly useful in space colonies and on earth, and with which it is possible to confirm health conditions in

pre-illness states. Going forward, I will examine the construction of O,~ sensors with greater functionality,

superior quantitative performance, and biocompatibility.

Mutsumi Sugiyama
“Research on semiconductor IoT devices for space application”

We investigated the high efficiency and radiation resistance of SnO-based gas sensors that can be
manufactured at low cost and can be used in space where radiation is strong. The sensitivity of the gas sensor
can be significantly improved by optimizing the crystal growth conditions and controlling SnO and SnO. It
was also revealed that the sensor has very high resistance to electron and proton beams and will not
deteriorate for several hundred years in terms of radiation exposure on the ISS, showing promise for practical
use.

Takayuki Hamamoto
“A study on image sensing for health monitoring”

We study image sensing technology to understand the health status of space visitors. This study focuses
on visible and near-infrared light information. We tackle reconstructing images with low noise and high
spatial resolution, even in low-illumination environments, by using visible and near-infrared light images
acquired simultaneously. Using the reconstructed image information, we also investigate a non-contact heart
rate estimation method even when illumination environments fluctuate significantly.
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Yasuo Kogo, Tsutomu Tida
“Construction of power generation systems with the indoor/outdoor power differential”

Utilizing temperature differential power generation via the Seebeck effect, we are developing a thermoelectric
temperature differential power generation system supplying electric power from the indoor/outdoor temperature
differential between day and night that occurs in space colonies. Temperature differential power supply by thermal
power generation can realize auxiliary power supply at night and in the shade, when solar cells are unable to
generate electricity, as well as during the construction of underground space for a colony. We will therefore
develop power supply systems in which solar cell power generation and flywheel power storage are interlinked.

Noboru Katayama
“Fuel cell, energy devices diagnosis, energy management”

We propose using deep reinforcement learning to manage energy systems as the diversification of
decentralized energy sources, such as solar power, wind power, and fuel cells, has made energy management
more complex. We have conducted experimental verification using actual equipment, introduced a 6kW solar
power generation system and a 5.4kWh storage battery, and completed the system construction. Using the
model learned in simulations, we confirmed that it is possible to control the storage battery of the actual
system and that the entire system behaves according to the simulation.

Mitsutoshi Tsukimoto
“Development of chemicals for protection from cosmic radiation”

To protect the body from cosmic radiation, I have performed research on chemicals that protect from and attenuate
radiation injury and have discovered a substance that protects bone marrow cells, which are prone to radiation injury.
In addition, I am also researching the cellular response to radiation under variations in the gravitational direction.

Shinya Yanagita
“Development of TUS original space fitness”

The decline in physical activity is an issue that needs to be resolved in a super-aged society. On the other
hand, there is a large overlap between staying and living in space. We aim to solve this problem by developing
an online fitness program that can be used anytime and anywhere.

Takahiro Mukaimoto

“Effects of exercise conditions on resistance exercise on excess post-exercise oxygen consumption”
This study aims to examine examine the effects of resistance exercise on exercise types, intensity, order,

and rest time between sets, on oxygen intake and energy expenditure during exercise, and on excess post-

exercise oxygen consumption (EPOC). It aims to build useful knowledge for planning efficient resistance

exercise training programs.

Takako Akakura
“Development of a distance CSCW system using VR”

We are developing an environment for computer supported cooperative work (CSCW) in distant areas and
an environment that gives the feeling of working with someone else even if a man is working alone, using VR.
The system that realizes interaction between a real person and a person in VR space (avatar) has been shown
to be effective in maintaining motivation and reducing the sense of loneliness.

“A study on measurement of user's fatigue using face, utterance and gaze information”

Mental fatigue is a serious problem during long stays in space under lonely state. Therefore, we are
constructing a methodology to estimate the state of fatigue based on the biometric information of fatigue. In
addition to 51 facial feature points, such as the eyes and the bridge of the nose, the fatigue state is estimated using
the Mel-frequency Cepstrum coefficient, which is a kind of vocal cord feature, and eye gaze information.
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Momoyo Gota
“Evaluation of Habitability of Small Enclosed Spaces and Development on Planning of Interior Spaces
for Space Habitation”

The objective of my research is to develop planning technologies for indoor spaces suitable for human
psychology and behavior in space habitation. I am therefore focusing, as basic research, on human
psychology and behavior in narrow, enclosed spaces intended for multiple inhabitants, not limited to zero-G,
and I have evaluated their performance as a habitation space, and I am investigating/analyzing shapes and
arrangements of indoor spaces, as well as human behavior, in actual space habitation.

Masayuki Mizuno
“Study on evacuation behavior under microgravity in space facilities”

Movement of people in microgravity condition inside space facilities requires grasping onto handrails
attached to walls to move around. In case of hazards such as debris collision or fire, individuals need to
evacuate to adjacent modules via a hatch between the modules. This study proposes an effective handrail
arrangement for movement during emergency evacuation of individuals or groups.

“Walking experiments using a walking characteristics simulator simulating low gravity conditions on
the moon”

The gravity environment is different on the Moon than on Earth, and it is expected that walking on the
Moon will be different from walking on Earth. Therefore, the low-gravity walking simulator that NASA used
in the Apollo program was recreated on a smaller scale, to analyze the starting and stopping behavior of
forward movement with restricted lateral movement. Qualitative effects on movement, stopping, and posture
control resulting from differences in walking methods are expected to be considered.

Yoshihiro Kanai
“Development of mushroom production technology and technology to recycle medium from
mushroom production in closed space environments”

I aim to develop technology to recycle medium from mushroom production. Waste medium from
mushroom production may be reused as medium or used as fuel energy. This will be useful for food
production and the effective use of resources in the closed space environments.

Yoshihiro Maeda
“A study on real-time vital sensing by using image infomation”

We study non-contact sensing technology utilizing image information to acquire the vitals of space visitors. In
order to acquire vitals in real-time, we also investigate acceleration methods for the image filtering process, which
is a fundamental process in image sensing. We tackle constructing a vital sensing system that operates in real time.

Kazuki Kitabatake
“Development of chemicals for protection from cosmic radiation”

To protect the body from cosmic radiation, I have performed research on chemicals that protect from and
attenuate radiation injury and have discovered a substance that protects bone marrow cells, which are prone
to radiation injury. In addition, I am also researching the cellular response to radiation under variations in the
gravitational direction.
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Osamu Sakata
“Research on stress accumulation monitoring technology of long-term residents in closed environments”
When human beings stay for a long period of time in a closed environment such as a space colony, lunar
base, or Mars base, which is strongly isolated from the general society on Earth, negative mental stress may
accumulate and lead to mental and physical disorders. Since many cases of mental and physical disorders
resulting from stress accumulation can become serious symptoms, early detection and early response in daily
life and work are effective means of preventing the seriousness of such disorders. In this project, we will
conduct research on technology to automatically detect the accumulation of negative mental stress of
residents in a natural way in their daily lives, based on causality analysis between various physical quantities
such as multiple biometric and environmental information.

Shinji Ogiwara
“Research on Microscopic Damage Behavior of Fiber-reinforced Composite Materials”

I have empirically studied the process of microscopic damage occurrence and progression inside
materials through various loading forms, focusing on laminated fiber-reinforced composite materials.
Furthermore, I have evaluated the effect on the mechanical characteristics of materials accompanying damage
occurrence by experiment. [ have predicted and compared, by the finite element method and with a damage
mechanics model, and studied the validity of the results. I have constructed a foundation for the application
of this to material systems with more complex internal structures. I expect my work to contribute to the
evaluation of the structural integrity of materials during space operations.

Takahiro Fujikawa
“Research on spaceplane system design and guidance trajectory optimization”

The establishment of system design technologies and autonomous flight guidance technologies are
necessary for the development of a spaceplane that can operate like an airplane instead of a disposable rocket.
In this study, we have engaged in the development of a multipurpose system optimization technique. We
focused on the combination and application of two types of numerical optimization techniques: the gradient
method and the evolutionary computation method, as well as a high-speed generation technique for various
orbital groups satisfying the terminal constraints.

Jun Koyanagi
“Numerical simulation for the deployment of inflatable structures in space applications”

A numerical simulation of the deployment of an inflatable structure for securing living space on the moon
was performed using finite element analysis. In the past, we did not carry out numerical analysis and
proceeded with development that relied on experiments. For this reason, the deployment process in outer
space could not be tested, and the feasibility was questioned. However, by constructing numerical analysis
technology, it became possible to predict the behavior in outer space, and we took a big step towards the
realization of development.
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Carbon Value Research Center

1. Overview

Due to the concern about climate change and global warming, the movement toward decarbonized society
is being accelerated globally. In October, 2020, Japanese government announced that Japan would achieve
“Carbon neutral” (i.e., net emission of greenhouse effect gas is zero in total) by 2050. The Green Growth
Strategy, which connects challenges for carbon neutral with an economical and industrial growth, was
formulated. In 2021, the summit among university’s presidents on the contributions toward carbon neutral
was held and, based on the discussions there, “University Coalition for Carbon Neutrality” was established.

Many efforts are underway around the world to become carbon neutral, a concept that would reduce
carbon emissions to virtually zero. The use of renewable energy is a prerequisite for achieving carbon
neutrality. This will help to solve the resource, energy, and environmental problems that humanity faces.
When it comes to renewable energy use, most people think of solar power and wind power. Looking back at
our daily lives, not only electrical energy but also materials such as fuels (chemical energy) and chemical
products are indispensable. To synthesize these substances, hydrogen (H) and carbon (C) are needed as the
main raw materials. Here, to achieve carbon neutrality, water (H,O) must be used as the hydrogen source and
carbon dioxide (CO;) as the carbon source. This means that carbon dioxide must be used as a carbon source
to synthesize high-value substances such as gasoline, jet fuel, olefins, and alcohols (this is called “Carbon
Value”).

Based on the social background mentioned above, our university ranked research fields relating to
“carbon neutral” as a strategical key area, and then “Carbon Value Research Center”, where researchers on
artificial photosynthesis, electrochemical CO; reduction, secondary batteries, hydrogen usage gathered, was
launched in January, 2022.
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Fig. 1. Future vision that the CV center aims at.
2. Organization and Facilities

The CV center develops original and essential technologies for CARBON VALUE by which CO; is
converted to valuable products as a carbon source through collaborations. The CV center aims to solve the
resource, energy, and environmental issues by social implementation of the total system based on our basic
research through the carbon value technology (Fig. 1).
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To convert carbon dioxide into a resource, it is essential to develop science and technology to reduce
carbon dioxide (reacting it with electrons or hydrogen) using renewable energy sources such as sunlight.
Direct carbon dioxide reduction methods include photochemical and electrochemical methods. Here, light
must be solar and electricity must be generated from renewable energy sources (renewable electricity).
Another indirect method is the thermocatalytic reduction of carbon dioxide using solar hydrogen (green
hydrogen) produced from water using renewable energy. On the other hand, to use renewable electricity, a
battery is needed to store it. For this reason, the development of lithium and sodium ion batteries is also an
important topic worldwide. Battery technology is not limited to electrolytic synthesis but can contribute to
carbon neutrality through its use in electric vehicles and other applications.

Hydrogen is also an essential substance for carbon neutrality. You might think that hydrogen is a clean
energy source that fuels fuel cells. Therefore, it must also be linked to fuel cell technology. In addition to
this, hydrogen is also essential as a key substance in the chemical industry. Many chemical products are
produced chemically using hydrogen as a raw material. One of the most important products is ammonia,
which is used in chemical fertilizers. If hydrogen cannot be produced due to depletion of fossil resources,
chemical fertilizers cannot be made. This will be a critical issue for humanity. Thus, hydrogen is not only a
clean energy source, but is indispensable to support the materials of today's society. In other words, it is no
exaggeration to say that anything is possible with hydrogen. The industrial hydrogen production method in
modern society is steam reforming, in which fossil resources such as oil, natural gas, and coal are reacted
with water at high temperatures. However, this hydrogen production method still has the problems of fossil
fuel depletion and carbon dioxide emissions. Running fuel cell vehicles on hydrogen obtained in this way is
not a fundamental solution to environmental problems. Therefore, it is desirable to develop a technology to
produce hydrogen from water using renewable energy. One such science and technology is artificial
photosynthesis, which uses photocatalysis to decomposition of water to produce hydrogen.

The objective of this research center is to develop science and technology to effectively utilize and reduce
excess carbon dioxide emissions by converting carbon dioxide, which is an important carbon resource, into
valuable substances. Furthermore, we will develop science and technology that will be carbon negative. A
typical example of this science and technology is the production of hydrogen through water splitting using
renewable energy. Research will focus on the development of photocatalysts, electrocatalysts, and
rechargeable batteries necessary for these scientific processes. In addition, we will conduct research and
development of fuel cells and bio-hydrogen. We will also proceed with life cycle assessment (LCA: a method
for quantitatively evaluating the environmental impact of a product or service over its entire life cycle
(resource extraction - raw material production - product production - distribution and consumption - disposal
and recycling) at the same time.

2.1. Research System of The CV Center

About 10 researchers from Tokyo University of Science and 1 visiting professor belong to the CV center.
The researchers collaborate with each other and also outside researchers. We work on developments of
photocatalysts and semiconductor photoelectrodes for artificial photosynthesis, electrocatalysts for
electrochemical reduction of CO» using a renewable electricity, and secondary batteries for storage of the
renewable electricity, and minimization of platinum in a fuel cell for usage of green hydrogen. In addition,
life cycle assessment (LCA) simulation, CO; storage and adsorption, biological process, and measurement
technology are studied. The collaboration will be expanded to accelerate the research in the future.

2.2. Main Research Topics in The CV Center
Figures 2 and 3 show research topics and strengths of the CV center.
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2.2.1. Green HydrogenProduction with Renewable Energy
Hydrogen is also an essential material from a perspective of
without emitting CO», it is attracted as a clean energy source. In

in a chemical industry.
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carbon neutral. Because hydrogen burns
addition, hydrogen is indispensable as a
basic material in a chemical industry. Today, an industrial production of hydrogen is based on a steam
reforming method, in which fossil fuels (i.e., petroleum, natural gas, and coal) are reacted with water at high
temperature. Therefore, consumption of fossil fuels and emission of CO; are still remaining. To achieve
carbon neutral, technological development of green hydrogen production from water with renewable energy
is desired. The CV center conducts the research on artificial photosynthesis in which green hydrogen is
produced by water splitting using a photocatalyst that is the strength of our university. The green hydrogen
can be utilized for a carbon value technology such as hydrogenation of CO, to produce valuable compounds



2.2.2. Manufacturing of Highly-valuable Products by CO; Reduction

To manufacture highly-valuable products (i.e., gasoline, jet fuel, olefin, and alcohol) from CO;
as a carbon source, we work on the development of CO; reduction technologies. CO; reduction by
artificial photosynthesis using sun light, HO and photocatalysts/semiconductor photoelectrodes,
and an electrochemical reaction of CO; with renewable electricity are studied for the direct CO;
reduction.

2.2.3. Development of Batteries Supporting Carbon Neutral Society

When green hydrogen is considered as a clean energy, the application to a fuel cell technology becomes
important. The CV center works on reduction in an amount of platinum and even platinum free in fuel cells,
because platinum is rare and expensive. A secondary battery to store renewable electricity is also a key
technology for green hydrogen production and CO; reduction by electrochemical reactions. Developments
of not only lithium but also sodium ion battery are important from a viewpoint of stable supply of the alkali
metal resource. The secondary battery contributes to carbon neutral in an electric vehicle.

2.3. Facilities

We organize the following instruments.

Transmission electron microscopy (TEM), Scanning electron microscopy (SEM), Automatic X-ray
Diffraction Analyzer, X-ray Photoelectron Spectrometer (XPS), Matrix Assisted Laser Desorption/Ionization-
Time of Flight Mass Spectrometer (MALDI-TOFMS), Inductively Coupled Plasma Mass Spectrometry (ICP-
MS), etc.

3. Activity Reports

In 2022, the CV center organized “The st International Workshop on Carbon Value Science &
Technology” (on-line). Leading scientists working on carbon neutral from oversea and Japan, and the
member of the CV center gave presentations on Artificial Photosynthesis, Photo/Electrocatalyst, Energy
material & CO; reduction, and Fuel Cell and Rechargeable lon Battery. We also co-organized “the 27th
Recent development of photocatalytic reactions” with Photofunctional Material Society and Research Center
for Space System Innovation (RIST, TUS).

Groups of the center have mainly studied development of green hydrogen production and construction
of hydrogen utilization system, production of valuable compounds by carbon dioxide reduction, and
secondary battery.

3.1. Photocatalyst Group

This group developed various photocatalysts for waters splitting to produce green hydrogen and CO»
reduction using water as an electron donor. For example, novel visible-light-driven photocatalysts based on
an Ag ion were successfully developed. This group also developed a semiconductor photocatalyst-molecular
catalyst hybrid system for highly selective CO; reduction with a collaboration of Dr. Morikawa’s group at
Toyota Central Laboratory. This group collaborated the usage of technology for electret and loading
technology of Pt fine particle with Prof. Tanaka’s group.

3.2. CO; Conversion Group

Synthesis of solar-thermal CO; conversion materials and the development of reaction processes were
studied. This group also examined extracting dense and pure formic acid from the diluted aqueous solution
with an electrolyte by utilizing “molecular sieve effect” and “selective adsorption” of commercially available
zeolite membranes.

63



3.3. Cluster Catalyst Group

This group proposed a method to synthesize ultrafine metal clusters in the liquid phase and support them
on the surface of the photocatalyst, thereby creating a water-splitting photocatalyst with precisely controlled
particle size and electronic state.

3.4. Secondary battery group

This group developed new functional binders for high capacity lithium-ion batteries and analyzed the
mechansm of the binders functionality to improve their performance. This group also developed new sodium
manganese oxides doped with copper for sodium-ion batteries and reported the investigation of the relation
between the crystal structure and electrode properies.

3.5. Biomass Group
The R&D of hydrogen production through an indirect pyrolysis process using sewage sludge has been
conducted under an industry-academia collaboration scheme.

3.6. Physical Property-Control Group

Garnet-type yttrium aluminate (Y3AlsO12; YAG), in which Y3* is partially replaced by Mg**, was
attempted to be converted to electret by polarization formation using oxygen vacancies and/or electron
defects as carriers.
4. Challenges and Prospects

Individual studies were mainly conducted by the member, while collaborations among the members were
not enough. The CV center is planning some seminars by the member and researchers outside to exchange
information and opinion to accelerate the collaboration. The 2nd international workshop will be arranged.

5. Conclusion

The CV center was established in 2022. We have been studying to make excellent achievements with our
originality and strength and will contribute to the establishment of carbon neutral society.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

16.

17.

Examination of photocatalytic Z-scheme system for overall water splitting with its electronic structure,
T. Tani, Y. Yamaguchi, T. Nishimi, T. Uchida, A. Kudo, Phys. Chem. Chem. Phys., 2023, 25, 11418.
Well-Defined Single and Bundled Rutile Nanorods in Mesoporous Silica for Efficient Hydrogen
Evolution Photocatalysis, K. Vibulyaseak, N. Paengjun, A. Kudo, M. Ogawa, ACS Appl. Nano Mater.,
2022, 5, 18004.

Photocatalytic CO, reduction by a Z-scheme mechanism in an aqueous suspension of particulate
(CuGa)p.3Zn; 4S;2, BiVO4 and a Co complex operating dual-functionally as an electron mediator and as
acocatalyst, T.M. Suzuki, S. Yoshino, K. Sekizawa, Y. Yamaguchi, A. Kudo, T. Morikawa, Appl. Catal.
B Environ., 2022, 316, 121600.

Powder-Based Cu3;VS4 Photocathode Prepared by Particle-Transfer Method for Water Splitting Using
the Whole Range of Visible Light, H. Fukai, K. Nagatsuka, Y. Yamaguchi, A. Iwase, A. Kudo, ECS J.
Solid State Sci. Technol., 2022, 11, 063002.

Development and Functionalization of Visible-light-driven Water-splitting Photocatalysts, T. Kawawaki,
M. Kawachi, D. Yazaki, Y. Akinaga, D. Hirayama, Y. Negishi, Nanomaterials, 2022, 12, 344.
Promoting Photocatalytic Carbon-Dioxide Reduction by Tuning the Properties of Cocatalysts,
T. Kawawaki, Y. Akinaga, D. Yazaki, H. Kameko, D. Hirayama, Y. Negishi, Chem. Euro. J., 2023, 29,
€202203387.

Improved Activity for the Oxygen Evolution Reaction using a Tiara—like Thiolate-protected Nickel
Nanocluster, S. Funaki, T. Kawawaki, T. Okada, K. Takemae, S. Hossain, Y. Niihori, T. Naitoh,
M. Takagi, T. Shimazaki, S. Kikkawa, S. Yamazoe, Tachikawa, Y. Negishi, Nanoscale, 2023, 15, 5201.
Reduction and Diffusion of Cr-Oxide Layers into P»s, BaLasTi4015, and Al:SrTiO3 Particles upon High-
Temperature Annealing, A. S. Alotabi, Y. Yin, D. J. Osborn, T. D. Small, S. Ozaki, Y. Kataoka,
Y. Negishi, K. Domen, G. F. Metha, G. G. Andersson, ACS Appl. Mater. Interfaces, 2023, 15, 14990.
Photocatalytic Inactivation of Co-Culture of E. coli and S. epidermidis Using APTES-Modified TiO,
P. Rokicka-Konieczna, A. Wanag, A. Sienkiewicz, D. S. Izuma, E. Ekiert, E. Kusiak-Nejman,
C. Terashima, Atsuo Yasumori, A. Fujishima, A. W. Morawski, Molecules, 2023, 28, 1655/1.
Enhanced Photocatalytic Degradation Activity Using the V.Os/RGO Composite, A. A.Yadav,
Y. M. Hunge, S. W. Kang, A. Fujishima, C. Terashima, Nanomaterials, 2023, 13, 338/1.

A Floatable and Highly Water-Durable TiO,-Coated Net for Photocatalytic Antibacterial Water
Treatment in Developing Countries, D. S. Izuma, N. Suzuki, T. Suzuki, H. Motomura, S. Ando,
A. Fujishima, K. Teshima, C. Terashima, Water, 2023,15, 320/1.

Synergistically regulated surface structure and water transportation of sponge hydrogel evaporator for
efficient water desalination, W. Lei, Y. Liu, S. Khan, N. Suzuki, C. Terashima, A. Fujishima, M. Liu,
Desalination, 2022, 533, 115780/1.

Active material and interphase structures governing performance in sodium and potassium ion batteries,
E.J. Kim, P. R. Kumar, Z. Gossage, K. Kubota, T. Hosaka, R. Tatara, S. Komaba, Chem. Sci., 2022, 13, 6121.
Effect of Cu substitution in P’2- and P2-type sodium manganese-based oxides, E. J. Kim, T. Hosaka,
K. Kubota, R. Tatara, S. Kumakura, S. Komaba, ACS Appl. Energy Mater., 2022, 5, 12999.

Sulfated Alginate as an Effective Polymer Binder for High-Voltage LiNigsMn;sO4 Electrodes in
Lithium-Ion Batteries, A. Oishi, R. Tatara, E. Togo, H. Inoue, S. Yasuno, S. Komaba, 4ACS Appl. Mater.
Interfaces, 2022, 14, 51808.

Fluorosulfonamide-type Electrolyte Additives for Long-Life K-Ion Batteries, Z. T. Gossage, T. Hosaka,
T. Matsuyama, R. Tatara, S. Komaba, J. Mater. Chem. A4, 2023, 11, 914.

High-Performance SiO Electrode for Lithium-ion Batteries: Merged Effect of New Polyacrylate Binder
and Electrode-Maturation Process, S. Yamazaki, R. Tatara, H. Mizuta, K. Kawano, S. Yasuno,
S. Komaba, Mater. Adv., 2023, 4, 1637.
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18.

19.

20.

21.

22.

LCA analysis and quantification of adsorption performance of Kanuma clay by simultaneous adsorption
of HyS and NH3, K. Torii, K. Dowaki, IOP Conf. Series: Earth and Environmental Science, 2022, 1034,
012068.

Environmental Impact Assessment of PEM Fuel Cell Combined Heat and Power Generation System for
Residential Application Considering Cathode Catalyst Layer Degradation, S. Tochigi, K. Dowaki,
Energies, 2023, 16, 1985.

A System Analysis of a Bio-Hydrogen Production System Using Granulated Mine Residue as a H,S
Adsorbent, K. Torii, M. Hamazaki, S. Kumon, K. Sato, S. Kato, K. Dowaki, Energies, 2023, 16, 2625.

Surface atomic structures of nickel plating films reacted with methane at high temperature, K. Miyazawa,
M. Asahara, T. Miyasaka, T. Nagai, K. Kimoto, Y. Tanaka, Surface and Interface Analysis, 2023, 55,
321.

Dual function of rhodium photodeposition on ZnO/ZnS: Enhanced H, Production and photocorrosion
suppression in water, S. Khan, V. Poliukhova, N. Tamir, J. Park, N. Suzuki, C. Terashima, K. Katsumata,
S. H. Cho, Int. J. Hydro. Energy, 2023, 48, 9713.

Book

1.

Photocatalytic Water Pollutant Treatment: Fundamental, Analysis and Benchmarking, K. R. Davies,
B. Jones, C. Terashima, A. Fujishima, S. Pitchaimuthu, Nanostructured Materials for Environmental
Applications, 2023, Springer, ISBN: 978-3-030-72075-9.

Invited Lectures

1.

Photocatalytic water splitting and CO, fixation as artificial photosynthesis, A. Kudo (Keynote), The
9th Tokyo Conference on Advanced Catalytic Science and Technology (TOCAT9), July 24-29, 2022.
(Fukuoka International Congress Center, Japan).

2. Atomically Precise Metal Nanoclusters as Energy and Environmental Catalysts, Y. Negishi, Atomically
Precise Nanochemistry Gordon Research Conference, USA, 2022.

3. KRBtz FI Uz RER T A BT OBHYE, Sk Tah, LSRR, AHIES, 55 12 3 CSJ 1k
T AK 2022, HEEFER (HFF - #500) , ERNGRE, ¥ U —Aa— /Ui, 2022 45 10 A 18 H

(in Japanese) .

4. HRTEM-EELS Analyses of Carbon Nanostructures for Catalytic Applications, K. Miyazawa, Y. Tanaka,
6th Global Webinar on Materials Science & Engineering (GWMSE-2023), WEB, 2023.

5. Synthesis of mesoporous TiO»/BDD hybrid and its application toward an efficient water purification,
N. Suzuki, One Day International Symposium on Advances in Photocatalysis, Online, April 13th, 2022.

Awards

1. LREMEZ, S04 R RO B RE (BriRILL)S7) 2022/10/3 (in Japanese).

2. Y. Negishi, IAAM Innovation Award, [AAM, 2022.

3. ARSEME—, %5 34 [AlWHE, 2023 (in Japanese).

4. S. Komaba, Highly Cited Researchers 2022.

5. JUTE/A, 55 19 [5] Honda-Fujishima Prize, #5b52, 2022 (in Japanese).
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Individual Research Topics

Akihiko Kudo
“Development of photocatalysts aiming at production of green hydorgen and highly efficient CO,
reduction using water as an electron donor”

Production of green hydrogen and CO; reduction using water as an electron donor are important research
topics to achieve carbon neutral society. This year, we successfully developed novel metal oxide
photocatalysts showing the activity for sacrificial hydrogen evolution under visible light irradiation by doping
tiny amount of Ir. In addition, the novel visible-light-driven photocatalysts composed of Ag showing the
activity for sacrificial oxygen evolution under visible light irradiation were successfully developed by using
a ball-milling device. Also, highly efficient CO reduction over metal oxide photocatalysts was achieved by
loading with various dual-cocatalysts.

Yuichi Negishi
“Creation and evaluation of highly active water-splitting photocatalysts with metal nano clusters”
Water-splitting photocatalysts, which can produce hydrogen from water and sunlight, are attracting
attention as a clean hydrogen-evolution method. To increase the activity of the photocatalyst, it is effective
to support metal nanoparticles called cocatalysts. In this study, we proposed a method to synthesize ultrafine
metal clusters in the liquid phase and support them on the surface of the photocatalyst, thereby creating a
water-splitting photocatalyst with precisely controlled particle size and electronic state. Furthermore, we
evaluate the activity of this catalyst and assess the impact of the precision cocatalyst on the high activity of
the catalyst.

Chiaki Terashima
“Photothermal catalysts for carbon recycling”

CO; reduction technology that views CO» as a resource and converts it into a useful resource, is attracting
attention. In artificial photosynthesis, TiO» photocatalysts can only utilize about 6% of sunlight. The R&D
into visible light response is underway. Photothermal catalysts, on the other hand, have a potential to utilise
more than 50% of sunlight. Therefore, the synthesis of solar-thermal CO, conversion materials and the
development of reaction processes were examined.

Shinichi Komaba
“Materials of next generation battery for efficient ulitization of electricity”

We study on materials of sodium-ion and potassium-ion batteries free from minor and toxic metal
elemetns along with that of lithium-ion battery. In FY2022, we developed new functional binders for high
capacity lithium-ion batteries and analyzed the mechansm of the binders functionality to improve their
performances. Furthermore, we developed new sodium manganese oxides doped with copper for sodium-ion
batteries and reported the investigation of the relation between the crystal structure and electrode properties.

Kiyoshi Dowaki
“A study on characteristics of pyrolysis bio-H; process from sewage sludge using heat carriers of
alumina balls”

The R&D of hydrogen production through an indirect pyrolysis process using sewage sludge has been
conducted under an industry-academia collaboration scheme. This year, we analyzed the heat transfer
characteristics of the alumina balls (heat carriers, HCs) using CFD (Computational Fluid Dynamics) model.
In this model, based on the operation data in the demo plant, the behavior characteristics of gas and tar
generation are discussed, verifying the calculation and the test data. In the next fiscal year, we plan to improve
the heat flux of HCs and evaluate it based on basic tests of heat transfer characteristics.
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Yumi Tanaka
“Research on inorganic energy conversion materials and related devices”

Garnet-type yttrium aluminate (Y3AlsO12; YAG), in which Y3* is partially replaced by Mg?*, was
attempted to be converted to electret by polarization formation using oxygen vacancies and/or electron
defects as carriers. As a result, the YAG electret with a surface potential of about 4.5 kV was successfully
fabricated, and it was clarified that multiple polarization states (relaxation barrier: about 0.6 eV to 3.3 eV)
existed within this sample.

Norihiro Suzuki

“Separation and purification of formic acid formed by electroreduction of CO; with zeolite membrane”
To realize the practical use of formic acid produced by an electroreduction of CO,, a facile and

inexpensive technology that separates formic acid diluted with a liquid electrolyte should be developed. In

this study, I aim at extracting dense and pure formic acid by utilizing “molecular sieve effect” and “selective

adsorption” of commercially available zeolite membranes.

Yuichi Yamaguchi
“Development of novel visible-ligh-driven metal oxide photocatalysts based on a Ag metal ion for
oxygen evolution”

Development of a novel visible-light-driven photocatalyst is of a great importance for realizing green
hydrogen production using a photocatalyst. We developed novel visible-light-driven photocatalysts by
focusing on a Ag ion. As a result, AgMVO4 (M=Zn, Ca, Mg) and Ag,Zn(VO3)s showing the activity for
sacrificial oxygen evolution under visible light irradiation were successfully developed. We will keep on
developing novel visible-light-driven photocatalysts by utilizing the strategies found by our lab.
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Division of Nanocarbon Research
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Division of Nanocarbon Research

1. Overview

Carbon nanotubes and graphene are low dimensional materials (with linear and flat shapes, respectively)
composed of networks of 6-members rings (honeycomb structure). Owing to strong covalent bonds of carbon
atoms, they have excellent mechanical strength and chemical stability enough to sustain the monolayered
structure in a free space. Furthermore, they exhibit properties peculiar to the geometrical configuration and
low dimensionality, which cannot be expected for three-dimensional crystals. As you can see from the fact
that the Nobel Prize in Physics 2010 relates to graphene, nanocarbons such as carbon nanotubes and graphene
are extensively studied in basic science. In the future, nanocarbons are expected to play a main role in an
industrial revolution as iron and silicon did in the Industrial Revolution and the information technology
revolution, respectively. The Division of Nanocarbon Research covers topics of nanocarbons from
fundamental to applied research by collaboration of experts in theoretical and experimental condensed matter
physics, electrical engineering, thermal engineering, and biophysics. We expect synergy effects by enhancing
mutual discussion and exchange of ideas in the division.

2. Organization and Facilities

Within the wide range of fields related to
nanocarbon, we aim to develop distinctive research
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and molecular dynamics simulations. Thereby, we
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elucidate the structure and phase of the molecules in the
nanospace. We also study the interaction between
nanotubes and polymers, aiming at application of
polymer-nanotube composites.

Fig. 1. Configuration of the Division.

We regard systems composed of nanotubes with adsobates or defects as extended composites, and study
the basic properties by first-principles electronic state calculations and model calculations.

2. 2. Nanotube-Hybrid Materials

We study structural properties of composites composed of nanotubes and biomolecules (DNA, protein).
Specifically, we fabricate biodevices with nanotubes functionalized by DNA, and examine whether the
structural properties of the biomolecules are retained, and whether the molecular recognition function is
retained.

We theoretically investigate the host-guest interactions of the nanotube/biomolecule composites, and
clarify the effect on the properties of the composites.

2. 3. Growth Control of Nanocarbons

We develop techniques for precise structural control of nanocarbons based on the various nanotube
synthesis techniques such as vertically-aligned growth on silicon and silica substrates and horizontally-
aligned growth on quartz substrate.
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We study novel synthesis methods of nanocarbons utilizing arc discharge by changing the discharge
ambience, electrode materials, etc. We also study novel methods for graphene synthesis.

2. 4. Properties and Functions
We develop the physics of energy conversion based on nanocarbons and its application. We establish the
basic science for nanocarbon-based paper electronics.

3. Activity Reports

3. 1. Measurement Group

Thermal properties of SWCNT
We analyzed the one-dimensional (steady-state) heat conduction equation based on experimental
temperature distributions of single-walled carbon nanotubes (SWCNTs). We found an improvement
in the handing of differential equations proposed in the previous study and are now proceeding with
the implementation of a new calculation method incorporating it. (M. Irita,Y. Homma)

Research and development of optical isolator using SWCNT and nanofiber
Chirality-separated (10,3) and (9,7) SWCNTs have different absorption wavelengths depending on
their chirality. We attached these SWCNTSs to an optical nanofiber and measured the propagating light
in the nanofiber. In each absorption wavelength band, we found that transmission varied depending on
the direction of light propagation. Based on the results of this research, we have obtained a Grant-in-
Aid for Scientific Research (C) and are proceeding with the patent application for the SWCNT optical
isolator. (M. Irita, Y. Homma)

Hot spring - bathtub temperature automatic control
As part of research on SWCNT thin films, we have researched and developed a device for automatic
temperature control of bathtubs in Kannada Onsen, Oita prefecture, and have achieved a bath
temperature of 42°C at all times. In addition to proceeding with preparations for applying for patents
on these research activities, we performed publicity activities by appearing on “NHK WORLD-
JAPAN”. (M. Irita)

Thermoelectric measurements of carbon nanotubes
We developed a technique to measure the electromotive force by measuring the temperature difference
between electrodes using nitrogen-vacancy (NV) centers in nanodiamonds. The problem of reduced
accuracy was solved by canceling the magnetic field caused by the local heater. The accuracy of
thermoelectric force was reduced when the resistivity was high. (Shimizu)
We have revealed the temperature dependence of the thermoelectric performance of impurity-doped
carbon nanotubes (CNTs) and found that the maximum power factor increases exponentially with
decreasing the CNT diameter. In addition, we present the optimal impurity concentration that
maximum the power factor of CNTs with various diameters. (Matsubara)

3. 2. Materials Sciense Group

We focused on publishing reviewed papers because it was the final year of the JST SICORP eASIA
research Program. In particular, we reported developments of micrometer size biosensing devices that were
hybrids of nanoporous biosilica and single-walled carbon nanotubes. (Umemura)

We succeeded in synthesizing nanoclusters by using the polyol reduction method and the ligand exchange
method in air. It was found that the use of such platinum nanoclusters as a hydrogen-producing co-catalyst
for a water-splitting photocatalyst exhibits higher hydrogen-producing activity than the conventional
platinum nanoparticle co-catalyst. (Kawawaki)

71



3. 3. Engineering Group

Using finite element simulation, we found the element size and structure that maximizes the output power
of the kirigami type thermoelectric device, and demonstrated that the device can generate more than 100 uW.
This device is expected to have new application developments as it allows for power generation on curved
surfaces and movable parts. In addition, we have developed a new method to induce carrier modulation in a
composite structure of polymers and SWCNTs by the electric field effect while sustaining the carrier
modulation for a long period of time in a zero electric field. (T. Nakajima)

Inorganic materials were investigated for the creation of hybrids between inorganic nanoparticles and
nanocarbons. The density functional theory calculations using the nonequilibrium Green's function method
revealed the layer number dependence of electronic structure and thermoelectric transport properties of
layered sulfides. (Anno)

We examined the synthesis of multilayer graphene by vapor-solid phase growth with a solid template using
our developed infrared furnace system in a reactive carbon gas environment. We found that graphene growth
proceeds via layer-by-layer mode as van der Waals hetero-epitaxial growth on the hexagonal Boron Nitride
(h-BN) flakes. Since h-BN is an insulating material, this crystal growth method has a great potential for
electronic device applications. (R. Negishi, Toyo University)

3. 4. Theory Group

We designed the novel 2D materials by polymerizing spiro [4,4]nonatetraene where two pentagonal rings
are connected via sp> C atom. The electronic structures of these polymeric spiro [4,4]nonatetraene (spiro-
graphene) are sensitive to the arrangement of spiro [4,4|nonatetraene, ranging from metal to semiconductors.
We also reported that the electronic properties of polymeric triangular graphene flakes embedded in hBN are
strongly depends on the shape of the graphitic networks. Our calculations demonstrated that these in-plane
heterostructures of CBN have 0-dimensional electron system at and near the Fermi level, even though sp® C
atoms has two dimensional covalent networks in hBN. Finally, we investigated the electronic structure of
diamond nanowire under the external electric field and found that the metallic diamond nanowire can
perfectly screen the external electric field, although their diameter is 1 nm. (Okada)

We worked on extending the theory of emissivity for carbon nanotubes, which we had constructed by
FY2021, to two-dimensional atomic layer materials such as transition metal dichalcogenides. As a result, we
express the emissivity of atomic layer materials using the dyadic Green's function for electromagnetic ficlds
and the scattering matrix that represents the interaction between electromagnetic fields and materials. (S.
Konabe)

In order to perform highly accurate theoretical analyses of electronic states and carrier transport properties
at low computational cost, we have introduced the AkaiKKR (Machikaneyama) code based on the Green's
function method. Using this code, we obtained electronic states of thermoelectric semiconductors and
calculated the transport coefficients using the Kubo-Greenwood formula. Our results for n- and p-type
carrier-doped Mg»Si were in good agreement with experimental data. (Hirayama)

The fabrication of devices using new materials such as carbon nanotubes is currently conducted by the
members of this project. We have been analyzing the signal data obtained by such devices. In this year, we
promoted the linkage of these technologies with the preArch system so that they can be linked to actual
sensors and alerts. ((Hashizume)

4. Challenges and Prospects

We tried to publish all our works; however, two manuscripts for reviewed papers were not accepted
within March 2023. Publishing high impact papers was not achieved. We will try to obtain acceptance of the
two papers as soon as possible. (Umemura)

Since the co-catalyst loading method in this research is based on chemical adsorption using the interaction
between the photocatalyst support and platinum clusters, there is a problem that the co-catalyst is randomly
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loaded on the crystal plane of the photocatalyst. Therefore, it is considered necessary to establish a new
loading method for selectively loading a specific crystal plane of the photocatalyst. In the future, we will
work on the development of such a new loading method. (Kawawaki)

To obtain emissivity for specific atomic layer materials, we should calculate the dyadic Green's function
and scattering matrix by considering the properties of each material, but this is not easy. The next challenge
is to obtain a simple and easy-to-use emissivity formula for atomic layer materials using dielectric functions,
as in the case of carbon nanotubes. (S. Konabe)

We have introduced a calculation method for carrier transport properties of impurity-doped
semiconductors using the Green's function method and the linear response theory. The results demonstrate
that these methods show superior accuracy and computational efficiency. We will consider more complex
structures, such as systems with multiple dopants and those containing lattice defects in the future work.
Furthermore, in order to perform more accurate analysis considering finite temperature effects, it is necessary
to incorporate phonon free energies. (Hirayama)

In the hybridization of inorganic nanoparticles and nanocarbons, the interaction between layered sulfide
nanosheets and nanocarbons and its effect on thermoelectric properties will be investigated by density
functional theory calculations using the nonequilibrium Green's function method. On the other hand, we will
also explore nanoparticles of inorganic thermoelectric materials other than layered sulfide to investigate the
processes of mnanosizing, dispersion, and hybridization of inorganic thermoelectric materials, and
experimentally investigate the thermoelectric properties of their hybrids. We will also continue to investigate
the control of fixed injected charge in electric double-layer transistor structures with CNTs as the channel
layer. (Anno)

We have found that activation of the edge sites at grown graphene layer is important in the graphene layer
growth on h-BN template. We plan to introduce a hydrogen gas supply system as an etching gas to selectively
remove amorphous structures that cause the deactivation of the edge sites, will achieve to improves the
crystallinity of grown graphene layers. We also plan to reveal quantum conduction originating from linear
dispersion by the observation of the transfer characteristics in the field effect devices using grown graphene
channel. (R. Negishi, Toyo University)

In the present stage, it has not been clarified what sensor structure would be appropriate to link with the
actual sensor. Therefore, at present, the equations for analysis must be modified for each sensor. This is not
suitable for general usage, and then, we have to consider more general methods. (Hashizume)

5. Conclusion

Researchers belonging different fields of physics, materials, mechanics, data science, and architecture
collaborated to develop carbon nanotube thermoelectric sensors and achieved not only basic research but also
social implementation. We restarted real face-to-face research presentations and it is expected to further

collaboration.

Reference : Inc. preArch HP :  https://prearch.co.jp/
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

Hybridization of papain molecules and DNA-wrapped single-walled carbon nanotubes evaluated by
atomic force microscopy in fluids, Masaki Kitamura, Kazuo Umemura, Scientific Reports, 13, 4833,
(2023). (peer-reviewed)

Continues Fermi level tuning of Nb-doped WSe2 by the external electric field, K. Hisama, Y. Gao,
M. Maruyama, R. Kitaura, S. Okada, Jpn. J. Appl. Phys., 61, 015002 (2022). (peer-reviewed)
Investigation of bactericidal effect of a mid-infrared free electron laser on Escherichia coli, T. Toyama,
J. Fujioka, K. Watanabe, A. Yoshida, T. Sakuma, K. Inaba, T. Imai, T. Nakajima, K. Tsukiyama,
N. Hamada, and F. Yoshino, Sci. Rep., 12 pp 18111, 2022. (peer-reviewed)

Improved Activity for the Oxygen Evolution Reaction using a Tiara-like Thiolate-protected Nickel
Nanocluster, S. Funaki, T. Kawawaki, T. Okada, K. Takemae, S. Hossain, Y. Niihori, T. Naitoh,
M. Takagi, T. Shimazaki, S. Kikkawa, S. Yamazoe, Tachikawa, Y. Negishi, Nanoscale, 15, 5201-5208
(2023). (peer-reviewed)

Electronic band engineering of Mg:Si by isoelectronic impurity doping: a first-principles study for

enhancing thermoelectric properties, K. Imai, R. Ikebuchi, N. Hirayama, N. Hamada, and Y. Imai, Jpn.
J. Appl. Phys. 62, SD1007 (2023). (peer-reviewed)

A7 T IVEA K CoSby DEFHEE & ke, P, MR, LB/ NEFH izl A
HORHERL R FALEE, 55 6 5, 23-30 (2023 423 H 13 H)  (peer-reviewed) (in Japanese)
Promotion of the structural repair of graphene oxide thin films by thermal annealing in water-ethanol
vapor, Ryota Negishi, Takuya Nakagiri, Masashi Akabori, and Yoshihiro Kobayashi, Thin Solid Films,
10 April, 2023 to be aceepted for publications. (peer-reviewed)

Thermoelectrical random stick network method and its application to carbon nanotube films, Junei Kobayashi,
Takahiro Yamamoto, Japanese Journal of Applied Physics, 61 09500130,August 2022. (peer-reviewed)
Correlation between copper particle morphology and number of graphene layers on a palladium

substrate, Junro Takahashi, Kengo Nakamura, Yusei Kioka, Hiroki Kato, Takahiro Yamamoto, and
Yoshikazu Homma, Appl. Phys. Express 16, 015503 (2023). (peer-reviewed)

Surface atomic structures of nickel plating films reacted with methane at high temperature,
K. Miyazawa*, M. Asahara, T. Miyasaka, T. Nagai, K. Kimoto, Y. Tanaka, Surface and Interface
Analysis, 55, pp. 321-328 (2023).  (peer-reviewed)

Horizontal arrays of one-dimensional van der Waals heterostructures as transistor channels,
S. Matsushita, K. Otsuka*, T. Sugihara, G. Zhu, K. Kittipaisalsilpa, M. Lee, R. Xiang, S. Chiashi,
S. Maruyama*, ACS Appl. Mater. Inter., (2023), 15-8, 10965-10973. (peer-reviewed)

Carbon dioxide triggers carbon nanotube nucleation: isotope labeling study on the growth process of
individual nanotubes, R. Ishimaru, K. Otsukat, T. Inoue, S. Chiashi, S. Maruyamat, ECS J. Solid State
Sc. 11, 071002 (2022).

228 others

Books

1.

FHER IS Lo BVE R B OB SRR B, [UAEE, (BK) —x=hv— s VY —F,
B #5235 (11 3—) ,2022 4 4 H 12 H(in Japanese)

Quantum Hybrid Electronics and Materials, Ryota Negishi and Yoshihiro Kobayashi, Springer, pp149-
180,2022

WL 7 Fy—a—X  WEECE, BIUE RS % (B#ERE) 1 02 5 H (in Japanese)
Suspended Carbon Nanotubes for Quantum Hybrid Electronics in Quantum Hybrid Electronics and
Materials in Quantum Hybrid Electronics and Materials, Yoshikazu Homma, Takumi Inaba, and
Shohei Chiashi, Ed. by Yoshiro Hirayama, Kazuhiko Hirakawa, Hiroshi Yamaguchi, Springer, pp 99-
122, 2022
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Invited Lectures

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

A Micron Size Optical Sensor Using Single-Walled Carbon Nanotubes and Diatom Frustule,
Kazuo Umemura, 2022 International Conference on Nanoscience and Nanotechnology, December 8-9,
2022, Hotel Oazis, Butuan City, Philippines

Microbiodevices developed via the eASIA research project, Kazuo Umemura, Leo Cristobal C.

Ambolode II, Mai Anh Tuan, Eko Siswoyo, 2022 International Conference on Advanced Functional
Materials and Nanotechnology (ICAFMN) & 24th Samahang Pisika ng Visayas at Mindanao National
Physics Conference, October 27-28, 2022, Metrocentre Hotel and Panda Tea Garden Suites, Tagbilaran
City, Bohol, Philippines

Smart mechatronics based on piezoelectric polymer energy harvesting, Takashi Nakajima, The 17th
International Conference on Nano/Micro Engineered and Molecular Systems (IEEE-NEMS 2022),
Online. 2022

TR R 2 T2 10T B 734 2, PIRF L 5 16 [ ) — 2 2 27 AR RS,
27 A 1, 2022 (in Japanese)

o FEEM B O LIS B, PUETE S, 5 24 BIETE MEMS BFFEZ, U, 2022 (in
Japanese)

KFEHZOFEBIZIMT &R T ) 7 T A% —% AW filiEgI o R A4, B, fifk
RS A E WIS, 4 T A >, 2022 457 H 22 H (in Japanese)

IR T AL — D KFEAERA~DIGH, JBEA, B A Fey=/ I 7 289
MIEFEHRA 7 — HRBEI RS Mo 77 Lo A® 2 — 202249 H26 B (in
Japanese)

BARER LTIc@| T/ 7 F 22 — O, A, DV-Xa WFE = BT ML Rk =,
] (LI BEARL K57, 2022 45 12 H 3 H  (in Japanese)

/T T AZ DT RI R — - BRI AOMBUSH, JIBEA, B ARS8
= - Bl S, FEA KT RE 74,2023 421 A 23 H (in Japanese)

Anomalous carrier transport properties in multilayer graphene materials with a weak interlayer coupling

synthesized by a solid template method, Ryota Negishi, The 19th International Symposium on
Bioscience and Nanotechnology, Japan (Nov.2, 2022)

Thermoelectricity and SDGs, Hidetoshi Fukuyama, ICOT2022, Japan (1124, 2022)

T =R ARG~ TP — RO BTSRRI BN ~FO BRSO B Y $ A~
IAETE, 5 23 BIEERT /77 ) 0 v —iahk « BIFE@ e y 731 F, 2023,2,1 (in
Japanese)

HRTEM-EELS Analyses of Carbon Nanostructures for Catalytic Applications, K. Miyazawa and
Y. Tanaka, 6th Global Webinar on Materials Science & Engineering (GWMSE-2023), WEB, 2023
IIv L s by FORAIRE HEN—RZ S —~OREM, HPEE, ii—Z, MEMS
BV V&S Y NU =T VAT LR 2023 KRR AR YT A TMEMS - AEERRAET 7
nY—74—7 5], WA, 2023 (in Japanese)

tI7Iv s s My FORIE ZEDT A ZUGH, HRESE, I—Z, % 3 BEISH 2 E
PPN L VRV L 2RV —N—_RT ¢ 7O, BEIK, 2022 (in
Japanese)

Mechanical and structural changes in the surface of SUS304 and SUS316L austenitic stainless steels

that were subjected to repeated cryogenic heat treatments, K. Miyazawa, Y. Tanaka, R. Suzuki,
M. Tachibana, “5th IUMRS-ICYRAMB 2022, WEB, 2022

RERE~OBEMAICMITZEI Iy =7 My FOBRASE, HTESE, b FEiHEE R
DB HA SR 2, WEB, 2022 (in Japanese)

Phase transition behavior of encapsulated water molecules in single-walled carbon nanotubes, S. Chiashi,
K. Sasaoka, Y. Mackawa, T. Yamamoto, Y. Homma, 8th Annual Workshop on Nanotube Optics and
Nanotube Spectroscopy (Wonton 2022) (University of Wisconsin-Madison, Memorial Union, Madison,
U.S.A).
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Patents

1. EET WIS, NEEE, SFE A, ST, YR 5%, R 2022-165745 (2022.10.14)
[z 7 Y HARIE Y A7 2] (in Japanese)

2. EspE, IR sR, Wi 2, FFRE 2022-155623 (2022.9.28)  [HE AV 55, 5 HALERLE
&, HHLE 7 1 7T A R OGREREEAR ] (in Japanese)

3. HREES, BA)IERE, Wi 2, FFRE 2022-151941 (2022.9.22) [i@EMH Y AT A (LEM
=N, filEEE, (rEmETE, KO 77 ) (in Japanese)

4. R BRI, FFRE 2022-087189 (2022.5.27) TEASAREHAIS AT L, JE AR et )5
1B, ENHAEH T v 7 F &, R OGEEEEGHN ORIEEIEE ] (in Japanese)

5. EWNEEY, WKW, @A = R T, TBUSHK, A7 bVERE T, RUDGEE L
& RRlE 2022-093277 (HHFEH : 2022 46 H 8 H) (in Japanese)

Public Relations

1. Masaru Irita, Appeared on “NHK WORLD-JAPAN”, 2023/1/13 (in Japanese)

2. IAREfE, THEANER B~ ~@FtBPHHEIE] A AT — U —27 A0,
2022/4/13-25 (in Japanese)

3. AREM, THox NHK [E 7 L 2355) ARSNLY—27 v a vy REOholc TELL
ZAEICE WD), ) #i{E,2022/4/15  (in Japanese)

4. AR TARBRA 7 2§ BAE O-Labo) 12T, HARY A & I EEBR 244k 2022/5/13  (in
Japanese)

5. HHEZE #HEXNLEXL2HERE 2L 572912, TUS 74+ —7 A 2022 (in Japanese)
TRERZ, HPESE, 1CO, &KFE] (f o # v =a—idE) |, TUS Journal #5225 5
X HUR BRI R FJA#ES (i Japanese)

7. HTHIFEE, T2 TSR] AL D R R0 D 1L — | iR (WFFEEHEIT)
&2 [VOICE| 2022 4 7 H 5 X A 2WEERZ R 2.2 7 NITHE1%E S 115 DM (in Japanese)

8. HHHIZE=, WK 7o V—, F39EEY v 7 u~v P LGV AT LAY R T T A
(T AT A8 2B T 57— A E&EENIRIREM DT ET /31 AJEIR, 2022 (in Japanese)
%4 others

Awards

1. JIEBTE/A, %5 19 [7] Honda-Fujishima Prize, T5bL54%, 2022

2. ) EEA, B DR RIGERGE, B A2, 2023

3. JuAREE 7TUT RS HEVE  (Distinguished contribution to thermal science), Second
Asian Conference on Thermal Science (2nd ACTS), 2022, 4, 16

C AR, AARMELETE T = u—, AWSHREAN B ARIEZESS, 2022

5. /AREE (UAREZEE, D) |, 2021 4 A KR E E 22 A2 A RRHE SRR E 2 F2—7
NP, ARRAEFTEAN B ARREE 2252, 2022, 5, 21
%21 others
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Individual Research Topics

Takahiro Yamamoto
“Quantum transport in nanocarbon”

We investigate theoretically and numerically quantum transport in nanocarbons and related materials as
well as interaction between nanocarbon and water molecules.

Hidetoshi Fukuyama
“Theory of thermoelectrics of nanocarbon materials”
We investigate theoretically thermoelectric property of nanocarbons using Kubo-Luttinger formula.

Yoshikazu Homma
“Research on physical properties and structural evaluation of nanocarbon materials”

Using spectroscopic measurements of single carbon nanotubes (SWCNTSs), we elucidate the interactions
between excitons and phonons in SWCNTs. In addition, using scanning electron microscopy (SEM) and
spectroscopy, we investigate the morphology and structure of novel nanocarbon materials.

Kazuo Umemura
“Fabrication of thermostable enzyme devices by hybridization of South East Asian specific
biomolecules and nanocarbon. ”

Fabrication of thermostable enzyme devices by hybridization of South East Asian specific biomolecules
and nanocarbon. We will fabricate thermostable enzyme devices using hybrids of South East Asian specific
biomolecules and nanocarbon.

Yumi Tanaka
“Study on the effect of carbon suppots on activity of Pt/carbon-based oxygen reduction catalyst”

Two kinds of Pt/carbon ORR catalysts were prepared by Pt sputtering on g-KB and dg-KB, the former is
ketjen black in which a graphite structure had been developed by calcination at 2400°C under He and the
latter is the “g-KB” in which the defects were introduced by argon plasma etching treatment, and the ORR
activities were compared to investigate the effect of differences in crystallinity of carbon supports on the
ORR activity of Pt. As a result, Pt/dg-KB showed higher activity than Pt/g-KB, indicating that the defect
introduction into carbon supports with a well-developed graphite structure contributed to the improvement
of ORR activity of Pt/C catalyst.

Takashi Nakajima
“Development of Functional Nanocarbon Materials Based on Hierarchical Structural Control”

We have improved the characteristics and promoted the application of flexible thermoelectric devices
with Kirigami structures. Additionally, we have tried to form a CNT composite structure with a polymer
material that also features flexibility, and investigate the carrier modulation effect of the CNT layer.

Mark Paul Sadgrove
“Study on chiral coupling between nano-optical fibers and SWCNTSs”

At Sadgrove lab, single wall carbon nanotubes (SWCNTSs) are combined with optical nanofibers of waist
diameter ~500 nm. The optical nanofibers have the property of mode chirality — that is, left and right
propagating modes in the nanofiber have opposite circular polarizations. Working together with Prof.
Homma (TUS) and Prof. Shimizu (Saitama Univ.), the aim of the research is to interface the optical nanofiber
mode chirality with the structural chirality of SWCNTs. By achieving this goal, the Sadgrove group plans to
make new non-reciprocal optical devices, and new methods of isolating and analyzing single SWCNTs.
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Yoichiro Hashizume
“Pioneering technology for processing information obtained from thermoelectric devices”

The fabrication of devices using new materials such as carbon nanotubes is currently conducted by the
members of this project. We, therefore, investigate a more efficient analysis of the information obtained by such
devices. In particular, it is necessary to develop two methods; the first is the imputation method of missing
information caused by signal instability, and the second is security robustness. To meet these needs, we focus
on an analysis method using information entropy, called Kullback-Leibler divergence (KL divergence).

Tokushisa Kawawaki
“Creation of highly active water splitting photocatalysts with~1 nm platinum nanoclusters and
elucidation of their mechanism”

Water-splitting photocatalysts, which can produce hydrogen from water and sunlight, are attracting
attention as a truly clean hydrogen production method. Loading fine metal particles called a co-catalyst is
effective for increasing the activity of the photocatalyst. However, it was difficult to precisely control the
"particle size" and "electronic state" of conventional loading methods. Therefore, in this research, we aim to
create a highly active water-splitting photocatalyst by synthesizing platinum nanoclusters of about 1 nm in
size and applying them as co-catalysts.

Manaho Matsubara
“Study on optimization of thermoelectric properties of low-dimensional materials”

Using Kubo-Luttinger theory, we will investigate the thermoelectric performance of low-dimensional
thermoelectric materials, e.g., carbon nanotubes and graphene, furthermore, we will clarify the optimization
conditions for their thermoelectric performance.

Masaru Irita
“Research on thermal properties of single-walled carbon nanotubes and their applications”

We aim to establish a nanoscale thermal control technology by measuring the thermal properties of single-
walled carbon nanotubes (SWCNTS) using photoexcitation emission and Raman spectroscopy. In addition,
we are working on research and development of optical isolators using SWCNTs and related devices.

Hiroaki Anno
“Research on creation of nanocarbon thermoelectric conversion device materials”

The objective of this study is to develop stable p- and n-type carbon nanotubes (CNTs) for application in
thermoelectric conversion devices. Two approaches will be pursued: creation of hybrids consisting of inorganic
nanoparticles, CNTs, and organic matrices, and creation of charge-injected CNT thermoelectric devices. The
improvement of thermoelectric properties will be advanced by controlling and optimizing inorganic nanoparticles,
organic matrix, hybrid structure, electric double-layer transistor structure, and the amount of carrier injection.

Shin Okada
“Electronic properties of graphene nanostructures and CNT under an external electric field”

Using the density functional theory combined with the effective screening medium method, we
investigated the electronic properties of atomic layer materials and CNT thin films.

Shigeo Maruyama
“Synthesis and application of one-dimensional heterostructures”

One-dimensional heterostructures have been realized using single-walled carbon nanotubes (SWCNTS)
as templates, with boron nitride nanotubes and transition metal dichalcogenide nanotubes formed on the outer
layers. CVD synthesis of various 1D heterostructures and elucidation of their synthesis mechanism,
electronic, optical, thermal, and mechanical properties, and various device applications will be discussed.
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Satoshi Konabe
“Theoretical study on thermal radiation properties of nanocarbon materials and atomic layer
materials”

We derive emissivity formulas for nanocarbon materials and atomic layer materials to theoretically
clarify their thermal radiation properties and thermal photovoltaic effects.

Shohei Chiashi
“Fabrication of novel structures of nanocarbon materials and evaluation of their physical properties”
I aim to develop novel nanomaterial construction techniques for single-walled carbon nanotubes
(SWCNTs), graphene, and other nanocarbon materials, and to combine them with other nanomaterials such
as boron hexagonal nitride (e.g., stacked or lateral structures), and to explore and clarify their physical
properties. In the case of SWCNTs, I will develop a chirality-controlled synthesis method, and in the case of
graphene and other nanomaterials, I will promote the development of large-area and high-quality
nanomaterials. At the same time, I will develop optical analysis methods for these nanomaterials and
nanostructures.

Ryota Negishi
“Study on sysnetsis and carrier transport property analysis of multilayer graphene”

We explore a scalable synthesis method of turbostratic multilayer graphene material. To achieve this goal,
we develop an ultra-high temperature heating system using an infrared heating furnace. By introducing
reactive gas using ethanol and hydrogen gases, we will synthesize highly crystalline of turbostratic multilayer
graphene. We will reveal the structural and electrical properties of synthesized multilayer graphene using
quantum Hall, angle-resolved photoemission spectroscopy and absorption spectrum.

Hiroki Kato (JEOL Ltd.)
“3D analysis of nanocarbon composite material”

Three-dimensional (3D) analysis using focused ion beam (FIB) — scanning electron microscope (SEM)
will be performed on carbon nanotube composite and device using the composite. Energy dispersive
spectrometer (EDS) attached to FIB-SEM gives a hyperspectral data, that consists of voxels including X-ray
spectrum exited with electron beam of SEM. In this study, we will investigate issues in application of
multivariate analysis for the hyperspectral data of 3D-EDS, and work to solve the issues.

Naomi Hirayama
“Calculation of thermoelectric transport properties of semiconductors with high accuracy and low
computational cost”

We establish a theoretical method for predicting thermoelectric properties with high accuracy and low
computational cost for systems containing impurity atoms and lattice defects. For this purpose, we have
introduced the AkaiKKR (Machikaneyama) first-principles calculation code based on the Green’s function
method. Using this code, we first calculate the electronic states considering impurity dopants and defects.
Then, we obtain the thermoelectric transport coefficients using the Kubo-Greenwood formula. We also
evaluate the influence of phonons on the transport properties and crystal stability. This approach will enable
more realistic predictions of thermoelectric performance than conventional first-principles calculations.

Maki Shimizu
“Thermoelectric measurement of carbon nanotubes”

We will perform thermoelectric measurement of a single carbon nanotube. We will search for a more
accurate method to measure high resistivity range. We will construct a system to measure the temperature
dependence and measure the physical properties of carbon nanotubes.
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Division of Colloid and Interface Science
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Division of Colloid and Interface Science

1. Overview

Tokyo University of Science has laboratories specializing in interface science in each faculty. The
Division of Colloid and Interface Science has an approximately 40-year history since its establishment in
1981 by interface science researchers from each faculty. Universities with research facilities specializing in
interface science are rare both in Japan and abroad. Until now, the division has led the field of interface
science through the activities of the division members such as organizing many domestic and international
conferences and serving as editors of major international journals. Since 2013, the division has categorized
its research focus into soft and hard interfaces for a profound understanding of dynamic interfacial
phenomena.

Although most division members were chemists until 2018, physicists, mechanical engineers in fluid
mechanics and tribology, and theoretical scientists have joined the division. The participation of these
researchers supports our priority topics on manufacturing with interface science and developing functional
materials that respond to external stimuli such as light, temperature, and electricity by advanced
measurements and theoretical calculations. We progress our research to achieve a precious understanding of
interface dynamics and the reaction mechanism at the interfaces through collaboration among the researchers.
We have obtained new findings on static/dynamic behaviors and interfacial structures related to interfaces
and interfacial reactions. We will feed these findings into creating novel functional materials originating from
the Research Institute for Science & Technology (RIST).

2. Organization and Facilities

Soft interfaces are dynamic interfaces where the ﬁain Research TopicsDynamics of Interfacial Phenomena” \
“Development of Novel Stimuli-Responsive Interfaces”

Soft Interfaces

Worm-like Micelle. Nanotube
(Sakai, H., Kawai)

elements (atoms) forming the interface are TR

Metal Nanowire (Kawai)
Columnar Complex (Tadokoro)

constantly exchanged within a normal observation 1o
timeframe. This corresponds to the formation of

Admicelles (Sasaki, Sakai, K.)

Biomimetic films (Otsuka, Kikuchi,

Functional organic fim
(Nakayama, Kanai)

Self-assembled film (Sasaki)
Biomimetic inorganic film
(Hashizume)

molecular aggregates such as micelles by 20 R

surfactants. On the other hand, hard interfaces are 30
« . . . (Pseudo O D)
rigid interfaces with no exchange of surface K

constituent atoms, represented by metal and
semiconductor nanoparticles. Soft and hard

Micelles  (Kondo, Y., Sakai, H.)
Emulsions (Sakai, K., Kondo, Y.)
Dendrimers (Aoki)

Clusters, Nanoparticles

(Negishi, Kawai) /

interfaces can also be referred to as dynamic and
static interfaces, respectively. We are researching i,

one-, two-, and three-dimensional interfaces for a

profound understanding of the dynamic interfacial phenomena and their application in developing functional
materials.

In this research division, experts in material science, physics, bioscience, mechanical engineering, and
theoretical science devote research on interfacial phenomena from basic science to applications through
information exchange and collaboration with each other. Each division member has their research targets
relating to various dimensionalities and dynamics of interfaces and conducts collaborative research with
domestic, international, and industrial researchers as shown in the figure.

The division members can always use each other’s equipment including a light-scattering measurement
system, molecular interaction analysis system, atomic force microscope, small-angle X-ray scattering system
(SAXS), freeze-fracture transmission electron microscope (FF-TEM), and quartz crystal microbalance with
dissipation (QCM-D). In addition, cryo-TEM and FF-TEM in the Research Equipment Center enable the
direct observation of colloidal particles dispersed in solutions and various molecular aggregates. Furthermore,
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a high-performance small/wide-angle SAXS installed in 2020 enables precise structural analyses of
molecular aggregates, emulsions, and catalysts from nanometer to micrometer scale.

3. Activity Reports

3. 1. 2022 Research Results Presentation Meeting (Hybrid Event)
Date: Thursday, March 9, and Friday, March 10, 2023
Venue: 6th floor hall, Building No. 7, Noda Campus and Online
Summary: A 1.5-day meeting was held to summarize the five-year research period. Research reports by all
division members and the following six keynote and invited lectures were given, and the participants actively
discussed in the Q& A sessions.
1) Prof. Shin Aoki (TUS)
Design and Synthesis of Functional Supramolecules Based on Combinatorial Molecular
Aggregation—Interaction of Supramolecular Metal Complexes with Interfaces and Biomembranes
2) Dr. Shigeru Deguchi (Japan Agency for Marine-Earth Science and Technology)
Deep-sea Inspired Chemistry: An Approach to Sustainable Ocean Use from Materials Chemistry
3) Professor Srinivasa R. Raghavan (University of Maryland)
Colloidal Engineering at the Nano, Micro, and Macro Scales: Materials that Can Move,
Morph, Protect, and Heal
4) Dr. Rie Kakehashi (Osaka Research Institute of Industrial Science and Technology)
Amidoamine Oxide Surfactants — Function as Hydrogelators and Application to Oil Gelation Agents
5) Dr. Toshiyuki Suzuki (Nikko Chemicals Co., Ltd.)
Emulsification Using Molecular Aggregates and its Application to Cosmetics
6) Professor Makoto Ogawa (Vidyasirimedhi Institute of Science and Technology)
Interface-Dependent Hybrid Materials and Function Design
Many results from the joint research conducted by division members were also reported and published
as conference presentations and papers. Furthermore, three corporate researchers gave lectures at the meeting
instead of the Industry-Academia Collaboration Seminar of the Division of Colloids and Interface Science
this year. The 198 people (144 internal and 54 external) attended the meeting and actively discussed.

3. 2. 2022 Division of Colloids and Interface Science Summer Symposium

Date: August 3, 2022

Venue: Building No. 13 (Morito Memorial Hall) in Kagurazaka Campus and Online

Summary: Although the summer symposium had been held online until last year due to the COVID-19
pandemic, we held it in person this year. Professor Gary Richards of the Shibaura Institute of Technology;
Professor Chien-Hsiang Chang of the National Cheng Kung University, Taiwan; and Dr. Taisuke Banno of
Keio University gave invited lectures, followed by active discussions. In addition, 14 students from
laboratories belonging to the Division of Colloids and Interface Science gave oral presentations in English,
followed by Q&A sessions. It was impressive that the students gave their presentations and answered the
questions seriously. The 123 internal and 17 external participants attended the symposium.

4. Challenges, Prospects, and Conclusion

Division members have conducted collaborative research on functional materials for applications in
pharmaceuticals, cosmetics, foods, inks, and electronic components over a long period, and the results of the
research are now prospering. From next year, we aim to develop these technologies into technologies “only
at TUS.” We will also conduct advanced measurements and theoretical analyses of these materials to
understand phenomena profoundly and gain new knowledge, particularly on the dynamics of interfaces.
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During the five-year research terms, the division has also disseminated the results of its activities by
sponsoring and co-sponsoring various events such as cosmetics lectures at the University’s Open College
and industry—academia collaborative seminars. We will continue to strengthen the dissemination of
information from the division.

Furthermore, we will systematically turn the division into an international hub from the next academic
year onward.

In the future, we intend to promote the publication of research results in international journals and conduct
international joint research, as well as further improve the activities of subcommittees to establish a division—
industry consortium to promote division—industry joint research, human resource development, and obtain
large budgets by division members.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

16.

Properties and Applications of Highly Stable Vesicles Formed by Nanoarchitectonics of Amphiphilic
Molecules, H. Sakai, J. Oleo Sci., 72, 1-9, 2023. (Peer-reviewed)

Effect of Polyol Type on The Structure and Properties of Lecithin Liposomes Prepared Using The Polyol
Dilution Method, K. Ohishi, K. Tsuchiya, T. Ogura, A. Ebisawa, A. Sekine, Y. Masubuchi,
M. Akamatsu, K. Sakai, M. Abe, H. Sakai, Colloids Surf. A, 656 (B), 130509, 2023. (Peer-reviewed)
Enhancing the Foam Stability of Aqueous Solution with High Ethanol Concentration via Co-Addition
of Surfactant, Long-Chain Alcohol, and Inorganic Electrolyte, K. Sakai, R. Muto, M. Hara, R. Hattori,
E. Harata, M. Akamatsu, H. Sakai, Chem. Lett., 51, 982-984, 2022. (Peer-reviewed)

Controlled Polymerization of Metal Complex Monomers — Fabricating Random Copolymers
Comprising Different Metal Species and Nano-Colloids. S. Osawa, S. Kurokawa, H. Otsuka, Chem.
Commun., 58, 5273-5276, 2022. (Peer-reviewed)

Proton Conduction at High Temperature in High-Symmetry Hydrogen-Bonded Molecular Crystals of
Rulll Complexes with Six Imidazole-Imidazolate Ligands, M. Tadokoro, M. Itoh, R. Nishimura,
K. Sekiguchi, N. Hoshino, H. Kamebuchi, J. Miyazaki, F. Kobayashi, M. Mizuno, T. Akutagawa, Chem.
Eur. J., 28, 202201397, 2022. (Peer-reviewed)[Front Cover] [Hot Paper] [Press Release]

Silver Cluster-Assembled Materials for Label-Free DNA Detection, S. Das, T. Sekine, H. Mabuchi,
S. Hossain, S. Das, S. Aoki, S. Takahashi, Y. Negishi, Chem. Commun., 59, 4000-4003, 2023. (Peer-
reviewed)

Pairing-Induced Motion of Source and Inert Particles Driven by Surface Tension, H. Ishikawa,
Y. Koyano, H. Kitahata, Y. Sumino, Phys. Rev. E. 106, 024604-1-11, 2022. (Peer-reviewed)

Chiral II-Conjugated Liquid Crystals: Impacts of Ethynyl Linker and Bilateral Symmetry on the
Molecular Packing and Functions, A. Seki, K. Shimizu, K. Aoki, Crystals, 12, 1278, 2022. (Peer-
reviewed)

Chiral Transcription from Chiral Au Nanowires to Self-Assembled Monolayers of Achiral Azobenzene
Derivatives. Y. Kawasaki, M. Nakagawa, T. Ito, Y. Imura, K.-H. Wang, T. Kawai, Bull. Chem. Soc.
Jpn., 95, 1006-1010, 2022. (Peer-reviewed) [Selected Paper]

Synthesis and Optical/Electronic Properties of Imitation-copper Crystals Based on Low-molecular
Azobenzene Derivatives, K. Onodera, N. Saito, Y. Kondo, Chem. Lett., 51, 485-488, 2022. (Peer-
reviewed)

Preparation of Mechanically Anisotropic Polysaccharide Composite Films Using Roll-Press Techniques,
T. Sagawa, Y. Nikaido, K. lijima, M. Sakaguchi, Y. Yataka, M. Hashizume, ACS Omega, 8, 5607-5616,
2023. (Peer-reviewed)

Effects of Gusty Flow on Aerodynamic Performance of Multirotor Drone Propellers in Hovering Flight,
M. Murakami, H. Abe, H. Aono and H. Ishikawa, J. Fluid Sci. Tech., 17, 2022. (Peer-reviewed)
Processes of Molecular Adsorption and Ordering Enhanced by Mechanical Stimuli under High Contact
Pressure, S. Watanabe, C. Tadokoro, K. Miyake, S. Sasaki, K. Nakano, Sci. Rep., 12, 3870, 1-9, 2022.
(Peer-reviewed)

Effects of Local Anesthetics on Liposomal Membranes Determined by Their Inhibitory Activity of
Lipid Peroxidation, Y. Horizumi, S. Goto, M. Takatsuka, H. Yokoyama, Mol. Pharmaceutics, 20, 2911-
2918, 2023. (Peer-reviewed)

Degradation and Drug Release Profile of Degradable Core-Corona Type Particles under Acidic
Condition for Cancer Treatment, S. Komatsu, S. Ishida, T. Asoh, A. Kikuchi, React. Funct. Polym., 177,
105321, 2022. (Peer-reviewed)

Influence of lon Exchange on Photoresponsive Properties of Potassium Poly(Heptazine Imide),
M. Hattori, M. Nakamichi, A. Yamaguchi, C. Miyazaki, G. Seo, R. Ohnuki, S. Yoshioka, K. Kanai,
Chem. Mater., 35, 1283-1294, 2023. (Peer-reviewed)
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17. Boron-Doped Diamond Powder-Packed Electrolysis Flow Cell, T. Kondo, S. Nakamura, T. Tojo,
M. Yuasa, Chem. Lett., 51, 873-876, 2022. (Peer-reviewed)

18. High-Throughput Transient Photoluminescence Spectrometer for Deep Learning of Thermally
Activated Delayed Fluorescence Materials, M. Furukori, Y. Nagamune, Y. Nakayama, T. Hosokali,
J. Mater. Chem. C, 11, 4357-4364, 2022. (Peer-reviewed)

Books

1. $SRfbFET7n T4 T®E (Jur 707 ;U @RER 33 7 SRR ERERIC
FEALESNDERT ) Fa—TRKG 7 7 A% —, Hiak, =3 HA, 108-128, 2022. (m
Japanese)

2. Hh *' ﬁ FTeA A~ T U TIVBHTE O FEARFIA & T A — B O - BB - Rl
fiEAT - PERRER - =— RWEE—, M)l #h R, M aEIGERE, I ¥Ri#i, 33-44, 2022. (in Japanese)

3.4 ZL‘/W&Z{ZIWD%HMK ZIANT 7o ds R B A, R, e x RIEH, v—x A2 — AR, 216-222,

2022. (in Japanese)

Invited Lectures

1. Research on Properties and Functionalities of Vesicles Formed by Surfactants and Lipids, H. Sakai, 2nd
World Congress on Oleo Science (WCOS 2022), 2022.

2. Novel Liposomes and Niosomes with High Effectiveness and Sustainability for Cosmetic Applications
in the Post-Pandemic Era, H. Sakai, The Cosmetic and Beauty International Conference 2022 (CBIC
2022), Chiang Rai, Thailand, 2022.

3. Novel “Photoswitchable” Molecular Assemblies, H. Sakai, M. Akamatsu, K. Sakai, The 5th
International Conference on Nanospace Materials (ICNM2022), Pattaya, Thailand, 2022.

4. Molecular Conductor with Proton-Assisted Electron Transfer, M. Tadokoro, ICPAC (International
Congress on Pure & Applied Chemistry), Kota Kinabalu, Malaysia, 2022.

5. Ligand-Protected Metal Nanoclusters: Recent Development in Synthesis and Application in Energy and
Environmental Field, Y. Negishi, Special Seminar in Department of Chemical Engineering of National
University of Singapore, National University of Singapore, 2022.

6. Dynamics and Control of the Injection Front Induced by Precipitation Formation, Y. Sumino, Active
Matter Workshop 2023 Tokyo, 2023.

7. Tribology That Contributes to the Realization of a Carbon-Neutral Society, S. Sasaki, India International
Tribology Conference 2022, New Delhi, India, 2022.

8. Stimuli-responsive particles as biomaterials, A. Kikuchi, International Symposium on Advanced
Biomaterials, Nomi, Ishikawa, Japan Advanced Institute of Science and Technology, and Online, 2022.

9. Improved Stability of Foams in Ethanol/Water Mixtures, K. Sakai, JOCS-AOCS Joint Meeting in the
2nd World Congress on Oleo Science (WC0S2022), Online, 2022.

10. Epitaxial Organic Molecular Interfaces as Well-ordered Model Systems for Molecular Semiconductor
p-n Junctions for Optoelectronic Applications, Y. Nakayama, 241st ECS Meeting, Canada, 2022.

Patent

1. MRJFHE—, Saikat Das, BIRKAE, AN, Ag T/ 7 7 2 2 —8#F/iKI L O ORIE 715, Frif

2022-101501, 2022. (in Japanese)

Public Relations

1.

Novel Multi-Proton Carrier Complex as Efficient Proton Conductor at High Temperatures Researchers
develop a highly symmetric ruthenium (III) complex with six imidazole-imidazolate groups for efficient
high-temperature proton conduction in fuel cells, Tokyo 8 July 2022.
https://www.tus.ac.jp/today/archive/20220719_8127.html
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2. REHE—, BOCROENIZZIVEME 2 G, TRIRVIS IR HOCEEALR, JST Science Portal,
2022. (in Japanese)

3. WA, BTITERTH 2023 423 H 23 HEATI 33 [ Ak 3 B CHIE] (in Japanese)

4. Wi —, WH A T DL ) —HEAL FIEAIORIUE ~@iRET X ) —VKERRIC &
> TR S BT DL EILITREI~, 2022. (in Japanese)

Awards

1. EHFHH, B AR E, 2022. (in Japanese)

2. tREHE—, IAAM Innovation Award, 2022. (in Japanese)

3. Hex RIEH, AAMSE (Bir) |, 2022. (in Japanese)

4. S, AR EATE TS FR SCE, 2023. (in Japanese)
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Individual Research Topics

Hideki Sakai
“Dynamics of photo-responsive molecular assemblies studied by simultaneous measurements of small
angle neutron scattering (SANS) and UV/Visible absorption spectroscopy”

An advanced analysis system combining a small angle neutron scattering (SANS) instrument with a
spectrophotometer has been co-developed. This system evaluated the dynamics of structural changes under
light irradiation of molecular assemblies formed by novel photo-responsive amphiphilic molecules
(amphiphilic lophine dimers) and the release and uptake of fluorescent probes contained in the assemblies. It
was found that the fluorescent molecules were rapidly released to the bulk solution in the initial stage of the
morphological change of the molecular assemblies induced by the photoisomerization reaction.

Makoto Tadokoro
“Self-organization to nano-porous crystals containing PEG-M" ionic conductors and their physical
properties”

One-pot synthesis using self-organization is used to construct nano-porous crystals enclosing solid
electrolytes of polyethyleneglycol (PEG) and alkali metal ions (M"). This PEG-M" is confined in an anionic
one-dimensional nanochannel interface and is a stimulus-responsive molecular crystal that can transport ions
in response to an electric field.

Hidenori Otsuka
“Activation of redox reaction by polymerization of complexes and evaluation of anticancer activity”
To solve the remaining problems in the conventional standard treatment for cancer, we (1) developed a
macromolecular drug as a cytotoxic anticancer drug with a high antitumor effect, and (2) improved side
effects by using a target-directed DDS that can be delivered only to cancer cells and at lower doses. Thus, an
improvement in treatment satisfaction has been achieved. In this study, it was found that the multivalency
effect of the polymeric metal complexes, which are grafted in a macromolecular backbone, causes a more
efficient DNA cleavage reaction, resulting in high anti-cancer activity.

Yuichi Negishi
“Synthesis and structural design of novel metal nanocluster linkages”

Metal nanoclusters with a particle size of ca. 1 nm exhibit electronic/geometric structures different from
those of bulk metals and have been actively studied as new nanomaterials. Furthermore, metal-nanocluster
self-assembled materials are expected to produce new physicochemical properties based on the interaction
among the metal nanoclusters. Therefore, we aim to create metal nanoclusters and metal-nanocluster self-
assembled materials to develop new physical properties using them.

Yutaka Sumino
“Experimental study of active interface-patterns and dynamics”

A surfactant changes the surface tension of an interface and the rheology of the bulk solution. These
characteristic features of surfactant can create an active interface with deformation and flow when a system
is under far-from-equilibrium conditions with the flux of chemicals. In this research project, we created a
system with floating camphor particles that modify surface tension and sublimate from an interface. We also
created a system with inner and outer fluids that creates a worm-like micellar solution when they are mixed.
With these systems, we analyzed spatiotemporal patterns and motion of interface and created simplified
mathematical models that reproduce essential features of the experimental results.
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Kenichi Aoki
“Large-scale synthesis of dendritic polyacrylates and polyols and their application to photofunctional
materials”

We have developed a large-scale synthesis method of polyol and polyacrylate dendrimers in one-pot
manners by alternately repeating two types of click reaction, Michael addition and urethane formation. Partial
modifications of the dendritic terminals with carboxylic acid derivatives gave water-soluble dendrimers to
apply to benign UV-curable resins of VOC-free types.

Takeshi Kawai
“Fabrication of emulsions developing color in two temperature ranges”

We have reported the development of a consistent structural color within a narrow temperature range for
all-liquid-type emulsions comprising a long-chain amidoamine derivative and tetraoctylammonium bromide.
We examined the phenomenon of rapid color change under external mechanical stimuli (e.g., stirring) in
detail. The color change was caused by changing the emulsion from a lamellar phase to a cubic phase with
stirring. We also demonstrated that the return time from the cubic phase to the lamellar phase was shortened
with an increase in temperature.

Yukishige Kondo
“Novel preparation of flexible freestanding thin films from low-molecular-weight compounds”

We have found that azobenzene derivatives form golden luster crystal films. In this study, we synthesized
new low-molecular-weight compounds having azobenzene structures at both ends of tetraethylene glycol to
add flexibility to this golden luster crystal film. As a result, it is found that the freestanding thin film
composed of the novel compound is flexible and can be bent many times.

Mineo Hashizume
“pH-Responsiveness of molecules loaded in polysaccharide polyion complexes”

We have been conducting functionalization of freestanding films made of polyion complexes consisting
of oppositely charged polysaccharides. In this fiscal year, we focused on the stimuli-responsiveness of the
molecules loaded in the films. The films loading pH-responsive fluorescein (FL) molecules were prepared to
evaluate the pH responsiveness of the FL in the films. The results showed that the ionic structure of FL in
the films was different from that in solution under neutral pH regions, which indicated that the interactions
with polysaccharides can control the pH responsiveness of loaded molecules.

Hitoshi Ishikawa
“Study of flow control by viscosity change”

The viscosity of CTAB/C4AzoNa solution is increased by irradiation of UV light and decreased by
visible light. The solution in a small gap of rotating coaxial cylinders was irradiated locally by UV light to
measure its torque caused by shear force. The local irradiation of UV light enables local viscosity change of
the solution and increases the torque larger than the overall irradiation.

Shinya Sasaki
“Study on growth process of chemical reaction film formed on friction surface”

A chemical reaction film derived from lubrication oil additives with a thickness of about 100 nm is formed
on the friction interface under lubrication. By in situ observation of the growth process of reaction film using
AFM, we researched the effect mechanism of additives on friction and wear behavior of the Tribo-system.
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Satoru Goto
“Hyperspace analysis of experimental data treated by singular value decomposition”

Singular value decomposition (SVD) separates and extracts the tendency depending on the experimental
condition parameters from the observed data. Our subjects involve the fluorescent probe responses to neutral
surfactants on cyclodextrin as a protein model, interaction of polypharmacy drugs with cyclodextrin as a drug
carrier, adsorption of drugs and dyes to polyfluorocarbon membranes, and the inhibitory activity of drugs to
the protective action of tocopherol derivatives on liposomal lipid peroxidation.

Akihiko Kikuchi
“Preparation of stimuli-responsive nanoparticles for diagnostic use”

For a simple diagnosis of blood glucose levels using dispersibility changes of nanoparticles, we prepared
thermoresponsive core-corona type nanoparticles having phenylboronic acid (PBA) at the outermost surfaces with
a particle diameter of 280 nm. The nanoparticles showed dispersion and aggregation changes in the glucose
concentration range of 100~200 mg/dL at a given temperature. These results indicate the possibility of diagnosis
of blood glucose levels using the hydrophilic/ hydrophobic surface property alteration of the particle surfaces.

Kaname Kanai
“Mechanism of poly(heptazine imide) photo-catalyst”

Poly(heptazine imide) (PHI) is a photo-catalyst that exhibits a unique function called “dark photocatalytic
activity”, a phenomenon in which water can be decomposed to produce hydrogen even in dark conditions.
Since PHI also exhibits excellent photocatalytic activity in irradiated conditions, stable hydrogen collection
can be realized by combining its dark photocatalytic activity. In this project, we will elucidate the mechanism
of the dark photocatalytic activity of PHI by directly observing the electronic structure change of PHI induced
by light irradiation.

Takeshi Kondo

“Application of surface-modified conductive diamond powder to electrochemical detection”
Boron-doped diamond powder (BDDP)-cast electrodes are fabricated by casting an ink containing BDDP

and polyester resin binder onto a screen-printed graphite electrode. Based on the low background current at

the BDDP-cast electrode, electrochemical detection of levofloxacin via square-wave voltammetry showed a

lower detection limit of 0.29 mM at the oxygen-terminated BDDP-cast electrode than at the bare graphite-

printed electrode (1.07 uM).

Kenichi Sakai
“Enhancing the foam stability of aqueous solution with high ethanol concentration”

The foam stability in an aqueous solution with a high ethanol concentration (60 vol.%) was assessed
under the co-addition of an anionic surfactant, a long-chain alcohol, and an inorganic electrolyte. The addition
of the electrolyte resulted in a decreased surface tension and an increased surface viscosity, leading to
enhanced foam stability. This study proposes a new strategy for formulating foam-type disinfectants with
high ethanol concentrations.

Yasuo Nakayama
“Design and characterization of well-defined epitaxial molecular semiconductor interfaces”

The functionalities of organic electronic devices such as OLEDs originate from the interfaces where
different kinds of organic semiconductor molecules make direct contact with each other. Hence, the structural
designs and electronic properties at such interfaces are the key points of the development. In FY2022, our
group published a review paper summarizing well-defined epitaxial interfaces of organic semiconductor
molecules. We have also developed a method to evaluate the light-emitting properties of luminescent
molecules for OLEDs quickly and efficiently as cooperative research with our joint graduate school (AIST).
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Chemical Biology Division Supported by

Practical Organic Synthesis

1. Overview

Most human medicines comprise carbon-based organic compounds synthesized through multiple reaction
steps, consuming considerable time and effort and discarding much waste. As a result, the production of
pharmaceuticals has a huge environmental burden.

Our synthetic team has investigated reaction methods to improve the synthetic yield of pharmaceutical
products to the maximum. In 2002, the Shiina group developed a new dehydration condensation agent, 2-
methyl-6-nitrobenzoic anhydride (MNBA), which can drastically enhance the production efficiency of
antibiotics and anticancer drugs.

MNBA has been widely used to synthesize new antibiotics, molecular target anticancer drugs, and drugs
for diabetes treatment, and more than 14,000 successful results have been reported worldwide since the
establishment of this new synthetic method.

One of the achievements of this year is the total synthesis of violaceoids. Violaceoids are compounds
whose structures were determined after the isolation from cultures of fungi parasitic on moss inhabiting
Arashiyama, Kyoto. Violaceoids are expected to be novel lead compounds for anticancer drugs because of
their toxicity to cancer cell lines. In addition, we newly synthesized 1,4-dideoxyviolaceoid A and 1,4-
dideoxyviolaceoid B as artificial analogues of natural products violaceoid A and violaceoid B, respectively.

In 2022, we investigated the ability of the 1,4-dideoxyviolaceoids to inhibit cell proliferation in multiple
cell lines such as lung adenocarcinoma strains NCI-H1650 [EGFR(A746-750)], PC-9 [EGFR(A746-750)]
and breast adenocarcinoma strain (MDA-MB-231). Natural violaceoid B exhibited effective growth
inhibition against NCI-H1650 with Glso = 30 uM. The artificially synthesized 1,4-dideoxyviolaceoid B also
exhibited specific activity (Glso = 50 uM) against NCI-H1650. Therefore, various violaceoids can selectively
suppress the proliferation of cancer cells.

This research division has independently developed anticancer drugs using protein intracellular transport
inhibitors as molecular-targeted drugs and antiviral drugs originating from our university, and applications
based on basic research. We are promoting practical research strongly oriented to developing new drugs
through industry-academia collaboration. A new research organization will be established in 2023 after the
closing of the current division in 2022 due to the expiration of the research period. We will continue research
and development aimed at social implementation.

2. Organization and Facilities

This research division supported the close collaboration
between the synthetic organic chemistry group and the
chemical biology group inside and outside the university from
2018 to 2022. The division consists of 2 groups: the
development and application of practical organic synthesis
technology group and the chemical biology and drug
development group. The research department head is Professor
Isamu Shiina (Department of Chemistry, Graduate School of
Science/Department of Applied Chemistry, Faculty of Science I). » SIS
The facility is located at Kagurazaka School Building No. 11 Fig. 1. NMR Equipment (500 MHz).
Annex. The facility takes over nuclear magnetic resonance

92



spectrometers (500 MHz (Fig. 1) and 300 MHz NMR), a gas chromatograph mass spectrometer, and time-
of-flight mass spectrometers from The Chirality Research Center (2012-2016, Center Director: Isamu Shiina),
the predecessor of this research division. In addition, the facility has other analytical instruments such as a
single-crystal X-ray structure analyzer and a circular dichroism spectrometer (CD). We have used these high-
performance analyzers effectively to promote research.

3. Activity Reports

3. 1. The Development and Application Group for Practical Organic Synthesis Technology

We have developed total synthesis of natural products, asymmetric synthesis using organic catalysts and
metal complexes, dehydration condensation reactions, and asymmetric self-amplification reactions to
provide practical organic synthesis methods.

3. 2. The Chemical Biology and Drug Development Group

Ridaifen which is the university's original compound is our main research object. Ridaifen was
synthesized using the technology of our research division to investigate its biological activity in the Shiina,
Shimonaka, Sakai/Sakai, Higami, and Mano laboratories. In addition, the Shiina, Shimonaka, and Kawasaki
laboratories collaboratively evaluated the biological activity of compounds obtained by asymmetric synthetic
technology. To expand the applicability of asymmetric synthetic technology in the research on bioactive
compounds, we will develop drugs based on the synthesis of natural products with complicated structures.
We have conducted research and development to launch antifungal agents with FE399 as the core, and
antitumor agents with tanzawaic acid B and violaceoids as the cores.

4. Challenges and Prospects

All the issues this year have been resolved. Tumor regression was successfully observed in animal testing
by using tanzawaic acid analogs discovered at Tokyo University of Science Shiina Laboratory as novel
anticancer agents for cancer types with mutant RTKSs that are refractory to existing tyrosine kinase inhibitors
(TKIs).

Our projects were adopted as a core organization for AMED translational research [Seeds preB] in 2020-
21, and AMED [Innovative Cancer Treatment Practical Research Project] in 2022-25 (Reference 1). We have
established a method to synthesize tanzawaic acid analogs on a gram scale and have confirmed their
anticancer effects on mutated cancers, resistant cancers, and endoplasmic reticulum stress-sensitive cancer
cells at a non-clinical level. We are acquiring data sets to prepare PMDA interviews to complete the non-
clinical studies required for the start of clinical trials.

The division will be reorganized to establish a new organization in 2023 because of the expiration of the
research period in 2022. We will continue research and development aimed at social implementation.

5. Conclusion

The Chemical Biology Research Division based on practical organic synthesis is an organization that
actively supported the close collaboration between the synthetic organic chemistry groups and the chemical
biology groups inside and outside the university from 2018 to 2022. We promoted the project as planned.
During this period, we effectively used the organic synthesis methods and compounds developed at our
university. We will expand our division to apply them to fundamental and biological research.

Reference

(1) HAAREBFICHFENE (AMED) S8023 U EFRERMAFZEEE (2022 42 3 A 22 HiBHED) |,
https://www.amed.go.jp/koubo/15/01/1501C_00038.html (in Japanese)
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Major Research Achievements (FY2022)

Academic Papers

1.

The First Total Synthesis of Tanzawaic Acid B, Takatsugu Murata, Hisazumi Tsutsui, Takumi Yoshida,
Hirokazu Kubota, Shintaro Hiraishi, Hiyo Natsukawa, Yuki Suzuki, Daiki Hiraga, Takahiro Mori,
Yutaro Mackawa, Satoru Tateyama, Kiyotaka Toyoyama, Keiichi Ito, Kyohei Suzuki, Keita Yonekura,
Natsumi Shibata, Teruyuki Sato, Yasutaka Tasaki, Takehiko Inohana, Atsuhiro Takano, Naoki Egashira,
Masaki Honda, Yuma Umezaki, Isamu Shiina, ChemRxiv, DOI: 10.26434/chemrxiv-2022-p8hxs-v3.
First Total Synthesis of (—)-Merrillianin, Isamu Shiina, Takashi lizumi, Saori Taniguchi, Masuhiro Sugimoto,
Takahisa Shimazaki, Yu-suke Yamai, Go Ogawa, Tetsuro Yamada, Shojiro Shinohara, Yosuke Kageyama,
Teppei Kuboki, Yuki Suwa, Keita Yonekura, Keiichi Ito, Kiyotaka Toyoyama, Satoru Tateyama,
Takahiro Mori, Takatsugu Murata, ChemRxiv, DOI: 10.26434/chemrxiv-2022-0k1bz.

Golgi Retention and Oncogenic KIT Signaling via PLCy2-PKD2-PI4KIIIB Activation in GIST Cells,
Yuuki Obata, Kazuo Kurokawa, Takuro Tojima, Miyuki Natsume, Isamu Shiina, Tsuyoshi Takahashi,
Ryo Abe, Akihiko Nakano, Toshirou Nishida, bioRxiv, DOI: https://doi.org/10.1101/2022.12.19.5208809.
Chirally and Chemically Reversible Strecker Reaction, Yutaro Machida, Yudai Tanaka, Yuya Masuda,
Aya Kimura, Tsuneomi Kawasaki, Chemical Science, 2023, 14, 4480-4484. (Peer-reviewed)
Asymmetric Strecker Reaction at the Solid/Solid Interface, Yuki Yoshimura, Yudai Tanaka, Ryota Kobayashi,
Kohei Niikura, Tsuneomi Kawasaki, Organic & Biomolecular Chemistry, 2023, 21, 520-524. (Peer-reviewed)

Books/Reviews/Commentaries

1.

W4 BB, HEARE Tl Eh VXA 7z b NS (X U Bl OAFRO K
(BT DR, AT WAL T AER EduA (=7 =277) |, 20224210 A 14 H (inJapanese)
Asymmetric Autocatalysis as an Efficient Link Between the Origin of Homochirality and Highly
Enantioenriched Compounds, Kenso Soai, Tsuneomi Kawasaki, Arimasa Matsumoto, Origins of Life
and Evolution of Biospheres, 2022, 52, 57-74. (Peer-reviewed)

FI7VT 4 OB IOCEMORERZ YT 0 DEFREER, WEE=, JIKFE, /L7
#2022, 70, 254-257. (in Japanese)

Invited Lectures

1. He4 3B, BRREERZ B 15 Lo 26 st/ b N AmBLR MY — v & L ToREA L
5, B R AR E R AT SR el b o SEEMFZERT 56 15 SRR bR oD
fhe g am Xy A02022 410 A 12 A, BRGHKY: - THRAFEH S ¢ > 73 A. (in Japanese)

2. Tsuneomi Kawasaki, Chiral hydrogen isotopomer induced highly enantioselective amino acid synthesis
with amplification of enantiomeric excess of alpha-aminonitrile, CD 2022; 18th ICCS, July 25th, 2022,
New York University, New York.

3. B E, A MLy D—GREFHA LT I VBFREXT VT 0 O, PR 7 X hrsg
v —2022,2022 45 11 A 11 H, B K - 5. (in Japanese)

Public Relations

1. M4 BB, TRz, EEBREK,  (BM4EE THERNAVERERMEIIESE ] (—kA
55) OBIREEIZHOWT) , HARERITZEHIEME (AMED) PRIGREETER, 202244 H 1 H
NBA (https://www. amed. go. jp/koubo/15/01/1501C_00038. html) . (in Japanese)

2. MEA BB, (77U — RS IERRIRERER 00 i & S8 3 2 AU R « HEA B o

BT AFIBHFE I B9~ 2 P JERREAY . AMED THSETIN A A IR E LT ZE 26 ) (TER)
Axcelead Drug Discovery Partners & | HP = = — &, 2022 4 4 A 1 H # &
(https://www.axcelead.com/info/7091/). (in Japanese)
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Awards

1. #e4 5, 5 5 FETERFEREESIEE o 2 — L[
T-HE K. (in Japanese)

2. Tsuneomi Kawasaki, Organic & Biomolecular Chemistry (Volume 21, Issue 3), Selected as Front Cover,
January 21st, 2023, Royal Society of Chemistry.

3. Chihiro Kase (Master course student, Kawasaki Laboratory), Molecular Chirality Asia 2022 Online
Poster Award, October 29-31st, 2022, Molecular Chirality Research Organization.

al
gk%l

EERTE, 2023 422 A 13 H,

B
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Individual Research Topics

Development and Application Group for Practical Organic Synthesis Technology
Isamu Shiina and Takatsugu Murata
“Development of anticancer agents from naturally occurring products”

Violaceoids are compounds whose structures were determined after the isolation from cultures of fungi
parasitic on moss inhabiting Arashiyama, Kyoto. Violaceoids are expected to be novel lead compounds for
anticancer drugs because of their toxicity to cancer cell lines. In 2022, we designed and synthesized new
analogue compounds such as 1,4-dideoxyviolaceoid A and 1,4-dideoxyviolaceoid B based on the molecular
structures of natural violaceoids, and we investigated their growth inhibitory effects on cancer cells.

Tsuneomi Kawasaki
“Search for chiral bioactive compounds and BNCT carrier compounds using Strecker amino acid
synthesis”

Amino acids are typical chiral compounds that make up living organisms. Although amino acids have
the L- and D-enantiomers (homochirality), only the L-enantiomers compose living organisms. In a study on
the reaction pathway leading to homochirality in biologically relevant compounds, we elucidated the
asymmetric generation and amplification mechanism for aminonitrile as an intermediate in the Strecker
amino acid synthesis. We conducted a cell proliferation inhibitory activity test using amino acid derivatives
prepared by the Strecker synthesis and found a novel compound that does not affect the proliferation of both
cancer and normal cells. In FY2022, we expanded the compound library in preparation for concluding a
contracted compound evaluation system with Inospin.

Chemical Biology and Drug Development Group
Motoyuki Shimonaka
“Screening of novel boron compounds for boron neutron capture therapy (BNCT)”

Various boron-containing compounds including boronophenylalanine analogues were synthesized using
asymmetric synthesis in the Shiina and Kawasaki laboratories. We examined the toxicity of synthesized
compounds to cancer cells, normal skin cells, and other cancer cells to classify them into two groups
according to the presence or absence of cytotoxicity. As a result of the examination, we successfully obtained
novel compounds that are selectively toxic to specific cancer cells and others that do not affect the
proliferation of cancer cells and normal cells. In 2022, we compared the cell growth inhibitory ability of
natural violaceoids and artificial violaceoids using multiple cell lines such as lung adenocarcinoma cell lines.
The in vitro growth suppression studies showed high activities of Violaceoid B and 1,4-Dideoxyviolaceoid
B against NCI-H1650 with Glsp =30 uM and Glso = 50 uM, respectively.

Yoshikazu Higami
“Biologically activity test of novel cholesterol accumulation-inducing compound (lipoprofen)”
Lipoprofen is a novel cholesterol accumulation-inducing compound found in the Shiina Laboratory. We
intraperitoneally administered lipoprofen to diet-induced obesity model mice for 3 weeks to demonstrate its
cholesterol-lowering effect on the animal level. As a result, lipoprofen administration reduced the total
cholesterol level in the blood by about 30%. Furthermore, we confirmed an increase in the gene expression
of the LDL receptor important in cholesterol uptake and an insignificant change in the cholesterol level in
the liver of the treated group. This result suggests that lipoprofen lowers blood cholesterol by promoting
cholesterol uptake into the liver and its metabolism in the liver. A preliminary in vivo test was performed by
oral administration to support the above biological activity, and a similar decrease in blood total cholesterol
was observed.
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Yasunari Mano
“Pharmacokinetic study of novel cholesterol accumulation-inducing compound (lipoprofen)”

We analyzed pharmacokinetics by the time sampling of blood and urine from male Wistar rats after the
single intravenous dose of lipoprofen. The elimination half-life of lipoprofen in the rats was approximately
3.6 hours with a biphasic transition with a gradual decrease following a rapid elimination until 1 hour after
the administration. It was revealed that lipoprofen has moderate clearance and is a liver-metabolized drug
with a large volume of distribution. Furthermore, we investigated the pharmacokinetics after transdermal
administration using the “PassPort® System,” a transdermal administration device that opens temporary
micropores in the stratum corneum of human skin. Subsequent preliminary in vivo studies were conducted
with the "PassPort® System", and we observed a reduction in blood total cholesterol similar to the results
obtained with intraperitoneal administration.

Kenichi Sakai
“Analysis and evaluation of the behavior (transport) of ridaifen from the aspect of biocolloid surface
chemistry and formulation”

The skin permeability of redaifen was verified from a physicochemical point of view. In the percutaneous
absorption test, the ridaifen derivative was applied to hairless rat skin using a vertical diffusion cell (Franz
cell). Thereafter, the receptor solution was sampled over time, and the amount of percutaneous absorption of
ridaifen was measured by high-performance liquid chromatography. As a result, we were able to
quantitatively demonstrate that the application of the “PassPort™ System” promotes the penetration of the
ridaifen derivative into the stratum corneum of the skin.
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Advanced Composite Materials and Structural
CAE Research Division
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Advanced Composite Materials and Structural CAE Research Division

1. Overview

The Advanced Composite Materials and Structural CAE Research Division focuses on composite
materials, which can be said to be the materials of the 21st century. With the motto of “hands-on”, we aim to
train and produce CAE engineers whose demand has been increasing in the industry in recent years.

2. Organization and Facilities

Prof. Koyanagi (division chair . Prof. Ko 0, vanced Composite Materials
yonaet (& . frot Foe vn COVY
Prof. Okada, Prof. Ogihara, Prof. Arimitsu, Prof. ~~ Pms

; ; ; ; 10°m (-
Takahashi, Prof. Matsuzaki, Junior Associate Professor %
\O e

Inoue, Assistant Professor Arai, and Assistant
Professor M. Fikry are affiliated with this division.
The above faculty members from the materials
system to the computational science department are
conducting interdisciplinary research on composite
materials by making full use of CAE technology.
Our division did not introduce additional facilities or
equipment until the end of FY2022. On the other
hand, we already possess high CAE technologies.
We have contributed to the industry in the long term
by teaching these technologies to students and
producing talented graduates.

3. Activity Reports

Our steady research and education activities until the last year successfully acquired large-scale funding
from 2022. As a co-investigator of the Full-scale R&D Project in JST-Mirai Program, Tokyo University of
Science (TUS) will receive 138 million yen in direct expenses from 2022 to 2026. The project title is
“Elucidation of Fatigue Deterioration Mechanism and Establishment of Evaluation Method to Estimate the
Remaining Life of CFRP Laminates” and the principal investigator is Professor Arai of Nagoya University.
A large-scale share of the research expenses was allocated to the TUS group led by Professor Koyanagi, the
head of the department, as the first collaborative group. In FY2022, 30 million yen was allocated as direct
expenses. More than 20 million yen will be distributed every year from 2023.

On the other hand, regarding the Ministry of Land, Infrastructure, Transport and Tourism Moon
Residence Program, which is a part of the Stardust Program, the theme of CFRP 3D printing was adopted as
a contributor. In 2022, TUS was funded with a research budget of 2 million yen, and this fund will continue
until 2025. In 2022, the theme of CFRP 3D printing was adopted in JAXA joint research, and 5 million yen
in research funding was obtained.

4. Challenges and Prospects
This division aims to acquire large-scale funding for three main projects: research on the strength and
durability of CFRP, research on ultrasonic welding of thermoplastic CFRP, and research on CFRP 3D

printers. However, funding for research on ultrasonic welding has not been achieved. In FY2022, we would
like to promote the practical application of the technology and aim to acquire large-scale funds for the theme.
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5. Conclusion

Five years have passed since the inauguration of the department, and we have achieved great results in
terms of obtaining research funds and publishing papers. We believe that the acquired research budget scale
is enough to promote the department to a center. However, our application to promote our department to a
center in FY 2022 was unfortunately rejected. From FY2023, we will continue our activities as a department
again. Aiming to attract more and more attention as a base for research on composite materials in Japan, we
will build stronger industry-academia collaboration.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

16.

N. Yamada, Y. Oya, N. Kato, K. Mori, J. Koyanagi, A molecular dynamics simulation for thermal
activation process in covalent bond dissociation of a crosslinked thermosetting polymer, Molecules, Vol.
28 (2023), pp. 2736.

Huachao Deng, Asa Mochizuki, Mohammad Fikry, Shun Abe, Shinji Ogihara, Jun Koyanagi, Numerical
and experimental studies for fatigue damage accumulation of CFRP cross-ply laminates based on
entropy failure criterion, Materials, Vol. 16 (2023), pp. 388.

Hikaru Kagawa, Yuta Umezu, Kenichi Sakaue, Jun Koyanagi, Numerical simulation for the tensile
failure of randomly oriented short fiber reinforced plastics based on a viscoelastic entropy damage
criterion, Composites Part C, Vol. 10 (2023), pp. 100342.

Shun Iwamoto, Yutaka Oya, Jun Koyanagi, Evaluation of microscopic damage of PEEK polymers under
cyclic loadings using molecular dynamics simulations, Polymers, Vol. 14 (2022), pp. 4955.

J. Kajimoto, A. Fujii, Y. Maruyama, H. Kajita, J. Koyanagi, R. Matsuzaki, Automatic strengthening in
thickness direction using lap joint of carbon fiber for fused filament fabrication 3D printing, Composite
Structures, Vol. 303 (2023), pp. 116290.

J. Koyanagi, A. Mochizuki, R. Higuchi, V.B.C. Tan, T.E. Tay, Finite element model for simulating
entropy-based strength-degradation of carbon-fiber- reinforced plastics subjected to cyclic loadings,
International Journal of Fatigue, Vol. 165 (2022), pp. 107204.

M. Morita, Y. Oya, N. Kato, K. Mori, J. Koyanagi, Effect of electrostatic interactions on the interfacial
energy between thermoplastic polymers and graphene oxide: a molecular dynamics study, Polymers,
Vol. 14 (2022), pp. 2579.

Y. Sato, S. Masumizu, K. Sakaue, J. Koyanagi, A. Ohtani, T. Sakai, Evaluation of viscoelastic non-
isochoric plastic behavior of PBT and PA6, Mechanics of Time-Dependent Materials, Vol. 27 (2023)
pp. 829-841.

K. Fukui, T. Tadachi, H. Yamashita, J. Koyanagi, Shinji. Ogihara, Finite Element Analysis of Edge
Gripper Processing of Carbon Fiber Composite Cables, Advanced Composite Materials, Vol. 31 (2022),
pp. 583-599.

Jumpei Kajimoto, Jun Koyanagi, Yusuke Maruyama, Hideyuki Kajita, Ryosuke Matsuzaki, Automated
interlaminar reinforcement with thickness directional fiber arrangement for 3D printing, Composite
Structures, Vol. 286 (2022), pp.115321.

T. Sakai, N Takase, Y. Oya, J. Koyanagi, A possibility for quantitative detection of mechanically-
induced invisible damage by thermal property measurement via entropy generation for a polymer
material, Materials, Vol. 15 (2022), pp. 737.

J. Koyanagi, M. Takamura, K. Wakayama, K. Uehara, S. Takeda, Numerical simulation of ultrasonic
welding for CFRP using energy director, Advanced Composite Materials, Vol. 31 (2022), pp. 428-441.
Yutaro Arai, Yuka Daigo, Esuke Kojo, Ryo Inoue, Yasuo Kogo, Geometric factors affecting Young's
modulus of porous carbon with a three-dimensional network structure, International Journal of Applied
Ceramic Technology, Vol. 19, pp. 523-532.

Daisuke Kuba, Ryosuke Matsuzaki, Shono Ochi and Shinji Ogihara, 3D printing of composite materials
using ultralow-melt-viscosity polymer and continuous carbon fiber, Composites Part C, Vol. 8, pp.
100250.

M. J. Mohammad Fikry, Vladimir Vinogradov and Shinji Ogihara, Experimental observation and
modeling of resin pocket cracking in unidirectional laminates with ply discontinuity, Composites
Science and Technology, Vol. 218, pp. 109175.

M. Parker, A. Inthavong, E. Law, S. Waddell, N. Ezeokeke, R. Matsuzaki, D. Arola, 3D printing of
continuous carbon fiber reinforced polyphenylene sulfide: exploring printability and importance of fiber
volume fraction, Additive Manufacturing, Vol. 54, pp. 102763.
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18.

19.

20.

21.

22.

23.

Noriatsu Koide, Tomoki Marumo, Yutaro Arai, Makoto Hasegawa, Toshiyuki Nishimura, Ryo Inoue,
Degradation of carbon fiber-reinforced ultra-high-temperature ceramic matrix composites at extremely
high temperature using arc-wind tunnel tests, Journal of Materials Science, Vol. 57, pp. 19785-19798.
Tomoki Marumo, Noriatsu Koide, Yutaro Arai, Toshiyuki Nishimura, Makoto Hasegawa, Ryo Inoue,
Characterization of carbon fiber-reinforced ultra-high temperature ceramic matrix composites fabricated
via Zr-Ti alloy melt infiltration, Journal of the European Ceramic Society, Vol. 42, pp. 5208-5219.
Masayuki Kamaya, Kenji Sugamura, Hiroshi Okada, Stress intensity factors of rectangular shape cracks
for crack growth prediction, INTERNATIONAL JOURNAL OF PRESSURE VESSELS AND PIPING,
Vol.201, pp.104864.

Hiroshi OKADA, Daichi NAKAHARA, Ayaka NAGASHIMA, Rino WATANABE, Yusuke SUNAOKA,
Yasunori YUSA, Yuto OTOGURO, Singular patch method for linear elastic fracture mechanics analysis
using isogeometric analysis, Mechanical Engineering Journal, Vol.9, pp. 22-00291.

Y. Yusa, H. Kobayashi, Y. Murakami, H. Okada., Implementation of balancing domain decomposition
method for parallel finite element analysis involving inactive elements, INTERNATIONAL JOURNAL
FOR NUMERICAL METHODS IN ENGINEERING, Vol. 123 (2022) pp. 3974-4000.

M. S. Shaari, S. D. Urai, A. Takahashi, M. R. M. Akramin, Predicting Fatigue Crack Growth Behavior
of Coalesced Cracks Using the Global-Local Superimposed Technique, Fracture and Structural Integrity,
vol. 62 (2022) pp. 437-446.

Masahiro Furutani; Kentaro Nakayama; Kazuki Okuma; Koji Arimitsu, Role of dipyridyl disulfide
cross-linking moieties in an acrylate photo-adhesive material, Journal of Polymer Research, vol. 29
(2022) 245.

Book

1.

Jun Koyanagi, Numerical simulation for tensile failure of fiber-reinforced polymer composites based on
viscoelastic-entropy-damage criterion, Advanced Structured Materials, Vol. 188 (2023), pp. 65-83.
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Individual Research Topics

Jun Koyanagi
“Mechanical study of composite materials using CAE technology”

Our research target is advanced composite materials, which are the materials of the 21st century,
represented by carbon fiber reinforced plastics (CFRP). We have conducted engineering research by utilizing
CAE technologies such as the molecular-level material development using the molecular orbital method
(MO) and molecular dynamics (MD), the destruction simulation using the finite element method (FEM),
particle method (SPH), and computational fluid dynamics (CFD), the design of actual structures, molding
simulation, and fluid analysis. We have carried out practical research activities as joint research with
manufacturers and contributed directly to the industry. Furthermore, we have trained and produced able CAE
engineers for the industry.

Shinji Ogihara
“Research on Microscopic Damage Behavior of Fiber Reinforced Composites”

We experimentally studied the microscopic damage generation and propagation process within the
material due to various forms of load, mainly in laminated fiber-reinforced composite materials. Furthermore,
we experimentally evaluated the effect of damage on the mechanical properties of the material. Based on the
obtained results, we compared them with the predictions by the finite element method and the damage
mechanics model and examined their validity. We laid the foundation for application to material systems
with more complicated internal structures. This is expected to contribute to the structural integrity evaluation
of materials in operation.

Ryosuke Matsuzaki
“Research on 3D printing of composite materials”

We develop 3D printing to create high-strength and high-rigidity products that can be applied to structural
materials for automobiles and aerospace using resin-based composite materials reinforced with continuous
carbon fibers. This fiscal year, we conducted optimization and demonstration tests of fiber orientation
including curved fibers, and researched the superiority and issues of composite 3D printing.

Ryo Inoue
“Study on visualization of deformation/damage of inhomogeneous materials”

Understanding the local deformation distribution in composite materials is essential to clarify their
damage and failure and derive new material design criteria. In the case of composite materials with a ceramic
matrix, their local deformation distribution must be measured at high temperatures. However, the influence
of thermal radiation makes accurate evaluation difficult. In this fiscal year, we succeeded in visualizing three-
dimensional deformation on the material surface in an environment exceeding 1000°C and the mismatch of
the elastic modulus and thermal expansion coefficient of the constituent materials. In addition, we succeeded
in quantitatively understanding the deformation distribution inside the material from the volume images
acquired by laboratory and synchrotron CTs. We plan to develop the strength and life prediction using
machine learning based on the obtained data.

Hiroshi Okada
“Study on linear/nonlinear fracture mechanics analysis for inhomogeneous materials*

The weld metal and heat-affected zone of weld joints are inhomogeneous because the thermal history and
solidification process during welding affects the mechanical properties of the materials. A functionally
graded material regarded as a kind of composite material creates a spatial distribution of the intended
mechanical and thermal properties of the material. In general, the mechanical and thermal properties change
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continuously within the material. I have researched stress intensity factor calculation methods using the J-
integral and cross-integral methods for rigorously evaluating the fracture mechanics of materials with non-
uniform mechanical properties. In this fiscal year, various mutual integral method formulations were
formulated and their accuracy was evaluated to advance linear fracture mechanics analysis of welded joints
and functionally graded materials. In addition, we have advanced the analysis method of the cycle jump
method to shorten the analysis time of fracture phenomena progressing under cyclic loading.

Akitoshi Takahashi
“A study on quantitative fatigue crack propagation analysis considering the effect of crack opening
and closing behavior”

In the fatigue crack growth problem, it is known that the plastic deformation of a small region at the crack
tip changes the opening and closing behavior of the crack tip, which slows down the fatigue crack growth
rate. Numerical analysis of opening and closing behavior using elastoplastic finite element analysis was
implemented in the fatigue crack growth analysis system using the polymerization mesh method that we have
developed. The system enabled us to directly calculate the effect of plastic deformation at the crack tip on
the fatigue crack growth rate. Furthermore, we created a model of the opening and closing behavior by two-
dimensional elastoplastic analysis as a different approach. A Three-dimensional fatigue crack growth
analysis based on the model realized a simple fatigue crack propagation simulation considering the opening
and closing behavior.

Yasuo Kogo
“Research on the mechanical properties of CFRP ropes for electric wires”

We are studying the mechanical properties of CFRP ropes. They are special composite ropes made by
twisting seven strands of CFRP and used as the core materials in power transmission cables. However, their
mechanical behaviors remain unclear. In this study, we evaluate the mechanical behavior of the twisted CFRP
single wire and the CFRP rope made from strands of single wires. In this fiscal year, we performed a
characteristic test using the compression bending test method to evaluate their mechanical properties without
the effect of the contact area. We confirmed the extremely high usefulness of this test for the evaluation of
flexural deformation and fracture behavior.

Koji Arimitsu
“Research on anionic UV curing of epoxy/bismaleimide mixed resin”

When anionic UV curing of a mixed resin film consisting of a photobase generator, bismaleimide resin
(BMI), and epoxy resin (JER828) is performed, a higher hardness than each resin can be achieved at the
mixing ratio of BMI;JER828 = 1:1. However, long-time heating at high temperatures was required after light
irradiation. In this research, we achieved a short-time anionic UV curing at low temperatures by adding
polyfunctional thiol to the mixed resin film. The hardness of the prepared resin was comparable to that of
simple thermosetting systems.
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Division of Nucleic Acid Drug Development
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Division of Nucleic Acid Drug Development

1. Overview

Developing nucleic acid drugs requires knowledge from a wide range of research fields. Many prominent
researchers work on nucleic acid or related research at TUS. Hence, innovative and unique results are highly
anticipated through their collaborations. In this division, one of our missions is the development of novel
nucleic acid derivatives that overwhelm conventional ones in the viewpoint of efficacy, stability, and safety.
Also, we aim to develop novel carrier molecules that bind to nucleic acids to improve their stability and
pharmacokinetics in the body and to establish formulation technology. We chose the immune system,
metabolic system-related diseases, and cancer as targets. As just described, the development of original
nucleic acid drugs targeting unique diseases is highly expected by a gathering of in-house competent
researchers in this division.

biological

translation process

b -S---

DNA protein
antigene antisense aptamer
decoy siRNA
miRNA

Fig. 1. Oligonucleotides as therapeutic agents.
2. Organization and Facilities

Organization

Faculty of Pharmaceutical Sciences
Takeshi Wada (Organic chemistry)

Makiya Nishikawa (Drug delivery system)
Takehisa Hanawa (Medicinal formulation)
Yoshikazu Higami (Molecular pathology and
metabolic diseases)

Kazunori Akimoto (Molecular pathology)
Chikamasa Yamashita (Physical pharmacy)
Yosuke Harada (Immunology)

Faculty of Science

Satoru Miyazaki (Bioinformatics)

Hidetaka Torigoe (Biophysical chemistry)
Hidenori Otsuka (Polymer chemistry)
Faculty of Advanced Engineering

Chiharu Nishiyama (Immunology, allergy
and molecular biology)

Suguru Yoshida (Organic synthesis)

The Division of Nucleic Acid Drug Development
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Fig. 2. Researchers belonging to this division.
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Research Institute of Biomedical Sciences
Ryo Goitsuka (Developmental immunology)
Masayuki Sakurai (RNA editing)

Principal research equipment in the Division of Nucleic Acid Drug Development

Nuclear magnetic resonance (NMR) spectrometer

1. Model JNM-ECZ400S  (JEOL Ltd.)
2. Installation site Building No.15, Noda Campus
3. Feature

This equipment is a nuclear magnetic resonance spectrometer that can collect 1H, 13C, 11B, 19F, 31P,
and other nuclei NMR spectra at a frequency of 400 MHz. Furthermore, 2D NMR experiments such as
COSY, HMQC, HMBC, and NOESY are available to characterize synthesized samples and natural
compounds.

Mass spectrometer

1. Model SCIEX X500R QTOF (SCIEX)
2. Installation site Building No.15, Noda Campus
3. Feature

The equipment measures m/z values of chemical compounds ionized by the electrospray ionization
(ESI) method. High-resolution mass analysis and MS/MS analysis are also available.

3. Activity Reports

Joint Symposium of Medical Data Science and Division of Nucleic Acid Drug Development
-Synergy of data science and oligonucleotide therapeutics-
Date: 9/24/2022
Venue: Katsushika Campus, Tokyo University of Science
Summary: Division of Nucleic Acid Drug Development and the newly established Medical Data Science
(department head: Prof. Kazunori Akimoto) held a joint symposium. The purpose of the symposium was to
deepen mutual understanding among members of the two divisions through the presentation and discussion
of their research. Since it was the first in-person symposium held in the post-COVID-19 era, active
discussions were conducted.
Invited lecturers: Dr. Takao Fujisawa (National Cancer Center Japan, East Hospital)
Dr. Kazuya Tsuchihara (National Cancer Center Japan, Exploratory Oncology Research &
Clinical Trial Center)

7th Symposium of Division of Nucleic Acid Drug Development

Date: 2/25/2022

Venue: Fujimi Building, Kagurazaka Campus, Tokyo University of Science

Summary: The division members made presentations on their research to strengthen mutual understanding

and enhance the opportunity for collaborative research.

Invited lecturers: Prof. Kohji Seio (Tokyo Institute of Technology, Department of Life Science and Technology)
Dr. Masamitsu Konno (National Institute of Advanced Industrial Science and Technology,
Cellular and Molecular Biotechnology Research Institute)
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4. Challenges and Prospects

While advancing ongoing collaborative research on specific targets such as cutaneous wounds, breast
cancer, and COVID-19 using oligonucleotide therapeutics, the new application for controlling immunity and
lipid metabolism systems will be investigated in detail.

In addition, the development of a method for the stercoselective synthesis of boranophosphate
oligonucleotides, which are promising alternatives for phosphorothioate as antisense oligonucleotides, is in
progress, and the examination of their safety and efficacy will be explored.

Moreover, platform technology for highly functionalized oligonucleotides and novel DDS will be
established using DNA nanotechnology.

Besides, although the 3-year installation period of this division expired in March 2022, a 2-year extension
of the installation period was permitted, and the division aims to promote the center.

5. Conclusions
The division combines the knowledge of in-house researchers engaging in oligonucleotide therapeutics

and related research. The collaborative research will be actively advanced for the development of
oligonucleotide therapeutics made at Tokyo University of Science.
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Major Research Achievements (FY2022)

Academic Papers

1.

Solid-phase synthesis of N-trichloroacetyl mannosamine 1-phosphate repeating units mimicking
capsular polysaccharide derived from Neisseria meningitidis serotype A, Kazuki Sato, Akie Chiba,
Tomomi Shiraishi, Yuki Ogawa, Rintaro Iwata Hara, Takeshi Wada, Carbohydr. Res., 518, pp 108585,
2022. (Peer-reviewed)

Synthesis and properties of oligodiaminogalactoses that bind to A-type oligonucleotide duplexes,
Tomomi Shiraishi, Kazuki Sato, Rintaro Iwata Hara, Takeshi Wada, Org. Biomol. Chem., 20, pp 8243-
8258, 2022. (Peer-reviewed)

Development of a new synthetic method for oligodeoxynucleotides using 3'-H-phosphonamidate
derivatives, Taiki Tsurusaki, Kazuki Sato, Takeshi Wada, Org. Biomol. Chem., 21, pp 2486-2492, 2023.
(Peer-reviewed)

Individual evaluation of aging- and caloric restriction-related changes to distinct multimeric complexes
of circulating adiponectin by immunoblotting. Masaki Kobayashi, Yuichiro Nezu, Mayu Itoh,

Rio Uchida, Tomoya Arikawa, Minami Otsubo, Yuka Nozaki, Ryoma Tagawa, Yuya Fujishima,
Norikazu Maeda, Iichiro Shimomura, Yoshikazu Higami, Experimental Gerontology, 164, pp 111821,
2022. (Peer-reviewed)

Long-term dietary taurine lowers plasma levels of cholesterol and bile acids. Ryoma Tagawa,
Masaki Kobayashi, Misako Sakurai, Maho Yoshida, Hiroki Kaneko, Yuhei Mizunoe, Yuka Nozaki,
Naoyuki Okita, Yuka Sudo,_Yoshikazu Higami, International Journal of Molecular Sciences, 23, pp
1793, 2022. (Peer-reviewed)

High expression of SLC20A1 is less effective for endocrine therapy and predicts late recurrence in ER-

positive breast cancer, Chotaro Onaga, Shoma Tamori, Izumi Matsuoka, Ayaka Ozaki,

Hitomi Motomura, Yuka Nagashima, Tsugumichi Sato, Keiko Sato, Yuyun Xiong, Kazunori Sasaki,
Shigeo Ohno, Kazunori Akimoto, PLoS One, 17, €0268799, 2022. (Peer-reviewed)

Intradermal delivery of Cryjl loaded in CpG DNA hydrogel for inhibiting allergic reactions in mice,
Takumi Tanifuji, Moeka Nishimura, Kosuke Kusamori, Makiya Nishikawa, Journal of Controlled
Release, 354, pp 429-438, 2023. (Peer-reviewed)

Physicochemical Properties of Egg-Box-Mediated Hydrogels with Transiently Decreased pH
Employing Carbonated Water, Ryota Teshima, Shigehito Osawa, Yayoi Kawano, Takehisa Hanawa,
Akihiko Kikuchi, and Hidenori Otsuka, ACS Omega,8, pp 7800-7807, 2022. (Peer-reviewed)
Involvement of trigeminal axons in nose-to-brain delivery of glucagon-like peptide-2 derivative,
Tomomi Akita, Yusuke Oda, Ryosuke Kimura, Mio Nagai, Ayano Tezuka, Mizuki Shimamura,
Kaho Washizu, Jun-Ichiro Oka, Chikamasa Yamashita, Journal of Controlled Release, 351, pp 573-580,
2022. (Peer-reviewed)

Books

1.

New Molecular Technologies for Oligonucleotide Therapeutics-1: Properties and Synthesis of
Boranophosphate DNAs, Kazuki Sato, Takeshi Wada, In: Sugimoto, N. (eds) Handbook of Chemical
Biology of Nucleic Acids, Springer, Singapore, 2023.

New Molecular Technologies for Oligonucleotide Therapeutics-2: A-Type Nucleic Acid Duplex-
Specific Binding Oligocationic Molecules for Oligonucleotide Therapeutics, Rintaro Iwata Hara,
Takeshi Wada, In: Sugimoto, N. (eds) Handbook of Chemical Biology of Nucleic Acids. Springer,
Singapore, 2023.

Nanobiomaterials, 2nd edition, Hidenori Otsuka, Ami Yamamura, Elsevier, pp1-20, 2023.
Interdisciplinary Cancer Research, Hidenori Otsuka, Springer Nature, pp1-23, 2023.

Hydrogels for Wound Healing Applications, Hidenori Otsuka, Elsevier, pp1-25, 2023.

111



Invited Lectures

1.

A brief history of stereopure oligonucleotide therapeutics: chemical synthesis and applications, F1H Jf,
H AR S50 7 IR S, B, 2022.

NEW APPROACH FOR BREAST CANCER STRATIFICATION BASED ON CANCER
GENOMICS DB, Kazunori Akimoto, The 9th International Postgraduate Conference on Pharmaceutical
Sciences 2022, Malaysia, 2022.

High expression of p62 and ALDH1A3 is associated with poor prognosis in luminal B breast

cancer, Ayaka Ozaki, Shoma Tamori, Kazunori Akimoto, The 9th International Postgraduate

Conference on Pharmaceutical Sciences 2022, Malaysia, 2022.

Development of bioactive nanosystems with optimized pharmacokinetic properties, Makiya Nishikawa,
9th International Postgraduate Conference on Pharmaceutical Sciences 2022, online, 2022.

Cell-Based Tumor-Targeted Therapy by Cell Surface Engineering, Kosuke Kusamori, Yukiya Takayama,
Makiya Nishikawa, I[CPAC Kota Kinabalu 2022, Malaysia, 2022.

Aryne chemistry for the synthesis of diverse heterocyclic compounds, # [H {&, Thime WebCheminars
2022 Aryne Chemistry in Synthesis, online, 2022.

Patents

1.

o v oA

Takeshi Wada, Kazuki Sato, Yuhei Takahashi, [EFzHifE, CHIMERIC NUCLEIC ACID OLIGOMER
INCLUDING PHOSPHOROTHIOATE AND BORANOPHOSPHATE, AND METHOD FOR
PRODUCING SAME, PCT/JP2022/022556, 2022

B B, AARIER, BRI, B O, SEEEKE, e —&, ENESLHRE, B
{b~—71—F L O senolytic drug BHFE D7 O OFER) & L /37 E D3 L, T2022-067, 2022 (in
Japanese)

L FBAE, FESEARPRRR 7T NEREIR, IR, 5 - R BA R OV SR R O T,
W02022/239839, 2022 (in Japanese)

W NELE, FEPNESEHRE, FFE 2022-180380, 2022 (in Japanese)

W NELE, EPNEESE HHRE, FFRE 2022-180381, 2022 (in Japanese)

KRG, REBE, WABR, ~A FaF L RO, Ra vz Bd 2 2o O/, FF
J#H 2023-70135, 2023 (in Japanese)

Public Relations

1.

FOMH Sk, #Hl DDS WA A MR ICEEE A, siRNA THEM~, (L5 T3 H #, 2022
(https://www.nikkei-science.com/page/magazine/202212.html) (in Japanese)

2. ABEmEIA, HOOK - BORCERLR - BOK, BERHARER I 31T 2 BHE HHE microRNA146b-5p %
[FE, HARRH TR, 2022 (in Japanese)

3. WTFEIE, KEEE, KRB KT 77V 20 U — X5 | (Journal of Controlled Release
November 2022 (Zaa XHa# R 2 OBERMMIE % < O3 2 72 2R 7 U N Y —Hedf o
VERBEE 2 iR ~ R B 5 ST AR 7 T REF BRI 2 3 0 ik X~ 1T 9 5
~ ,2022(in Japanese)

4. Chikamasa Yamashita, Tomomi Akita, EurekAlert! [The Nose-Brain Pathway: Exploring the Role of
Trigeminal Nerves in Delivering Intranasally Administered Antidepressant] , 2022(in Japanese)

5. KNEE(C, RKEEM, GROSRICHELAT 5T/ MEOFHBLEREDRIEIZME), 7L A
U U —&,2022 (https://www.tus.ac.jp/today/archive/20220620 3392.html) (in Japanese)

Awards

1. BPEER, 5545 B AR LRSS, B PRE, AR F2, 2022 (in Japanese)

2. EARIGE, % 14 [0 H K DDS SFRUHR E (S - BRIRIIZE), H A DDS /2, 2022 (in Japanese)

3. HEARIGEH, 2022 L B ASEAIFSBEENE, B ARSEHIF 43, 2022 (in Japanese)
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HERE, 2023 M R HFLaE PR EE, B ARIKT 22, 2023 (in Japanese)

Ryota Teshima, Shigehito Osawa, Yayoi Kawano, Takehisa Hanawa, Akihiko Kikuchi, and Hidenori
Otsuka, ACS Omega, Supplementary Cover, American Chemical Society, 2023

FEEKR, RIEEERLC, [BWmiIA, M Z, KEE#M, 77 ) 7 AT 7 arTRANT T )%
2022777 7V, RAEAR o Z —, 2022 (in Japanese)

113



Individual Research Topics

Takeshi Wada
“Development of a new synthetic method for oligodeoxynucleotides using 3’-H-phosphonamidate
derivatives”

A new approach for the solution-phase synthesis of oligodeoxynucleotides (ODNs) was developed using
nucleoside 3’-H-phosphonamidate derivatives with a heterocyclic amino group as monomers. The
condensation reaction of the H-phosphoamidate monomer and a hydroxy group proceeded without using
additives. This strategy enables us to reduce the number of reagents and simplify the purification process.

Kazuki Sato
“Solid-phase synthesis of stereocontrolled boranophosphate/phosphate and phosphoro-thioate/phosphate
chimeric oligouridylates”

The stereoselective synthesis of boranosphate/phosphate (PB/PO) and phosphorothioate/phosphate
(PS/PO) chimeric oligouridylates was achieved using the solid-phase method. Oxazaphospholidine monomer
was used to construct the stereodefined PB and PS linkages. The method enables the introduction of
modifications to oligouridylate derivatives in the intended positions with the intended stereochemistry of
phosphorous atoms.

Yoshikazu Higami
“Functional elucidation of PARIS/ZNF746 for development of novel cellular senescence markers and
senolytic drugs”

We found that PARIS/ZNF746 is highly localized in the vascular mesenchymal fraction of adipose tissue
and is increased in adipose tissue during aging and obesity. While PARIS expression is decreased in adipose
tissue from calorie-restricted mice, which has metabolic-improving, anti-aging, and life-extending effects.
We also found that PARIS overexpression suppressed adipocyte differentiation, reduced mitochondrial

function, and increased p16™K*

protein expression, a known marker of cellular senescence. Therefore, we
believe that PARIS/ZNF746 is a novel marker of cellular senescence and a drug target for the development
of a novel senolytic drug. We are currently analyzing PARIS function using PARIS-overexpressing adipose

progenitor cell 3T3-L1 and developing antisense oligonucleotide to down-regulate PARIS expression.

Yuka Nozaki
“Age-related transition of adipose-specific mitochondrial stress”

Mitochondrial intermediate peptidase (MIPEP) plays an important role in mitochondrial matrix
proteostasis by processing certain mitochondrial matrix proteins. Therefore, MIPEP dysfunction may cause
mitochondrial matrix proteostasis disorder. However, a difference between short-term and long-term
mitochondrial stress responses has not been investigated. To evaluate the difference, we generate and analyze
adipose-specific Mipep knockout (aMKO) mice.

Kazunori Akimoto, Shoma Tamori
“Identification of cancer prognostic markers and elucidation of molecular functions in cancer stem
cells using cancer genomics databases”

To identify the biomarkers for the early detection and targeted molecules in refractory cancers, we have
analyzed cancer genomics databases by data science techniques to isolate prognostic marker candidates and
therapeutic target molecules for oligonucleotide therapeutics. In 2022, we also proceeded with the function
analysis in cancer stem cells of prognostic marker candidates isolated by 2021 and therapeutic target molecule
candidates of oligonucleotide therapeutics. In 2023, we will continue to isolate new candidates and advance
the functional analysis of molecules that have already been isolated.
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Makiya Nishikawa
“Development of high functional nucleic acids based on DNA nanotechnology”

DNA nanostructures with potent immunostimulatory activity were developed. The location of the CpG
motifin the nanostructured DNAs consisting of CpG oligodeoxynucleotide (ODN) was found to be important
for their immunostimulatory activities. In addition, a guanine quadruplex structure consisting of CpG ODN
with consecutive guanine nucleotides efficiently induced proinflammatory cytokine release from immune
cells.

Kosuke Kusamori
“Development of cell-based nucleic acid delivery system”

We previously reported that nanoparticles modified on the surface of mesenchymal stem cells (MSCs)
were efficiently delivered to cancer cells in co-culture experiments. Here, we demonstrated that MSCs
modified with lipid nanoparticles (LNPs) which contained siRNA targeting firefly luciferase gene (siLuc)
efficiently inhibited the luciferase activity in luciferase-expressing cancer cells compared to siLuc-containing
LNPs.

Satoru Miyazaki
“Informative analysis for the development of anti-nucleic acids sequence based on comparison between
whole human genes and COVID-19 genome sequence”

We have been identifying the length of 20-23 base sequences in the COVID-19 genome sequence as the
candidates of anti-sense nucleic base sequences, that do not exist in coding genes and ncRNA genes of
humans. For the candidate sequences, we developed a new protocol to check them from the viewpoint of
RNA secondary structure predictions and substitution rate with point mutations of COVID-19 strains.

Takehisa Hanawa
“Application of PVA hydrogels as nucleic acid delivery carriers”

We have focused on gels as carriers that can stably support and deliver nucleic acids by freezing and
thawing. This year, we prepared PVA hydrogels and investigated their potential application as drug carriers,
focusing on the evaluation of their physical properties. The release behavior of PVA hydrogels using a yellow
dye as a model drug was investigated, and it was found that the release can be controlled by the difference in
gel fraction. Hence, we believe that PVA hydrogels can be applied as a carrier for nucleic acids.

Chikamasa Yamashita, Tomomi AKita
“Research on the usefulness of functional lipid nanoparticles encapsulating active vitamin D3 for the
curative treatment of COPD by alveolar regeneration”

Our previous study found that active vitamin D3 (VD3) showed alveolar repair effects in a mouse model
of COPD while inducing serious side effects. Therefore, we encapsulated active VD3 in functional lipid (SS-
OP) nanoparticles for efficient delivery to the site of action and reducing the side effects. As a result, we
found that active VD3 encapsulated SS-OP nanoparticles including DOPE showed an alveolar repair effect
at a low dosage and reduced side effects.

Chiharu Nishiyama, Masakazu Hachisu
“Screening of immunomodulatory natural compounds”

We identified salicylaldehyde (Int. J. Mol. Sci. 2022) and B-damascone (Front. Nutr. 2023) as an anti-
allergic compound and an anti-inflammatory compound, respectively, by screenings of an aroma compound
library. Salicylaldehyde suppressed pathology of anaphylaxis in mouse models, and contact hypersensitivity
was ameliorated in B-damascone orally administered mice.
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Chiharu Nishiyama
“Anti-allergic effects of short chain fatty acid (SCFA)”

To clarify the involvement of GPR109A in SCFA-mediated inhibitory effects on mast cells, we utilized
an anaphylaxis mouse model. We found that the pathology of anaphylaxis was attenuated by the
administration of nicotinic acid with GPR109A ligand activity while a nicotine amide which is a vitamin B3
without GPR109A ligand activity did not show any efficacy. We generated GPR109A full knockout mice in
collaboration with Hiroshima University.

Ryo Goitsuka
“Establishment of the time-stamping system of embryonic lymphoid cells for the application to
perinatal diagnosis and therapy of diseases stemmed before birth”

We have generated a novel mouse model system to temporally pulse label lymphoid lineage cells that
activate RAG2 gene locus for V-(D)-J gene recombination of antigen receptor gene loci at three distinct
developmental time points, including embryonic, neonatal, and adult periods. This system allows the analyses
of diseases that are stemmed before birth.

Masayuki Sakurai
“Unexplored regions of adenosine deamination editing: identification of genomic DNA inosinylation
sites”

The genetic code is comprised of four bases, A, G, C, and T(U). However, cells contain an adenosine
deaminase ADAR that leads the editing mechanism of adenosine to inosine, which is synonymous with the
sequence change from A to G. We recently discovered that ADAR not only acts on RNA but also on DNA.
In this study, we have developed a unique inosine identification method to label and isolate trace amounts of
inosine. In addition, the comprehensive identification of inosine sites on DNA is in progress.

Masayuki Sakurai
“Regulation of nucleic acid-protein interactions controlled by A-to-I editing”

Focusing on the dynamics of dSRNA and DNA:RNA hybrid strands in cells, the project aims to establish
the concept of the Nova Epinucleome, a gene network connected by nucleic acid base modifications, as a
system to optimize gene expression by altering nucleic acid structure, sequence function, and binding factors
through A-to-I editing by ADAR. In particular, we are focusing on DNA damage repair mechanisms and
RNA-dependent transcriptional regulation mechanisms that lead to cell carcinoma.

Masayuki Sakurai
“Techniques for introducing artificial A-to-1 DNA editing at arbitrary target genomic sites”

This research aims to unravel the molecular mechanisms of A-to-I RNA and DNA editing and to develop
a new technology for editing genomic DNA sequences by harnessing these mechanisms. Moreover, we aim
to develop A-to-I editing guide nucleic acids that will be effective for genetic engineering, cancer mutation,
single gene mutation disease, and antiviral technology.

Hidenori Otsuka
“Structural design of novel self-healing interpenetrating polymer network (IPN) gels with hydrazone
bond-derived cross-links”

We designed an IPN gel with self-healing properties by employing chemical cross-linking formed by
hydrazone-dynamic bonding and physical cross-linking formed by peptides. The gel showed a sol state with
storage modulus G’ < loss modulus G" at the moment of strong strain (strain=60%) while it recovered the
gel state at weak strain (strain=5%). In repeated measurements, G’ in the gel state repeated complete recovery,
confirming that the mesh density in the gel state does not change, i.e., it has self-healing properties.
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Hidetaka Torigoe
“Artificial degradation of target proteins by the use of chaperone-mediated autophagy: Application to
artificial degradation of N protein in SARS-CoV-2”

Chaperone-mediated autophagy is a biological system to degrades unnecessary proteins in vivo. Hsc70
binds to the Hsc70-binding motif (Hsc70bm) of target proteins and delivers them to the lysosome. Then, the
target proteins are degraded by Lamp-2A and Hsp90. The nucleocapsid (N) protein is involved in virus
replication of the SARS-CoV-2 that widely spread over the world recently. We have developed the single-
chain antibody with an Hsc70bm sequence to specifically recognize and form a complex with the N protein
and Hsc70. The complex was delivered to the lysosome, and the N protein was successfully degraded.

Yohsuke Harada
“Investigation of the pathogenesis of atopic dermatitis”

Atopic dermatitis (AD) is a common chronic skin disease caused by immune dysfunction. We found that
the conditional deletion of both Foxp3 and Bcl6 genes induced the spontaneous development of AD-like skin
inflammation. Furthermore, the development of AD-like skin inflammation was heavily dependent on IL-
4/13 signaling. This novel mouse model will be a useful tool for investigating mechanisms of the
pathogenesis of severe AD.

Suguru Yoshida
“Click chemistry for the chemical modification of biofunctional molecules”

We have developed efficient methods for the chemical modification of biofunctional molecules such as
nucleic acids to add multifunctionalities. Indeed, we have synthesized new platform molecules having
clickable functional groups and utilized them in the sequential three-step click reactions. Further studies for
applications including the dual modifications of biomolecules such as nucleic acids are ongoing in our
laboratory.

Yoshio Nakano

“Development of therapeutic drugs for SARS-CoV-2 using infrequent sequences in human genes”
We explore effective nucleic acid therapeutics against SARS-CoV-2. Although the sequence specificity

of RNA has been often focused on, few studies have been conducted with off-target effects from the design

stage. Therefore, we will investigate sequences present in SARS-CoV-2 while less abundant in human pre-

mRNAs, ncRNAs, and mRNAs using bioinformatics to develop targets for nucleic acid therapeutics.
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Research Division for Advanced Disaster Prevention on Cities

1. Overview

Research Division for Advanced Disaster Prevention on Cities was reorganized and renamed from
Research Division of Architectures in Advanced Cities in 2021.

“Resolving to the increasingly complex city environment and city life in the 21st century by combining
the wisdom of various fields in architectonics”, "Seeking the ideal Tokyo as a metropolis in the 21st century
from the Sotohori and Kagurazaka areas, where the TUS is based on”. In addition to these themes of the
former division, we incorporated a new perspective: “How can the city prepare for and overcome the harsh
disasters and the catastrophic disasters in the future?” in the reorganization.

We have built modern city systems to make our lives more comfortable. However, the city systems have
been occasionally destroyed by natural disasters.

For example, the Kanto Earthquake in 1923 destroyed the most advanced city functions of the time which
were built with technologies introduced from Western countries since the opening of Japan. The earthquake
and the following disasters exposed the problems of modern cities.

In addition, the 2011 Tohoku earthquake and tsunami destroyed city functions and environments that
relied on the Internet and the interrelationships of other cities.

The damage to power plants and other infrastructure facilities by the earthquake and tsunami caused
rolling blackouts and disruptions to the transportation network connecting the Tohoku and Kanto regions and
indirectly long-term damage to city functions in the Tokyo metropolitan area as well.

Each time we have suffered such catastrophes, we have learned and struggled to protect the city systems.

However, we must prepare against catastrophic disasters surpassing the lessons in the past.

For instance, the inland earthquake in Tokyo has been estimated to have a 100% chance of occurrence
within 30 years.

In addition, the Tonankai earthquake was estimated as “Causing catastrophic damages to almost the entire
land of Japan and lasts severe paralysis on the functions of the nation”.

With these menaces, the division has given greater weight to the theme of “disaster prevention in cities
with advanced systems.” to build city systems that sustain the culture and functions of entire cities and
facilitate their restoration (resilience) in the event of a disaster.

Therefore, the division was reorganized as Research Division for Advanced Disaster Prevention on Cities.

2. Organization and Facilities

1. Responding to the city environment and life that has become increasingly complex and inconsistent
with the advanced development of the 21st century, by bringing together the best of various fields of
architectural science.

2. Exploring the ideal of "Tokyo as a metropolis of the 21st century" from the Sotobori (Outer Moat)
and Kagurazaka areas, the base of Tokyo University of Science

3. Prospecting for modern cities against incoming catastrophic disasters.

As mentioned above, the propositions changed with its reorganization, and the structure of the division

itself remains the same as its predecessor.

The division members consist of specialists in each field belonging to the following faculties:

1. Faculty of Engineering,

2. Former Second Faculty of Engineering

3. Faculty of Science and Technology

4. Department of Global Fire Science and Technology
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There are three research groups under the division. The interrelationships among them create a reciprocal

relationship.
The names and interrelationships of the groups are shown in Figure 1.

1.

Research Group of City Cultures: Conducting basic architectural research on traditions and city
culture to maintain and create unique regional values.

Research Group of City Performances: Conducting applied research to improve the planning and
engineering performance of city functions, especially in disaster prevention.

Research Group of City Designing: Conducting applied research on architectural and regional
renewal model design studies in collaboration with the other two groups above.

Our headquarters are located in the “Research and Promotion Office for Sotobori and Kagurazaka Areas”
on the first floor of Building No. 12 of the TUS Kagurazaka Campus. The headquarters exhibit various

contents, such as scaled models of Kagurazaka or panels of our proposals. These are updated as needed.
In addition, we held annual presentations and seminars regarding our research studies by inviting
residents in Kagurazaka. In the term of 2021, we launched our official website to enable publicity activities

on the Internet as well.

The division continues expanding its equipment for activities every year. In the term 2021, we installed
a 3-D printer in the headquarters to build detailed content for the exhibition. In the next term, we will install

two new laptops to refresh our computer facilities.

[ ™

Research group of Sustainability and Resilience
city designing Kagurazaka Sotobori (Outer Mort)
A areas
N

Subgroup of — Subgroup of

technologies <+ planning
v N

Resarch group of eity cultures

N\ Y,

Fig. 1. Research groups in the Division and their interrelationships

3. Activity Reports

3. 1. Research Group of City Cultures

Hirohisa Ito (Chief of the group) and Madoka Kayanoki:

City planning in the 21st century must consider the importance of research for cultures, heritages,
transformations, compositions, and formation of modern and contemporary cities, and traditional
construction methods for wooden structures.

By organizing, integrating, and systematizing the accumulation obtained through these studies, we
will conduct basic research to build a platform that will contribute to the evaluation of city
performance and city design research.

While studying waterfront areas in city centers, we will accumulate knowledge on the formation of
future city environments by focusing on layered natural landforms and their changes from time to time.
In addition, we are also conducting research on disaster prevention based on these studies.
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3. 2. Research Group of City Performances
* Subgroup of Planning (City Planning - Analyzation)

Momoyo Gota (Chief of the group) and Kaori Ito:

The Kagurazaka area is characterized by its highly dense low-rise wooden buildings and alleyways
that slope toward the Sotobori (Outer Moat) area. This uniqueness creates individuality and attracts
customers.

In addition, unique characteristics in those areas can be found in terms of the flow of people and
behavior patterns.

These factors of the Sotobori-Kagurazaka area contribute to forming one of the most diverse and
unique city spaces in the World.

By analyzing the planning conditions of buildings and cities that contribute to the study of planning,
city design, and architectural design in this area, we will compile research and create a proposal of
an evaluation of resilience from disasters to the government.

* Subgroup of Technologies (Prevention of Disaster and fire)

Osamu Takahashi (Chief of the group), Keiichi Imamoto, Mamoru Kono,
Ryohei Kumagai and Yuji Miyazu:

We research countermeasure plans for earthquake, fire, and flood damage for high-rise buildings by
assuming a case of a university campus and its surrounding areas in Tokyo's central metropolitan
district.

Likewise, we are developing, researching, and proposing city planning systems and methods that
contribute to improving the disaster-prevention performance of local districts by evaluating the fire-
resistance performance of building materials, the disaster-prevention performance of building
construction methods, and reinforcement methods for seismic retrofitting of buildings from multiple
perspectives.

3. 3. Research Group of City Designing

Motomu Uno (Chief of the group) and Kaon Ko

We are now researching to propose a definitive consensus regarding city design and development in
the metropolitan districts of Tokyo, with sustainability and resilience.

For this purpose, we are examining the vulnerabilities of recent city planning on uneven geological and
topographical terrain by referring to the results of revitalization projects in the central areas of Tokyo.

In addition, we are creating draft plans by analyzing, evaluating, or integrating characteristics as
follows: forms of cities, materials for buildings, modeling, and planning for disaster prevention.

4. Conclusion

Through the change of division heads and the renewal of divisions and research themes, we have
gradually been able to align those areas that were not aligned.

Although there are still some effects, such as delays and restrictions on research surveys due to COVID-
19 since 2020, we will continue to promote further research.

In the next fiscal year, we intend to make regional recommendations based on the local disaster prevention
performance of the Kagurazaka and Sotobori (Outer Moat) areas, with the following three items pointed out
by the Advisory Committee.

L.
2.

Compilation and presentation of evaluation and planning methods for appropriate and rational space utilization
Evaluation methods for disaster prevention performance and engineering proposals for performance
improvement to prepare for disasters

Design methods for architectural and city environments that integrate the above and present concrete
results in practical application.
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Major Research Achievements (FY2022)

(Lab. of Momoyo GOTA) Planning
1. Investing in the social places of heritage towns, Tomoko Kano, Takae Tanaka, Momoyo Gota,

“Investing in Disaster Risk Reduction for Resilience Design, Methods and Knowledge in the Face of
Climate Change” Elsevier, 2022, 55-76. (Peer-reviewed)

(Lab. of Kaori ITO) Planning
1. 530 BEBHE2SEHE ((ZVT7 - 7400 kOF T4 2) BINRE, FHEER,
KH 5L, BN, FINESR, REER], FREK 60 &, 1 75, 94-108 H, 2022.4, Hi[X] (in

Japanese)

(Lab. of Keiichi IMAMOTOQ) Materials
1. Biomineralization Analysis and Hydration Acceleration Effect in Self-healing Concrete using Bacillus

subtilis natto, Nguyen Ngoc Tri Huynh, Kei-ichi Imamoto, Chizuru Kiyohara, Journal of Advanced
Concrete Technology, 2022, 20, 609-623. (Peer-reviewed)

(Lab. of Mamoru KONO) Materials

1. BT KRN 2 479 2 SRR G PR 00 K S8 sl e AR B R P Ai, S ARTREE, £ A2, SR #E,
{THF 57, FAL B, PSR AARE R SCR(FETULE), 87 4799 5.944-953 K, 2022 4F 9 /1,
L7 = U —fI#4itam3C (in Japanese)

(Lab. of Yuji MIYAZU) Structure and materials

1. HEAET — A REMA OGRS SO B%E, FILRA, EEERR, & B,
i PR, A LA, PRS2 B 15 4., 28 2,70 75, 1189-1194 H, 2022 4F 10 H, L7
= U —fFTEm 3L (in Japanese)

Invited Lectures
1. 2 28 [\l IEERSXPIREINE) Al THEL - FriifdE CRkDMEZAIET 5 ~E LR EA I
PR HAIVER LT~ , N7 ¢ ki, 2023. 2, EifE {8 (in Japanese)

Publishments

1. BEBURES & B, FEARE 80 11395, 6 5, 4-18 £, 2022. 6, ##i# % (in Japanese)
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Individual Research Topics

Motomu UNO, Kaon KO
“Research on the city architectural design of Kagurazaka, Sotobori (Outer Moat) and its surrounding area”
We are conducting a structural analysis of the topography, historical transition, architectural form, and
arrangement of the area surrounding the "Outer Moat" that separates the old city district from the old Edo
castle. In addition, design works to examine and adjust the inconsistencies of the area as a modern city.
We are in charge of method research and practice to realize a superior design proposal by integrating
elemental technologies and specialized knowledge.

Hirohisa ITO, Madoka KAYANOKI
“Historical research of city and architecture on Kagurazaka, Sotobori (Outer Moat) and the
surrounding area”

We are now researching the history of cities in Tokyo from the modern transition period of the Meiji and
Taisho periods to the Showa period before World War II.

At the same time, we are attempting to discover cultural assets by focusing on festival events found in
the neighborhoods of the old city center.

To maintain the presence of the region, we are trying to preserve cultural assets by investigating historical
traditions and regional specificities.

Momoyo GOTA, Kaori ITO.
“Analysis and evaluation technique research of city and architectural planning concerning
Kagurazaka, outer moat, and surrounding areas”

This project will study the renewal planning of city zoning and architectural planning techniques to
preserve public space appropriately.

In the Kagurazaka area, we conducted a quantitative analysis of the streetscape focusing on the materials
and colors of building facades, and route analysis for a two-directional evacuation in particular districts
with dead ends.

Mamoru KAWANO
“Researches on the capabilities for fire protection and disaster prevention of Kagurazaka, Sotobori
and their surrounding areas”

I am researching the performance against fire in cities where wooden houses were constructed densely,
such as the Kagurazaka area.

Osamu TAKAHASHI. Hideyuki KINUGASA
“Research on structural performance of buildings in Kagurazaka, Sotobori (outer moat) and
surrounding areas”

Under the theme of vibration control structures and seismic isolation structures, we are going to survey
and evaluate buildings in the area that use vibration control structures.

In addition, practical research is now being conducted on new high-strength materials that apply to
wooden buildings, block walls, and other concrete structures.

Keiichi IMAMOTO, Yuji MIYAZU
“Research on the performance of materials used in buildings in Kagurazaka-Sotobori areas and
their surroundings”

From the viewpoint of building materials, we are conducting research on the integrity of wooden
buildings and concrete structures in the Kagurazaka area, including exploration of wooden buildings that
have deteriorated due to ant damage, and basic studies on reinforcement methods using resin filling.
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Ryohei KUMAGAI
“Research on architectural structures in Kagurazaka-Sotobori area, and their surroundings”

I have researched the exterior and structural characteristics of wooden buildings constructed densely in
the Kagurazaka area after World War II.

I am going to study and elucidate the characteristics of the stores and their changes in the densely built
wooden building area and the town block.
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Division of Synthetic Biology

1. Overview

The Division of Synthetic Biology, which consists of researchers in the biological field of the Faculty of
Science, the Faculty of Advanced Engineering, the Faculty of Science and Engineering, and the Research
Institute for Biomedical Sciences at the Tokyo University of Science, is a cross-disciplinary unit. We promote
the research to achieve the clear goal of creating “Hybrid cells” among organism species. This division will
make the most of the strengths of our university, where outstanding researchers in the fields of biology and
medical science are enrolled. By sharing state-of-the-art biological technology, synergistic effects can be
expected to create breakthrough research.

Synthetic biology elucidates the working principle of life through artificial cell production and DNA
synthesis. Pet animals such as dogs and cats, horticultural crops such as orchids sold at flower shops, livestock
such as mules and chickens, and agricultural crops such as wheat and fruits are hybrids created by crossing
among related species. Since ancient times, human beings have created and utilized hybrid organisms without
being conscious of genome crossbreeding and genome transplantation. Current technological innovations
have enabled genome crossing and genome transplantation of species other than closely related species. In
order to create frontier areas from this new biotechnology, we will promote research by making use of the
strengths of our university, where excellent life scientists gather.

2. Organization and Facilities

Analysis of hybrid cells by synthetic biology requires not only experimental biological approaches but
also informatics approaches using computers and artificial intelligence. By analyzing the three-dimensional
distribution of heterologous genomes in hybrid cells, network analysis of gene expression, changes in
epigenetic states, etc., we will analyze the coexistence, competition, and collaboration of heterogeneous
genomes. By integrating and analyzing the huge amount of bioinformatics data obtained by deep sequencing,
we will clarify the molecular and cellular events in newly synthesized cells.

The research division is mainly composed of three groups: the plant genome transplantation group, the
genome transplantation group among related species, and the cell creation group that leads to drug discovery
and medical treatment.

3. Activity Reports

Synthetic biology always needs to be aware of the ethical, legal and social issues (ELSI). We conduct
research with ELSI while always being conscious of “what do we want to know and for what purpose?” We
are working on the following three research themes for establishing genome transplantation technology with
sufficient safety measures, which will lead to the production of useful substances and medical application in
the future. The achievements of each group in this fiscal year are described below.

3. 1. Plant Genome Transplantation Group
Tatsuya Tomo (Liberal Arts), Hisataka Ohta (Liberal Arts), Takuya Sakamoto (BS), Sachihiro Matsunaga
(Univ. Tokyo), Shigeo Sugano(AIST), Yusuke Kazama (Fukui Pref. Univ.), Keizo Nishida (Kobe Univ.)

The Tomo Laboratory conducts research on chlorophyll (Chl), which plays an important role in

photosynthetic energy conversion, and molecular hydrogen produced during photosynthesis. In this fiscal
year, they investigated the performance of hydrogen-producing cyanobacteria and Chl, whose absorption is
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shifted to longer wavelengths. In addition, using the concept of synthetic biology, they tried a new method
for isolating and purifying photosystem complexes using proteins expressed by genetic recombination.

In order to reproduce the secondary symbiosis phenomenon using synthetic biology, Sakamoto and
Matsunaga laboratories conducted a cell fusion study of algae and cultured animal cells to transfer the
genome and were able to construct cultured animal cells that retain the transferred algal genome. From the
constructed cell lines, these laboratories selected cell lines that retained more than 95% of the algal genome
and performed long-read analysis, which revealed that the algal genome was transplanted by chromosome.

Dr. Kazama and his team induce irradiated the dioecious plant Silene latifolia with heavy-ion beams,
which can induce chromosome rearrangements with high frequency, to produce a large number of mutants
with a partial deletion of the Y chromosome. By using the mutants that have commonly hermaphroditic
flowers, Y chromosome deletion mapping was performed to identify a sex-determining gene, GSF'Y, which
suppresses pistil development. This discovery marks a significant milestone in the field, as it took 99 years
to identify the sex-determining gene since the first discovery of plant sex chromosomes in S. latifolia in 1923.

The Nishida Laboratory has developed a DNA editing technology that utilizes DNA base conversion
reactions, making it possible to directly introduce point mutations. This has enabled genome editing
technology that avoids the uncertainties and toxicities associated with DNA breaks. In 2022, they expanded
the scope of application of DNA editing and established highly efficient introduction of point mutations in
lactic acid bacteria.

3. 2. Genome transplantation group among related species
Takashi Kamakura (BS), Takayuki Arazoe (BS), Kiminori Shimizu (TS), Jiro Toshima (TS)

Drs. Kamakura and Arazoe discovered novel genome maintenance and hybridization mechanisms by
analyzing fungal hybrid cells generated though cell fusion. Subsequently, they utilized these mechanisms
toward new genome transfer, genome rearrangement, and genome editing. Based on the findings of their
study, they have filed a patent application. Additionally, they successfully developed the smallest artificial
chromosome and self-replicating plasmid of filamentous fungi and applied them to the genome editing tool,
while analyzing the underlying cell fusion mechanism.

In the Shimizu Laboratory, they have analyzed the competition of the productivity among different
secondary metabolites. They also sequenced the genome of an entomopathogenic fungus and detected
secondary metabolism gene clusters. They are currently expressing those gene clusters in a model
filamentous fungus.

Human chemokine receptors are G protein-coupled receptors (GPCRs) that are closely related to cancer
cell migration, invasion, and metastasis. The Toshima Laboratory generated human-yeast hybrid cells in
which the receptors for human chemokines, CCL2 and SDF1, were expressed in budding yeast, and
succeeded in developing a screening system for inhibitors of the activation signals of the receptors by agonist
stimulation. They also succeeded in purifying these chemokines using E. coli expression system.

3. 3. Cell creation group that leads to drug discovery and medical application
Tomokatsu Ikawa (RIBS), Mahito Sadaie (BS), Toshiki Furuya (BS), Shin Aoki (PS), Yoshikazu Nakamura
(BS), So Maezawa (BS), Hiroshi Haeno (RIBS), Kengo Morohashi (Chitose Inst. Sci. Technol.)

The Ikawa Laboratory has developed a method to induce the differentiation of T/NK progenitor cells
from hematopoietic stem and progenitor cells in human umbilical cord blood. T/NK progenitor cells
expanded more than 1000-fold in vitro. They also developed a method to induce NK cells from T/NK
progenitor cells, which enabled them to produce large amounts of NK cells. Furthermore, they introduced a
chimeric antigen receptor (CAR) targeting cancer antigens into the NK cells, and succeeded in generating
CAR-NK cells.
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Sadaie's laboratory searched for cell growth inhibitors targeting the loss of ATRX expression,
characteristic of telomerase-independent cancer cells, and identified one of the nucleic acid synthesis
inhibitors as a hit compound. They also identified genes showing differential expression other than ATRX
by comparing the telomerase-dependent and telomerase-independent cell groups derived from osteosarcoma.

The Furuya Laboratory has worked on the efficient production of hydroxydaidzein, a rare polyphenol,
and vanillin, a fragrance compound, by synthetic biological methods using microorganisms.

In Aoki's laboratory, they constructed amphiphilic supramolecules by self-assembly of chemically
modified molecular blocks and confirmed that they catalyze the dephosphorylation of phosphate monoesters
in two-phase solvents. High-speed camera imaging and analysis of biphasic reactions suggested that
amphiphilic supramolecules may form micelles in both organic and aqueous phases. They also designed and
synthesized boron-containing macrocyclic polyamines for boron neutron capture therapy (BNCT), one of
cancer radiotherapy. In joint research with the Institute for Integrated Radiation and Nuclear Science, Kyoto
University, they discovered a molecule with high selective accumulation in cancer/normal cells and a BNCT
effect.

The Nakamura Laboratory has been conducting research aimed at elucidating the role of biological
membrane phospholipids in the determination and maintenance of epithelial cell identity. It has been revealed
that the phosphoinositide, which are abundant in epithelial cells, has the function of maintaining epithelial
cell-specific properties by promoting the transport of cell-cell adhesion molecules to the cell membrane.
Additionally, the phosphoinositide is suggested to be involved in cellular senescence.

The Maezawa Laboratory has developed an experimental framework to express DNMT-fused dCas12a
in cultured cells for the epigenome editing system "CRISPRoff," which ensures stable suppression of gene
expression. In addition, using the single-cell ATAC-seq method, they have identified regulatory regions
governing gene expression during marmoset spermatogenesis. By comparing these regions with those
identified in mouse spermatogenesis, they are investigating the conserved regulatory mechanism and
potential transcription factors involved in mammalian spermatogenesis.

The model consists of a population of normal cells with no mutation; several populations of premalignant
cells with varying number of mutations and a population of malignant cells. The model computes a stage of
cancer detection and surgery to eliminate malignant cells but spares premalignant cells and then estimates
the time for malignant cells to re-emerge. The Haeno Laboratory reported the cellular conditions that give
rise to different patterns of cancer initiation and the conditions favoring a shorter cancer recurrence by
analyzing premalignant cell types at the time of surgery.

To elucidate the network within living organisms, the Morohashi Laboratory has been working on
unraveling the transcriptional regulatory mechanisms through transcription factor complexes. Specifically,
they have compared the combinations of transcription factors and target genes between the primitive land
plant, Marchantia polymorpha, and the higher plant, Arabidopsis thaliana, with respect to the relationship
between land plant evolution and transcription factor complex networks. They have also investigated the
dynamics of small molecules that interact with transcription factors.

4. Challenges and Prospects

Research is being vigorously pursued in each research group and individual research topic, but there are
many cases where the analysis of newly generated xenogenic genome-transplanted cells and genetically
modified cells for cancer treatment is still in progress. In the future, we would like to further clarify the
molecular mechanism for industrial and medical applications.

5. Conclusion

The research division aims to create xenogeneic transplanted cells by cell engineering and contribute to
the production of useful substances and medical treatment. In this fiscal year, we carried out research on
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fusing algae and animal cultured cells to transplant the genome, and succeeded in constructing and
maintaining the animal cells that retain the transplanted algal genome. In addition, we generated genetically
modified immune cells that are effective in cancer treatment and confirmed their functions. In the future, we
would like to carry out integrated informatics analysis of big data in the life sciences and promote xenogeneic
transplantation research using cell engineering technologies such as long-chain DNA synthesis, cell fusion,
microinjection, and microlaser technology. While carrying out this research, we will emphasize the ethical,
legal, and social impacts, which will allow us to develop genome transplantation technology with sufficient
safety measures. We would like to continue to demonstrate the frontier spirit and promote the project to
“create cells”. In addition, we would like this research division to become a platform for joint research,
information sharing, and technology exchange with domestic and foreign synthetic biology researchers.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

Ayshat M. Bozieva, Makhmadyusuf Kh. Khasimov,Roman A. Voloshin, Maria A. Sinetova,
Elena V. Kupriyanova, Sergey K. Zharmukhamedov, Dmitry O. Dunikov, Anatoly A. Tsygankov,
Tatsuya Tomo, Suleyman I. Allakhverdiev, Raman Spectroscopy and Its Modifications Applied to
Biological and Medical Research, International Journal of Hydrogen Energy, 48, 7569-7581, 2023
(Peer-reviewed)

BemEAT, MEEAR, R &, BOKRGE, SoRE, AaT E, vb 2, IKERE, HikE=E,
B, 7aa T gV £ ERES LI R 1 OWEIEREFRRE, JEEBEHFF 32, 87-93, 2022
((Peer-reviewed) in Japanese)

Temman, H., Sakamoto, T., Ueda, M., Sugimoto, K., Migihashi, M., Yamamoto, K., Tsujimoto-Inui, Y.,
Sato, H., Shibuta, M. K., Nishino, N., Nakamura, T., Shimada, H., Taniguchi, Y. Y., Takeda, S., Aida, M.,
Suzuki, T., Seki, M., and Matsunaga, S.* (2023) Histone deacetylation regulates de novo shoot
regeneration. PNAS Nexus, 2, pdad002 (12 pages). (Peer-reviewed)

Kato, S., Misumi, O., Maruyama, S., Nozaki, H., Tsujimoto-Inui, Y., Takusagawa, M., Suzuki, S.,
Kuwata, K., Noda, S., Ito, N., Okabe, Y., Sakamoto, T., Yagisawa, F., Matsunaga, T. M., Matsubayashi, Y.,
Yamaguchi, H., Kawachi, M., Kuroiwa, H., Kuroiwa, T.* and Matsunaga, S.* (2023) Genomic analysis
of an ultrasmall freshwater green alga, Medakamo hakoo. Commun. Biol., 6, 89 (13 pages). (Peer-
reviewed)

Sakamoto, T.*, Sakamoto, Y., Grob, S., Slane, D., Yamashita, T., Ito, N., Oko, Y., Sugiyama, T., Higaki, T.,
Hasezawa, S., Tanaka, M., Matsui, A., Seki, M., Suzuki, T., Grossniklaus, U. and Matsunaga, S.* (2022)
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Individual Research Topics

Tatsuya Tomo
“Fundamental research for plant genome transplantation”

Photosynthetic light-energy conversion has supported the global environment and life energy. For
understanding this reaction, site-specific amino acid substitutions are one of the most important research
methods. In this study, perturbations of photosynthetic pigment substitutions are used to elucidate the reaction
mechanism.

Hisataka Ohta
“Analysis of transporters in cyanobacteria”

More than 50 ATP-binding cassette (ABC) transporter-related genes have been detected in the
cyanobacterium Synechocystis sp. Deletion mutants of the substrate-unknown ABC transporter gene will be
screened and analyzed for acid stress sensitivity in low pH media.

Sachihiro Matsunaga
“Synthetic biological studies of transfer of the plant genome to animal sells”

To reproduce the phenomenon of secondary symbiosis using synthetic biology, I will promote research
on cell fusion of algae and cultured animal cells to transfer the genome, and develop methods to maintain
chloroplasts and algae in animal cells.

Takuya Sakamoto
“Ohm analysis of animal and plant hybrid cells”

Gene expression analysis and genome analysis of animal and plant hybrid cells in which algal genomes
are transplanted into animal culture cells will be performed. In addition, DNA interaction analysis of the
transplanted genome and host genome will be conducted.

Yusuke Kazama
“Genetic analysis of chromosome rearrangements"

Chromosomal rearrangements including translocations, deletions, duplications, and inversions are
important mutations that have been involved in speciation and evolution of organisms. We promote the study
on the induction of chromosomal rearrangements to alter gene order, copy number, and the higher-
dimensional arrangement of DNA in the cell nucleus.

Keiji Nishida
“Development of non-cleaving genome editing technology”

Base editing technology using DNA base exchange reactions has been developed, enabling the direct
introduction of point mutations. In FY2022, the application of base editing was expanded to establish highly
efficient point mutation introduction in lactic acid bacteria.

Shigeo Sugano
“Development of highly efficient knock-in method using non-homologous end-joining repair”

We will develop efficient knock-in technology using non-homologous end-joining repair pathway instead
of homologous recombination pathway. Using this method, we will investigate whether plant transcription
factors can work in animals. We will also apply knock-in technology to plants.
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Takashi Kamakura and Takayuki Arazoe
“Generation of hybrid filamentous fungi across species”

Interspecific hybridization is constrained by the “species barrier”, even among closely related species.
Using genome engineering via cell fusion, here we aimed to generate hybrid filamentous fungi with novel
traits that can produce useful products.

Kiminori Shimizu
“Molecular biological study towards functional regulation of microorganisms”

In order to regulate the microbiological function, they employ genetics and molecular biology to drive
researches on synthetic biology.

Jiro Toshima
“Development of detection system of human GPCR signals using budding yeast”

More than 900 G protein-coupled receptors (GPCRs) exist in the human genome and they are important
target proteins for drug discovery. Among them, the human chemokine receptor, CCR2 is involved in the
proliferation and migration of cancer cells. In this study, using human-yeast hybrid cells expressing the
human CCR2 receptor and its downstream signaling proteins in Saccharomyces cerevisiae, we are going to
develop an efficient detection method for activation signals of CCR2 receptor stimulated by the ligand.

Tomokatsu Ikawa
“Development of a novel immune cell therapy using iLLS cells”

Chimeric antigen receptor (CAR)-T cells are attracting attention as one of cancer immunotherapy. However,
since patient-derived peripheral blood lymphocytes are used, it is difficult to expand them to a sufficient number,
and the cells are exhausted and aged. Therefore, in this study, we use induce Leukocyte Stem (iLS) cells, which
are multipotent hematopoietic progenitor cells developed in our laboratory, to generate CAR-NK cells and
CAR-T cells that target cancer and infectious diseases and analyzed their functions.

Mahito Sadaie
“Exploring cancer vulnerability and developing strategy to prevent cancers”

Telomere maintenance is essential for cancer cell proliferation. There are two types of cancer cells: those
that maintain proliferation in a telomerase-dependent manner, and those that are telomerase-independent.
Telomerase-independent telomere maintenance is often observed in refractory cancers, such as sarcomas. In
this study, we aim to elucidate the mechanism of action of compounds that inhibit the proliferation of
telomerase-independent cancer cells and to identify novel genes that are essential for proliferation to discover
therapeutic reagents for telomerase-independent cancer and therapeutic target molecules.

Toshiki Furuya
“Characterization of novel microorganisms and enzymes”

Using synthetic biology techniques, we design and construct new metabolic pathways in microorganisms
such as Escherichia coli and establish methods for producing useful substances. Specifically, we aim to
efficiently produce rare polyphenols and fragrance compounds.

Shin Aoki

“Development of cancer therapy by modeling and controlling intracellular reactions and irradiation”
Phosphorylation/dephosphorylation is important metabolic and signaling pathways within the cell. In

order to catalyze intracellular dephosphorylation reactions, we aim to develop supramolecular phosphatases

generated by self-assembly of artificial compounds. We are also designing and synthesizing novel boron-

containing drugs for boron neutron capture therapy (BNCT), a neutron-based cancer therapy. We will also

examine genetic modification of plant by neutron irradiation.
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Yoshikazu Nakamura
“Elucidating the role of biological membrane phospholipids in the regulation of cellular identity”

In the determination of cellular identity, while much knowledge has been accumulated regarding the role
of proteins, including transcription factors, the role of lipids remains largely unclear. Thus, the aim of this
study is to elucidate the role of biological membrane phospholipids in cellular identity determination.
Additionally, we aim to attempt the development of a method for controlling cellular identity through
manipulation of biological membrane phospholipids.

So Maezawa
“Epigenome editing-based in vitro spermatogenesis”

Recent advances in developmental biology hold great promise for organ regeneration, stem cell-based
therapy, and tissue engineering. In vitro gametogenesis from pluripotent stem cells is currently being
developed to overcome infertility, particularly germ cell aplasia. However, the induction efficiency to create
functional sperm and egg cells is still low by the existing method. Here we aim to develop the epigenome
editing-based in vitro gametogenesis by rewriting germ cell-like epigenome into pluripotent stem cells.

Hiroshi Haeno
“Computational modeling of locoregional recurrence with spatial structure”

Local and regional recurrence after surgical intervention is a significant problem in cancer management.
This study constructs a computational model for cancer initiation and recurrence by combining the Moran
and branching processes in which cells requires 3 or more mutations to become malignant.

Kengo Morohashi
“Elucidation of life science events by network analysis”

Focusing on the connections and/or networks that exist within living organisms, we conducted to develop
bioinformatics analysis techniques and promoted studies that can be useful in synthetic biology.
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Renewable Energy Science and Technology Division

1. Overview

The Photovoltaic Power Generation Technology Research Division has been focusing on research into
photovoltaic power generation technology as a clean energy source for the past 13 years, including a
reorganization in 2010. Today, however, research and development are not limited to photovoltaic power
generation, but also include wind power generation, thermal power generation, and a wide range of other
"renewable energies". However, as more and more renewable energies are connected to the grid, the
operation of systems and infrastructure for stable power supply have become extremely difficult and
important. This division has been reorganized to handle "renewable energies" as a whole by reorganizing the
division that has handled only solar energy so far,

(i) Development of materials to reduce the cost of installation and operation to the same level as power

generation using fossil fuels

— Cross-divisional development of basic technology for the development of other power generation
materials through knowledge obtained through solar cell research (solar cells, thermoelectric power
generation devices, fuel cells, etc.).

(i1) Development of high-efficiency management technology for electricity obtained from various power

generation methods

— Joint development of technologies to utilize power obtained from various power generation methods
without waste, such as grid interconnection, fault diagnosis technology, and optimization using Al, in
a vertical and cross-sectoral manner within the division

(iii)Development of new materials, new system technologies, etc.

— Development of budding technologies within the division, such as laminated sheets of solar cells
and thermal power generation, integration with agriculture through solar sharing, and integration with
energy storage technologies such as chemical batteries and flywheels, and energy storage technologies
such as hydrogen production technology.

The department was established in FY2020 with the aim of developing new technologies.

While renewable energy is environmentally friendly, it has serious infrastructure issues such as unstable
power supply and high installation and running costs. The goal of this project is to propose a foundation for
stable and low-cost power supply through the above four research objectives, and to activate and promote
research and development of renewable energy utilization technology at Tokyo University of Science. In
FY2022, although research activities were restricted due to the corona disaster, the following external and
student activities were carried out in addition to various joint research projects.

+ The 3rd symposium of the division ""Recent Trends in Renewable Energy Technologies

The symposium on renewable energy technologies was held on January 31, 2023 at the Morito Memorial
Hall on the Kagurazaka Campus, mainly in person, with a hybrid session using Zoom online. The lectures
were given by leading researchers who are active in these fields. More than 100 people from inside and
outside the university attended the symposium, which was more than the previous symposium. In addition,
students and others made poster presentations of their research results, and through discussions with
researchers and students from inside and outside the university, they were able to gain knowledge that will
guide the development of their own research. As described above, we were able to disseminate information
on renewable energy technology research at the Tokyo University of Science. In addition, the activity subsidy
was used to pay the honorarium for the invited speakers at the symposium.

+ Exhibition of RENEWABLE ENERGY 2023

The 17th Renewable Energy World Exhibition & Forum RENEWABLE ENERGY 2023, one of the
largest renewable energy-related exhibitions in Japan, was held on February 1-3, 2023, at the West Hall of
Tokyo Big Sight. We exhibited research results and demonstration machines related to various renewable
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energy material systems unique to the Tokyo University of Science, and disseminated information on
renewable energy technology and research at the Tokyo University of Science both domestically and
internationally. The departmental activity fund was used to pay for the preparation of flyers and transportation
expenses for the explanation staff to hold this exhibition and presentation.)
+ Summer day camps for face-to-face interaction

A half-day day camp was held in Building No. 7 on the Noda Campus, with sufficient infection prevention
measures taken, mainly to promote interaction among students from each laboratory. Random groups were
formed, and after group work, presentations were made on the future of renewable energy and the creation
of new global warming prevention projects from the students' viewpoints. Awards were given to groups that
came up with outstanding ideas. For the students, it was a good opportunity to learn about the cutting edge
of renewable energy technology outside their own laboratory and to get to know other students.
+ Research progress reports among faculty members

The research progress of all faculty members has been presented and reported online once every four
months. Sharing information among faculty members with different fields and areas of expertise not only
deepened knowledge of the latest renewable energy technologies, but also resulted in beneficial debriefing
sessions, such as the creation of new joint research projects.
Through these activities in FY2022, the division's research results and activities were widely disseminated,
and suggestions were obtained on how to proceed with future research.

2. Organization and Facilities

The members of the division and their areas of expertise are as follows;

Affiliation Title Name Main research field
Faculty of Science and
Technology . ) Semiconductor material engineering /
) Professor Mutsumi Sugiyama . )
Department of Electrical thin film photovoltaic cell
Engineering
Faculty of Sci L .
aCIIl)iyi(s)ionCIlIe nee Coordination chemistry /
v
Professor Takashiro Akitsu Photofunctional fuel cells of
Department of . . . .
. organic/inorganic hybrid materials
Chemistry
Faculty of Science Semiconductor nano-material
Division II Professor Zhao Xinwei engineering / Thin film photovoltaic
Department of Physics cell
Faculty of Engineering .. . .
. Electricity and /
Department of Electrical Professor Yuzuru Ueda eotricty an ene.rgy enginecriig
. . Photovoltaic system
Engineering
Faculty of Engi i
acuiy © ngmeerm-g Associate . Organic photovoltaic cell, Artificial
Department of Industrial Morio Nagata .
. Professor photosynthesis
Chemistry
Faculty of Science and
Technol Associat Photovoltai tem / P
echnology . ssociate Junji Kondoh otovo alc'p.owler system / Power
Department of Electrical Professor conditioning system
Engineering
Faculty of Science and
Technology . Associate Noboru Katayama Fu.el cells. / Hydrogen stor'flge /
Department of Electrical Professor Diagnosis for energy devices
Engineering
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Faculty of Advanced

Engineering Associate . Surface and interfaces / Photovoltaic
. Takashi Ikuno .
Department of Applied Professor devices / Nanogenerators
Electronics
Faculty of Science
Division 11 Assistant Tomoyuki Coordination chemistry / Dye
Department of Professor Haraguchi sensitized solar cell
Chemistry
Faculty of Sci L .
aeu .y.o. crenee . Coordination chemistry /
Division II Assistant . .. . . .
Daisuke Nakane Bioinorganic chemistry / Catalytic
Department of Professor .
. chemistry
Chemistry
Faculty of Engi i
acuiiy’o nglneerIP g Assistant o Photovoltaic system / Energy
Department of Electrical Cui Jindan
. . Professor management system
Engineering
Faculty of Science and
Technology Assistant . Semiconductor material engineering /
. Kim Joonam
Department of Electrical Professor Nano energy harvest
Engineering
. . Photovoltaic power generation
Suwa University of Visiting P M ) power g .
. Yoichi Hirata system / Wind-power generation /
Science Professor . )
Micro grid
Molecular electronics &
S University of Visiti
uwa 1?1ver51 o ISTHRE Yasuyuki Watanabe Bioelectronics / Photosynthetic
Science Professor . .
engineering
Visitin Semiconductor material engineering /
Ehime University & Sho Shirakata Thin film photovoltaic cell, CIGS
Professor
solar cell
National Institute for Visiting . Energy economics / Low carbon city
. . Satoru Ohnishi
Environmental Studies researcher management
Visitin Smart grid, energy storage system
University of Tsukuba g Daisuke Kodaira management, PV generation
researcher .
forecasting
Nagaoka University of Visiting . Thin film photovoltaic cell / Optical
Ayaka Kanai . .
Technology researcher Properties of Semiconductor
Facilities

The division's laboratory is located on the 4th floor of Building No. 10 at the Tokyo University of

Science's Noda Campus, and has been conducting joint research within the division, focusing on research

and development of solar cells and transparent conductive films.

3. Activity Reports

As a center for research and development of renewable energy technologies, the division is generally

divided into the “Renewable Energy Materials Group” and the “Energy Management Group” to realize new

renewable energy materials and power generation systems through vertical integration of technologies, as

well as to educate the next generation of researchers and disseminate the technologies to society.
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3. 1. About the Renewable Energy Materials Group

With the goal of developing materials to reduce the cost of installation and operation to the same level as
power generation using fossil fuels, the knowledge gained through solar cell research will be used as the
basic technology for developing other power generation materials (solar cells, thermoelectric power
generation elements, fuel cells, etc.), which will be jointly developed across the division in FY2021.
Activities have been carried out by each laboratory to reduce the risk of novel corona infection among faculty
and students.

Sugiyama et al. have been working on the development of low-cost solar cells using SnS-based compound
semiconductors. They found that irradiation of H, gas during sputter deposition of the light-absorbing layer
of SnS-based sulfide solar cells can control the composition ratio of the semiconductor and contribute to
improving the power generation efficiency of the solar cells. He also attempted to develop an electrode that
does not change its electrical properties even if it is bent, in order to realize solar cells for use in IoT devices
such as clothing and flexible materials. Zhao developed organic/inorganic semiconductor thin-film solar cells,
paying particular attention to the properties of the hetero-interface and improving the current-voltage
characteristics. In addition, in the prototyping of transparent solar cells, he used bulk-type quantum dot-type
organic semiconductor thin films and was able to generate electricity. The dispersion of the quantum dots
improved the characteristics. Akitsu et al. (Haraguchi and Nakane) synthesized a new metal complex
mediator consisting of a salen-type manganese complex and a hexacyano-iron complex bridged by cyano
groups to increase the electron transfer efficiency to laccase (a copper enzyme that reduces oxygen to water)
from Trametes versicolor, and evaluated its properties including electrochemical characteristics. Crystal
structure analysis revealed that it is a trinuclear anion and mononuclear cation complex, and that the
aggregates diverge in solution. In addition, a two-dimensional inorganic compound, MXene, was tested as
an electrode material to compare with carbon nanotubes. Nagata developed a new CdS composite
photocatalyst made from MOF for photoreforming reactions in which a photocatalyst excited by light
absorption decomposes waste into organic acids and other substances while producing hydrogen, a clean fuel,
from organic waste such as cellulosic biomass, animal biomass, and plastics under quasi-sunlight conditions.
Ikuno engaged in research on improving the output of triboelectric power generation devices, which are
expected to have low power generation costs. In this device, which generates electricity by contact and
separation between a polymer film and a metal foil, the power output was dramatically improved (190 W/m?)
by adding different nanomaterials to the polymer film. He also promoted the development of a new thin-film
deposition method in collaboration with Sugiyama, and developed a loss recovery technique for triboelectric
devices during power generation in collaboration with Kim, and demonstrated its operation. Haraguchi easily
constructed crystal-oriented films of metal-organic complexes (MOFs) using colloidal solutions of metal
complex nanosheets for applications such as solar cells, and found that oriented crystalline films could be
constructed for various MOFs such as Fe(pyrazine)[Pt(CN)s]. Nakane confirmed the spectroscopic and
electrochemical properties of Fe(II) complex catalysts synthesized last year as an anodic electrode catalysts
for direct methanol fuel cells, and the reproducibility of their methanol oxidation ability to formaldehyde by
dioxygen. He also found that superoxide ions were formed upon the methanol oxidation, indicating that the
methanol oxidation proceeds by dioxygen. Furthermore, he succeeded in modifying these Fe(II) complexes
on a platinum substrate under specific conditions. Kim is working on the application of multilayer 2D
materials to the energy field. Using MoS, grown longitudinally to the substrate, he investigated the growth
mechanism and orientation control of multilayer MoS, nanosheets and confirmed for the first time in the
world that the orientation of MoS; nanosheets and the number of sheets can be controlled by controlling
precise deposition conditions, even on metal substrates. Watanabe fabricated an organic thin-film solar cell
(OPV) with an active layer that absorbs near-infrared light to improve the efficiency of OPVs, and in
collaboration with the Sugiyama Laboratory, fabricated a translucent organic thin-film solar cell (ST-OPV)
using ITiO, a transparent electrode that transmits near-infrared light, as the middle electrode in a tandem
device. Furthermore, he designed molecules for the active layer of OPVs that transmit light necessary for
photosynthesis, fabricated OPVs using molecules with green light absorption selectivity, measured
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photosynthesis of crops by light transmitted through OPVs, and demonstrated the possibility of combining
solar power generation and photosynthesis based on quantitative data. Shirakata grew bulk single crystals of
CuzSnS; (CTS), a candidate for new thin-film solar cells. The crystal structure was tetragonal, the growth
was performed by slow cooling from the melting point. CTS thin films used in solar cells are monoclinic, so
the properties of bulk crystals and single crystals cannot be compared. In the future, he plans to grow bulk
crystals of monoclinic crystal using the two-temperature method. Kanai performed low-temperature PL
measurements to investigate the defect properties of CuxSnixGexS; (CTGS) thin films, a next-generation
optical absorption layer material. PL was observed for CTGS thin films with different Ge concentrations (=
x) and the activation energy was estimated, which did not fluctuate from a shallow value of ~20 meV for x
> 20%. Therefore, it is suggested that the shallow acceptor level can be maintained by controlling x and
increasing or decreasing the forbidden bandwidth.

3. 2. About the Energy Management Group

Based on the plan to jointly develop technologies to utilize power obtained by various power generation
methods without waste, such as the development of highly efficient management technologies for power
obtained by various power generation methods, grid interconnection, fault diagnosis technologies, and
optimization using Al, across the division, in FY2021, We have conducted researches, while avoiding the
risk of new type corona infection among faculty members and students. Each laboratory has been working
on its own activities for this purpose.

Ueda is participating in a NEDO project that started in FY2021 to develop technology to create raising
adjustment power by systematically suppressing and controlling power generation at solar power plants. He
is developing a planning method for imbalance control based on the creation of tertiary adjustment power (2)
by forecasting the next day's power generation and spot market prices, and securing two sources of boosting
capacity: one to accommodate forecast errors and the other for suppression for boosting adjustment power.
Kondoh found that PV power generation can hardly be expected as supply power during the winter peak
power demand period in the Tohoku and Tokyo Electric Power Company areas, which experienced a power
generation power shortage on March 22, 2022, and that wind power generation can instead be highly expected,
based on the temperature dependence of their average generation output and the evaluation results of kW
value during the winter season. Katayama proceeded with a demonstration test of an energy management
method based on deep reinforcement learning using actual equipment: a 6 kW PV system and a 5.4 kWh
storage battery were installed, and the system construction was completed. It was found that the storage
batteries in the actual system can be controlled using the model learned in the simulation. It was also
confirmed that the entire system behaved in accordance with the simulation. Cui developed an algorithm to
secure the headroom to absorb the forecast error for the generation of photovoltaic adjustment power for a
photovoltaic power plant that does not take into account the installation of storage batteries. A statistical
model based on historical data, a machine learning Support Vector Regulation (SVR) model, and a combined
model of these two models were created, and an imbalance evaluation of each model was conducted. She
also examined the VI-SVR model by changing the initial values, analyzed the importance of each predictor,
and updated the model. Hirata aimed to construct a renewable energy restoration system that utilizes smart
power outlets in case of power outages due to disasters. He completed an EMS simulation with the operating
characteristics of the PV system, batteries, and load equipment when weather and temperature were used as
inputs. Although there was a discrepancy between the simulation and actual measurements, it was confirmed
that the discrepancy was due to power consumption by the BMS system and that the discrepancy could be
eliminated if this was taken into account. Ohnishi conducted environmental, economic, and social
assessments for biomass utilization in Mishima-cho, Fukushima Prefecture, as well as surveyed and analyzed
the current state of industrial clusters in Hamadori, Fukushima Prefecture, and designed a heat and electricity
supply system using renewable energy. A model was constructed to estimate the utility facilities and energy
consumption patterns of new factories, and a design method for a biomass utilization system that balances
supply and demand was developed. Kodaira integrated the control algorithm for storage batteries based on
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deep reinforcement learning implemented last year with 1) a forecasting algorithm for PV power generation
and ii) a battery control algorithm for predicting electricity prices. In particular, the forecasting algorithm
was integrated with a joint research project with Kondoh Lab, which was published in a paper.

4. Challenges and Prospects

The objectives of this research division are (i) development of materials to reduce the cost of installation
and operation to the same level as power generation using fossil fuels, (ii) development of high-efficiency
management technology for electricity obtained from various power generation methods, and (iii)
development of new materials and system technology. Continue to promote research and development of
renewable energy technologies by leveraging synergies from the vertical integration of technologies, with a
focus on (i) the development of high-efficiency management technologies for electricity generated by various
power generation methods, and (ii) the development of new material and system technologies. We will
activate joint research within the division and create novel concepts for future renewable energy technologies
by creating technology roadmaps and other means. Continue to hold symposiums and participate in
exhibitions to promote the division's research results to society and exchange technical information on
renewable energy for the benefit of future research. In addition, strengthen cooperation among students and
create an environment for the promotion of joint research.

5. Conclusion

While renewable energy is environmentally friendly, it has serious infrastructure issues such as unstable
power supply and high installation and running costs. This research division is actively promoting the
development of fusion research fields, devices, and processes through the active exchange of researchers
with different areas of expertise, proposing a foundation for stable and low-cost power supply, and activating
and promoting the research and development of renewable energy utilization technology at Tokyo University
of Science. We would like to promote Tokyo University of Science as a center for research and development
of renewable energy technologies by proposing the foundation for stable and low-cost power supply.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

16.

17.

Mutsumi Sugiyama, “Introduction of visible-light-transparent novel devices using widegap nickel oxide
(NiO) thin film”, JSAP Review, 2023 (2023) 230410. (Peer-reviewed)

Shunsuke Nakamura and Mutsumi Sugiyvama, “Effect of Ar and H, mixture gas on SnS thin films
deposited by radio frequency (RF) magnetron sputtering”, Thin Solid Films, 755 (2022) 139329. (Peer-
reviewed)

Takahiro Yashiro and Mutsumi Sugiyvama, “Effect of the valence band maximum control of
Cu(In,Ga)Se, photoelectrode surface on water splitting”, Japanese Journal of Applied Physics, 61
(2022) 054002. (Peer-reviewed)

Takashiro Akitsu, Daizuke Nakane: “Recent Topics of Laccase Focused on Chemical Reactions and

Applications”, Universal Journal of Green Chemistry, 1(2022)2-17. (reviewed).

Takashiro Akitsu: “[Editorial] Hybrid or Component?—Schiff Base Complexes and Laccase”,
Compounds, 2(2022)307-310. (Peer-reviewed)

Yukino Uesugi, Haruki Nagakawa, and Morio Nagata, Highly Efficient Photocatalytic Degradation of
Hydrogen Sulfide in the Gas Phase Using Anatase/TiO»(B) Nanotubes, ACS Omega, 7, 14, 11946-
11955 (2022) Front Cover (Peer-reviewed)

Junji Kondoh, "Winter Capacity Values of Wind Power in Eastern Japan Power Systems", Grand
Renewable Energy 2022 International Conference, pp. 1-4, Web Conference.

Hiroki Yamamoto, Taiki Kure, Junji Kondoh, Daisuke Kodaira, "Multi-point forecasting of photovoltaic
power generation by light gradient boosting machine", Grand Renewable Energy 2022 International

Conference, pp. 1-4, Web Conference.

Junji Kondoh: "Analysis of the Behavior of Induction Machine Loads in a Test for Preventing the
Independent Operation of Multiple Interconnection Type Power Conditioners," 2022 IEEJ Industrial
Applications Division Conference, 3-4, pp. I11I-76-79.

Hikaru Arai, Koki Asami, Hajime Ito, Noboru Katayama “Effect of the settings of electrospray

deposition method on the structure and performance of the fuel cell catalyst layer” , Current Applied
Physics, Volume 39, July 2022, 296-303 (Peer-reviewed)

Junnosuke Shimogawa, Daisuke Hara, Shan Miao, Noboru Katayama, Kiyoshi Dowaki “Design and
Temperature Analysis of a Metal Hydride Cartridge Using Exhaust Heat of a Fuel Cell for Electric-
assisted Bicycles” , Journal of the Japan Institute of Energy, Volume 101, August 2022, 152-161 (Peer-
reviewed)

Q. Zhou, R. Takita, and T. Ikuno: “Improving the Performance of a Triboelectric Nanogenerator by
Using an Asymmetric TiO2»/PDMS Composite Layer”, Nanomaterials, 13 (2023) 832. (Peer-reviewed)
H. Komatsu, T. Matsunami, Y. Sugita, and T. Ikuno: “Direct formation of carbon nanotube wiring with

controlled electrical resistance on plastic films”, Scientific Reports, 13 (2023) 2254. (Peer-reviewed)
T. Ikuno, K. Takahashi, and A. Kadogawa: “Light-Driven Flying Balloons Based on Hybrids of Carbon
Nanotubes and Cellulose Nanofibers”, Materials 15 (2022) 7739. (Peer-reviewed)

Y. Onami, T. Kawasaki, T. Haraguchi, K. Tsukiyama, D. Moon, Y. Kitahama, T. Hosokai, H. Matsuzaki,
H. Sakiyama, T. Akitsu: “Effect of dipeptide derivative Schiff-base Zn(II) complexes on lysozyme
molecules damaged by means of IR-FEL irradiation”, Trends in Photochemistry & Photobiology,
21(2022), 15. (Peer-reviewed).

Y. Hirata, K. Iwaya, K. Hama, and S. Ando, "Study on Simulation Evaluation Methodology of DC
Microgrid System," No. 36, Proceedings of the Japan Solar Energy Society (2022)

Masayuki Egashira, Koh Sekiguchi, Takumi Imazeki, Ryosei Yamada, Shota Yazawa, Yusuke Kudo,
Yasuyuki Watanabe, “Electrode distance in catalyst layer deposition for direct methanol fuel cell using
electrospray”, Vol. 17, No. 1 (2023)1-10. (Peer-reviewed)
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18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Seihou Jinnai, Ayumi Oi, Takuji Seo, Taichi Moriyama, Masahiro Terashima, Mitsuharu Suzuki,
Ken-ichi Nakayama, Yasuyuki Watanabe, Yutaka le, “Green-Light Wavelength-Selective Organic
Solar Cells Based on Poly(3-hexylthiophene) and Naphthobisthiadiazole-Containing Acceptors toward
Agrivoltaics”, ACS Sustainable Chemistry & Engineering 11(4) 1548-1556 (2023). (Peer-reviewed)

Togawa, T., Ohnishi, S., Fukushima, H., Goto, R. and Gomi, Y. (2022) Pattern Language in Co-creative
Processes in Advanced Cities for Environmental and Urban Development: A Case Study of Shiwa Town,
Onagawa Town and Nichinan City, Journal of JSCE D3 (Civil Engineering Planning), 78(6): 11_491-
IT_508 (Peer-reviewed)

Seiya Maki, Satoshi Ohnishi, Minoru Fujii, Naohiro Goto, Lu Sun (2022) Using waste to supply steam

for industry transition Selection of target industries through economic evaluation and statistical analysis,
Journal of Industrial Ecology, 10 (Peer-reviewed)

Fujii, M., S. Ohnishi, S. Maki, T. Okadera, and N. Goto (2022) Study on Information Sharing and Stable
Supply and Demand to Promote Utilization of Waste Incineration Heat in Industry, Journal of
Environmental Science, 35(5): 282-291 (Peer-reviewed)

Wafaa Magdy, Ayaka Kanai, Esam. T. El Shenawy, Sherif. A. Khairy, Hussam. H. Hassan, and
Mutsumi Sugiyama, and Fawzy. A. Mahmoud, “Correlation between some physical properties of pure
and Sb doped Cu,SnS; thin films under the effect of sulfur amount for solar cell application”, Mater.
Chem. Phys. 295, 1 (2022) (Peer-reviewed)

Ayaka Kanai, Keina Kusatsu and Mutsumi Sugiyama, “Influence of Cd, S, and Na atoms on
photoluminescence in tin sulfide thin films”, Jpn. J. Appl. Phys. 61, 125501 (2022). (Peer-reviewed)
Kazuya Okamura, Ren Saito, Ayaka Kanai, Kunihiko Tanaka, “Fabrication of Cu,SnS3 thin films by
dual-source fine channel mist CVD”, Appl. Phys. A 128, 980 (2022). (Peer-reviewed)

J. Park, J. Choi, H. Jo, D. Kodaira, S. Han, and M. A. Acquah, “Life Evaluation of Battery Energy
System for Frequency Regulation Using Wear Density Function,” Energies, vol. 15, no. 21, Nov. 2022.

(Peer-reviewed)

H. Yamamoto, J. Kondoh, and D. Kodaira, “Assessing the Impact of Features on Probabilistic Modeling
of Photovoltaic Power Generation,” Energies, vol. 15, no. 15, p. 5337, Jul. 2022. (Peer-reviewed)

T. Kure, H. Danil Tsuchiya, Y. Kameda, H. Yamamoto, D. Kodaira, and J. Kondoh, ‘“Parameter
Evaluation in Motion Estimation for Forecasting Multiple Photovoltaic Power Generation,” Energies,
vol. 15, p. 2855, 2022. (Peer-reviewed)

Books

1.

Takashiro Akitsu (Ed. By H. Song, T. A. Nguyen, G. Yasin, N. B. Singh, R. K. Gupta); “Using XRD
technique for model composite and related materials”, Nanotechnology in the Automotive Industry,
chapter 2, 2022, Pages 15-35, Elsevier.

Haruki Nagakawa and Morio Nagata, Energy conversion using photocatalysts learned from
photosynthesis, Journal of the Color Material Society of Japan, Vol. 95, 2022(9), 269-274

Invited Lectures

1.

Asaki Ishizuka, Daizuke Nakane and Takashiro Akitsu: “Hybrid systems of metal complexes and

oxygen reducing laccase”, 7th International Conference on New Energy and Future Energy System
(NEFES 2022), Online

Takashiro Akitsu: “Cyanide-bridged metal complexes and laccase for oxygen reducing biofuel cells”,
4th Global Webinar on Martials Science and Engineering (GWMSE-2022), Online

Takashi Tkuno: “High yield conversion of plastics into carbon nanotubes”, International Conference on
Science and Technology of Emerging Materials (STEMa2022), Pattaya, Thailand, August 4th, 2022 (Online).
Y. Watanabe: “Design guideline of light-transmitting organic thin-film solar cells for photosynthesis
and evaluation of cultivation of agricultural crops,” Society of Polymer Science, Japan, Organic
Electronics Society, December 8, 2022, Hiroshima.
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Y. Watanabe: “Development of Oil-Producing Algae Cultivation Technology Using Light-Transmitting
Organic Thin-Film Solar Cells for Photosynthesis,” IEEJ National Convention 2023, Symposium S9,
Frontiers of Innovative Material, Process and Device Development toward Society5.0, March 17, 2023.
March 17, 2023, Nagoya University. 6.

S. Ohnishi (2022) Research to support the creation of an environmental city using local resources: Past
trends and future developments, 33rd Research and Presentation Meeting of the Japan Society of
Material Cycles and Waste Management, Young Scientists' Meeting Planning Session.

S. Ohnishi (2023) Study on the creation of a regional recycling symbiosis zone centering on a carbon
neutral industrial complex by utilizing biomass - with the reconstruction of Hamadori, Fukushima
Prefecture Renewable Energy Related Industry Promotion Study Group, 3rd biomass subcommittee
meeting in FY2022

Avyaka Kanai, Mutsumi Sugiyama, Hideaki Araki, Kunihiko Tanaka; “Current Status of
Environmentally Conscious Compound Thin Film Solar Cells”, Japan Photovoltaic Society Women in
Photovoltaics Sectional Meeting, at Tokyou Institute of Technology Ookayama Campus, 2022/09/02.
Ayaka Kanai, Mutsumi Sugiyama, Hideaki Araki, Kunihiko Tanaka; "Characteristics and High
Efficiency Technology of Cu2SnS3-based Solar Cells", The 70th SPSJ Autumn Meeting 2023 at Sophia
University, 15a-E502-2, 2023-03-15.

Awards

1.

1. Innovative PV Encouragement Award: 19th Symposium on “Photovoltaic Power Generation System
for Next Generation”, Akito Sakai and Yuzuru Ueda, “Evaluation of Solar Radiation Potential of
Photographic Points by Sky Area Identification of Sky Images” (June, 2022)

YOC Best Presentation Award: 2022 Electric Power and Energy Division Annual Conference,
Seiki Sato and Yuzuru Ueda, “Power Generation Estimation of Photovoltaic Power Plants Using
Physical Models and Short-Time Learning with Gradient-Boosting Decision Trees” (September 2022)

YOC Incentive Award: 2022 Electric Power and Energy Division Conference of the Institute of
Electrical Engineers of Japan, Kimitaka Asami, Noboru Katayama, “Structural changes in the catalyst

layer of polymer electrolyte fuel cells depending on the ionomer to carbon ratio” (October 2022).
YOC Incentive Award: 2022 IEEJ Power and Energy Division Annual Meeting, Kouhei Agata,
Yasutaka Koyano, Noboru Katayama, Hiromi Kamei, Risa Nakamura, Yoshitaka Baba, “Structural

changes in the catalyst layer of polymer electrolyte fuel cells as a function of ionomer/carbon ratio”
(October 2022).

YOC Incentive Award: 2022 Electric Power and Energy Division Conference of the Institution of
Electrical Engineers of Japan, Yasutaka Kohya, Kohei Agata, Noboru Katayama, Hiromi Kamei,
Risa Nakamura, Yoshitaka Baba, “Impedance characteristics of solar cells under changing irradiance”
(October 2022)

Takashi Ikuno, Academia Award for Excellence: “Development of Up-Cycling Technology from Waste
Plastic to High Value-Added Functional Nanocarbon Materials”, SEMICON JAPAN (December 14,
2022)

Best Poster Award: The 8th Asian Conference on Coordination Chemistry (ACCCS), Qiyuan Zhang,
Tomoyuki Haraguchi, Takashiro Akitsu: “Fabrication of 3D Hofmann-type thin film by casting method”,
Taipai, Taiwan (online). (August 2022). 8.

2022 Research Presentation Encouragement Award: The 14th Joint Sectional Meeting of the Korean

Association of Scientists and Engineers in Japan, Kim Joonam and Takashi Ikuno, “Proposal of a New
Method to Improve Energy Recovery Rate of Frictionally Charged Power Generation” (March 2023).
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Individual Research Topics

Mutsumi Sugiyama
“Research on next-generation solar cells using earth-abundant materials”

In order to improve the power generation efficiency of SnS solar cells, which are one of the earth-
abundant solar cells composed of common materials, we achieved the control on semiconductor properties
such as Sn-S composition ratio and bandgap energy by supplying hydrogen and nitrogen gas during sputter
deposition. The correlation between the composition and surface morphology was also investigated, and the
foundation was laid for the realization of high-efficiency solar cells.

Zhao Xinwei
“Research on transparent solar cells”

In this year, we fabricated prototypes of organic semiconductor/oxide semiconductor and all-organic
semiconductor transparent solar cells, and continued to confirm their operation and improve their
characteristics. In addition, a prototype of a bulk quantum dot type solar cell was fabricated and found to be
capable of generating electricity by improving the dispersion of the dots. In the next fiscal year, we will
further improve the conversion efficiency and fabricate and evaluate a transparent solar cell prototype.

Takashiro Akitsu
“Exploration of cyano-bridged iron-manganese complexes for biofuel cell cathode mediators”
Laccase, a copper enzyme that reduces oxygen to water, is a catalyst for oxygen reduction at the cathode
of biofuel cells. Following the search for a mediator using 1- to 3-dimensional cyano-bridged
ethylenediamine-based copper-metal complexes in the previous year, this year we newly synthesized metal
complexes in which a salen-type manganese complex and a hexacyano-iron complex are bridged by cyano
groups, and evaluated using crystal structure analysis, various spectroscopic methods, electrochemical
measurements, DFT calculations, docking calculations, etc. They were compared with previously studied
non-crosslinked hexacyano-iron complexes and salen-type manganese complexes with different shapes and
bonding modes. In addition, a two-dimensional inorganic compound MXene (Maxine) was also tested as an
electrode material to compare with carbon nanotubes.

Yuzuru Ueda
“Research on photovoltaic power generation systems”

In FY2022, we are developing technology to predict and evaluate the amount of electricity generated by
photovoltaic power plants, and developing a system for energy management using photovoltaic power
generation systems as distributed power sources on the customer side. In FY2022, we are participating in a
NEDO project to develop technology to predict and evaluate the amount of electricity generated by
photovoltaic power plants, and to research operational methods to create a regulating power in addition to
the amount of electricity generated.

Morio Nagata
“Research on organic solar cells and artificial photosynthesis”

In order to improve the efficiency of bio solar cells using photosynthetic proteins, we introduced
scattering layers and up-conversion materials into TiO, layers. In artificial photosynthesis, CdS composite
photocatalysts prepared from MOFs were applied to photoreforming reactions of plant biomass under
sunlight, and it was found that hydrogen could be produced with high efficiency. In addition, his paper on
hydrogen sulfide decomposition using anatase and bronze titanium dioxide composite photocatalysts was
selected for the Front Cover of the Journal of the American Chemical Society.
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Junji Kondoh
“Research on winter kW value of wind power generation in East Japan Grid”

On March 22, 2022, the Tohoku and Tokyo Electric Power Company areas experienced a shortage of
electricity generation due to a combination of unseasonably low temperatures and other adverse conditions.
Some have argued that renewable energy is useless, as solar power, which has been installed in large
quantities, generated almost no electricity on that day. In contrast, an analysis using wind speed data
measured at lighthouses along the eastern coast of Japan and surface observation data from the Japan
Meteorological Agency revealed that offshore wind power in the Tohoku region has great potential as a
supply source of electricity during the peak demand period in winter, based on the temperature dependence
of their average power output and an evaluation of their kW value during winter.

Noboru Katayama
“Research on energy system management using deep reinforcement learning”

Energy management has become more complex due to the diversification of distributed energy sources
such as photovoltaic, wind power, and fuel cells, and we propose to manage energy systems using deep
reinforcement learning. We have conducted a demonstration test using actual equipment and completed the
system construction by installing a 6 kW photovoltaic power generation system and 5.4 kWh storage batteries.
We confirmed that the model learned on the simulation can be used to control the storage batteries in the
actual system and that the entire system behaves in accordance with the simulation.

Takashi Ikuno
“Research on low-cost vibration power generation devices”

We are conducting research and development of triboelectric power generation devices that generate
electricity by contact, separation, or friction of different materials. The output voltage was dramatically
increased (190 W/m?) by adding high dielectric particles and surface modification to the polymer film used
in the triboelectric device, and by forming a negative permanent fixed charge by corona discharge. In the
future, we will try to improve the output voltage by modifying polymer materials.

Tomoyuki Haraguchi
“Construction of oriented crystalline films with printable porous metal complexes”

We have investigated the application of metal-organic complexes (MOFs) to dye-sensitized solar cells,
etc. We found that various MOFs such as Fe(pyrazine)[Pt(CN)4] can be used to construct oriented crystalline
films. In the future, we will control the structure and HOMO/LUMO energy levels hierarchically by changing
the components, and aim to create dye-sensitized solar cells that absorb light at a wide range of wavelengths
and transport electrons with high efficiency.

Daisuke Nakane
“Development of Fe(IIT) complex catalysts for anodic electrode of direct methanol fuel cell”

Novel molecular catalysts composed of inexpensive iron ions as catalysts for anodic electrode of direct
methanol fuel cells were synthesized and their various spectroscopic properties were clarified. The
electrochemical properties of these Fe(Ill) complexes suggest that they have sufficient catalytic ability for
methanol oxidation. The reactions between the Fe(Ill) complexes and methanol under an oxygen atmosphere
at room temperature revealed that these Fe(Ill) complexes catalyzed methanol oxidation by the oxidizing
power of dioxygen, as in the methanol fuel cell. Furthermore, we succeeded in modifying these Fe(III)
complexes on a platinum substrate.
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Cui Jindan
“Headroom control for generating regulating power from photovoltaic power generation”

The promotion of photovoltaic power generation, which is greatly affected by weather conditions,
requires the securing of regulating power. In addition, the expansion of photovoltaic power generation is
expected to lower the market price of electricity during the daytime, and selling electricity only to the spot
market is not profitable. Based on these two points, we studied headroom control to create AkW value in
addition to the energy (kWh) value of photovoltaic power generation. We developed an algorithm that solves
the problem in two stages: the problem of absorbing the error in the generation forecast and the problem of
ratio of the forecasted values to the two markets. For the forecast error absorption problem, a simple statistical
model and a machine learning model were studied, and for the plan value ratio problem, a model using linear
programming was studied to maximize the profit.

Kim Joonam
“Multilayered layered materials for energy devices”

Multilayered layered materials are attracting attention as next-generation semiconductor materials for the
energy field because of their high optical absorption coefficient, mobility, and scientific stability. However,
there are still only a few reports on the details of the growth mechanism and the practical application of
devices. As a way to achieve this, we investigated the control of nanosheet orientation and nanostructure
during deposition on metal substrates. We will clarify the growth mechanism of layered materials on metal
substrates for precise deposition control, and secure the basic technology necessary for large-area production.

Yoichi Hirata

“Renewable energy restoration system utilizing smart outlets in case of power outage due to disaster”
In the previous fiscal year, we completed an EMS simulation with the operating characteristics of the

photovoltaic system, battery, and load equipment when weather and temperature were inputted. This fiscal

year, we aim to connect a regional local line and connect several micro-grid systems to it, thereby loosely

linking the system to the electric power transmission line. As a result, we would like to prove that the loose

local interconnection line is more economical.

Yasuyuki Watanabe
“Development of advanced photovoltaic technology for combining photosynthesis and photovoltaic cells”
To improve the power generation efficiency of semi-transparent organic thin-film solar cells (ST-OPV),
we conducted joint research with Sugiyama Laboratory and succeeded in fabricating a tandem structure of
OPVs by forming transparent electrodes on organic semiconductors, which are the power generation layer.
In addition, crop cultivation tests utilizing the wavelength selectivity of OPVs were conducted indoors under
white LEDs, and the power generation characteristics of OPVs and the photosynthesis rate of plants under
OPVs were measured, proving that both power generation and agriculture are feasible. Furthermore, to
achieve compatibility between power generation and oil fuel production, we conducted demonstration tests
under artificial sunlight and showed that both power generation and oil-producing algae are feasible.

Sho Shirakata
“Research on narrow-gap chalcopyrite semiconductors”

We grow bulk single crystals of polycrystalline semiconductors, which are candidates for new thin-film
solar cells, and measure their basic physical properties: crystal structure, band gap, absorption coefficient
law, and Raman scattering. From these measurements, we will compare the properties of bulk and
polycrystalline semiconductors. The above measurements will be performed on bulk single crystals of
Culn(SeixTex)2 grown in the previous year and Cu,SnS; (CTS) crystals fabricated in the previous year. The
CTS crystals were grown by slow cooling from the melting point. In the future, we plan to grow bulk
monoclinic crystals using the two-temperature method.
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Satoru Ohnishi
“Design and evaluation for appropriate introduction of renewable energy to the industrial sector,
mainly through biomass heat utilization”

The appropriate introduction of renewable energy into the industrial sector, mainly through biomass heat
utilization, is an important issue for realizing regionally driven decarbonization. We will support actual
community development by developing a system of public-private-academic collaboration to create a vision
and business model for the introduction of renewable energy with a view to regional planning and social
implementation in industrial cities, mountainous areas, and earthquake recovery areas, and by setting up and
evaluating the system according to regional characteristics.

Ayaka Kanai
“Next-generation CTS-based solar cells combining low cost, non-toxicity, and high efficiency”

Aiming to realize a novel electron transport structure for next-generation CTS solar cells with low cost,
non-toxicity, and high efficiency, we focused on optimization of the deposition method and characterization
of CuxSni1xGexS3 (CTGS) thin films whose conduction band position can be controlled by the Ge/(Ge+Sn);x
composition ratio. Hall measurements confirmed that the carrier concentration and mobility of CTGS films
decrease with increasing x ratio. Therefore, it was found that controlling the x ratio between 0.1 and 0.2 is
optimal for the application to solar cell devices from the viewpoints of crystal growth and electrical properties.

Daisuke Kodaira
“Storage battery recharge/discharge control using deep reinforcement learning and integration into
P2P transactions”

The storage battery control algorithm developed in this research project determines the amount of control
for the next day in advance based on the forecast of the next day's PV generation and electricity prices.
However, the larger the forecast error, the lower the profit on electricity sales. Therefore, this year we
quantitatively evaluated the relationship between the forecast error and the decrease in profit on electricity
sales. In addition, there is a high possibility that the electricity sold by the storage battery control algorithm
can maximize profit through local power trading in P2P transactions. Therefore, we stayed at University of
Hamburg in Germany for two weeks to discuss the reduction of computational complexity and the design of
incentives for users in P2P trading of electricity. The exchange is expected to continue in the next fiscal year
with the aim of obtaining an international joint grant.
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Division of Ambient Devices Research

1. Overview

The Division of Ambient Devices Research conducts research on material property control, device
creation, and acquired data analysis related to ambient devices during the establishment period of the division,
in anticipation of the era of mass spread of ambient devices. Ambient devices blend into the environment and
extract environmental information. We also aim to implement the ambient devices, including recycling and
upcycling, eco-friendly regeneration processes that take into consideration the process of returning devices
to the soil, and use and analysis methods (Al stochastic resonance, etc.) of the extracted data will also be the
subject of our research.

2. Organization and Facilities

= Members

Title

Name

Affiliation

Group leader -

Kentaro Kinoshita

Department of Applied Physics, Faculty

Professor of Science (DAP, FS)

Department of Applied Electronics,
Associate Professor Takashi Ikuno Faculty of Industrial Science and

Technology (DAE, FIST)

National Institute of Nat Sci
Visiting Professor Hideaki Takayanagi anonat THsttute o ature Scrence

(NINS)

D t t of Applied Physics, Facult
Associate Professor Takashi Nakajima epa.r ment of Appe ysies, Faciity

of Science

Department of Applied Electronics,
Associate Professor ~ Tadashi Ando Faculty of Industrial Science and

Technology (DAE, FIST)

Associate Professor

Yoichiro Hashizume

Institute of Arts and Sciences (IAS)

Visiting Professor

Shimpei Ono

Central Research Institute of Electric
Power Industry (CRIEPI)

Visiting Professor

Jyunichi Takeya

The University of Tokyo, Graduate
School of Frontier Sciences

Visiting Associate
Professor

Shunichiro Watanabe

The University of Tokyo, Graduate

School of Frontier Sciences
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3. Activity Reports

3. 1. “Thermal property of ionic liquids due to confinement in metal-organic frameworks (MOFs)”

In 2021, it was clarified that both the low moisture resistance and the fragility of mechanical strength of
Cus(btc), were improved by filling the pores of metal-organic framework Cus(btc), with ionic liquid (IL). In
2022, we evaluated the thermophysical properties of IL before and after filling the pores of Cus(btc),, and
clarified that the phase change that was confirmed before the introduction of IL into pores was suppressed.
This result indicates that the introduction of IL into Cus(btc), not only modulates the physical and chemical
properties of Cus(btc),, but also affects the properties of IL. This means that it can be a method for the
systematical modulation of the physical property of IL. (Kinoshita)

3. 2. “Development of edge AI devices based on ionic liquids”

So far, we have proposed the use of ionic liquids (ILs), which have high molecular designability, as
reservoirs in order to create devices for Reservoir Computing (RC), a learning algorithm that is highly
applicable to edge Al In 2022, we clarified the effects of changing IL anion and cation species on the learning
performance of the IL reservoir device. It was found that the dependence of learning performance on cationic
species is relatively weak, while the dependence on anionic species is extremely strong. This result cannot
be explained only by the time-scale change of dielectric relaxation due to the viscosity change of IL. It is
expected that this will enable learning of time-series signals over a wider time scale in the future. To further
improve learning performance, elucidation of the mechanism is urgently needed. (Kinoshita)

3. 3. “Development of optical learning devices”

We have developed an optical learning reservoir device that utilizes the generation and decay of photo-
induced current observed when a transparent electrode ITO/Nb:SrTiO3 junction is irradiated with light. By
changing the DC voltage applied to the junction within the range of +0.5 V, it was found that the time scale
of the transient response after UV irradiation was stopped could be modulated over 7 orders of magnitude.
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Due to this property, it is expected that optical signals with various time scales can be learned by a single
device. (Kinoshita)

3. 4. “High output of friction vibration power generation devices by asymmetric polymer film containing
high dielectric constant particles”

As a power source for RFID tags, we constructed a frictional vibration power generation device using a
polymer film. By encapsulating high-dielectric fine particles in a polymer film and modifying the surface,
the power generation output was greatly improved (280 mW/m?). We aim to further improve the output in
near future. (Ikuno)

3. 5. “Converting used flexible devices into carbon nanotubes”

We have established a technology to convert flexible devices composed of plastic substrates and organic
semiconductors into industrially useful CNTs instead of simply discarding them after use. Various plastics
were converted into high-purity CNTs in large quantities at high speed by effectively controlling the polymer
decomposition process and the fluid. In the future, we will convert waste organic semiconductor devices into
CNTs. (Ikuno)

3. 6. “Development of edge devices based on energy harvesting”

We have developed a battery-less diagnostic system based on electricity supplied by vibration power
generation and thermoelectric power generation. To improve the power generation efficiency, we improved
the characteristics of piezoelectric polymer materials and realized a thermoelectric power generation by
applying a Kirigami structure. In order to develop a low-power consumption edge device for fault diagnosis,
we devised an analog circuit that intermittently releases charging energy to the load, and by combining this
with machine learning-based analysis, the discrimination accuracy of the system was totally improved.
(Nakajima)

3. 7. “Big data analysis”

For big data analysis, we studied a method for analyzing the time and location information that would be
obtained in a distributed manner, as well as the accompanying temperature, humidity, and other information.
This dataset contained noise and missing data. Although it is possible to reproduce more detailed data by
removing or supplementing these data, in practical use, it is often more important to know "what part of the
data is hot and on what scale to make decisions such as shutting off the power" rather than detailed raw data.
We showed that automatic scale decomposition using singular value decomposition can be applied to this
problem. If actual data can be obtained, it is ready to be implemented immediately. (Hashizume)

4. Challenges and Prospects

All of the above research themes, which are being pursued individually by department members, have
made remarkable progress and are top runners in their respective fields. On the other hand, the fusion of each
theme toward the creation of ambient devices, which is our critical goal, has not progressed well, but the
preparations have been steadily completed.

5. Conclusion
Unfortunately, this year is the final year of activities for this division, but we would like to continue to
cooperate with the division members and advance the research. We would like to express my gratitude to

Director Prof. Nishihara, Deputy Director Prof. Aoki, everyone in the Noda Research Support Section,
advisory committee members, department members, and everyone involved who have supported us.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

MASAKAZU KOBAYASHI, YASUMITSU ORII, HISASHI SHIMA, YASUHISA NAITOH,
HIROYUKI AKINAGA, DAN SATO, TAKUMA MATSUO, KENTARO KINOSHITA, TOSHIKI
NOKAMI, AND TOSHIYUKI ITOH: “Temperature Driven Current—Voltage Characteristics of Ionic
Liquid Type Intelligent Connection Device”, IEEE Journal of the Electron Devices Society 10, 893
(2022). (Peer-reviewed)

Takuma Matsuo, Dan Sato, Sang-Gyu Koh, Hisashi Shima, Yasuhisa Naitoh, Hiroyuki Akinaga,
Toshiyuki Itoh, Toshiki Nokami, Masakazu Kobayashi, and Kentaro Kinoshita: “Dynamic Nonlinear

Behavior of Tonic Liquid-Based Reservoir Computing Devices”, ACS Appl. Mater. Interfaces 14, 36890

(2022). (Peer-reviewed)

Sang-Gyu Koh, Hisashi Shima, Yasuhisa Naitoh, HiroyukiAkinaga, Kentaro Kinoshita: “Reservoir

computing with dielectric relaxation at an electrode—ionic liquid interface”, Scientific Reports 12, 6958-
1-9 (2022). (Peer-reviewed)

Sang-Gyu Koh, Taiki Koide, Asahi Arai, Ichiro Ohira, and Kentaro Kinoshita: “Structural Strengthening

of Metal-Organic Frameworks Owing to the Confinement Effect of Ionic Liquids in the Nanopores”,

Journal of Physical Chemistry C 126, 6736 (2022). (Peer-reviewed)

T. Ikuno, K. Takahashi, and A. Kadogawa: “Light-Driven Flying Balloons Based on Hybrids of Carbon

Nanotubes and Cellulose Nanofibers”, Molecules, 15 (2022) 7739. (Peer-reviewed)

I F, & mk, LY v A 2 FRMBIORETHIIHE O BEHBIIT BB DL,

76 (2023) 229. (in Japanese) (Peer-reviewed)

I, & mE, A% F CBEMEORR DAL FPR—Z MEGIRIZE T DR Ui
(2R BN, 76 (2023) 220. (in Japanese) (Peer-reviewed)

Q. Zhou, R. Takita, and T. Ikuno: “Improving the Performance of a Triboelectric Nanogenerator by

Using an Asymmetric TiO2/PDMS Composite Layer”, 13 (2023) 832. (Peer-reviewed)

H. Komatsu, T. Matsunami, Y. Sugita, and T. Ikuno: “Direct formation of carbon nanotube wiring with

controlled electrical resistance on plastic films”, Scientific Reports, 13 (2023) 2254. (Peer-reviewed)
T. Ikuno, K. Takahashi, and A. Kadogawa: “Light-Driven Flying Balloons Based on Hybrids of Carbon
Nanotubes and Cellulose Nanofibers”, Molecules, 15 (2022) 7739. (Peer-reviewed)

T. Toyama, J. Fujioka, K. Watanabe, A. Yoshida, T. Sakuma, K. Inaba, T. Imai, T. Nakajima,
K. Tsukiyama, N. Hamada, and F. Yoshino: “Investigation of bactericidal effect of a mid-infrared free
electron laser on Escherichia coli”, Sci. Rep. 12, 18111 (2022). (Peer-reviewed)

S. H. Mat Zin, T. S. Velayutham, T. Furukawa, H.Kodama, W.C.Gan, Sirinart Chio-Srichan,
M. Kriechbaum, and T. Nakajima: “Quantitative study on the face shear piezoelectricity and its
relaxation in uniaxially-drawn and annealed poly-I-lactic acid”, Polymer 254, 125095 (2022). (Peer-
reviewed)

T. Sato, M. Funato, K. Imai, and T. Nakajima: “Self-powered Fault Diagnosis Using Vibration Energy
Harvesting and Machine Learning”, Sens. Mater. 34, 1909 (2022). (Peer-reviewed)

Invited Lectures

1.

AT ARED G F 5 A F 7 A LBLALFROS 2RI L7eEL ) Yo3—, R TRERRS, % 70
[ B AT AN S k6 AT U A TIL [REEERTRIC ST DHMEE )
KA, 2022, (in Japanese)

A F AIRDRN D BB « T8 ZADAK, A THRRES, BEORT: L8 GSC o ¥
—RINZ 10 JAFFLE T AR ¥ U A, 2022, (in Japanese)

T. Ikuno: “High-yield Conversion of Plastics into Carbon Nanotubes”, The third international
conference on science and technology of emerging materials, Pattaya, Thailand (Online), 2022.

159



4. Smart mechatronics based on piezoelectric polymer energy harvesting, Takashi Nakajima, The 17th
International Conference on Nano/Micro Engineered and Molecular Systems (IEEE-NEMS 2022),
Online. 2022.

5. RMRMEM B W ToT &7 /80 X, HBFS, 25 16 |27 ) — 2 U AT A,
Z T A4 2, 2022. (in Japanese)

6. o TIEEMEI O LSRG, PUET N, 5 24 [BIERE MEMS HF%E, B, 2022 (in
Japanese)

Patents

1. JIHET, A8 25 HRFE 2022-116366(2022.7.25) [ —RyF ) F = — 7 Rl s @ jy Ok
J7{%] . (in Japanese)

2. HAPEET WIFES, NEFEE, SFHEE A, HUESES, YN 4%, RERE 2022-165745 (2022.10.14)
[z 7 Y HARIE Y A7 2] . (in Japanese)

3. Eo)llsplE, sPugeEs JERE 2, HFRE 2022-155623 (2022.9.28)  TEHALEE 5k, TEEHALELEE
B, BB 1 7 F A OGREREIR ] . (in Japanese)

4. BSR4 IR ETE % KREE 2022-151941 (2022.9.22) THEEMRH S AT A, (LER
Hitr—x, AL E, @R 1A, MOV e Z7F ) | (in Japanese)

5. BTEs REILRRAE, H5RE 2022-087189 (2022.5.27) [ES5AaHIS AT &, JE 554 et )5
%, BNt 7 e 77 A, R OGEEEEEHI ORI EE# ] . (in Japanese)

Public Relations

1. AW Z RASHBASIANAT 7 -T2 T A b (BRAZRORIEILYS) , 2022/4/12. (in Japanese)
2. % % Yahoo == —&, 2023/3/10. (in Japanese)

3. 4B FE .~ A ==—2X, 2023/3/11. (in Japanese)

Awards

I A¥ 2 B RITATIT Award BFHHE, BT T AT v 7 LA IMREERENET ) 21—
RUMEI~DT » 7 A 7 VHAT B, SEMICON JAPAN, 2022/12/14. (in Japanese)

2. J. Kim and T. Ikuno: Research Presentation Encouragement Award, “Proposal of a New Method to
Improve Energy Recovery Rate of Frictionally Charged Power Generation”, The 14th Joint Sectional
Meeting of the Korean Association of Scientists and Engineers in Japan, 2023/3.
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Individual Research Topics

Kentaro Kinoshita
“Research on resistive change memory application for embedding in organic devices and for
developing edge Al device”

Resistance change memory is roughly divided into three types: anion diffusion type, cation diffusion type,
and interface type. Taking advantage of the achievements in research and development of these memories,
we design and manufacture resistance change memory suitable for purposes. We are also working on Al
application research that makes use of the analog resistance change and resistance attenuation characteristics
of resistance change memory.

“Device applications of metal-organic frameworks (MOFs) and ionic liquids”

We will synthesize large single crystals of Cus(btc),, a representative MOF, and clarify the essential
physical properties of Cus(btc),. By filling the high-density pores of the MOF with an ionic liquid, we will
realize a highly ion-conducting material that can be used like a solid, regardless of whether it is in the air or
in a vacuum.

Takashi Ikuno
“Characterization of organic semiconductor devices and upcycling of used devices”

With the goal of improving the homogeneity of device characteristics, we analyze the characteristics of
organic semiconductor devices and feed them back to the experimental process. We also establish a process
to convert used flexible devices into useful functional materials.

Takashi Nakajima
“Development of IoT devices using flexible energy harvesting”

This group aims to realize attachable energy harvesting using piezoelectric and thermoelectric materials
with great flexibility and formability. Additionally, low-consumption diagnostic edge devices will be
developed to operate independently by micro-power generation.

Yoichiro Hashizume
“Examination on analysis methods for data from multiple signal sources”

In 2022, we proposed a method using singular value decomposition as a method for analyzing data
obtained from multiple signal sources. Singular value decomposition mainly corresponds to coordinate
transformation in the direction of the largest correlation scale for a two-variable data set. That is, a linear
transformation with the highest correlation in the dataset can be generated. The new coordinate axis obtained
in this way (especially its first principal component) shows the most typical correlation scale. It can be
calculated back to the original two variables. For example, in the case of coordinates and temperature, it was
shown that it is possible to uniformly determine the radius in which a subject has been exposed to high
temperatures. This approach is ready for implementation.

Tadashi Ando

“Molecular dynamics simulation study on cellulose nanofiber/calcium carbonate mixture in water”
The viscosity of cellulose nanofiber suspensions is significantly changed by adding calcium carbonate.

We performed molecular dynamics (MD) simulations to investigate this mechanism. Calcium carbonate,

which is an ionic crystal, has very strong charges, which makes MD calculations in water very difficult. We

are trying to develop force field parameters and simulation method for efficient and stable MD simulations

of calcium carbonate.
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Division of Biological Environment Innovation
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Division of Biological Environment Innovation

1. Overview

Academic experts in the fields of environmental adaptation, biological interactions, molecular evolution,
co-evolution, and ecology of living organisms have formed three subgroups “the section of environmental
adaptation”, “the section of molecular evolution”, and the “section of nature symbiosis”. In order to create
an academic research field that breaks through the classical concepts and barriers of environmental biology,
evolutionary science, and ecology, we produced new technological seeds that would contribute to protecting

our lives in a global environment that is always changing.
2. Organization and Facilities

<Section of Environmental Adaption>
We explored to find the mechanisms underlying biological sensing of environmental stress, and develop
new technologies including environmental stress-adaptive cultivation systems.

* Elucidation of the mechanisms underlying the
evolution and diversity of lives

+ Development of significant plant lines adapted for  The future of
environmental stress tolerance and biological agriculture Global warming, pests, etc
interaction, leading to the creation of next-generation ‘ Yt ’-"‘3
organic cultivation systems using immunostimulants % 1’: L J&

and companion plants that contribute to reduced
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pesticide use. g
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Members: Gen-ichiro Arimura, Kazuyuki Kuchitsu, 2 mgfh?;?;ms i
Ryuichi Nishihama, Hisataka Ohta, Fuminori Takahashi, zﬁ« @ environmental
Yoshitake Desaki, Kenji Hashimoto, Takuya Sakamoto, bl
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Sachihiro Matsunaga (The Univ. of Tokyo) E:tf::;:;
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<Section of Molecular Evolution> coevolution C\ﬁm
We analyzed the mechanisms of genomic evolution and diversits
and biology’s central dogma that enable adaptation and RNA
diversification of life from the viewpoint of evolution, which had been world
overlooked in the past. We also aimed to develop new life system Genetic
technology beyond conventional conceptions. code
Protein

* Elucidation and utilization of minimum components and the synthesis _.E &

mechanism of biological protein synthesis system of life on Earth. DNA
* Development of new life system technology based on RNA genome

technology Modern @

organisms ! i

Members: Koji Tamura, Toshiki Furuya, Mitsunori Shiroishi,
Masayuki Sakurai, Kazunori Okada (The Univ. of Tokyo), New life systems technology
Akiko Soma (Chiba Univ.)
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<Section of Nature Symbiosis>

We advanced scientific knowledge that contributes to the conservation of ecosystems and biodiversity,
and develop technologies for assessing risks of chemical substances to living things and for managing and
improving the air, water, and soil environment.

* Elucidation of environmental factors and mechanisms that affect future biological production
* Development of analytical methods for atmospheric molecules and environmental chemicals, and of

methods for assessing the effects on living organisms

Members: Shinichi Miyagawa, Shinichi Satake, Yoshitsugu Akiyama, Takuya Saito (NIES)

Environment

R
s

Exposure

For symbiosis with nature

Individuél )
E——
“,” T Impact on ?:osystem

olecular/ Cellu ar/ Ind|V|duaI respo

Monitoring volatile
compounds from plants

Development of high-sensitivity
detection technology for
environmental pollutants

Development of methodology for
atmospheric molecules and water
quality

Elucidation of the effects of
environmental pollutants on
animals

Simulation of planting
and logging

3. Activity Reports

In each research division, members with initiatives in their respective research areas co-worked in terms
of “food” and “environment. The following public symposiums and seminars were held as part of the overall
activities.

Symposium
November 22, 2022
Outcome: To promote bioenvironmental innovation research, we held a symposium with division
members and leading researchers on the theme of “Environmental Sensing Technology and Biology of
Life”. The symposium was conducted on stie, and also served as a great opportunity that could be a
seed for fusion research unique to the Tokyo University of Science.
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Seminar
2022.7.12
Dr. Masahiro Nishihara (Iwate Biotechnology Research Center)
Title: FEMIZ 51T D AEAFE OB & BT TR X D UE (inJA)
2022.10.5
Dr. Yoichi Kainoh (Tsukuba University)
Title: T4 HIPVs (Zx7 5 Kt & & OTTEMENT (in JA)

2022.11. 18
Dr. Norimichi Nomura (Kyoto University)
Title: fi 5 > /7 BREFEO B & 4R DORE (in JA)

4. Challenges and Prospects

We will explore the mechanisms by which life adapts and diversifies, and evolution occurs in a rapidly
changing habitat environment. Our aim is also to develop technological seeds that contribute to our food and
health quality.

We will create a new revolutionary academic field that has never existed by fusing individually developed
research areas such as environmental biology and ecology.
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Major Research Achievements (FY 2022)

Original Papers

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Metabolic engineering of betacyanin in vegetables for anti-inflammatory therapy, Saito S., Nishihara M.,
Kohakura M., Kimura K., Yashiro T., Takasawa S., Arimura G., Biotechnol. Bioengineer., in press
Sustained defense response via volatile signaling and its epigenetic transcriptional regulation, Onosato H.,
Sakamoto T., Matsunaga S., Arimura G. et al., Plant Physiol., 189, pp 922-933, 2022

Genomic analysis of an ultrasmall freshwater green alga, Medakamo hakoo, Kato S., Sakamoto T.,
Matsunaga S. et al., Commun. Biol., 6, pp. 89, 2023

Two-step regulation of centromere distribution by condensin II and the nuclear envelope proteins.

Sakamoto T., Matsunaga S. et al., Nature Plants, 8, pp. 940-953, 2022

Peptide Bond Formation between Aminoacyl-Minihelices by a scaffold derived from the peptidyl
transferase center, Kawabata M, Kawashima K, Mutsuro-Aoki H, Ando T, Umehara T, Tamura K., Life,
12, pp 573, 2022

Acquisition of Dual Ribozyme-Functions in Nonfunctional Short Hairpin RNAs through Kissing-Loop
Interactions, Mutsuro-Aoki H, Tamura K., Life, 12, pp 1561, 2022

Relation of leaf terpene contents to terpene emission profiles in Japanese cedar (Cryptomeria japonica),
Saito T., Kusumoto N., Hiura T., Ecol. Res, 38, pp 74-82, 2023

Towards reconstructing the Arctic atmospheric methane history over the 20th century: measurement
and modelling results for the North Greenland Ice Core Project firn, Umezawa T., Sugawara S.,
Kawamura K., Oyabu I., Andrews S.J., Saito T., Aoki S., Nakazawa T., Atmos. Chem. Phy., 22, pp
6899-6917, 2022

Evolutionary differentiation of androgen receptor is responsible for sexual characteristic development
in a teleost fish, Ogino Y., Miyagawa S., Iguchi T. et al., Nat. Commun., 14, 1428, 2023.

Akashi H., Kubota M., Yamamoto H., Miyaoku K., Yamagishi G., Miyagawa S., Chronology of
embryonic and gonadal development in the Reeves’ turtle, Mauremys Reevesii, Sci. Rep., 12, pp 11619, 2022
Myosho T., Ishibashi A., Fujimoto S., Miyagawa S., Iguchi T., Kobayashi T., Pre-self-feeding medaka
fry provides a suitable screening system for in vivo assessment of thyroid hormone-disrupting potential,
Environ. Sci. Technol., 56, pp 6479-6490, 2022

Biocatalytic synthesis and evaluation of antioxidant and antibacterial activities of hydroxyequols,
Nozawa D., Matsuyama A., Furuya T., Bioorg. Med. Chem. Lett., 73, pp 128908, 2022

Sustainable approach for peroxygenase-catalyzed oxidation reactions using hydrogen peroxide
generated from spent coffee grounds and tea leaf residues, Kawana H., Miwa T., Honda Y., Furuya T.,
ACS Omega, 7, pp 20259-20266, 2022

Isolation and characterization of microorganisms capable of cleaving the ether bond of 2-
phenoxyacetophenone, Oya S., Tonegawa S., Nakagawa H., Habe H., Furuya T., Sci. Rep., 12, pp 2874,
2022

Affinity purification followed by liquid chromatography-tandem mass spectrometry to identify proteins
interacting with ABA signaling components, Soma F., Takahashi F. et al., Methods Mol Biol., 2462, pp
181-189, 2022

Use of micrografting to study the role played by peptide signals in ABA biosynthesis, Takahashi F.,
Methods Mol Biol., 2462, pp 101-109, 2022

Arabidopsis TBP-ASSOCIATED FACTOR 12 ortholog NOBIRO6 controls root elongation with
unfolded protein response cofactor activity, Kim JS., Sakamoto Y., Takahashi F. et al., Proc Natl Acad
Sci USA., 119, pp €2120219119, 2022

Inter-tissue and inter-organ signaling in drought stress response and phenotyping of drought tolerance,
Kuromoti T., Fujita M., Takahashi F. et al., Plant J., 109, pp 342-258, 2022

ADARI downregulation by autophagy drives senescence independently of RNA editing by enhancing
pl6INK4a levels, Hao, X., Sakurai, M., Zhang, R. et al., Nat. Cell Biol., 24, pp 1202-1210., 2022
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20.

21.

22.

23.

24.

25.

26.

Regulation of PaRBOHI1-mediated ROS production in Norway spruce by Ca®" binding and
phosphorylation, Nickolov K, Hashimoto K, Kuchitsu K et al., Front. Plant Sci. 13, pp 978586, 2022
Wu D., Akashi S., Okada K., Fan L. et al., Lateral transfers lead to the birth of momilactone biosynthetic
gene clusters in grass, Plant J., 111, pp 1354-1367, 2022

A methodology for creating mutants of G-protein coupled receptors stabilized in active state by

combining statistical thermodynamics and evolutionary molecular engineering, Yamamoto T., ,
Shiroishi M., Murata T. et al., Protein Sci. 31, e4425, 2022

A leaderless mRNA including tRNA-like sequence encodes a small peptide that regulates the expression
of GevB small RNA in Escherichia coli, Muto A., Goto S., Kurita D., Ushida C., Soma A., Himeno. J.
Biochem., 171, pp 459-465, 2022

Tanebe S., Satake S., Iterative blind deconvolution method for dwell-time adjustment, Appl. Opt. 61,
pp 1743-1749, 2022

Auxin signaling is essential for organogenesis but not for cell survival in the liverwort Marchantia
polymorpha, Suzuki, H., Kato, H., Iwano, M., Nishihama, R., Kohchi, T. Plant Cell, 35, pp. 1058-1075,
2023

Stomatal regulators are co-opted for seta development in the astomatous liverwort Marchantia
polymorpha, Moriya, K.C., Nishihama, R., Shimada, T. et al., Nat. Plants, 9, pp 302-314, 2023

Books

1.

Epigenetic regulation of sex determination and toxicity in non-mammalian vertebrates. In: Genomic and
Epigenomic Biomarkers of Toxicology and Disease: Clinical and Therapeutic Actions, Safu S (Ed.),
Yamagishi G, Iguchi T, Miyagawa S. Wiley, pp. 415-448, 2022.

AR T2 100 4552, 55 3 B 3-4 BESRIRSR « SORLHAN, Kino K., Furuya T., HAEWY) T2,
pp 39-41, 2022 (in Japanese)

NAFAT 4 22T AV RT 7, 5 1R TE 48 EWOGRES X7 LaiEE LT 55
AW O FEE 72 3Tl =15 DO BH %, Furuya T., Kuchitsu K., =X « 7 ¢ — + = A, pp 209-215, 2022 (in
Japanese)

Invited Lectures

1.

Defense system of Arabidopsis plants against the model herbivore Spodoptera, Arimura G., Gordon
Research Conference Plant Herbivore Interaction, Ventura, CA, USA, 2023

ROS and Ca*"-mediated regulation of development and stress responses in Marchantia polymorpha,
Kuchitsu K, Julius von Sachs Colloquium, Wiirzburg, Germany, 2022

Public Relations

1. ArimuraG.,NHK#E [bEAF] a—F— VA QEUY SHNLEK | “HFLEL"&2KD
VW< 9 SPJ 2022.8.2 (in Japanese)

2. ArimuraG., NHK 7 VA [=A bS] FSOME 72 TR EV DR - Jb S D O<GhE
VN’ 22.5.4 (in Japanese)

3. Sakurai M.“Molecular mechanisms of mammalian endogenous RNA-dependent DNA base
modification and disease pathogenesis due to dysregulation” Published in JSPS's webpage, 2022 (in
Japanese)

Awards

1. Furuya T., 2022 4= A 70 4R BB A0S FHVE N B A A H IR B[], 2022 (in Japanese)

2. Kuchitsu K., Hashimoto K., XA b A A= T H, HANA FA A= 0 754, 2022 (in

Japanese)

168



Individual Research Topics

Yoshitsugu Akiyama
“Precise design of hairpin DNA-gold nanoparticle monoconjugate with a single-dye molecule for
targetable molecular beacon strategies”

The present study exploited a molecular beacon-gold nanoparticle monoconjugate possessing galactose
derivatives (Gal-monoMB-AuNP) that specifically recognize asialoglycoprotein receptor on hepatocyte and
hepatoma. A remarkable increase in fluorescence intensity of Gal-monoMB-AuNP was observed in the
presence of target DNA with partial sequences for diagnostic biomarkers of cancer (TK1 mRNA). Also, WST
assay resulted in no toxicity to HepG2 cells. These results will allow to develop in vivo cancer targeting and
fluorescent bioimaging.

Gen-ichiro Arimura and Yoshitake Desaki

“Fundamental research for food and environmental conservation learning from biological interactions”
Plants are known to possess solid immune response mechanisms. One such response is “sensing” attack

by herbivorous animals. We highlight the major types of elicitors/volatile organic compounds and the

underlying cellular signaling, and states that this could spur research on organic farming practices that could

prevent the use of harmful pesticides.

Hisataka Ohta
“Application of acid stress response mechanism of cyanobacteria”

Cyanobacteria are capable of producing various substances from carbon dioxide with light energy and
have attracted attention as hosts for producing biofuels and bioplastics with low environmental impact. In
this study, we identified genetic mutations involved in fat droplet accumulation and genes involved in biofilm
formation that play a role in several response mechanisms to acid stress in cyanobacteria.

Kazunori Okada
“Research on the evolution of biosynthetic gene clusters for diterpene-type antibacterial
compounds in plants”

Biosynthetic genes for momilactone, a diterpene phytoalexin found in rice, are organized on the rice
genome as a gene cluster. In this research project, the existence of the momilactone biosynthetic gene cluster
and its induction mechanisms via oxylipin signaling were elucidated from the viewpoint of genomics and
biochemistry. This is an important discovery for investigating the evolution of gene clusters in plants and
their biological implications.

Kazuyuki Kuchitsu, Kenji Hashimoto
“Physiological functions and target molecules of reactive oxygen species enzymatically produced in
the plant cell wall”

Although reactive oxygen species (ROS) are typically considered to be highly toxic substances, ROS
generated by the plant enzyme Rbohs are involved in a variety of physiological functions. Genetic and
molecular physiological studies using a model liverwort have shown that actively generated ROS are
essential for regulating cell elongation, division, differentiation, and morphogenesis as well as stress
responses. We have been studying the molecular targets of ROS and molecular mechanisms of ROS-
mediated regulation in plant cells.
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Takuya Saito
“Biogenic volatile organic compounds in the atmosphere”

Volatile organic compounds (VOCs) emitted from various anthropogenic and natural sources are
involved in air pollution and climate change, and also play an important role in stratospheric ozone depletion.
Based on field measurements of VOCs emitted from natural sources, we better understood the feedbacks
between the biosphere and the atmosphere via VOC emissions.

Takuya Sakamoto and Sachihiro Matsunaga
“Studies on epigenetics and chromatin dynamics in environmental adaptation”

The regulatory mechanism of chromatin dynamics was studied focusing on centromere dynamics, and
the novel regulatory complex CII-LINC in plants was identified. In addition, we developed an imaging
technique to detect epigenetic alternations induced by environmental stimuli, and succeeded in establishing
a technique for live imaging of specific histone modifications.

Masayuki Sakurai

“Studies on deaminating editing of nucleotide adenosine bases in evolutionary adaptation of organisms”
In the Central Dogma of Life, there is a mechanism that modifies the chemical structure of four types of

bases in expression regulation. In this study, we are attempting to elucidate the mechanism of modification

to inosine bases, which is the result of RNA adenosine base deamination reaction. We have developed a

highly accurate inosine identification method and identified 30,000 inosine sites, including 17,000 novel sites,

in human brain transcripts with 97% accuracy.

Shin-ichi Satake
“Simulation of cultivated fields with Cyperus malaccensis Lam.”

In this study, "honami" of Cyperus malaccensis Lam. was reproduced to establish a simulation technique
that can reproduce the waves of it and predict the wind flow over it and in it related to its growth accurately.
Vortex structures and vegetation oscillations were visualized.

Mitsunori Shiroishi
“Studies on molecular recognition mechanisms of animal and plant cell membrane receptors and
autoantibodies”

We elucidated the recognition mechanism of doxepin isomers of human histamine H1 receptor. We
performed structural analysis of human H3 receptor by cryo-electron microscopy. We also constructed an
insect cell expression system for plant membrane receptor involved in its environmental responses. In
addition, in terms of research on autoantibodies, we performed binding analysis and crystallization for
structural study for multiple rheumatoid factors mainly on IGHV1-69-derived ones.

Akiko Soma
“Identification of tRNA repertoires in plant organelles”

Organelles contain their own gene expression systems, while it is general that insufficient species and
copies of tRNA genes are found in the organelle genomes. We analyzed anticodon sequences of organelles
of single-cell algae, and found that the some tRNAs are modified to enlarge their decoding capability. Such
mechanism allows a small set of tRNA repertoire to decode codons.
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Fuminori Takahashi
“Elucidation of long-distance signaling under environmental stress conditions in plants and its
application to crop”

We identified sensor modules that recognize drought stress conditions in roots and promote a synthesis
of abscisic acid which is required for acquisition of drought stress tolerance in leaves. Especially, we analyzed
the downstream signaling of receptors including transcription factors and regulatory factors. We further
applied those findings to rice for generating environmental stress resistance crops.

Koji Tamura
“Research on the origin and evolution of the genetic code that lies at the core of bio-environmental
innovation”

Aiming to develop new life-system technologies that are unconventional by analyzing the mechanism of
action of genome evolution and central dogma that enable adaptation and diversification of life from the
perspective of evolution that has been overlooked in the past.

Ryuichi Nishihama
“Studies on the mechanisms of environmental control of plant growth using a liverwort”

Roles in bryophytes of two phytohormones, auxin and OPDA (jasmonic acid), important for
environmental and defense responses were analyzed using the liverwort Marchantia polymorpha. Auxin
signaling was found to be dispensable for cell division but essential for three-dimensional patterning of the
plant body. In addition, we found that mutations in OPDA biosynthesis genes resulted in reduced resistance
to spider mites.

Shinichi Miyagawa
“Analysis of the mechanisms of interaction between the environment and organisms for symbiosis with
nature”

All living organisms are constantly affected in various environment cues and a developing animal
ingeniously exploit such external environmental factors to alter its own phenotype to enhance its own survival
and the ability of its offspring to reproduce in future. This phenomenon is called phenotypic plasticity. We
elucidate the mechanisms of how animals receive environmental factors and translate it into intracellular
signals, to understand the interaction between organisms and their environment.

Toshiki Furuya
“Research on utilization of microbial and enzymatic functions”

Microorganisms that activate plant immune responses have high potential for application as biocontrol
agents in agriculture, as they function like vaccines in plants without causing unwanted adverse effects. We
study a method to detect microorganisms that activate the plant immune system based on plant-microbe
interactions. In addition, there is growing interest in environmentally friendly synthetic approach to
production of chemicals from the viewpoint of SDGs, and we study bioprocesses using enzymes and
renewable resources.
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Statistical Science Research Division
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Statistical Science Research Division

1. Overview

In this research division, the researchers interested in the underlying common theory gather to improve
the level of study on essential theories and methods. Additionally, we aim to create new theories in the age
of data science and develop new fields.

This division is composed of two research groups, “the Mathematical Statistics Basis Group” and “the
Applied Statistics Research Group”, and will promote research in collaboration with the Data Science Center.

2. Organization and Facilities
This research department is roughly divided into two groups that conduct research in the following fields.

(1) Mathematical Statistics Basis Group
(Leader: Hiroki Hashiguchi (Department of Applied Mathematics, Faculty of Science Division 1))

The “multivariate analysis group” comprises faculty members from Kagurazaka, Katsushika, and
Noda Campuses and visiting associate professors. Focusing on the existing research themes of each
faculty member, “multidimensional missing data analysis”, “high-dimensional data analysis”, “random
matrix theory”, and “dimension reduction method”, we will conduct research with a view to developing
the Applied Statistics Research Group. The “statistical model group” comprises faculty members from
Kagurazaka and Noda Campuses and conducts research on topics such as “statistical modeling and model
selection”, “nonparametric methods”, and “contingency table analysis”. The method, handled by the
Mathematical Statistics Basis Group, has a clear theoretical background and acts as a white box. However,
the method of solving a “real-world problem” has a black-box aspect, such as in heuristics and deep
learning. In constructing the theory of Al and data science, how to clarify the black-box-like solution of

the latter using the methodologies of the former, as well as other methodologies, will be asked.

(2) Applied Statistics Research Group
(Leader: Takashi Sozu (Department of Information and Computer Technology, Faculty of
Engineering))

In the field of “medical statistics (biostatistics)”, the faculty members of Katsushika Campus will conduct
research activities related to the methodology of research design and data analysis, focusing on medical
research. In particular, the Department of Information and Computer Technology, Faculty of Engineering, has
an excellent and internationally acclaimed research track record, and new research is expected through intra
and inter-group interactions. Research on the development of educational methods and systems via
quantitative analysis in “educational engineering” will be conducted mainly by the faculty members from
Kagurazaka Campus. Additionally, in recent years, the field of “sports statistics” has been gaining attention,
and the faculty members from Noda Campus and visiting associate professors are actively conducting research
in this field. Moreover, we plan to conduct joint research involving student exchange programs.

Regarding the “statistical machine learning/mathematical optimization field”, research on “natural-
language processing that integrates statistical/machine learning and symbolic modeling”, “large-scale
nonlinear optimization problems related to big-data analysis and machine learning”, and “statistical
methods for computer-based data mining and pattern recognition” will be conducted mainly by the faculty
members from Kagurazaka Campus.
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Moreover, regarding one of the objectives of this research department, collaboration with external
institutions, such as companies, through the “Data Science Center”, and “data analysis team”, which
comprises research coordinators appropriate for each research content, will be formed, and joint research
will be conducted.

3. Activity Reports
Each group conducted the following activities.

3. 1. Mathematical Statistics Basis Group

Through the 13th, 14th, 18th, and 19th statistical science seminars, research introductions of
laboratories belonging to the group, presentations of the latest research topics, and research introductions
by external lecturers were conducted. At the 13th seminar, Professor N. Ejima (Kurume University)
introduced research on generalized linear models and entropy. At the 14th seminar, Mr. K. Shimizu, a
third-year doctoral student at the Graduate School of Science, Tokyo University of Science, presented
his research results on eigenvalue distribution theory for singular beta-Wishart matrices. At the 18th
seminar, Mr. H. Yamaguchi, a third-year doctoral student at the Graduate School of Science, Tokyo
University of Science, presented research results on the bootstrap method for ranked set samples and
equivalence tests for functional data. At the 19th seminar, Professor S. Nakagawa (Okayama University
of Science) introduced research on normality tests. We also refer to "Major Research Achievements" for
individual research achievements.

3. 2. Applied Statistics Research Group

The biostatistics team (Takashi Sozu and Tomohiro Shinozaki (Department of Information and
Computer Technology, Faculty of Engineering) and Shuji Ando (Department of Information Science,
Faculty of Science and Technology)) conducted research on the study design and data analysis of medical
research.

(1) Design of medical research
* Overview of model-assisted design for phase I dose-finding trials in oncology (Japanese Journal
of Biometrics 2022)
* Optimal dose escalation methods using deep reinforcement learning in phase I oncology trials.
(Journal of Biopharmaceutical Statistics (Accepted))
» Copula-based model for incorporating single-agent historical data into dual-agent phase I cancer
trials (Statistics in Biopharmaceutical Research (Accepted))

(2) Data analysis of medical research

* Reference values for nerve conduction and coefficient of variation of R-R interval parameters
in healthy subjects with normal ankle reflexes (Peripheral Nerve 2022)

+ Intravenous tranexamic acid in percutaneous kidney biopsy: A randomized controlled trial
(Nephron 2022)

» Identification of high-risk groups in urinalysis: Lessons from the longitudinal analysis of annual
check-ups. (Healthcare 2022)

* Association of cardiac autonomic neuropathy assessed by heart rate response during exercise with
intradialytic hypotension and mortality in hemodialysis patients (Kidney International 2022)

» Impact of grip strength and gait speed on exercise tolerance in patients with pulmonary
hypertension without left heart disease (Heart and Vessels 2022)

* An equation to predict peak heart rate for prescribing exercise intensity in middle-aged to older
patients requiring hemodialysis (European Journal of Applied Physiology 2022)
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* Association of medial arch support of foot orthoses with knee valgus angle at initial contact
during cutting maneuvers in female athletes: a controlled laboratory study (BMC Sports Science
Medicine and Rehabilitation 2022)

* Bias amplification in the g-computation algorithm for time-varying treatments: a case study of
industry payments and prescription of opioid products. (BMC Medical Research Methodology 2022)

* Kidney outcomes and all-cause mortality in people with type 2 diabetes exhibiting non-
albuminuric kidney insufficiency. (Diabetologia 2022)

* Effectiveness of remdesivir in hospitalized nonsevere patients with COVID-19 in Japan: a large
observational study using the COVID-19 Registry Japan. (International Journal of Infectious
Diseases 2022)

» Effectiveness of favipiravir on nonsevere, early-stage COVID-19 in Japan: a large observational
study using the COVID-19 Registry Japan. (Infectious Diseases and Therapy 2022)

+ Effect of antimicrobial prophylaxis duration on health care-associated infections after clean
orthopedic surgery a cluster randomized trial. (JAMA Network Open)

* Five-year outcomes after fractional flow reserve-based deferral of revascularization in stable
coronary artery disease: final results from the J-CONFIRM Registry. (Circulation:
Cardiovascular Interventions 2022)

4. Challenges and Perspectives

We will continue to conduct statistical science seminars that include graduate students and post-graduate
students across campuses and departments to promote publicity activities (enhancement of the website) and
a deeper understanding of each other's theoretical research. Furthermore, we are considering building an
environment in which students from laboratories in other fields can also participate in seminars and other
activities across campuses, leading to joint research. In addition, we will promote collaboration with the
Medical Data Sciences Research Division of the Research Institute for Science & Technology, and continue
to strengthen ties with the Data Science Center at the Tokyo University of Science.

5. Conclusion

Nine statistical science seminars were held jointly with the Data Science Center at the Tokyo University
of Science. We plan to continue to strengthen our collaboration and conduct educational activities and joint
research with external organizations such as companies that consult with us via the Data Science Center at
the Tokyo University of Science. In the coming year, we will continue to aim to raise the level of research
on essential theories and methods, create new theories for the data science era, and explore new fields.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

Testing equality of two mean vectors with monotone incomplete data, Yagi, A., Seo, T., and Hanusz, Z.,

Communications in Statistics - Simulation and Computation, 52 (2), 506-522, 2022. (Peer-reviewed).
AIC for growth curve model with monotone missing data, Yagi, A., Seo, T., and Fujikoshi, Y., American
Journal of Mathematical and Management Sciences, 41(2), 185-199, 2022 (Peer-reviewed).

Test for equality of standardized generalized variance with different dimensions under high-dimensional
settings, Watanabe, H., Hyodo, M., Sugiyama, T. and Seo, T., Hiroshima Mathematical Journal, 52(2),
217-233, 2022 (Peer-reviewed).

Memoryless quasi-Newton methods based on the spectral-scaling Broyden family for Riemanian

optimization, Narushima, Y., Nakayama, S., Takemura, M., and Yabe, H., Journal of Optimization
Theory and Applications, 197(2), 639-664, 2023 (Peer-reviewed).

Convergence to a second-order critical point by a trust-region SQP method with a nonmonotone merit
function, Yabe, H. and Yamashita, H., #EatExBF 70T 3L EAFZE U AR — b 461 TRk - €57 Y
7Ty XA 34) ,103-117, 2023 (in Japanese).

Measure of departure from conditional partial symmetry for square contingency tables. Saigusa, Y.,
Fukumoto, N., Nakagawa, T. and Tomizawa, S., Journal of Mathematics and Statistics, 18(1), 138-142,
2022 (Peer-reviewed).

Efficacy of platinum agents for stage III non-small-cell lung cancer following platinum-based
chemoradiotherapy: a retrospective study, Miyawaki, E., Kenmotsu, H., Shintani, Y., Sekine, I,
Shukuya, T., Takayama, K., Inoue, A., Okamoto, 1., Kiura, K., Takahashi, K., Yamamoto, N.,
Kawaguchi, T., Miyaoka, E., Yoshino, I., and Date, H., BMC Cancer, 22(1), 342, 2022 (Peer-reviewed).
Hazard Function Analysis of Recurrence in Patients with Curatively Resected Lung Cancer: Results

from the Japanese Lung Cancer Registry in 2010, Yamauchi, Y., Kawamura, M., Okami, J.,
Shintani, Y., Ito, H., Ohtsuka, T., Toyooka, S., Mori, T., Watanabe, S., Asamura, H., Chida, M.,
Endo, S., Kadokura, M., Nakanishi, R., Miyaoka, E., Suzuki, H., Yoshino, I., and Date, H., Cancers, 14,
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Individual Research Topics

Takashi Seo
“Studies of tests for mean vectors and covariance matrices and a test for adequacy in growth curve
model with monotone missing data”

This study is concerned with tests of mean vectors and covariance matrices with monotone missing data.
In particular, we studied simultaneous tests of mean vector and covariance matrix, tests of covariance matrix
when the covariance matrix has a structure, tests of partial mean vectors, and a test for adequacy in growth
curve model with two-step monotone missing data.

“A study of multivariate normality test problem”

We discussed the test statistics and its approximate null distribution using multivariate kurtosis and
multivariate skewness for the multivariate normality testing problem. A modified normalizing transformation
statistic under complete data and a new test statistic under monotone missing data were proposed. A
numerical evaluation for normal approximation was given through Monte Carlo simulations.

Hiroshi Yabe
‘“Study on numerical methods for nonlinear optimization”’

We considered numerical methods for solving nonlinear optimization problems. We proposed
memoryless quasi-Newton methods based on the spectral-scaling Broyden family for unconstrained
optimization problems on Riemannian manifolds, and we showed its global convergence. Furthermore, we
dealt with a trust-region sequential quadratic programming method with a nonsmooth merit function, and we
analyzed the convergence to a second-order critical point.

Sadao Tomizawa
“Study on measures for representing the degree of departure from symmetry model for square
contingency tables”

We proposed the measure to represent the degree of departure from conditional partial symmetry model
for square contingency tables with ordered categories, and showed the usefulness of the proposed index for
comparing degrees of departure from the model in several square tables.

Etsuo Miyaoka
‘“Study on a framework of new statistical inference”’

Today, in data science with big data and machine learning, we need new framework of statistical inference.
We hope that this department will be leading the field.

Takashi Sozu
“Bayesian methods to accelerate drug development process”

It is necessary to develop a clinical trial design that can accelerate the drug development process. This
study evaluates and develops new Bayesian methods for study design and data analysis to utilize historical
data, assuming the following three situations:

Situation 1: Phase I dose-finding study of a combination of two anticancer drugs

Situation 2: Clinical trials with multiple primary endpoints

Situation 3: Clinical trials utilizing historical data from multiple studies.

The practical application of the proposed methods will shorten the study duration for each situation.

183



Kouji Tahata
“Study of modeling on square contingency tables”

A contingency table is one of the essential tools for analyzing categorical data. Especially for the analysis
of the square contingency table, which has the same row and column classifications, we are interested in
considering the symmetry structure than the independence structure. This research aims to assess the
modeling of symmetry and asymmetry. Additionally, we reveal the interpretation of the model concerning
information theory and properties of goodness-of-fit test statistics. Moreover, we apply the proposed models
to a real data set.

Michiko Tsubaki
“Study on an analysis of factors for improving consumer well-being and UX, DX based on
Marketing4.0-5.0”

A purpose of my study is to study analytical methods based on the service information science to be able
to create the customer experience value to lead consumer well-being by supporting the development of the
feeling of happiness of the consumer, through the value cocreation between a company and a customer, and
to develop UX and DX. Specifically, I study the development of the method to extract the customer action
with feelings from the large-scale data, and the analyses of factors that satisfy the heart of the customer with
the contact at which touch point, in order to understand superior customer experience.

Nobuhiko Terui
“Study on business data science for marketing decisions”

We considered data science study on large-scale and unstructured business data for the optimal marketing
decisions.

Hiroki Hashiguchi
“Study on the distribution of the singular random matrices”

In this study, we gave some results on the exact distribution theory of the eigenvalues of the singular
Wishart matrix, which is a constant multiple of the sample covariance matrix when the dimension of the
variate is larger than the sample size. First, we introduced heterogeneous hypergeometric function and
showed that the joint density function of the eigenvalues can be expressed using this function. We also
showed that the distribution function of the largest eigenvalue can be unify expressed for both of singular
and nonsingular Wishart matrices. We obtained the density function of the ratio of the singular Wishart matrix
and the independent non-singular Wishart matrix, the joint density function of the eigenvalues, and the larges
eigenvalue distribution.

Takuya Matsuzaki
“Study on the mechanism of neural language models”

Neural language models, such as BERT, have become indispensable basic technology for numerous
language processing applications. It is however not easy to understand the process of their learning and how
they work in the applications. We investigated the properties of these neural language models used as a part
of dependency parsers. We also analyzed the mechanism of the position-dependent inference in the self-
attention architecture, which is the basis of many neural language models.
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Yuki Watanabe
“Impact of others’ note-taking visualization on classroom interaction”

The purpose of this study was to investigate whether visualization of others’ note-taking promotes
interaction in the classroom and improves note-taking and instruction. We developed a tablet-based note-
taking support system and conducted two studies. The results showed that high school students improved
their sense of classroom community and note-taking through visualization. Therefore, we found that
interaction among students was facilitated. Furthermore, the visualization of class comprehension by the
system allowed the teacher to change the instruction in class, which could improve the students'
understanding of the content. Thus, we suggested that the visualization promotes interaction between the
teacher and the students.

Shin Ando
“Study on deep anomaly and out-of-distribution detection”

This study addresses the task of anomaly detection. In relation to the recent topics such as out-of-
distribution and novelty detection in deep learning we consider the extraction of features relating to
abnormality from examples of normality as the main principle, under which we implement our anomaly
detection framework. Based on this principle, we further aim to develop SOTA methods for contrastive
representation learning and continual learning.

Takeshi Kurosawa
“Study on EIV model and robustification methods”

We considered error in variables (EIV) model and robustification methods. As for the EIV, we focus on
problems in regression models and assume the situation that explanatory variables have errors. As for the
robustification problems, we assume the situation that a response variable has an error, and then we estimate
the regression parameters in the model correctly. Finally, we considered a robust coefficient of determination
using the estimated regression parameters.

Hidetoshi Murakami
“Study on the theory of nonparametric test”

In recent years, many new technologies have permitted the accumulation of various data. However, it is
not reasonable to assume that the observations follow a specific distribution in many applications. Therefore,
applying the parametric approaches, particularly methods based on normality assumptions, is not appropriate.
Then, a nonparametric procedure is recommended to analyze data in many scientific fields. We suggested
one-, two- and multi-sample nonparametric test statistics with theoretical properties and derived the
distributions of proposed test statistics. Simulations were used to investigate the power of proposed tests. We
include illustrations of the proposed tests using real data. Finally, we discussed the unbiasedness of various
test statistics.

Shuji Ando
“Study on models and measures in square contingency tables”

We proposed some new models having the structure of symmetry or asymmetry, revealed the relation
between the proposed and existing models. Additionally, we proposed some measures for analyzing the
degree of departure from the model. We showed that the utility of the proposed methods through the data
analyses and numerical experiments.
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AKi Ishii

“Estimation of eigenvectors for linear combinations of high-dimensional covariance matrices”
Covariance matrices of high-dimensional data are characterized by the fact that their eigenvalues diverge

with dimension. Conventional sample eigenvalues are strongly inconsistent, so a new estimator is required.

In this study, we consider the eigenvalue estimation of the covariance matrix of mixed classes of high-

dimensional data.

Yannan Hu
“Study on two-machine job-shop scheduling problem with one joint job”

We considered a two-machine job-shop scheduling problem with one joint job where a joint job is defined
as a job whose operations are to be processed by different machines. We show that the corresponding problem
is strongly NP-hard and propose a polynomial-time algorithm based on dynamic programming when the
number of jobs is given as a fixed number. We further improve time complexity using various techniques,
including the two-pointer method.

Tomohiro Shinozaki
“Statistical causal inference using epidemiologic and clinical data”

In this research project, we are conducting theoretical studies on the identification of statistical models
based on the counterfactual potential outcome model to uniformly handle not only clinical trial data but also
observational study data without experimental interventions. Specifically, we are interested in statistical
inference theory for the optimal treatment regimes, which involves selecting treatment policies tailored to
individual patients, particularly adaptive treatment selection based on clinical progression.

Asanao Shimokawa
“Study on prediction of survival time”

I am studying on the analysis of survival time which treating the time from a certain start point to the
occurrence of an event. The goal of my research is to establish a method for constructing an optimal tree-
structure-based model for predicting survival time.

Tomoyuki Nakagawa
“Study on robust estimation via divergence”

We conducted a study on robust estimation using divergence. Big data contains a large amount of
information, but it also contains a lot of unwanted information such as outliers and anomalies. Therefore, in
this study, we propose a methodology to reduce the influence of outliers by using robust divergence in the
analysis and give theoretical validity to the proposed methodology.

Masato Kitani
“Study on asymptotic properties of goodness-of-fit tests”

In quantitative risk analysis, it is important to assess the quality of fit between the data and the selected
distribution. In this study, we propose new one-sample goodness-of-fit test statistics. Simulation results
illustrate that proposed tests are more powerful than existing tests. Moreover, we derive the limiting
distribution and the asymptotic power of the proposed tests. Furthermore, we discuss approximations to the
test statistics, and we investigate the accuracy of the approximation.
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Wanwan Zheng
“Study on feature selection”

Many fields have benefited from feature selection, including text mining, bioinformatics, image
categorization, voice recognition, etc. With feature selection, the significance of choosing an appropriate
classifier is reduced as well as the performance of the classifier is improved. The importance of feature
selection has led to extensive study, and numerous methods have been proposed. However, existing methods
usually generate “feature rankings” or “valid feature sets”, without providing information about the
categories of features. There are four categories of features (i.e., relevant features, interaction features,
redundant features, and irrelevant features), and their attributes play a crucial role in practicality. This study
proposed a feature selection method that divides features into the four categories outlined above, in order to
accommodate both the requirement for minimal-optimal features and the requirement for all-relevant features
simultaneously.

Kengo Fujisawa
“Study on model for square contingency tables with ordinal categories”

For a square contingency table with ordinal categories, we proposed an asymmetry plus association model.
Also, we provided a separability using the model.

Ayaka Yagi
“Study on AIC for growth curve model with monotone missing data and study on testing equality of
two mean vectors with monotone missing data”

We considered the model selection criteria AIC for a growth curve model with monotone missing data.
Considering AIC-type risk as a criterion for evaluating the goodness of the model, we proved that the exact
correction term is twice the number of independent parameters when the maximum likelihood estimator of
unknown mean parameter vector with known covariance matrix is used. We also considered testing the
equality of two mean vectors when each dataset has a monotone pattern of missing observations. We
proposed transformed test statistics that improve the chi-squared approximation of the simplified T-squared
type test statistic under the null hypothesis.

Takayuki Shiohama
“Study on statistical analysis on geometric manifold”

We considered statistical analysis of the data that took values on a specific geometric manifold. Such
geometric manifold includes a circle, a torus, a cylinder, and a space of their joint probability distributions.
In the 2022 academic year, we studied statistical inference for skew-symmetric distributions and their
identifiability problem. We also studied the statistical analysis of network data and spatial heterogeneity in
spatial statistical models.

Takahiro Nishiyama
“Study on statistical hypothesis testing procedures in diverse situations”

With the advancement of information technology in recent years, the importance of developing new
statistical analysis methods that can handle realistically diverse situations that may arise has increased.

In this study, we aim to develop theories and methodologies for statistical hypothesis testing problems,
especially in situations where conventional statistical theories cannot be applied.

Tamae Kawasaki
“A test for sub-mean vector with 2-step monotone missing data”

We discussed a test for the sub-mean vector in a one-sample problem with 2-step monotone missing data.
We proposed a test statistic and its approximate null distribution by using an asymptotic expansion. The
accuracy of the approximation was evaluated by Monte Carlo simulation.
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Kazuyuki Koizumi
“Research on data science theory and applications”

Recently, due to the ease of acquiring and accumulating data, it is necessary to obtain new knowledge
based on data that could not be handled in the past. In this situation, the data science industry needs to develop
both theoretically and practically and this research will carry out theoretical development of data science and
applied research in several fields (sports, marketing, and law).
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The Technology Management Strategy and Financial Engineering

Social Implementation Research Department

1. Overview

The Technology Management Strategy and Financial Engineering Social Implementation Research
Department, also known as MOT-FESI or simply FESI, combines theory and practical education in
technology management with the leadership of the Innovation Capital of TUS in financial engineering. FESI
aims to develop products using advanced technology and knowledge information, conduct empirical research
on new services, and promote social implementation through diverse theoretical tools and networks that
surround the organization and its members.

2. Organization and Facilities

FESI aims to systematize and create a database of implicit knowledge such as case studies, know-how,
and insights related to innovation, management, and venture capital that are accumulated and dormant in
MOT and TUS Institute of Innovation Management (IM). The database will support social implementation,
research topic selection, and venture investment. By conversion of the knowledge of experts into a database,
it is possible to increase the success rate of research - #8 - me
topic selection, creating new businesses, and M&A
and venture investments.

RESAT - v Q=2 .

The following research groups are established,
some of which have shared responsibility among guest

professors and research associates: ~eammarram r——
@ Cognoscente tra J

@ Theoretical study of the DAAE (Design [ - yrssmmos 0% |
Agility Assemble Economic quality) concept
proposed by SHIFT Inc.

@ Survey and database construction of the startup ecosystem and venture database

@ Investigation and research on domestic and international venture investment and support.

3. Research Activities

In the fiscal year 2022, a combination of Zoom and in-person meetings were used due to the COVID-19
pandemic. Collaborations with students and seminar members of the MOT program were made, and
presentations were given at the Japan Society for Research Policy and Innovation Management. The research
was mainly led by seminar students rather than FESI. Although the number of research meetings decreased
due to JUAA's field survey, there were 40 presentations, including those by MOT students and faculty
members, at the Japan Society for Research Policy and Innovation Management.

Here is a list of graduation paper themes from the seminar of 2020-2022. All of these papers were
presented at the Japan Society for Research Policy and Innovation Management.

» Worldview promotion from online stores - purchasing experiences from both real and web-based stores

* Creating value in semiconductor packaging and chip bonding

* Transformation of Nikon to “video supporters” - new business strategy for the next generation of

businesses

» Examination of organizational change and personnel systems in the post-COVID era
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* Analysis of star researchers and their organizations through patent co-author networks

* Open innovation through “showcase factories” that promote value creation

* The pros and cons of the regulatory entry barriers for domestic IT infrastructure companies - correlation
between entry barriers and innovation through a comparison between Japan and the United States

* Network structure of BUFFALO's secondary sales shops and our strategies

* Business considerations for lithium-ion batteries in EVs - reuse and recycling in both directions

* A new truth about M&A revealed by 15 years of data analysis

* Quality evaluation and redesign of software development for shifting to a solution-oriented organization
through metaphors

* Organizational strategy to create synergy between multicultural companies in PMI

* Business survival model resilient to industry structural changes - learning from the middleman and
using the optical business as a case study

* Decision-making processes in interrupting research and development themes can determine success or
failure - proposal for improving success rates through investment management approaches and
researcher career paths

* Proposal for a knowledge friction network that generates innovation based on field experiences - the
ideal product development organization that optimally combines various knowledge

* Survival strategy for specialized trading companies caught between EC sites and overseas companies

* Verification of supply chain transformation through the smile curve - from customer value based on
quality costs to delivery for Nippon Niche's semiconductor companies amidst significant supply chain
fluctuations

* Risk assessment for marine businesses using STAMP/STPA

* Research on the business model of the rapidly expanding sound content market

Social implementation of MaaS in local areas incorporating corporate management perspectives.

* Proposal for a new ecosystem through IoT for the transition to a circular economy in the apparel industry.

+ Flexibility over rigidity: the reversal strategy of a challenger company in the inductor industry.

* Development of growth strategy through the new definition of value for friction materials in the CASE
era.

* Proposal for new business and M&A strategy for V Technology, through quantitative comparison with
Inamori and Nagamori.

* Value creation process in the semiconductor manufacturing equipment business.

* Optimal organization structure for maximizing synergies: a case study of the horizontal cross-functional
team.

* Proposal for new technology innovations and business models for EMS survival in the era of major
implementation changes, focusing on dissimilar material joining technology.

* Discontinuous convergence of different fields creates new mobility markets: proposal for new
businesses that achieve land-sea and heaven-earth collaboration.

* What does Japan Radio lack compared to Huawei?

* Consideration of the conditions for implementing R&D ecosystems using the platform led by
semiconductor material manufacturers.

* Optimization of life cycle value through the three categories of value and lifespan in public systems: a
case study of disaster prevention radio using the Kano model as a metaphor.

3. 1. Cognoscente Research Group

Presented their research findings at the 37th Annual Academic Conference of the Research and
Innovation Society. Their presentation was titled “Redefining ‘Cognoscente’ as a Function System of Value
Conversion: Part 2 - The Significance of Differentiation in the Input System” by Hideki Wakabayashi. This
research was useful in guiding graduation papers for seminar students and was also helpful for mentoring
many working adult students, including Mr. Amano.
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3. 2. The DAAE Concept Study Group

Presented some of their research findings at the 37th Annual Academic Conference of the Research and
Innovation Society as well. Their paper was titled "Differences in Philosophies between DAAE and QCDS:
Using the Kano Model as a Metaphor" by Hideki Wakabayashi and Dai Tange. Mr. Tadao Tateyama, a
working adult student at MOT, used this paper as a basis for his graduation paper, which won the Best Paper
award.

Additionally, the research was commissioned by Nikkei BP Consulting and was utilized for the
semiconductor digital policy of the Ministry of Economy, Trade and Industry. It was highly praised, and the
results were published in June 2022, coinciding with the 5th anniversary of the establishment of the new
MOT. Two commemorative symposiums were held in coordination with the new MOT's 5th anniversary
event, with a total of nearly 200 participants.

3. 3. Survey and construction of a startup database for building a venture ecosystem, as well as research
and investigation on domestic and international venture investment and support

Part of the research results were presented at the 37th Annual Academic Conference of the Research and
Innovation Society, including a performance analysis of asset allocation in US university funds by
Mr.Katayori from TUS-IM, but due to circumstances, Mr. Wakabayashi gave the presentation on the day.

4. Challenges and Prospects

As for the ability to identify promising startups and the implementation of Al in DAAE, several
hypotheses were proposed for the overall model in Step 3, but proof and implementation could not be
achieved.

Regarding the evaluation of graduation papers in INPUT fields, there is potential for significant reduction
in computational power, which suggests possibilities for future research.

Some of the results are being considered for patent applications in companies where working adult
students belong.

In the future, we will continue our research on the ability to identify promising startups and DAAE ideas,
strengthening collaboration with the graduation papers of MOT. We plan to present our findings at the
Research and Innovation Society conference in October.

5. Conclusion

In setting themes at FESI and managing relationships among members, and between social working adult
students and research on graduation papers, there were challenges. On the other hand, seminars and research
were effective in deepening knowledge.

To address these issues, we have established a research salon and hope to use it to further research and
social implementation in a manner more characteristic of MOT. We also plan to hold a symposium.
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Major Research Achievements (FY 2022)

Academic Papers

1.

Redefining “Cognoscente” as a function system of value conversion: From art to science,
Hideki Wakabayashi, Proceedings of the 36th Annual Academic Conference of the Society of Research
and Innovation

Hybrid lectures during the COVID-19 pandemic: An introduction to the approach taken by the Tokyo
University of Science's MOT program, Hideki Wakabayashi, Yukako Nakayama, Tetsu Ishibashi,
Graduate School of Management, Tokyo University of Science, Proceedings of the 36th Annual
Academic Conference of the Society of Research and Innovation

Verification and proposal of R&D policies and strategies for the dual-benefit era of public interest and
profit, Hideki Wakabayashi, Proceedings of the 36th Annual Academic Conference of the Society of
Research and Innovation

Evaluation of semiconductor policies in the new era: In the midst of supply chain reform,
Hideki Wakabayashi, Proceedings of the 36th Annual Academic Conference of the Society of Research
and Innovation

The impact of accounting systems on international competitiveness and innovation: Strategic accounting
standards for GAFA development, Hideki Wakabayashi, Proceedings of the 36th Annual Academic
Conference of the Society of Research and Innovation

The division between GAFAM/BAT and Japanese companies: A comparison of the DAAE concept and
the QCD philosophy, Hideki Wakabayashi, Dai Tange, Proceedings of the 36th Annual Academic
Conference of the Society of Research and Innovation

Key to educational DX: “Sharing introspection” - Lessons from an easy-to-understand project (the
National Parliament Accident Investigation Commission), Tetsu Ishibashi, Proceedings of the 36th
Annual Academic Conference of the Society of Research and Innovation

Establishment status and positioning in the medium- to long-term goals of funds based on the law for
promoting the creation of science and technology and innovation, Satoshi Inoue, Proceedings of the
36th Annual Academic Conference of the Society of Research and Innovation
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Individual Research Topics

Hideki Wakabayashi
“Research on technology management (R&D, industrial analysis), the electronics industry, and hedge
funds”

Satoshi Inoue
“Research on technology management (forecasting, R&D, policy)”

Hiroyuki Nitto
“Research on marketing”

Hidehiko Aoki
“Research on user innovation, retail and distribution industry”

Yukako Nakayama
“Research on IT media industry, DX”

Tetsu Ishibashi
“Research on compliance, industry ethics”

Masanori Sakamoto
“Research on technology management, applied physics”

Shigeaki Shirai
“Research on technology management, industrial policy”
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Division of Research Alliance for Mathematical Analysis

1. Overview

This division has been established in April 2020, as the succession of Division of Mathematical modeling
and mathematical analysis. The aim of our division is to make alliance research over mathematical analysis,
numerical analysis, physics, chemistry, biology and engineering.

We make research alliance based on Three groups (Group of mathematical physics, Group of
mathematical biology and Group of mathematical engineering).

Group of mathematical physics

The aim of the group is to establish original numerical method for Schrédinger equations based on
representation of solutions via wave packet transform by K. Kato et al. and apply it to condensed
matter physics. We have succeeded in establishing original numerical method and are applying it to
computing numerical solutions of Schrodinger equations.

Group of mathematical engineering

This is a research group focused on mathematical analysis of various phenomena in continuum
mechanics and applying to inverse problems. Especially, we study fracture phenomena for elastic
structures, motion of vortex filaments, faulting rupture in seismology and so on. As regards inverse
problems, we deal with reconstruction problems for discontinuity embedded in a medium, such as
cracks, cavities, inclusions and obstacles, from observed data, which are arising from non-invasive
tests for a living body, non-destructive tests in engineering and inversion of source process in
seismology. The aim of the group is to provide theoretical foundations and their numerical
implementation.

Group of mathematical biology

We investigate asymptotic behavior of solutions of mathematical models including epidemiological
models and Keller—Segel system for cancer invasion. One of our study is a free boundary problem
that describes the spatial propagation of a transmitted disease. By a joint work among E. Ishiwata, T.
Ushijima, Y. Enatsu, we have obtained a new result for existence and nonexistence of a traveling
wave solution (a solution propagating in a direction with the same profile and the same speed).
Starting February 2018, we have organized regular seminars relating to infectious diseases in
Kagurazaka campus. In the seminar, talks on infectious diseases are given by researchers in the field
of mathematics, biology, medical science.

2. Organization and Faculties

We have 19 members from our university (8 members from Department of Mathematics, 1 member from
Department of Physics, 2 members from Department of Applied Mathematics, Faculty of Science, 2 members
from Department of Information and Computer technology, Faculty of Engineering, 4 members from
Department of Mathematics, Faculty of Science and Technology, 2 members from Institute of Arts and
Sciences.

URL of our web-page is the following:
https://www.rs.tus.ac.jp/ma-alliance/index.html
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3. Research Activities

3. 1. Group of Mathematical Physics

We try to apply the representation of the solutions to Schrodinger equations by Kato et al. to condensed
matter physics. We have succeeded in numerical computation by using our representation for Schrodinger
equations in one space dimension with some potentials. Since October 2021, Kato and Ushijima have been
trying to develop numerical computation with our representation for application to physics.

3. 2. Group of Mathematical Engineering

The purpose of this group is to conduct mathematical analysis of various phenomena in continua (elastic
bodies and fluids) and to study inverse problems as their application to engineering and other fields. In
FY2022, further development of the reconstruction formula for the inverse problem of multiple cracks in
linear elastic bodies and theoretical results on contact and friction problems in elastic bodies were obtained.
These results were published in international academic journals. We also studied the motion of vortex rings.
Furthermore, we started a joint research with research teams in Marseille and Toulouse in France, on
numerical simulation of the obtained results of inverse problems. Moreover, we have conducted activities
such as providing a forum for exchange among young researchers in Japan and abroad in the field of inverse
problems.

3. 3. Group of Mathematical Biology

Our group studies dynamics of mathematical models in biology, including epidemiological models and
Keller-Segel models.

E. Ishiwata, T. Ushijima, Y. Enatsu, and K. Kato organized a seminar on infectious diseases that has
started in 2018 in Kagurazaka campus. We invited Dr. Shinji Nakaoka (Hokkaido University) to give a talk
on a mathematical model of zoonotic diseases. We discussed analysis and numerical simulations for a
renewal equation, preclinical diagnostic data and infection dynamics for COVID-19.

We held a HyFlex workshop on applied mathematical sciences that aims at student education. The
organizers are E. Ishiwata, T. Ushijima, Y. Enatsu, and T. Suzuki. We provided researchers and students
from both inside and outside the university with an opportunity to give a presentation on applied
mathematical sciences. There were a lot of participants and students actively interacting with each other. We
are planning to hold this workshop next year.

On a joint work for a diffusive epidemiological model with a free boundary, E. Ishiwata, T. Ushijima,
and Y. Enatsu have regular discussions. We investigate the existence of semiwave (a traveling wave
spreading in a half space) and speed of the semiwave. For a diffusive SI (Susceptible-Infected)
epidemiological model with a free boundary, we have obtained a partial result on the existence of the
semiwave when there are no diffusion terms for susceptible individuals. Applying fixed point theorems, we
also investigate the existence of the semiwave when there are diffusion terms both for susceptible individuals
and infected individuals.

197



Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

Wave front set of solutions to Schrodinger equations with perturbed harmonic oscillators, Shingo Ito
and Keiichi Kato, Journal of Mathmatical analysis and applications, 507 125821, 2022

Asymptotic expansions of traveling wave solutions for a quasilinear parabolic equation, Koichi Anada,
Tetsuya Ishiwata, Takeo Ushijima, Jpn. J. Ind. Appl. Math. 39 (2022), no. 3, pp 889-920

Asymptotic series solution for plane poroelastic model with non-penetrating crack driven by hydraulic

fracture, Hiromichi Itou, Victor A. Kovtunenko, Nyurgun P. Lazarev, Applications in Engineering
Science, 10 100089, 2022

Investigation of implicit constitutive relations in which both the stress and strain appear linearly,
adjacent to non-penetrating cracks, Hiromichi Itou, Victor A. Kovtunenko, Kumbakonam R. Rajagopal,
Mathematical Models and Methods in Applied Sciences, 32 pp. 1475-1492, 2022

Unique solvability of a crack problem with Signorini-type and Tresca friction conditions in a linearized
elastodynamic body, Takahito Kashiwabara, Hiromichi Itou, Philosophical Transactions of the Royal
Society A, 380 20220225, 2022

Boundedness and finite-time blow-up in a quasilinear parabolic-elliptic-elliptic attraction-repulsion
chemotaxis system, Yutaro Chiyo, Tomomi Yokota, Z. Angew. Math. Phys., 73, Paper No. 61, 27 pp.,
2022

Weak stabilization in degenerate parabolic equations in divergence form: application to degenerate
Keller-Segel systems, Sachiko Ishida, Tomomi Yokota, Calc. Var. Partial Differential Equations, 61,
Paper No. 105, 21 pp., 2022

Blow-up phenomena for a chemotaxis system with flux limitation, Monica Marras, Stella Vernier-Piro,
Tomomi Yokota, J. Math. Anal. Appl. 515, Paper No. 126376, 13 pp., 2022

Wave front set of solutions to Schrédinger equations with perturbed harmonic oscillators, Shingo Ito
and Keiichi Kato, Journal of Mathmatical analysis and applications, 507 125821, 2022

Absence of embedded eigenvalues for non-local Schrodinger operators, Atsuhide Ishida, J6zsef Lorinczi
and Itaru Sasaki, Journal of Evolution equations 22 (2022), no.4, Paper No. 82, 30 pp.

Nonlocal to local convergence of singular phase field systems of conserved type, S. Kurima, Adv. Math.
Sci. Appl.,31 (2022), 481-500.

Time discretization of a nonlocal phase-field system with inertial term, S. Kurima, Matematiche
(Catania) 77 (2022), 47-66.

Existence for a singular nonlocal phase field system with inertial term, S. Kurima, Acta Appl. Math.,
178 (2022), Paper No. 10, 20 pp.

Characterizations of the gyrator transform via the fractional Fourier transform, Kagawa, Toshinao, and
Toshio Suzuki, Integral Transforms and Special Functions, 34 (2023), 399-413.

Books

1.

Non-smooth variational problems and applications (Philosophical Transactions of the Royal Society A,

Volume 380, Issue 2236), Victor A. Kovtunenko, Hiromichi Itou, Alexander M. Khludnev, Evgeny M.
Rudoy (Eds.), The Royal Society Publishing, 2022

THRR D72 DR AT (Introduction to Partial Differential Equations for engineering),
Yasuyuki Oka, Hlroyuki Hirayama, Toshio Suzuki and Kensuke Fujinoki, Gakujutsutosho-shuppan,
2023. (in Japanese).

198



Invited Lectures

1.

10.

11.

12.

13.

14.

15.

16.

WAHREBIZ L DY 2 b—T 4 v I — A D DOHERL(Construction of solutions to Schrodinger
equations via wave packet transform) ,Keiichi Kato, RIMS Symposia(Open) Regularity and asymptotic
analysis for critical cases of partial differential equations, RIMS Kyoto University, June 1%,2022.
Application of wave packet transform to Schrodinger equations (Survey Talk LII), Keiichi Kato,
Bibunhouteisiki-no-Sogotekikenkyu, Online, December 24, 25% 2022.

On cubic-quintic nonlinear Schrodinger equations with delta potential, Mathematical Analysis of
Nonlinear Dispersive and Wave Equations, Waseda University, August, 2022.

Stability of standing waves for cubic-quintic nonlinear Schrodinger equation with delta potential,
Masahito Ohta, Singularity of solutions to Partial Differential Equations and related topics, Tokyo
University of Science, January, 2022.

On inverse crack problems in linearized elastic bodies by the Enclosure method, Hiromichi Itou,
Theoretical and numerical trends in inverse problems and control for PDE's, and Hamilton-Jacobi
equation: French-Italian-Japanese conference, Rumigny (France), 2022

VVIA R E B W T2 B PR IZ B 1T 5 = &0 A LT 2 T (Reconstruction of cracks in
linearized elastic bodies by the enclosure method), Masaru Ikehata and Hiromichi Itou, Japan Society
for Industrial and Applied Mathematics, Hokkaido University (Hybrid), 2022

Analysis of degenerate chemotaxis systems with/without logistic source, Tomomi Yokota, 61st
Jitsukansuron - Kansukaisekigaku Godo Symposium Surugadai Campus of Nihon University, August
29th, 2022.

Mourre estimate for non-local Schrodinger operators, Atsuhide Ishida, Fractional differential equations
(FDE2), Issac Newton Institute for Mathematical Sciences, University of Cambridge, April 25th, 2022.
Ry 2 VT 4 T —EHED L — L DOARZEXIZ DOV T(Mourre’s inequality for non-local
Schrodinger operators), Atsuhide Ishida, 179" Kagurazaka Analysis Seminar,Kagurazaka Campus in
Tokyo University of Science, May 28th, 2022.

Mourre inequality for non-local Schrodinger operators, Atsuhide Ishida, Tokyo University Friday
Analysis Seminar, Tokyo University, June 28th, 2022.

Ry = VT 0 T —AEHFED L — L O ARZEXIZ- DU T(On the Mourre’s inequality for
non-local Schrédinger operators) , Atsuhide Ishida, Operator Theory Seminar, 5t Kyoto University
(Online), July 22nd, 2022.

R 2 VT 0 T —ERFED L — /L DRI T(Mourre inequality for non-local
Schrodinger operators), Atsuhide Ishida,Bibunhouteisiki-no-Sogotekikenkyu, Online, December 24th,
2022.

The Hasimoto Transformation for a Finite Length Vortex Filament and its Application, Masashi Aiki,
The 40th Kyushu Symposium on Partial Differential Equations, Kyushu University, February 1st, 2023.
T2 — A7 4 —)V RV AT ANITxET 5 R BEE L% (Time discretization method for Phase field
system)(Invited talk), Shunsuke Kurima, Japan Mathematical Society, Chuo University, March 18",
2023.

Dynamics of a prey-predator model describing hunting cooperation, Yoichi Enatsu, The FEighth

International Workshop on Biomathematics Modelling and Its Dynamical Analysis, Online, August 26" -28%,
2022.

HHEER % b i ST JYYIE T T L O T RO IFIE (Existence of traveling wave solutions
to SI epidemic model of diffusion type with free boundary), Yoichi Enatsu, Seminar on Mathematical
Sciences, Kyushu Institute of Technology, February 18", 2023.
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Individual Research Topics

Keiichi Kato
“Representation of solutions to Schrodinger equations via wave packet transform”

We have the representation of solutions to Schrodinger equations via wave packet transform in 2011. Our
subject is to apply the representation to physics. Recently we develop numerical computation using the
representation with Ushijima who is a member of our division from October, 2021.

Masahito Ohta
“Studies on stability of standing waves for nonlinear Schrodinger equations”

We studied standing wave solutions for nonlinear Schrodinger equation with an attractive delta-function
potential, a repulsive cubic nonlinear term, and an attractive quintic nonlinear term in one spatial dimension.
We obtained some results on the stability of standing wave solutions.

Tomomi Yokota
“Study of chemotaxis models”

In a joint work with Ph.D student Yutaro Chiyo, a result on the classification of boundedness and blow-
up of solutions to quasilinear attraction-repulsion chemotaxis systems by the size of the powers of the
attraction and repulstion terms was obtained. Also, in a joint work with Professor Sachiko Ishida (Chiba
University), a stabilization result for weak solutions to degenerate Keller-Segel sytems was established.
Moreover, in a joint work with Professors Monica Marras and Stella Vernier-Piro, a result on finite-time
blow-up and estimates for the blow-up time was obtained.

Tetsuro Nikuni
“Research on Theoretical Analysis of Quantum Many-Body Systems and Applications of Quantum
Computers”

We are studying quantum many-body dynamics in ultracold atomic gases in using analytical methods
and numerical simulations. We are also conducting theoretical research on the NISQ Noisy Intermediate-
Scale Quantum Computer) devices.

Hiromichi Itou
“Study on theoretical analysis of contact and friction problems in elastic bodies and inverse problems
related to nondestructive testing”

We considered mathematical analysis of crack problems in elastic bodies describing porous materials
such as rock and concrete, as well as dynamic friction problems. In consequence, we established a qualitative
theory, including the existence of solutions. Also, the inverse problem of cracks in linear elastic bodies related
to nondestructive testing was studied, deepening the previous reconstruction method. For these applications,
numerical simulations and experiments of the obtained results, as well as collaboration with other fields, are
planned.

Atsuhide Ishida

“Study on spectral theory, scattering theory and inverse problems for non-local Schrddinger operators”
Non-local Schrédinger operators are appeared in a lot of physical models and have the rich mathematical

backgrounds. For such non-local Schrédinger operators, I will conduct research on spectral and scattering

theory that are basic topics in quantum physics. Moreover, I will apply these results to inverse problems

determining the uniqueness of the interactional potential functions.
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Yoichi Enatsu
“Dynamical analysis of epidemiological models and prey-predator models”

My research theme is stability of stationary solutions of epidemiological models and prey-predator
models. For epidemiological models, the current interest lies in the existence of semiwave of diffusion
equations with a free boundary and stability analysis of delayed models. For prey-predator models, we study
stability and bifurcation theory for the case where hunting cooperation among predators.

Masashi Aiki
“Research on Vortex Motion”

Research on fluid motion has many aspects, and vortex motion is one of the most fundamental factors
which determine the motion of fluids. My research is concerned with the mathematical analysis of the motion
and interaction of vortex rings. A vortex ring is a thin vortex structure, for which its motion can be
approximated as the motion of a closed curve in space. Specifically, we consider motions of multiple vortex
rings aligned on a common axis and construct mathematical models which describe such motions. We also
analyze the model to investigate the possible motion patterns of the rings and study the stability/instability
of particular patterns.

Shunsuke Kurima

“Study of proving existence of solutions and using time discretization methods for phase-field systems”
I could confirm that existence of solutions to a nonlocal phase-field system with inertial term can be

proved by using a time discretization method. Also, I could verify that we can prove existence of solutions

to a singular (local) phase field system of conserved type by convergence from a singular nonlocal phase

field system of conserved type.

Toshio Suzuki
“Time-frequency analysis”

Time-frequency analysis is a well-known method for simultaneously analyzing the time and frequency
information of a signal. The windowed Fourier transform and the wavelet transform are well-known
transforms of this method, and various transforms are constructed according to the features of the signal.

In this study, we investigate the characteristics of these transforms and their relationship to other
transforms relevant to time-frequency analysis. We also study time-frequency analysis for functions over p-
adic fields.

Noriyoshi Fukaya
“Study on solitary wave solutions for nonlinear dispersive equations”

I study the properties of solitary wave solutions for nonlinear dispersive equations. In particular, I deal
with equations without scale invariance or Galilean invariance, such as cases with potentials, cases with
double power nonlinearities, and systems, to investigate the properties of the profiles of solitary waves and
the orbital stability/instability. In addition, I consider asymptotic stability and strong instability in order to
reveal the global dynamics.

Yukihide Tadano
“Spectral and scattering theory of discrete Schrodinger operators”

Discrete Schrodinger operators have two different derivations; one is the tight-binding Hamiltonian in
the field of solid state physics, and the other is the discretization of Schrodinger operators. I study these
operators by focusing on similarity and dissimilarity of spectral and scattering properties.
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Nano Quantum Information Research Division

1. Overview

In the field of quantum information, research toward the realization of quantum computers has been
actively advancing around the world in recent years. In our division, we are conducting research in three
research areas: superconducting quantum circuits, quantum optics, and quantum information theory. It is
expected that the emergence of error-tolerant quantum computers by 2050, and the research division intends
to contribute to its realization. Research on superconducting qubits with its good integration potential and
operability is currently the most advanced physical system, but since the early days of qubit research, physical
systems other than superconductivity, such as light, ions, cooling atoms, and other quantum systems have
been studied. In our research division, we study quantum system not only with superconducting qubits, but
also with optical qubits and spin qubits.

2. Organization and Facilities

The division mainly consists of a superconducting quantum circuit research group, a quantum optics
research group, a quantum information research group, and a visiting group.

Since FY2020, the research group for superconducting quantum circuits has been conducting research on
the theme of "research and development of bosonic codes using superconducting resonators" in the
government funded Moonshot Project. The Superconducting Quantum Circuits Group (Tsai and Yoshihara
Laboratory) possesses the following facilities:

Refrigerant-free dilution refrigerator LD250 (Bluefors)

Refrigerant-free dilution refrigerator LD400 (Bluefors)

Vector Network Analyzer 2 units N5231B (Keysight)

Two high-frequency arbitrary waveform generators and real-time observation devices,
M90104, M9048B, M9023A, M3102A, M3202A (Keysight Technology)
High-speed, high-sampling arbitrary waveform generator, M8195A (Keysight)

The quantum optics research group aims to combine single rare earth atoms with nanofiber optic
resonators, and carbon nanotubes to optical fibers. Joint research with the University of Tokyo is currently
underway.

The Quantum Information Theory Research Group has traditionally conducted research on quantum
information theory, starting from the late Professor Oya. It also hosted an international conference in this
field in 2020. On the other hand, we are also conducting research to cover the theoretical aspects of
superconducting quantum circuits.

3. Research Activities

3. 1. Superconducting Quantum Circuits Research Group (Tsai, Yoshihara)

This group is studying quantum circuits based on superconducting qubits using Josephson junctions.
Regarding the integration of qubits, we are conducting research on quantum chips that can be packaged
planarly using a pseudo-two-dimensional qubit coupling network originally developed by us. In addition, as
a research theme of the moonshot program, Bosonic qubits, we are conducting research on quantum
information processing using a superconducting Kerr parametric oscillator (KPO). The cat state was
generated by KPO, the fidelity was evaluated by quantum tomography, and a one-bit gate operation was
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successfully demonstrated. In the future, we will proceed with experiments with 2-bit gates and autonomous
error correction with KPO. We conducted research on low-frequency noise of KPO oscillation, clarified for
the first time that 1/f noise was remarkably present, and succeeded in reducing the noise by injection lock-in
technique. In research on the initialization of superconducting qubits, we achieved a high-speed initialization
of 200 ns with an accuracy of 99.5% with a novel circuit that involving a SINIS junction. In order to extend
the coherence time of superconducting qubits, we studied surface treatment methods and significantly
improved T1 and T2 time. Similar surface treatment also reduced the loss of the superconducting resonator
by about one order of magnitude. For fast generation of Bell states, we use GRadient Ascent Pulse
Engineering (GRAPE) algorithm to design optimized pulse. In the optimization, we allow higher energy
levels to be populated during the entangling gates.

3. 2. Quantum Optics Research Group (Sanaka, Sadgrove, Tkachenko)

The Optical Quantum Information Group focused on realizing the single-photon emitter required for
quantum cryptographic communication, which is the next-generation secure communication system, using a
tapered optical fiber system. At present, the most common method of realizing a single-photon emitter is to
use high-quality crystalline materials such as semiconductors and diamonds, but some of the technical and
economic issues remain (manufacturing and processing costs, restrictions on emission wavelengths,
requirement of cooling etc.). On the other hand, by using an optical fiber material doped with optically active
atoms in this group, we solved the technical and economic problems in the development of a single photon
light source. We succeeded in fundamental works for the commercialization of a single-photon emitter. The
single-photon emitter realized by this method currently generates single photons through the process of
spontaneous emission from atoms, so the efficiency of single-photon generation is limited by the spontaneous
emission coefficient (A factor) of atoms. In the future, we will combine a single-photon emitter in a small
mode volume with a cavity structure to develop a highly efficient and highly coherent single-photon emission
based on the principles of cavity quantum electrodynamics.

3. 3. Quantum Information Theory Research Group (Watanabe, Iriyama, Hashizume)
In this group, we are conducting research on several of the following subjects:

(1)  Research on the formulation of generalized quantum entropy
Basic research founded on quantum probability theory, quantum channel theory and quantum
entropy theory, including quantum coherence determined based on the mathematics of
entanglement.

(2) Research on the formulation of Quantum Dynamical Mutual Entropy
The channel coding theorem of commutative systems shows the limit of the average mutual entropy
obtained from dynamic entropy from the transmission capacity and provides an important criterion
for constructing error-free channels and coding.

(3) Basic theoretical research and implementation of cryptographic theory.

(3-1) Construction of authentication algorithm incorporating secure computation and information
distribution structure.

(3-2) Construction and implementation of a mathematical framework for Strongly Asymmetric Public
Key Agreement.

(3-3) Formulation of quantum algorithms using adaptive mechanics.

(4) Application of “effective” algorithmic methods to quantum system analysis and quantum
information theory.

(4-1) Determination of existence of decoherence-free subspace (DFS).

(5) Evaluation of quantum annealing including finite temperature dissipation.

(6) Development of imaginary-time quantum toolbox (JST PRESTO).

(7)  Indicators for large-scale quantum computers.

(8)  Artificial intelligence/machine learning and quantum computers.
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4. Challenges and Prospects

Quantum information is a field that is currently being intensively invested in research around the world.
It is one of the three basic technologies of the Japan Government Cabinet Office’s “Integrated Innovation
Strategy”: Al, quantum information, and biotechnology, and is also one of the four pillars of the Department
of Physics of the University of Science: space and elementary particles, earth and planets, quantum
information, and condensed matter physics. In order to accelerate the progress of this important research field,
our division was established in 2020 within the Institute of Research that brings together researchers in the
university. Until now, the Tokyo University of Science has been conducting research on superconducting
quantum computers under JST CREST (completed in FY2021, total of about 200 million yen) and Cabinet
Office Moonshot (total of about 150 million yen until FY2025). In addition, NEDO Next Generation
Computing and the Cabinet Office Q-Leap are also collaborating.

Regarding intergroup collaboration within the division, collaborative research is progressing especially
between the Superconducting Quantum Circuits Group and the Quantum Information Theory Group. On the
other hand, there is a large energy difference between the two physical qubits, superconductivity and light,
and there is a limit to research activity that directly fuses them.

In addition, with regard to the expansion of membership of the division as pointed out by the Advisory
Committee, that is, the incorporation of new researchers involving in the research of classical control circuits,
which are important peripheral circuits of quantum computers, no such researchers are identified within the
university.

5. Conclusion

Research in this division has progressed smoothly this fiscal year in general. Concerning the
superconducting quantum circuits, where research towards the quantum computers is particularly advanced,
the following outcomes were achieved: integration of qubits using a pseudo-two-dimensional qubit coupling
network that can be planarly packaged; cat states generation with the superconducting Kerr parametric
oscillator (KPO) and its fidelity evaluation using quantum tomography, as well as realization of 1-bit gate
operation; measurement and reduction of low-frequency noise of KPO oscillation; high-speed initialization
of superconducting qubits; extension of the coherence time of superconducting qubits, realization of novel
quantum optical circuits using artificial atoms with ultra-strong coupling to resonators.

Although the development of field of quantum information is what the government is paying particular
interest, there is a serious shortage of domestic research personnel. In particular, the shortage of researchers
who can handle experiments is one of the major obstacles to the progress of quantum computer research in
Japan. As a research organization within an educational institution, we also focus on human resource
development in the division.
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

“Elucidation of Spin-Correlations, Fermi Surface and Pseudogap in a Copper Oxide Superconductor”,
Hiroshi Kamimura, Masaaki Araidai, Kunio Ishida, Shunichi Matsuno, Hideaki Sakata, Kenji Sasaoka,
Kenji Shiraishi, Osamu Sugino, Jaw-Shen Tsai, and Kazuyoshi Yamada, Condens. Matter 2023, 8, 33,
2023 (Peer-reviewed)

“Mitigation of noise in Josephson parametric oscillator by injection locking”, Gopika Lakshmi Bhai,
Hiroto Mukai, and Jaw-Shen Tsai, Appl. Phys. Lett. 122, 054002, 2023 (Peer-reviewed)

“Noise Properties of a Josephson Parametric Oscillator”, Gopika Lakshmi Bhai, Hiroto Mukai,
Tsuyoshi Yamamoto, and Jaw-Shen Tsai, Physical Review Applied 19, 014065, 2023 (Peer-reviewed)
“Autonomous quantum error correction in a four-photon Kerr parametric oscillator”, Sangil Kwon,
Shohei Watabe, and Jaw-Shen Tsai, npj Quantum Information, 8:40, 2022 (Peer-reviewed)
“Deterministic one-way logic gates on a cloud quantum computer”, Zhi-Peng Yang, Huan-Yu Ku,
Alakesh Baishya, Yu-Ran Zhang, Anton Frisk Kockum, Yuch-Nan Chen, Fu-Li Li, Jaw-Shen Tsai, and
Franco Nori, Physical Review A, 105, 042610, 2022 (Peer-reviewed)

“On Transmitted Complexity Based on Modified Compound States”, Noboru Watanabe, Entropy 2023,
25(3), 455

“Note on transmitted complexity for the modified compound states”, Noboru Watanabe, International
Journal of Modern Physics A, Vol. 37, Nos. 20&21, 2022

“Note on Complexity of Communication Processes”, Infinite Dimensional Analysis, Noboru Watanabe,
Quantum Probability and Applications, Vol.390, Springer, 2022(Peer-reviewed)

“A Note on Improved Treatment of Gaussian Communication Process”, Taihei Takahashi and
Noboru Watanabe, Open Systems and Information Dynamics, Vol. 28, No. 3 (2021) 2150014(Peer-
reviewed)

“Analysis of The Effect of Noise on Feedback with White Noise Analysis”, Taihei Takahashi and
Noboru Watanabe, The Proceedings of the 45th Symposium on Information Theory and its Applications
SITA2022, Vol.45, pp.320-pp.324, 2022

“Improving of Controlled Phase Shift gate based on FTM gate”, Yuki ARAI and Noboru Watanabe
15545, Vol. 12, No. 128, 1T2022-16, pp. 4-9, 2022, ISSN 2432-6380

“Formulation of Quantum Teleportation by Using Entangled States Generated by Beam splitters”,
Ryo Kotaki and Noboru Watanabe, The Proceedings of the 45th Symposium on Information Theory
and its Applications SITA2022, Vol.45, pp.20-pp.22, 2022

“Quantum Logic Gate with Half Polarizing Beam Splitter and Waveplate”, Itaru Nakazawa and
Noboru Watanabe, The Proceedings of the 45th Symposium on Information Theory and its Applications
SITA2022, Vol .45, pp.14-pp.19, 2022

“Plasmon-enhanced single photon source directly coupled to an optical fiber”, M Sugawara, Y Xuan,
Y Mitsumori, K Edamatsu, M Sadgrove, Physical Review Research 4, 043146 (2022)
“Interference-induced directional emission from an unpolarized two-level emitter into a circulating
cavity”, L Ostrowski, S Parkins, M Shirane, M Sadgrove, Physical Review A 105, 063719 (2022)
“Evanescent field trapping and propulsion of Janus particles along optical nanofibers”. Tkachenko, G.,
Truong, V.G., Esporlas, C.L. et al., Nat Commun 14, 1691 (2023)

“Roadmap for Optical Tweezers 2023, Giovanni Volpe, Onofrio M Marago, Halina Rubinsztein-
Dunlop, Giuseppe Pesce, Alexander Stilgoe, Giorgio Volpe, Georgiy Tkachenko, et al., Journal of
Physics: Photonics 5, 022501 (2023)

“Enhancing the stimulated emission of polarization-entangled photons using passive optical
components”, Ryo Nozaki, Yoshiro Sato, Yoshitaka Shimada, Taku Suzuki, Kei Yasuno, Yuta Ikai,
Wataru Ueda, Kaito Shimizu, Emi Yukawa, and Kaoru Sanaka, Physical Review A, 107, 023707 (2023)
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19.
20.

21.

22.

EEBIE—I (WElrL 7 Fy—a—2 WREeE]  (%#53) in Japanese
“Numerical analysis of quantum circuits for state preparation and unitary operator synthesis”,
Sahel Ashhab, Naoki Yamamoto, Fumiki Yoshihara, and Kouichi Semba,Phys. Rev. A 106, 022426
(2022)

“Hamiltonian of a flux qubit-LC oscillator circuit in the deep-strong- coupling regime”,
Fumiki Yoshihara, Sahel Ashhab, Tomoko Fuse, Motoaki Bamba, Kouichi Semba, Scientific Reports
volume 12, Article number: 6764 (2022)

“Speed limits for quantum gates with weakly anharmonic qubits”, Sahel Ashhab, Fumiki Yoshihara,
Tomoko Fuse, Naoki Yamamoto, Adrian Lupascu, Kouichi Semba,Phys. Rev. A 105, 042614 (2022)

Invited Lectures

1.

10.

11.

12.

13.

14.

“Superconducting quantum computer and its future issues”, Jaw-Shen Tsai, QPQIS2022, Dec. 1, 2022,
Online

“Superconducting quantum computer and its future issues”, Jaw-Shen Tsai, The First International
Conference on Axion Physics and Experiment (Axion 2022), Nov. 22, 2022, Online

“Recent progress in superconducting quantum information”, Jaw-Shen Tsai, The virtual QBIC
Workshop 2022, Oct. 13, 2022, Online

“Superconducting Quantum Circuit”, Jaw-Shen Tsai, EAIFR Conference, Sep. 12, 2022, Online “##{z
Ry bOYmEERL, £ JKP, B 7 0 BISHYE SR AINGERS, FRERTUR
Xy /N R,3/6/2023

“HIRERT oV a— X ORE”, 5K, ISHWEEE 2 0 2 2425 2 MIREF{2, Online,
1/20/2023

“On Transmitted Complexity based on Compound States for Quantum Dynamical Systems”,
Noboru Watanabe, The QBIC Workshop 2022 (Online), Tokyo University of Science, Noda, Japan,
2022-10-12~10-14

“On Transmitted Complexity for Modified Compound States”, Noboru Watanabe,the international
conference: "Quantum Information and Probability:from foundations to engineering (QIP22) conference,
Linneaus University, Vaxjo, Sweden, 2022-6-14~6-17

“On Transmitted complexity for Quantum Compound Systems”, Noboru Watanabe,The International
Symposium on Infinite Dimensional Analysis, Quantum Probability and Related Topics QP43, UTOP
Marina Hotel, Yeosu, Korea, 2023-1-9~1-13

“A Study on the Effects of Input Parameters on Quantum Teleportation Using Squeezed State and Beam
Splitter”, Masayuki Miyashita, Noboru Watanabe, The QBIC Workshop 2022, Tokyo University of
Science, Noda, Japan, 2022-10-12~10-14

“Analysis of The Effect of Noise on Feedback with White Noise Analysis”, Masaki Nakazato and
Noboru Watanabe, The QBIC Workshop 2022, Tokyo University of Science, Noda, Japan, 2022-10-12
~10-14

“Improving of Controlled Phase Shift gate based on FTM gate”, Yuki Arai Noboru Watanabe, The QBIC
Workshop 2022, Tokyo University of Science, Noda, Japan, 2022-10-12~10-14

“Formulation of Quantum Teleportation by Using Entangled States Consisted of Beam splitters”,
Ryo Kotaki and Noboru Watanabe, The QBIC Workshop 2022, Tokyo University of Science, Noda,
Japan, 2022-10-12~10-14

“Quantum Logic Gate with Polarizing Beam Splitter and Waveplate”, Itaru Nakazawa and
Noboru Watanabe, The QBIC Workshop 2022, Tokyo University of Science, Noda, Japan, 2022-10-12
~10-14

“RIA NI AL DT 4 — RNy T ~D ) A ZAOHROGH, @R, EhE A,
55 45 IR & £ OISH > AR YT A, AeiEERR] BT, 2022 4 11 H 29 A~12
H2H
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15.

16.

17.

18.

“FIM 7" — b & FIW2 ISR 7 R 7 — b ol B, Bk, R 5, B EsEETrs,
TE BRI e, B IIBERR R, Rl v /92,2022 427 A 21 H-7 A 22 H

“E—b ATy Z TR INTZ 2 7 RREE W& ST LAR—T =3 a0
ERABITONWT, /N &, B 5, 5 45 WG & T oI Y VAR T Y A, d0BE R
AT R, 2022 45 11 H29 H~12 A 2 H

“UEHE—DRTY v Z— L PP RRAINZ - &S — b, PR i, 8 5, 5 45 [
TE#E & EDISH > AR T A, AGEERR BRI T R, 2022 42 11 A 29 H~12 A 2 H
“Atoms as a resource for controlling light transport from non-ideal emitters”, Mark Sadgrove, Quantum
Transport with Ultracold Atoms Workshop, Max Planck Institute for the Physics of Complex Systems,
September 1 (2022)

International Conferences Hosting

1.

From October 12 (Wed.) to October 14 (Fri.), Tokyo University of Science and the Division of Nano
Quantum Information held the “Virtual QBIC International Workshop 2022” via Zoom. The
conference was held as a Tokyo University of Science Session and an International Session, and the
opening address of the international session was given by Prof. Hideaki Takayanagi. Fourteen
researchers from overseas, six researchers from outside the university, seven researchers from the Nano
Quantum Information Research Division and one researcher from the Tokyo University of Science gave
invited lectures, and poster lectures were given by 10 researchers from this research division, 3
researchers from the Tokyo University of Science, and 2 researchers from outside the university.
https://www.rs.noda.tus.ac.jp/qbic/VQBICworkshop2022new.html

209



Individual Research Topics

Jaw-Shen Tsai

We experimentally observe all essential quantum properties of a planar superconducting KPO via Wigner
tomography: (i) quantum coherence induced by tunneling between two potential minima in phase space, (ii)
coherence-preserving mapping between Fock states and cat states, (iii) tuning the distance between two
potential minima by controlling the detuning of the pump, and (iv) effects of single-photon loss on cat states
in a KPO. Then, we performed gate operations on this cat state and characterize them using quantum process
tomography.

We designed, fabricated, and characterized a 5-qubit superconducting quantum circuit that employs a
quasi-two-dimensional coupled architecture using air bridges, which is proposed by our laboratory. The
coherence of the qubits was about 10~18us. In the future, further performance improvement and more
advanced quantum control will be achieved by realizing all two-qubit gates and by reviewing the fabrication
process.

By dipping the as-made resonators or qubit devices (made of niobium) into a buffered hydrofluoric
solution, the relaxation and decoherence times are significantly enhanced. Extensive analysis of resonators
showed that the loss related to two-level systems in superconducting resonators decreased by about one order
of magnitude.

Furthermore, we conducted research on low-frequency noise of KPO oscillation, clarified for the first
time that a remarkable 1/f noise was present, and succeeded in reducing the noise by injection lock-in
technique. In research on the initialization of superconducting qubits, we achieved a high-speed initialization
of 200 ns with an accuracy of 99.5% with a novel circuit that utilizing a SINIS junction. In a quantum optics
with novel superconducting artificial atom, in a circuit having ultra-strong coupling, we succeeded in exciting
two atoms simultaneously with a single photon.

Fumiki Yoshihara

For fast generation of Bell states, we use GRadient Ascent Pulse Engineering (GRAPE) algorithm to
design optimized pulse. In the optimization, we allow higher energy levels to be populated during the
entangling gates. We also set the amplitude and frequency restrictions due to the limitations of experimental
setup and produce an experimentally implementable entangling pulse. The result indicates that the optimized
entangling pulse is well reproduced by the experimental setup. As a future work, we apply the optimized
entangling pulse to an actual two-qubits system and evaluate the fidelity of the generated entangled state.

Kaoru Sanaka

We have established a method for efficiently generating “entangled photons”, which are necessary for
quantum information communication and quantum repeater technology. Conventional implementations of
this light source have limited the efficiency of quantum entanglement generation because they rely on a
process called spontaneous parametric down-conversion by nonlinear optical crystals. On the other hand, in
this research, by combining a nonlinear optical crystal and a Sagnac interferometer, we succeeded in
generating entangled photons in a laser-like stimulated emission process using only passive optical elements.

Mark Sadgrove

In 2022, we published two research papers regarding new types of fiber coupled single photon sources.
In particular, in collaboration with Auckland University, we developed a method for creating directional
single photons with direction switchable using a control atom. We also developed a Purcell enhanced fiber-
coupled single photon source using nanoparticles coupled to quantum dots. These results should provide a
base for next generation quantum communication technology.
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Georgiy Tkachenko

In 2022, T developed new techniques for nanoparticle manipulation using optical nanofibers along with

chiral nano-objects including carbon nanotubes and chiral nanoparticles. These novel materials allow

fundamental studies of chiral light matter interaction which we hope to use for the control of photons in the

future.

Noboru Watanabe and Satoshi Iriyama

(M

@

“A Study on Mathematical Formulation of Gaussian Communication Processes Using Entropy-Type
Functionals as Complex Quantities”

In this study, based on the research on Gaussian communication processes up to the previous fiscal year,
we investigated the entropy-type functional and mutual interaction as a measure to examine information
transmission under the conditions of (1) linearity and (2) trace preservation of the channel. A study was
carried out to determine the entropy functional.

“Research on quantum communication processes and their complexity”

In this research, (1) we investigated the complexity of dynamical systems through quantum
communication processes using mean entropy and mean co-entropy introduced by Ohya's Complexity.
Furthermore, (2) using the KOW dynamical entropy defined for more general systems including AOW
and AF, the complexity of dynamical systems through quantum communication processes given as
conjugates of fully positive maps is I did research to find out.]

Yoichiro Hashizume

(M

2

To clarify how the fidelity of quantum annealing at a finite temperature is maintained and what
parameters can be effectively controlled.

With fluctuations at finite temperatures, the equilibrated state changes with time. This corresponds to a
change of state on a timescale shorter than the equilibration time and longer than the relaxation time. In
such cases, it was found that at low temperatures, the equilibration state does not depend much on the
coupling to the heat bath; however, at higher temperatures, the coupling to the heat bath has a strong
influence.

The fundamental relationship between the behavior of quantum currents and entropy generation in the
control of qubits is investigated.

The Lindblad equation was analyzed for a uniform 1D spin chain to verify the current behavior. In the
absence of a heat bath (corresponding to the limit of absolute zero), the current is generated through all
states regardless of the energy state of the spin chain. However, with a small finite temperature
fluctuation, the current reflects the structure of energy levels in the steady state. It was also found that if
the effect of the heat bath becomes too large, it is no longer possible to inject current into the system.
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Research Group for Advanced Energy Conversion

1. Overview

The development and use of highly efficient energy systems are a matter of urgency, because the
exhaustion of petroleum resources and the resultant economic instability are a call to action. The problem is
conspicuous in our country since it depends heavily on the import of petroleum. Studies are being carried out
in the Division of Ecosystem Research and the Advanced EC Device Research Division, on the development
and testing of an electrochemistry device for commercialization purposes.

The United Nations has set 17 targets as global SDGs, and these targets are indispensable for future
technical development. The following two relate to our research group:

SDG 7: “Ensure access to affordable, reliable, sustainable, and modern energy for all.”

SDG 12: “Ensure sustainable consumption and production patterns.”

In our research group, we will study the development and environment-friendly use of new energy,
following a product of the Advanced EC Device Research Division, on electrochemical devices, hydrogen
energy, heat energy, and light energy.

Our research group consists of two teams: the research team for energy transformation and the research
team for energy storage. The research team for energy transformation takes charge of the development of
technology and materials for the generation and transformation of energy. The research team for energy
storage takes charge of the development of technology and materials on the storage and utilization of energy.
Both teams cooperate mutually with the aim of building a system for the generation, transformation, storage,
and utilization of energy. When an advanced energy device is created, its development is accelerated by
cooperation between group members beyond the limit of their specialty and research fields, to overcome
current problems and improve the fundamental knowledge level among group members, furthering
collaboration.

Based on “Only at TUS”, a researcher on the front line participating in this research should be able to
accumulate information and technological know-how from scholars in the various fields and achieve high
technical development and originality.

A characteristic feature of our research group is the inclusion of the “Sustainable Energy Systems and
Materials” course from the Graduate School of Science and Technology curriculum. The participation of
both students and teachers is

indispensable for the development Energy Conversion Construction Energy Storage
of new materials and systems. We . .an.d .
K. Dowaki, Optimization T. Kondo
plan to hand-down technology and | ¢, Terashima,K. Arimitsu £ Syst e
] M. ltagaki T Gunii , orsystem H. Nishihara,
knowledge from generation to - Itagaki, 1. Gunji,

. N. Sakai, M. Hayase, N\ Y. ldemoto,
generation through research | Sakai, I. Shitanda, N. Kitamura,
proceeds of students who carry the | Y. Nakayama, K. Fujimoto, Development J. Akimoto
science and technology of the next N. Katayama, S. Tsujimura of Device M. Yuasa

generation, and we plan for an
aggressive exchange between students and teachers to achieve the goal of this research group early.

2. Organization and Faculties

<Research on energy conversion>

Based on outcomes from the Division of Ecosystem Research and the Advanced EC Device Research
Division, the development of highly efficient, environment-friendly organic synthetic processes, and highly
sensitive and functional light-reactive polymers are advancing. One of the aims of this research group is the
development of new catalytic reactions for the highly selective reduction of carbonyl groups to methylene

214



groups, to be used in applications for organic compounds made up of elements other than oxygen. Another
objective of this group is the development of a polymer that responds to multiple forms of energy, by
designing a polymer that reacts stepwise to light and heat. In addition, high-speed material screening will be
carried out using a combinatorial experimental method.

The generation and utilization of bio hydrogen will be proposed in relation to SDG 12, based on life-
cycle assessment (LCA). A system consisting of the generation of hydrogen from waste wood, its purification,
storage, and use in the generation of electricity through fuel cells, as well as in charge storage in capacitors
will be built and evaluated based on LCA.

We will manufacture a printable wearable biofuel cell with paper and transfer sheet. For example, a fuel
cell that uses organic material in urine as fuel can be used for urine detection (Elderly care, health
maintenance). By using lactic acid in sweat as fuel, one can monitor the health of athletes. In order to make
the wearable device, we prepare mesoporous carbon materials suitable for use as enzymes, and then develop
a printable paper device using the carbon as the electrodes.

In the development of the polymer electrolyte fuel cell, we synthesize a metal-complex-supported
conductive diamond as the electrode catalyst and develop a novel silicon-based polymer as the electrolyte.

<Research on energy storage>

We aim to prepare high-capacity electrodes with structures that are well controlled at atomic-to-micro
levels and perform high-throughput material screening, and device-oriented electrochemical and structural
analyses. For optimization of nano- and micro-structures of the electrodes, we will prepare the powder using
liquid-phase synthetic methods like solvothermal synthesis, and then perform a surface coating on the pristine
powder.

Atomic configurations of the materials will be simulated computationally for theoretical screening. In
addition, we will investigate degradation mechanisms of the batteries under various operation conditions, by
means of selected electrochemical techniques such as in-situ analyses of the atomic and electronic structures
using neutron and synchrotron X-ray sources and in-situ electrochemical impedance spectroscopy (EIS) by
cooperating with energy conversion group. This strategy enables us to produce a customized and appropriate
device design based on a working condition and a purpose of use.

3. Activity Reports

In this research group, we also encourage the progress of a joint research by the members in addition to
the individual research work by a member.

a) The gas purification of in the Blue Tower demonstration plant (AGM/Advanced Gasification Module)
and the development of gas purification by two step PSA. (Dowaki and Gunji)

b) Development of fuel cell system using storage of hydrogen by adsorption aiming the application as a
mobile battery. (Dowaki and Katayama)

¢) Development of rapid health monitoring system of lithium ion secondary battery. (Itagaki and
Katayama)

d) Development and evaluation of wearable biofuel cell. (Shitanda, Tsujimura, Katayama, and Itagaki)
The homepage of this research group was made in Japanese and English.
This research group is joint to the Energy and Environment Course which is located to the Graduate
School of Science and Technology to encourage young researchers. Our members attend the Poster
Competition on August, 26, 2022.

4. Challenges and Prospects

a) Promotion of joint research intra- and inter-research group.
b) Setting a target number for joint research and positive promotion.
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¢) Holding a lecture and a meeting for presenting research.

d) Holding and support of the international conferences.

e) Acquisition of research funds.

f) Management of laboratories. (No. 10 building 4th floor. Research rooms Nos. 4 and 9)
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Major Research Achievements (FY 2022)

Academic Papers

1.

10.

11.

12.

13.

14.

15.

16.

17.

Steam treatment of metal acetylacetonate and ethyl acetoacetate complexes at 90 °C for preparation of
metal oxides, Y. lida, Y. Sato, R. Hayami, T. Gunji, Inorganica Chimica Acta, 535, 120864, 2022.
Superior Multielectron-Transferring Energy Storage by n-d Conjugated Frameworks. D. Xia,
K. Sakaushi, A. Lyalin, K. Wada, S. Kumar, M. Amores, H. Maeda, S. Sasaki, T. Taketsugu,
H. Nishihara, Small, 2202861, 2022.

Chemical synthesis of nanoporous EuTiOj3 thin film and induced ferromagnetism. N. Suzuki, Y. Fujii,
N. Ishida, T. Kondo, M. Yuasa, C. Terashima, A. Fujishima, Appl. Surf. Sci., 615, 156421, 2023.
Detection of Hydrogen Gas Generated upon Magnesium Dissolution Using a Gas Chromatograph—
Channel Flow Electrode System, Y. Hoshi, Y. Hirayama, H. Watanabe, 1. Shitanda, M. Itagaki,
J. Electrochem. Soc., 170, 021509, 2023.

High-Performance Paper-based Biocathode fabricated by Screen-printing an improved Mesoporous
Carbon Ink and by Oriented Immobilization of Bilirubin Oxidase, N. Loew, L. Shitanda, H. Goto,
H. Watanabe, T. Mikawa, S. Tsujimura, M. Itagaki, Scientific Reports, 12, 14649-14656, 2022.
Positive-Electrode Properties and Crystal Structures of Mg-Rich Transition Metal Oxides for
Magnesium Rechargeable Batteries, N. Kitamura, Y. Konishi, W. Ma, N. Ishida, T. Mandai, C. Ishibashi,
Y. Idemoto, Scientific Reports, 12, 18097, 2022.

Electrochemical properties and crystal and electronic structure changes during charge/discharge of
spinel type cathode-materials Mgi 33V 1.67.xMnxO4 for magnesium secondary batteries, Y. Idemoto,
M. Takamatsu, C. Ishibashi, N. Ishida, T. Mandai, N. Kitamura, Journal of Electroanalytical Chemistry,
928, 117064, 2023.

Synthesis of Dibenzotetrathiafulvalenes of Oxalic Acid with Electron-Rich Aromatic 1,2-Dithiols and

Application to Dithioacetalization with 9-Fluorenecarboxylic Acids or Dicarboxylic Acids, N. Sakai,
K. Minato, S. Nakata, Y. Ogiwara, Synthesis, 54, 2661, 2022.

Performance evaluation of desulfurization and environmental impact of using waste from mines as
adsorbent, K. Torii, S. Kumon, K. Sato, S. Kato, K. Dowaki, Cleaner Engineering and Technology, 11,
100573, 2022.

Bonding formation and gas absorption using Au/Pt/Ti layers for vacuum packaging, S. Kariya,
T. Matsumae, Y. Kurashima, H. Takagi, M. Hayase, E. Higurashi, Microsystems and Nanoengineering, 8,2,2022.
Exploring the effect of surface chemistry and particle size of boron-doped diamond powder as catalyst
and catalyst support for the oxygen reduction reaction, G. Alemany-Molina, B. Martinez-Sanchez,
A. Gabe, T. Kondo, D. Cazorla-Amoros, E. Morallon, Electrochim. Acta, 446, 142121, 2023.
PR —, FE MR, ECR W, SE i, R, WS, RER - U O RBIERES R
TOWMLAE ZE) & SOSEARARCDENT, N 7 A4 AR e P& K, 67, 711-717, 2022. (in JA)

Abnormal grain growth of 68Cu-16Al-16Zn alloys for elastocaloric cooling via cyclical heat treatments,
Y. Kawarada, A. Aimi, A. Santos, G. Nakata, I. Takeuchi, K. Fujimoto, Journal of Physics: Energy, 5,
024012, 2023.

Design and Temperature Analysis of a Metal Hydride Cartridge Using Exhaust Heat of a Fuel Cell for

Electric-assisted Bicycles, J. Shimogawa, D. Hara, S. Miao, N. Katayama, K. Dowaki, Journal of the
Japan Institute of Energy, 101, 152, 2022.

High-throughput transient photoluminescence spectrometer for deep learning of thermally activated
delayed fluorescence materials, M. Furukori, Y. Nagamune, Y. Nakayama, T. Hosokai, Journal of
Materials Chemistry C, 11, 4357, 2023.

A disposable enzymatic biofuel cell for glucose sensing via short-circuit current, J. Morshed, M. M.
Hossain, A. Zebda, S. Tsujimura, Biosensor and Bioelectronics, 230, 115272, 2023.

Role of dipyridyl disulfide cross-linking moieties in an acrylate photo-adhesive material, M. Furutani,
K. Nakayama, K. Okuma, K. Arimitsu, Journal of Polymer Research, 29, 245, 2022.
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Books

1.

HEOLT: R - VX —, PR R, PHESERE, B bER A, 228 ~—7,2023. (in
Japanese)

Photocatalytic Water Pollutant Treatment: Fundamental, Analysis and Benchmarking, K. R. Davies,
B. Jones, C. Terashima, A. Fujishima, and S. Pitchaimuthu, Nanostructured Materials for Environmental
Applications, Springer, 2022.

BRALTA B — X 2 AEH 3R, BEEE S, ?Lﬁu”jﬁ}ﬂ‘fk_t/\'ﬁ 42210 H, 2022. (in Japanese)
SONRIEALRIR, & FMEOREI (mayF7a W) , AR, #aFEIE, 84-85,2022.

(in Japanese)

Invited Lectures

1.

Functional Coordination Nanosheets, H. Nishihara, Seventh International Conference on
Multifunctional, Hybrid and Nanomaterials, Genoa, Italy, 2022.

2. KBtz RIH UTo il 7 A& el O B3, SpkE T8, ALHRKR, AmEESk, % 12 [ CSI 1k
T o AK 2022, OEAFER (FBFF - F0l) , ENSE, ¥ 7 —A—/UiRE, 2022. (in JA)

3. ANAAREIEMTHCRE, WKH ), R RES =T Ly U, BRI A —
Ty B bTATTH (%) | 2022. (in Japanese)

4. Total Scattering Studies of Lithium-Rich Transition-Metal Oxides for High-Energy Rechargeable
Batteries, N. Kitamura, AsCA2022, Jeju, Republic of Korea, 2022. (in Japanese)

5. U7 RVULREMOBRFEEIN~ERMEZ LS LT~ HEFEARE, EXbyat IS D,
F3E, 2023. (in Japanese)

6. In-Situ Observation of Copper Electroplating with Additves Using Microfluidic Devices, M. Hayase,
T. Akita, 242nd Meeting of the Electrochemical Society, Atlanta, 2022.

7.  Boron-doped Diamond Powder for Electrolytic Electrode Material, T. Kondo, International Conference
on Materials Science and Engineering 2022, Gold Coast, Australia, 2022.

8. The Challenge of Automated High-Throughput Experiments on a Variety of Powder Libraries,
K. Fujimoto, 241st ECS Meeting, Vancouver convention center, BC, Canada, 2022.

9. Epitaxial Organic Molecular Interfaces as Well-ordered Model Systems for Molecular Semiconductor
p-n Junctions for Optoelectronic Applications, Y. Nakayama, 241st ECS Meeting, Canada, 2022.

10. ARERAT 4 == F W2 70 3 — A /K ERESR B OREE, TAHEM, 5 32 [71 H A MRS,
ik, 2022. (in Japanese)

1. AR — PRI THET 2mEE 7 + FRY ~v—, AR, AARBEYS MEHESs -
MRS 2022 REEE 2 [IMFIERETE <, 42 7 1 BifiE, 2022. (in Japanese)

Patents

L Pl B, EHUREL T, FEEIER, CREM A OV TR, FREFSS 7170330 5, 2022. (in
Japanese)

2. BOEEBSE, EWNESLHRE BRI JOWIEFTE, No. 2022-006779, 2022. (in Japanese)

3. WUKRHD) i34, A ARREFEM, A ARREFEMTIER, BEREm, KOS AREE
MAHEMA 7 U —, F#jE 2023-055434, 2023. (in Japanese)

4. i &, HEE, ﬁ:ﬁb?&m%wwﬂgﬁé% Tiik, RO v 7T L, KFRE 2022-086983, 2022.
(in Japanese)

Public Relations

1 BB, o =— 7 R et L BER 2 m T~ T a g RO U Ry b B RIE A B
~RIE R OGS Z2 I U CTEE D570 25 8 2 B PERIIC RS ~, ORI R 7 L2 ) U — X,
2022. (in Japanese)

2. SEETEh, THERA vt JE - @R TOMRICOWT) , HARRFEHTM, 2023. (in Japanese)
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3. WUKRHED, Taxxx—iie LTEM FREOD =7 7 7S o APREFEM 2 ZHIT,
AT — Xy 7 R/ 7R, 2022. (in Japanese)

4. HFEAREE, EHE}, FOREBR, v 7 REMOEMMBERE  HER EITR K 256mAh/g,
H I T-2£587 4], 2023. (in Japanese)

5. WA, BTIEEETRE TR R 3R CHIIE ] |, 2023. (in Japanese)

Awards

1. T. Gunji, Featured Article in Polymer Journal, 2022 (8). “Syntheses and properties of Cu(Il), AI(III),
and Ti(IV) coordination polymers using an acetylacetonato-terminated polyhedral oligomeric
silsesquioxane, Y. Sato, R. Hayami, K. Yamamoto, T. Gunji, Polymer Journal, 54, 985-993, 2022.”

2. @E L, IEERLEE, AWM ENE AR R B2, 2022. (in Japanese)

3. A. Tkeda, N. Suzuki, A. Fujishima, C. Terashima, "CO, conversion by in—liquid microwave plasma
CVD with multiple parameters", Organizing Commitee of the joint Symposium 12th International
Symposium on Non-Thermal Plasma & International Symposium on Electrohydro Dynamics 2022,
ISNTP-12 & ISEHD [E|fE 433 Best Poster Presentation, 2022. (in Japanese)

4. M. Itagaki, S. Suzuki, I. Shitanda, and K. Watanabe, Featured in the List of 2022 ANNUALLY MOST
DOWNLOADED PAPERS Ranked 1st For Electrochemistry, The Electrochemical Society of Japan,
2023. (in Japanese)

5. N.Kitamura, T. Imura, N. Ishida, C. Ishibashi, Y. Idemoto, Supplementary Cover (ACS Omega), 2022.

6. N. Sakai, Cover Feature of European Journal of Organic Chemistry, Wiley-VCH, 2022.

7. K. Torii, S. Kumon, K. Sato, S. Kato, K. Dowaki, Second Paper Award, International Conference of
Biomass and Bioenergy 2022, 2022.

8. WA, Al A, YOCBERE : Afn 4 EEKFR &) - =¥ —#RE, “EiEkmS
FIEREL B OB B BT A 4 ) ~—/h— R i X D& L ", 2022 (in
Japanese)

9. ANEH, HH AKX, HARR—F 1 /T 7543 2022, (in Japanese)
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Individual Research Topics

Takahiro Gunji
“Studies on the polysilsesquioxanes having proton conductivity”

Polysilsequioxanes having phosphonic acid moiety as a side chain was synthesized and the proton
conductivity was evaluated as a function of temperature and humidity. Polysilsesquioxanes having
phosphonic acid moiety as a side chain was synthesized by the hydrolytic polycondensation of 3-
mercaptopropyl (trimethoxy) silane and the following thiol-ene reaction and alcoholysis. The thin film was
prepared and the conductivity was evaluated under high-humidity or low-humidity as a function of
temperature.

Hiroshi Nishihara
“Studies on metal complex two-dimensional materials ‘coordination nanosheets’”

Synthesis, structural analysis, elucidation of properties and functions, and application of coordination
nanosheets composed of combinations of metal ions and planar organic ligands have been carried out. We
found that bis (diimino) copper nanosheets are LIB cathode materials with high energy capacity. As for bis
(terpyridine) complex nanosheet M-tpy, we have developed a hetero-laminating method of Fe-tpy and Co-
tpy and found that it exhibits rectifying properties. The performance of perovskite solar cells was improved
by adding Zn-tpy.

Chiaki Terashima
“Development of diamond photocatalyst for highly efficient CO; conversion”

Diamond semiconductor has a potential to reduce the CO, molecules with high efficiency due to its wide
bandgap energy and the high reduction energy by the conduction band edge. We focused to use the diamond
materials in the research work with two strategies. One is to utilize the excimer lamp for ultraviolet
wavelength by using of low power, in order to excite the diamond photocatalyst. Second is to modify the
diamond nanomaterials with co-catalysts such as Ag, Cu, Sn and their core-shell structures.

Koji Arimitsu
“Synthesis of highly proton-conductive polymer materials”

Synthesis of a silicon-containing polymer was investigated as a substitute material for Nafion used in
polymer electrolyte batteries. After identifying the structure of the synthesized polymer and examining its
heat resistance and thermal decomposition behavior, it was found to be a polymer with high thermal stability.

Masayuki Itagaki
“Studies on the electrochemical methods to evaluate energy transformation devices”

Studies on the electrochemical methods were carried out to evaluate energy transformation devices like
lithium-ion battery and polymer electrolyte fuel cell, etc. For example, a precise electrochemical impedance
method has been developed to analyze degradation of lithium-ion batteries equipped in aircrafts. And new
surface treatments and its evaluation method have been developed for high durability of polymer electrolyte
fuel cells.

Isao Shitanda
“Study for wearable biofuel cell”

Paper substrate biofuel cells were fabricated by screen printing on paper substrates. This year, we
fabricated a biofuel cell using a novel water-based porous carbon ink. A new carbon ink using polysol as a
binder and water as a solvent was prepared. The output power of the new aqueous porous carbon ink was
higher than that of the conventional ink with NMP as a solvent and PVdF as a binder.
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Yasushi Idemoto and Naoto Kitamura
“Development of new cathode materials for magnesium secondary batteries and investigation of
discharge and charge mechanism”

To develop high-capacity cathode materials for magnesium secondary batteries with excellent cycle
properties, we investigated the electrochemical properties of spinel-type oxides with various metal
compositions, and found that Mg; 33V 67.-Mn,O4 exhibited excellent cathode properties. As for some samples,
surface modification with Zr compounds was found to be effective in improving cycle properties.

Norio Sakai
“Development of the novel synthetic method of sulfur-containing polycyclic heterocycles toward
electroconductive materials”

We focused the development of the effective synthetic method of sulfur-containing polycyclic
heterocycles, cyclic sulfide compounds, embedded in the seven-membered ring skeleton, in the hope that the
derivatives would be applied to electrochemical devises. It was found that when heating the mixture of a
terminal alkyne having a biphenyl group and potassium sulfide with a catalytic system composed of a
copper(l) halide and 1,10-phenanthroline as a ligand in N-methylpyrrolidone, the corresponding cyclic
sulfide was obtained in a relatively high yield.

Kiyoshi Dowaki
“A system analysis of H,S adsorbent using mine waste in the bio-hydrogen production system”
Energy production systems, through the combined biomass and fuel cells, can produce clean energy with
little environmental impact. However, H,S in the syngas from the plant causes the performance drop of fuel
cells. Therefore, in this study, the removal of H,S from synthesis gas after the gasification process was
investigated through experiments on the adsorption performance using granular neutralized sediment, of
which soil discharged from abandoned mines. In addition, the environmental impacts are estimated in terms
of life cycle engineering to reduce the environmental impact of hydrogen production.

Masanori Hayase
“Studies on the MEMS type miniature fuel cell”

We are developing a miniature fuel cell with silicon electrodes on which the catalyst layer and the fuel
channels are fabricated monolithically. Performance was improved by developing an electrolyte membrane
that has adapted shape to the recesses of the catalyst layer. Along with this, water flooding has become
conspicuous. Therefore, to observe the behavior of the generated water and promote its discharge, a novel
transparent PDMS channel cover was proposed.

Takeshi Kondo and Makoto Yuasa
“Research on aqueous electric double-layer capacitors using conductive diamond powder”

An aqueous electric double-layer capacitor (EDLC) was fabricated using boron-doped nanodiamonds
(BDND) as the electrode material and concentrated NaClO4 aqueous solution as the electrolyte, and its
durability was evaluated. In a charge-discharge cycle test with a cell voltage of 2.3 V, the capacitance reached
84% of the initial capacitance after 10,000 cycles. In addition, the capacitance was found to retain 97% of
the initial capacitance after a 10-hour float test at 2.3 V. Therefore, this aqueous EDLC was found to exhibit
sufficient durability even when used at a high cell voltage (2.3 V).
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Kenichi Sakai
“Adsorption characteristics and reaction film analysis in mixed extreme-pressure agents”

We characterized the adsorption and desorption behavior of mixed extreme-pressure (EP) agents at an
iron oxide/dodecane interface. The two EP agents could adsorb on the iron oxide competitively, and the
phosphorus-type EP agent inhibited the adsorption of the sulfur-type EP agent. The phosphorus-type EP
agent promoted the formation of an oxidized surface film of sulfur components on steel under sliding
conditions. This also contributed to decreased kinetic friction coefficient for the mixed EP agent system.

Kenjiro Fujimoto
“Study on chemical oxidation of cathode materials for lithium-ion batteries”

Chemical oxidation with a mild acid was tried on LiNi;;3Co1,3Mn;30; without the strong oxidant NO2BF.4.
In solid-liquid reaction with carbonated water, no change in Li content was observed after 130 hours, and the
maximum amount of Li desorption was 67%. XANES spectra of the acid-treated samples showed an increase
in Ni and Co valence compared to pristine. The charge balance due to Li* desorption was considered to be
an increase in transition metal valence and ion exchange to H3O". Thermal analysis of the powder after 25
hours of treatment with carbonated water (Li=0.53) showed a weight loss around 250°C, corresponding to a
phase change to a spinel structure. Therefore, the heat treatment conditions were fixed at 200 °C for 30 hours,
and the valence and initial discharge capacities were compared before and after heat treatment. Although the
initial discharge capacity improved after heat treatment, it did not reach the value indicated by pristine,
suggesting residual water in the interlayer.

Noboru Katayama
“Diagnosis of Lithium-ion Batteries Using Machine Learning and Electrochemical Impedance
Spectroscopy”

In recent years, there has been growing interest in diagnostic techniques for the internal state of lithium-ion
batteries. The electrochemical impedance spectroscopy is a non-destructive approach to estimate the internal
state of a device. In this study, a method for estimating the internal state that is independent of measurement
conditions was proposed using machine learning. Data on the SoC and SoH of lithium-ion batteries were
collected through experiments, and a model using a neural network was trained to perform estimation. The
results showed that the internal state can be accurately estimated without being dependent on temperature.

Yasuo Nakayama
“Construction and electronic characterization of well-defined molecular semiconductor p-n junctions
built on organic single-crystal substrates”

The functionalities of organic electronic devices such as organic solar cells are rooted in p-n junctions
where different kinds of organic semiconductor molecules come into direct contact with each other, and the
structural control and electronic properties in such intermolecular junctions are main points for the
development of the devices. In FY2022, we have summarized the researches on well-defined molecular
semiconductor heterojunctions as a review paper. We have also developed a new method to evaluate the
luminescent properties of OLED material molecules promptly and efficiently as a collaborative research with
the Joint Graduate School (AIST).

Seiya Tsujimura
“Development of High-Performance Enzyme Electrodes”

We develope effective interface between enzymes and electrodes to enhance the performance of
electrohcemical biosensors and biofuel cells that use enzymes as electrocatalysts. In particular, we focus on
the development of organic mediators that facilitate electron transfer between enzymes and electrodes. We
are working on immobilization of redox mediator on porous carbon materials and modification of polymers.
The obtained materials will be applied to printed electrochemical devices.
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Junji Akimoto
“Synthesis, crystal structure and conduction properties of novel lithium ion conducting oxides”

We focused on LisSi04-Li3sPOj4 solid electrolytes as lithium ion conducting oxides and optimized the
synthesis conditions. The crystal structures of the synthesized samples were investigated in detail, and the
correlation between the crystal structure and lithium ion conductivity was examined.
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Development of Superior Cell and DDS for
Regenerative Medicine
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Development of Superior Cell and DDS for Regenerative Medicine

1. Overview

The objective of this research division is to accelerate regenerative medicine. We aim to develop
“Superior Cells” by enhancing the functionality of cells that are administered to the body for therapeutic
purposes. We also plan to develop drug delivery systems (DDS) that precisely control the pharmacokinetics
of cells and other functional molecules in the body. The therapeutic targets of the developed superior cells
and DDS will include the respiratory system, brain, immunological system, cancer, and other disease areas,
with the goal of developing therapeutic methods for these diseases.

This research division consists of four collaborative groups that promote research on the development of
superior cells and DDS to accelerate regenerative medicine. The “Superior cell/DDS Development Group”
will design and develop superior cells and DDS for controlling the pharmacokinetics of cells and various
bioactive substances within the body. Superior cells are developed by adding new functions to cells,
constructing cell spheroids and organoids, and utilizing extracellular microparticles. In addition, DDS
technology will be utilized for superior cells, and its effectiveness will be verified in animal disease models.
The “Cell Function Regulation System Development Group” will create new molecules that control cell
function and develop functional materials to support regenerative medicine and cell therapy. The “Physical
Properties Control and Evaluation Group” will evaluate the physical properties of the various functional
molecules and materials developed by the above groups to support the optimization of the functions of the
superior cells and DDS. The “Cell/tissue Regeneration Group” will elucidate the mechanisms of organ
regeneration and treatment of the lungs, bones, and other organs, as well as the interactions of DDS and the
immune system.

2. Organization and Faculties

As shown in Figure, 15 researchers from inside and outside the university are participating in this research
division, which is organized into four groups to promote research on “Development of Superior Cell and
DDS for Regenerative Medicine”.

1. Superior cell/DDS Development Group

2. Cell Function Regulation System Development Group
3. Physical Properties Control and Evaluation Group

4. Cell/tissue Regeneration Group

The facilities in our division are located in the laboratories of participating researchers in the School of
Pharmacy and the School of Advanced Engineering. These facilities include an image analysis system,
LC/MS system, liquid chromatography system, plasma ionization quantification system, powder
characterization system, flow cytometer, ultrafine structure observation system, single crystal X-ray
diffraction system, powder X-ray diffraction system, differential scanning calorimetry system,
thermogravimetric analysis system, and infrared spectrophotometer, a high-performance respiratory function
analysis system, all of which are used jointly within the research divisions to conduct our research topics.
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[Superior cell/DDS development group]
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Figure. Members in each group for Development of Superior Cell and DDS for
Regenerative Medicine.

3. Activity Reports

On December 8, 2022, the division hosted the “TUS DDS Symposium 2022”. In addition to the progress
reports from each research group, two invited lectures were given. Dr. Nobuhiro Nishiyama (Tokyo Institute
of Technology) gave a talk entitled “Core-Shell Design of Polymeric Micelles for Biopharmaceutical
Delivery Systems. Also, Dr. Mitsuhiro Ebara (National Institute for Materials Science) gave a lecture entitled
“Development of Medical Devices Utilizing Shape Memory Polymers: Application to Cell Function
Manipulation.” The symposium was held as a closed-door event and was attended by 59 participants, mainly
from the departments within the university.

3. 1. Superior cel/DDS Development Group

This group conducted research on the preparation of mesenchymal stem cell spheroids with anti-
inflammatory properties. The cell spheroids resulted in a significant improvement in cell viability in the lungs
as well as a suppression of the inflammation in a pulmonary inflammation mouse model. The use of an on-
chip electrochemical device has successfully measured oxygen consumption of cell spheroids without
destruction. In addition, active vitamin D3-encapsulated functional lipid nanoparticles have been found to
exhibit alveolar repair effects at low doses with reduced side effects. Furthermore, the results of an in vivo
treatment study using lysozyme-sensitized mice revealed that lysozyme-containing biodegradable
nanoparticles in combination with iontophoresis for transdermal immunotherapy could provide a therapeutic
effect equivalent to that of an injection containing conventional biodegradable nanoparticles.
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3.2. Cell Function Regulation System Development Group

This group established new methodologies to introduce mannose, which is specifically recognized by
macrophages and dendritic cells, onto the outermost surface of core-corona type thermoresponsive
microparticles that can change their surface properties in response to temperature changes. In addition, the
group has successfully prepared a DNA-covered nanostructure with self-immolative ability in an intracellular
reducing environment.

3. 3. Physical Properties Control and Evaluation Group

This group performed singular value decomposition on the interaction between drug carriers and
functional molecules, including several drugs. The group also developed theoretical studies on the
diffusiophoresis of spherical and cylindrical hard particles and particles covered with a layer of
polyelectrolyte.

3. 4. Cell/tissue Regeneration Group

This group independently found that Goreisan, a Kampo medicine, suppresses inflammatory responses
through the inhibition of AQP4 water channel function. Also, hydrogels based on sodium alginate or pectin
were successfully prepared for pharmaceutical additives that improve the efficacy and stability of the main
drug in pharmaceutical manufacturing. In addition, the group succeeded in generating a disease model mouse
that is expected to contribute to the elucidation of various human pathological conditions and new therapeutic
strategies. Furthermore, the group successfully elucidated the mechanism of the relationship between the
environmental abnormalities in cell adhesion signaling and the progression of age-related diseases.

4. Challenges and Prospects

This division promoted collaboration within the division, which was identified as an issue raised in the
Ist year establishment. As a result, we were able to obtain patents and publish original papers through
collaboration within the research group in this division. On the other hand, the importance of collaboration
between groups was shared by the members of this division, but unfortunately it has not been extensively
performed. Importantly, this division is composed of researchers with various specialties in interdisciplinary
areas. In order to take advantage of this situation, we will work on discussing a strategy to realize
collaboration among the group. This is expected to produce results that will accelerate regenerative medicine,
which is the objective of this division.

5. Conclusion

This division has entered its second year since its establishment. The division had the opportunity to hold
several steering committee meetings and division-organized symposiums, which have supported to promote
mutual understanding of the research topics that each member is working on with their own unique concepts.
As aresult, progress has been made in collaboration within the division. This division will continue to follow
1% year-direction and work as a division to develop “superior cells” and new treatment methods through the
promotion of collaborative research. These efforts will create new concepts based on the keywords “superior

cells”, “regenerative medicine”, and “DDS”. The division plans to promote research in collaboration with
outside research institutions and in partnership with hospitals to conduct clinical trials and obtain patents.
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Major Research Achievements (FY 2022)

Academic Papers

Makiya Nishikawa, Kosuke Kusamori

1.

10.

11.

Intravenous injection of mesenchymal stem cell spheroids improves the pulmonary delivery
and prolongs in vivo survival, Yoshihiko Shimazawa, Kosuke Kusamori, Mari Tsujimura,
Asuka Shimomura, Ryo Takasaki, Yukiya Takayama, Kazunori Shimizu, Satoshi Konishi,
Makiya Nishikawa, Biotechnology Journal, vol 17 pp €21001