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[SO04-3am-01] Overview of Materials Informatics
oRyo Yoshida Yoshida' (1. The Institute of
Statistical Mathematics)
9:40 AM - 10:30 AM

[SO4-3am-02] Machine-Learning-Assisted Synthesis of
Novel Metal-Organic Frameworks
ODaisuke Tanaka'? (1. Kwansei Gakuin
University, 2. JST PRESTO)
10:30 AM - 11:00 AM

[S04-3am-03] Rapid optimization of flow reaction
conditions by organic chemists using
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ONobuyuki MASE' (1. Shizuoka University)
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[SO4-3pm] T1C. Advances in informatics-driven
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Chair, Symposium organizer:Hikaru Takaya, Kazuhiro Matsumoto,
Hironobu lyama
1:00 PM - 4:10 PM Webiner 4 (Online Meeting)

[SO4-3pm-01] Recent progress of deep learning and its
application to chemical synthesis
OKosuke Nakago' (1. Preferred Networks,
Inc.)
1:00 PM - 1:50 PM

[S04-3pm-02] Machine Learning for Chemical and
Chemical Engineering Data Analysis and
Molecular Design and Materials Design
OHiromasa Kaneko' (1. Meiji University)
1:50 PM - 2:20 PM

[S04-3pm-03] Recommendation of catalysts based on the
database of reaction pathways and
machine learning
OMiho Hatanaka'? (1. Keio University, 2. Nara
Institute of Science and Technology)

2:30 PM - 3:00 PM
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[SO4-3pm-04] Descriptor representation for quantum
chemistry with deep learning
OMasashi Tsubaki' (1. National Institute of
Advanced Industrial Science and Technology)
3:00 PM - 3:30 PM

[S04-3pm-05] New Spectral Analysis Scheme by using
Machine Learning
OHidekazu Ikeno' (1. Osaka Prefecture
University)
3:30 PM - 4:00 PM
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Energy harvesting

Chair, Symposium organizer:Atsushi Yamamoto, Eiji Hosono
10:00 AM - 12:00 PM Webiner 3 (Online Meeting)

[SO03-3am-01] Future of energy harvesting opened up by
fusion of chemistry and mechanical
engineering
OYuji Suzuki', Tomoya Miyoshi', Kuniko Suzuki'

(1. The University of Tokyo)
10:10 AM - 11:00 AM

[S03-3am-02] An integrated approach to thermoelectrics:
from materials to devices
OMichihiro Ohta' (1. AIST)
11:00 AM - 11:30 AM

[S03-3am-03] Novel approach for improvement of
thermoelectric voltage by using band
enginerring
OShinji Munetoh1, Eisuke Nakamura1, Makoto
Arita’ (1. Kyushu Univ.)

11:30 AM - 12:00 PM
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Energy harvesting

Chair, Symposium organizer:Atsushi Yamamoto, Eiji Hosono
1:00 PM - 3:00 PM Webiner 3 (Online Meeting)

[SO03-3pm-01] Material enhancement principles and
applicative considerations for loT
thermoelectric power generation
OTakao Mori' (1. National Institute for Materials

Science (NIMS))



1:00 PM - 1:50 PM

[S03-3pm-02] Development of thermoelectric power
sources for environmental monitoring
oRyoji Funahashi', Tomoyuki Urata1, Yoko
Matsumura1, Hiroyo Murakami1, Hitomi lkenishi’

(1. AIST)

1:50 PM - 2:20 PM

[S03-3pm-03] Development of thermal management and
thermoelectric materials by a combinatorial
sputter coating method
OMasahiro Goto! (1. NIMS)
2:20 PM - 2:50 PM
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[SO5-3pm] T3C. Bio-ventures to establish a new era

of modalities
Chair, Symposium organizer:Hiroaki Suga, Osamu Ohno, Shuichi
Yunomura
1:00 PM - 4:40 PM Webiner 5 (Online Meeting)

[SO5-3pm-01] SanBio, aiming for "Brain Regeneration"
OKeita Mori' (1. SanBio Company Limited)
1:10 PM - 1:50 PM

[SO5-3pm-02] Development of cell therapy toward the
practical application
OMasaharu Tani' (1. Gene Techno Science Co.,
Ltd. )
1:50 PM - 2:30 PM

[S05-3pm-03] The front line of gene editing and Modalis'
novel gene modulation therapy
©Haru Morita' (1. Modalis Therapeutics)
2:40 PM - 3:20 PM

[SO5-3pm-04] Innovative New Modality offered by
MiraBiologics Inc.
OMasuhiro Kato' (1. MiraBiologics Inc.)
3:20 PM - 4:00 PM

[SO5-3pm-05] Challenges of Japanese biotechs: From a
global perspective of industry, government
and academia
OKeita Masui' (1. Deloitte Tohmatsu Consulting
LLC)
4:00 PM - 4:40 PM
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[SO7-3am] Proposal of a new academic area by the

fusion of analytical chemistry and

materials and interface chemistry
Chair, Symposium organizer:Kae Sato, Kiichi Sato
9:00 AM - 11:40 AM Webiner 7 (Online Meeting)

[SO7-3am-01] Transport phenomena between water-in-oil
droplets and reverse micelles and their
applications to selective enrichment and
bioanalysis
OAkihide Hibara1, Mao Fukuyama1 (1. Tohoku
University)

9:02 AM - 9:25 AM

[SO7-3am-02] Design of high-performance chemical
sensing system based on hydrophobic
extreme concentration dye liquid material
©Hideaki Hisamoto' (1. Osaka Prefecture
University)

9:25 AM - 9:48 AM

[SO07-3am-03] Dental materials based on the interfacial
science
OYoshiko Miura Miura' (1. Kyushu University)
9:53 AM -10:16 AM

[SO7-3am-04] Fabricating biosensors using enzymes as
recognition motifs.
©Daisuke Umeno' (1. Chiba University)
10:16 AM - 10:39 AM

[SO7-3am-05] Signal condensation by nanoparticles
©Jun Nakanishi' (1. National Institute for
Materials Science)

10:44 AM - 11:07 AM

[SO7-3am-06] Chemical Analysis Using Soft Interface from
DNA-Functionalized Gold Nanoparticles
©Mizuo Maeda' (1. RIKEN)
11:07 AM - 11:37 AM
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[SO6-3am] Learning from the past for the future

generation microwave chemistry
Chair, Symposium organizer:Yoichi M. A. Yamada, Shuntaro
Tsubaki, Yuji Wada, Nobuyuki Mase
9:00 AM - 11:40 AM Webiner 6 (Online Meeting)

[S06-3am-01] Theoretical Studies on Microwave Effect
OMotoyasu Sato', Shin Nakatani' (1. Chubu



University)
9:05 AM - 9:25 AM

[S06-3am-02] Microwave exciting molecular mechanism
observed by in situ microwave irradiation
NMR spectroscopy
OAkira Naito" (1. Yokohama National
University)
9:25 AM - 9:45 AM

[S06-3am-03] Innovative Ironmaking replaced blast
furnace -lronmaking heated by microwave-
©Kazuhiro Nagata1 (1. Professor Emeritus,
Tokyo Institute of Technology)
9:45 AM - 10:05 AM

[S06-3am-04] Recent Advances in the Mechanistic Study
on Microwave-Assited Organic Reactions
OHikaru Takaya1’2’3 (1. Institute for Molecular
Science, 2. Kyoto University, Institute for
Chemical Research, 3. Department of Energy and
Hydrocarbon Chemistry, Graduate School of
Engineering, Kyoto University)
10:15 AM - 10:35 AM

[SO06-3am-05] Multiphasics of complex field for chemical
reaction in microwave heating
OKeiichiro Kashimura' (1. Chubu Univ.)
10:35 AM - 10:55 AM

[S06-3am-06] Direction of Microwave Apparatus for Next-
Generation Microwave Chemical
Processing
STomohiko Mitani' (1. Kyoto University)
10:55 AM - 11:15 AM

[S06-3am-07] Development of high-temperature
hydrogen ironmaking reaction process
utilizing microwaves
OKo-ichiro Ohno' (1. Kyushu University)
11:15AM -11:35 AM

Symposium | Special Program | Synchrotron-based Molecular Structure
Analysis for Chemists: w-SCXRD, PXRD, PDF, and XMCT

[S06-3pm] Synchrotron-based Molecular Structure
Analysis for Chemists: w-SCXRD, PXRD,

PDF, and XMCT
Chair, Symposium organizer:Hikaru Richard Takaya(Kyoto
University), Tetsuo Honma
1:00 PM - 3:40 PM Webiner 6 (Online Meeting)

[S06-3pm-01] Basics and Recent Advances in Single
Crystal X-ray Structure Analysis

CHidehiro Uekusa' (1. School of Science,
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Tokyo Institute of Technology)
1:00 PM - 1:30 PM

[S06-3pm-02] Structure Analysis of Single Crystal and
Powder Diffraction Using Synchrotron
Radiation X-rays
OKunihisa Sugimoto™? (1. Japan Synchrotron
Radiation Research Institute, 2. Kyoto
University)
1:30 PM - 2:00 PM

[S06-3pm-03] A New Microcrystal Analysis by Electron
Diffraction
OTakayuki Nakamuro' (1. The University of
Tokyo)
2:00 PM - 2:30 PM

[S06-3pm-04] Local structurural analysis using PDF (Pair
Distribution Function) method
CHiroki Yamada' (1. Japan Synchrotron
Radiation Research Institute)
2:30 PM - 3:00 PM

[S06-3pm-05] Structural analysis of sulfide solid
electrolytes using Pair Distribution
Function
OHiroshi Yamaguchi1, Futoshi Utsuno1, Koji
Ohara® (1. Idemitsu Kosan Co.,Ltd., 2. Japan
Synchrotron Radiation Research Institute)
3:00 PM - 3:20 PM

[S06-3pm-06] Fundamentals and Frontiers of Synchrotron
Radiation X-ray Microtomography
CAkihisa Takeuchi' (1. Japan Synchrotron
Radiation Research Institute)

3:20PM - 3:40 PM
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Overview of Materials Informatics ('The Institute of Statistical Mathematics, Research
Organization of Information and Systems, *National Institute for Materials Science) ORyo
Yoshida'?

Keywords: Machine Learning, Forward and Inverse Problems, Small Data, Molecular Design,
Synthetic Route Design

In general, the parameter space of materials science is quite huge. For example, the chemical
space of small organic molecules is known to consist of more than 10 candidates. In addition,
the dimensionality of the parameter space explodes with the addition of other design parameters
such as process, additives, and solvent selection in practical material development. Most
problems that we face come down to the identification of parameters that exhibit desired
properties from such a large search space. This is a multi-objective optimization problem. The
essential difference to general industrial design lies in the peculiarity and high dimensionality
of the parameter space. Conventional materials research has involved a time-consuming,
resource-intensive cycle of parameter design based on experience and intuition of human
experts, property assessments made by simulation and experiments, and revision of design
guidelines. However, there are barriers that cannot be overcome by such traditional approaches.
By introducing advanced technologies of data science into such a circulation process, we aim
to innovate the way of materials research. This is the mission of the interdisciplinary field called
materials informatics (MI). In this talk, [ present an overview of MI and some key technologies
of machine learning along with the concept of representation, learning, and generation of
various materials. Various applications (e.g., polymer design based on Bayesian inference
[1,2,3], machine learning for synthetic route planning [4], the integration of computational
chemistry and machine learning technology within the framework of adaptive design of
experiments, transfer learning to overcome limited data [5,6,7], prediction and computational
design of microstructure using deep generative models [8], etc.) will be introduced, covering
topics such as forward and inverse problems, representation and generation of materials
structure, transfer learning, interpolation and extrapolation, and laboratory automation based
on machine learning for adaptive experimental design strategy.
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[1] Ikebata et al. Bayesian molecular design with a chemical language model. J Comput Aided Mol Des.
31(4):379--391 (2017).

[2] Wu et al. Machine-learning-assisted discovery of polymers with high thermal conductivity using a
molecular design algorithm. npj Comput Mater. 5:66 (2019).

[3] Wu et al. iQSPR in XenonPy: a Bayesian inverse molecular design algorithm. Mol Inform. 39(1-
2):1900107 (2020).

[4] Guo et al. Bayesian algorithm for retrosynthesis. J Chem Inf Model. 60(10):4474—-4486 (2020).

[5] Yamada et al. Predicting materials properties with little data using shotgun transfer learning. ACS
Cent Sci. 5(10):1717-1730 (2019).

[6] Ju et al. Exploring ultrahigh lattice thermal conductivity crystals via feature-based transfer learning.
ChemRxiv (2019).

[7] Minami et al. A general class of transfer learning regression without implementation cost. Proc of
AAAI (2021).

[8] Banko et al. Predicting structure zone diagrams for thin film synthesis by generative machine learning.
Commun Mater 1, 15 (2020).
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Aziridination of Styrene Derivatives Using Iminoiodinane Catalyzed by Ilodine and
Ammonium lodide ('Graduate School of Engineering, Osaka University, >Graduate School of
Engineering, Kyoto University) Kensuke Kiyokawa,! OTomoki Kosaka,' Satoshi Minakata,'
Teruyuki Kondo?

Metal-Organic Frameworks (MOFs) exhibit promising functionalities by utilizing the
framework structures. Because MOFs can form many crystal polymorphisms, it is difficult to
predict synthesis condition to realize desired structures. Mechanism of crystallization process
of MOFs is not fully understood, and time consuming exploration has been required to optimize
the synthesis conditions. Here, we focused on machine learning techniques, i.e. cluster analysis
and decision tree analysis, to improve the accuracy of the prediction for the synthesis conditions.
In this work, we explored the synthesis conditions of MOFs with polynuclear metal nodes using
high throughput screening systems and machine learning technique.

Keywords : Metal-Organic Frameworks; Machine Learning

[#E]

—RIZ, BR-A S
& (MOF) O34
&7 T ALK —D DR
SNTEY, ZOMEIX
Ky~ (0D), 77/ UA

2D
T— (D), 7/ LAY 1. £BY 5 R4 —%HI=#H D MOF Ol
— (2D) 7R LIz b7
STW5 (K1), MOF ffh &2 i 7 5 R 2 —EFERE G & X, B 5 ik
518 DUEEE CIXEBIREE 7 5 B 70 B AR EEE DS R FTRE T H D 72 BT W)
MRPE A« A AV EERMEOERD R CTX 5, AR TIL, IRR TG % T
HIUZFF D MOF D& SRR I 8 O FEZTER T 22 a3 5,

[MRFE I L3/ 1TIH 7 5 2% —MOF D& REM#ER]

—ixic, i HEAE - AEEEER (Ln-MOFs) 1T Al oz=RIz L »Ta
< B ZHEE ORISR SN T LE V., ORI AN IREETH 5
ZERMBINTWD, ZHIUE A A A SR D SRR R R E 2 B D T2
UELZE R E N B EIUR ST LE S Z LICHE L TV D, A TR, Tubd
J& & LTA (L) A A, YMEELAL L LCT LT Z Vg (BDC) % IV Ln-
BDC-MOFs D&M 5Tz Z A, AN Rax VA4 4 TRIGS

© The Chemical Society of Japan - S04-3am-02 -



S04-3am-02 AZ{b2a B1015SE2 (2021)

iz 2 ot LA ¥ —IZ BDC 23MEE L

TN LEZHHOE T — LA ¥ — e
151 2 £ KGF-3 D& IR L7, \o a{rhl«iasa Vs
LA L, KGF-3 OfEIEHEMENE | = 22 mM

<\ BB & KB 5 T & R (< %

THIENREETH Tz, £Z T, ML Eaﬁ?lu " W KGF-3

%Lf:ﬁﬁi%#\&?%%@f:éﬁ{i%@ No[ = 18mM |YES  m Ln(BDC)(HCOO)

f Rz HIZ L TRERFAE 21T o772 b) ﬁ fﬁ B Ln,(BDC)(H,0),(OH),
|

L DA BRI R KIF TN W Ln(CO;)(u-OH)
ANDAtS-Z- T AE S NN I ey (gl

TO3IOTHLZ ERRENT, 1. HEIESR

I T O RERULORBEZY vof 21zh]ves

5 (B2 ), 2. BIERED ARAN T I
DEE, WEEPNICIRERA A2 73R A T g—
End (2 (), 3. LEA A O Af P®=1 g
HOWELZZITS (M2(c), 26D %= @

R ERICEEN Z R LT L I

25, Dy & Ho &\ = KGF-3 21 ) [ —— BOWE —— 1
BMEE AT DRSS E FET I_ _I
5 Z TP LT, 15 BTz KGF-3 1
BKPEOMALE LA ¥ —RlIcF LT 22 IRTEATE DR
BY, BRESETTEWT 2 F AR

AR T ZE NGB N E T,

[HBEB I L B AgS 7 T A H —MOF DA RELMER]
ARFZECIL, $RA A2 ERERENL T TH D Y F AT XVERD O %D B MOFs
DERRE ., IBE, WL, BESEAMSEEZEZ TN, ANV—Ty hVAT AL VT
ELNTEMER X BRET R = B HER LEETH D Y T AZ = L0 fiF
HrL7e, 2N RICEEH D 58 TH DIRERIZ L DIENT 24TV GRS & Bl ]
Z— OMEZFHMEI L7z & 2 A RAORERHEN BT 2 A MSEENHA LN E o7z,
FRIZ, SUSIZAKFA A RENEERERZRI-T 2NN E D | @B E
FerEZ A9 5 KGF-6 ORI GG EZRET 5 Z LI LT,

1) “Semiconductive Nature of Lead-Based Metal-Organic Frameworks with Three-
Dimensionally Extended Sulfur Secondary Building Units” Y. Kamakura, P. Chinapang, S.
Masaoka, A. Saeki, K. Ogasawara, S. R. Nishitani, H. Yoshikawa, T. Katayama, N. Tamai, K.
Sugimototo, D. Tanaka*, J. Am. Chem. Soc. 2020, 142, 27-32.
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Rapid optimization of flow reaction conditions by organic chemists using chemoinformatics

(Research Institute of Green Science and Technology, Shizuoka University)
ONobuyuki MASE

Chemoinformatics has recently been widely introduced in the area of organic chemistry
much faster beyond their prediction. Chemical synthesis, one of the fundamentals of
manufacturing, however, should pay attention to the following points as the key factors; i.e.,
final products, methods of synthetic procedures, the scale of the end product, length of synthetic
time, and saving of labor-intensive approach. We will present a scale-up-oriented rapid
conditional optimization of continuous and discrete variables in flow reactions.

Keywords :  Green manufacturing;, Flow chemistry; Chemoinformatics; Design of
Experiments; Reaction condition optimization
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[SO04-3pm] T1C. Advances in informatics-driven synthetic chemistry
Chair, Symposium organizer:Hikaru Takaya, Kazuhiro Matsumoto, Hironobu lyama
Sun. Mar 21, 2021 1:00 PM - 4:10 PM Webiner 4 (Online Meeting)

[SO4-3pm-01] Recent progress of deep learning and its application to chemical
synthesis
OKosuke Nakago1 (1. Preferred Networks, Inc.)
1:00 PM - 1:50 PM

[SO04-3pm-02] Machine Learning for Chemical and Chemical Engineering Data
Analysis and Molecular Design and Materials Design
OHiromasa Kaneko' (1. Meiji University)
1:50 PM - 2:20 PM

[S04-3pm-03] Recommendation of catalysts based on the database of reaction
pathways and machine learning
Miho Hatanaka'? (1. Keio University, 2. Nara Institute of Science and Technology)
2:30 PM - 3:00 PM

[SO4-3pm-04] Descriptor representation for quantum chemistry with deep learning
©Masashi Tsubaki' (1. National Institute of Advanced Industrial Science and
Technology)
3:00 PM - 3:30 PM

[SO04-3pm-05] New Spectral Analysis Scheme by using Machine Learning
OHidekazu lkeno' (1. Osaka Prefecture University)
3:30 PM - 4:00 PM
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Recent progress of deep learning and its application to chemical synthesis (! Preferred Networks,
Inc.) Kosuke Nakago'

Recent high attention for deep learning opened the door for its application to various fields.
In the first half, various types of neural networks are explained to apply specific domains, for
images, natural languages, and graphs. In the latter half, how to apply these deep learning
techniques to chemical synthesis is introduced. Also, some industrial movement, e.g.
automation of chemical synthesis, is mentioned at last.

Keywords : Deep Learning, Machine Learning, Chemical Reaction, Retrosynthesis
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Machine Learning for Chemical and Chemical Engineering Data Analysis and Molecular

Design and Materials Design (Department of Applied Chemistry, Meiji University) O
Hiromasa Kaneko

In Data Chemical Engineering Laboratory (Kaneko Laboratory) https://datachemeng.com/,
datasets of various functional materials are analyzed with machine learning, hidden
relationships among them are modeled, and promising chemical structures, materials and
products are designed based on the models. This talk describes how machine learning can
support the research, development, evaluation, and manufacture of highly functional materials,
and presents research examples in the field of chemoinformatics and materials informatics.
Keywords : Chemoinformatics; Materials Informatics, Process Informatics; Molecular Design,
Material Design

TEALZDOHEEERICBWTT — 2RSS >ob Y, TOT — X & fiEf
o 28 E BIEFIZ/R > TS, Lol WFRETOERMER, SsiEEM ez &0
BART — & AL - FEET T U MR W THiA Rl 2 ST o7 — 27 & &
a7 —2&2+0IdEA LENRTORWVIRI B IFET 5, 7 — Z L LEIEE
https://datachemeng.com/ Ti%, B3 « MO TLEWEILI LD & L THR A I Eiee(t
AW MBI OF =2 B o ¥ a—F TANLAGE MBSV L, Tofic
BRI CW D BRMEEZ RO ET ML L, ZOET M EH &SV TRAMO(LSAEE - #
Bl BB AFMH L0, BREFLZ0 LTWB, fl 2 TS HEReE R 2 B R 2B, 1k
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Recommendation of catalysts based on the database of reaction pathways and machine learning
(' Faculty of Science and Technology, Keio University *Nara Institute of Science and
Technology) OMiho Hatanaka'~

A number of transition metal complexes have been developed for catalysts so far, however, it
is not easy to select an appropriate catalyst (ligand) for each reaction because the catalytic
ability depends heavily on the reaction conditions (substrate, ligand, etc). To accelerate the
discovery of a suitable catalyst for each reaction, machine learning system that predict the
catalytic ability is in great demand. In this talk, I propose to use the energy change and structural
change of elementary reactions, computed using the Global Reaction Route Mapping (GRRM),
as universal descriptors for catalysts.

Keywords : Artificial Force Induced Reaction Method, Transition Metal Complex Catalyst
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B LIEFHETH Y . BROMEANRH S, > UL, ALRETH-Th, B2
b2 PN 53, AIRIE A D FTGHRRIK & ) U RRIR 2 30 2 IRAEIE 72\, 2 007, il
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SHIL, EMACREREZ T 5 & ) il o % E 2 BBt TE 5 2L Th D,

EERZ, AFIR {EEBRE L, #ix 2B 2 F> Pd BT VEEIRICOWT, G
(FRALBOLM, FALUG, 7 A2 Z bR E) ORISR Z RO, B Loz x
LR —OMIE N T A Z OFRAZIE LTz, AR TIL, Pd S8R A A &+ 25850
FOGOBNT, il (Bhz7) & flfiiae (RO BERYE) O E 7 1 IC X
HIRNTRE R AR L. 2 OFRIE D24 M 2 im T 5,

@fﬁ%ﬁﬁ:ﬁzfmw— - ENT AR | ;ggg-;:;ﬂ

T BRF BT SdT BHES

N ¢ R ) R I Y

FfFA 3/ 102 51 012 2.4 - —— —  43.1
(t-Bu)sP

mers (0 73 13 o088 15 - —— MM (> 658
PPh,  PPh, TN

BEFC /= 155 32 051 29 - —— —> 112
=N N~

FRH OB F 53

X 2 @ FEEISOREEE O Wz il (W D e T S 2 7 4

1) S. Maeda, K. Ohno, and K. Morokuma, Phys. Chem. Chem. Phys., 2013, 15, 3683.

2) A. Miyazaki, M. Hatanaka, ChemCatChem, 2019, 11, 4036.; X.-F. Wei, T. Wakaki, T. Itoh, H.-L. Li,
T. Yoshimura, A. Miyazaki, K. Oisaki, M. Hatanaka, Y. Shimizu, M. Kanai, Chem. 2019, 9, 585; M.
Hatanaka, K. Morokuma, J. Am. Chem. Soc. 2013, 135, 13972.

3) M. Hatanaka, K. Morokuma, ACS Catal. 2015, 5, 3731.
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Descriptor representation for quantum chemistry with deep learning ('National Institute of
Advanced Industrial Science and Technology) Masashi Tsubaki!

Deep neural networks (DNNs) have been used to successfully predict molecular properties
calculated based on the Kohn--Sham density functional theory (KS-DFT). Although this
prediction is fast and accurate, we believe that a DNN model for KS-DFT must not only predict
the properties but also provide the electron density of a molecule. This letter presents the
quantum deep field (QDF), which provides the electron density with an unsupervised but end-
to-end physics-informed modeling by learning the atomization energy on a large-scale dataset.
QDF performed well at atomization energy prediction, generated valid electron density, and
demonstrated extrapolation. Furthermore, we provide another aspect of QDF, not as a machine
learning model for predicting a molecular property; we assume that the final layer of the pre-
trained QDF model encodes the fundamental quantum-chemical characteristics (i.e., wave
function) of a molecule learned from a large number of molecules.

Keywords : Machine Learning, Density Functional Theory, Materials Informatics
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DFE V., FEBREA 2~5keal/mol DFAFZET TR TE 2 LTk D,

AFEFTIIMZ T, QDF ITHARDZ =R/ F—DFH « FHICHWSL NS Z1T T
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1, Quantum deep field: data-driven wave function, electron density generation, and energy prediction and

extrapolation with machine learning, Masashi Tsubaki and Teruyasu Mizoguchi, Physical Review Letters, 2020.
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New Spectral Analysis Scheme by using Machine Learning (' Graduate School of Engineering,
Osaka Prefecture University) OHidekazu Ikeno'
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Fig. 1 Schematic drawing of the neural network model for XAS.

1) H. Ikeno, T. Mizoguchi, and I. Tanaka, Phys. Rev. B 2011, 83, 115107.
2) H. Ikeno and T. Mizoguchi, Micron 2017, 66, 205.

3) K. Mathew et al., Scientific Data 2018, 5, 180151.

4) M. Rupp et al., Phys. Rev. Lett. 2012, 108, 058301.

5) T.L. Pham et al., Sci. Technol. Adv. Mater. 2017, 18, 756.
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Future of energy harvesting opened up by fusion of chemistry and mechanical engineering
('School of Engineering, The University of Tokyo) OYuji Suzuki,' Tomoya Miyoshi', Kuniko
Suzuki'

Energy harvesting from human walking is a suitable power supply for powering battery-less
wearable devices. Due to the fact that low-frequency 3-D vibration with 3-axis rotation is
dominant for human motion, rotational energy harvesters (EHs) have advantages over vibration
EHs. Among various transduction mechanisms, electret generators are advantageous in terms
of higher output power at low frequencies and their low-profile structures. In this talk, after
giving the overview of energy harvesting technologies, developments of new materials for
electret EHs and their application to rotational electret EH are introduced.

In the present study, a novel high-performance amorphous fluorinated polymer electret based
on quantum chemical analysis is proposed. With a 15 pum-thick film, a record-high surface
charge density of -4 mC/m? with extremely-high thermal stability of implanted charged has
been obtained. In addition, when nematic liquid crystal with anisotropic permittivity is
introduced between electrets and electrodes, the output power is much enhanced by increasing
the device capacitance while suppressing the parasitic capacitance. Importance of developing
new functional materials for energy harvesting is discussed.

Keywords : Energy harvesting, Vibration; Electret; Fluorinated polymer; Anisotropic
permittivity
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WTHER T 5.

1) Suzuki, Y., “Recent Progress in MEMS Electret Generator for Energy Harvesting,” IEEJ Trans. Electr.
Electr. Eng., Vol. 6, No. 2, pp. 101-111 (2011).

2) Kim, S., Suzuki, K., Sugie, A., Yoshida, H., Yoshida, M., and Suzuki, Y., “Effect of Terminal Group
of Amorphous Perfluoro-Polymer Electrets on Electron Trapping,” Sci. Tech. Adv. Mater., Vol. 19, No.
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1, pp. 486-494 (2018).

3) Kim, S., Melnyk, A., Andrienko, D., and Suzuki, Y., “Solid-state Electron Affinity Analysis of
Amorphous Fluorinated Polymer Electret,” J. Phys. Chem. B, Vol. 124, No. 46, pp. 10507-10513 (2020).
4) Kim, S., Suzuki, K., and Suzuki, Y., “Development of A High-performance Amorphous Fluorinated
Polymer Electret Based on Quantum Chemical Analysis,” J. Phys.: Conf. Ser., Vol. 1407, 012031 (2019).
5) Miyoshi, T., Adachi, M., Suzuki, K., Liu, Y., and Suzuki, Y., “Low-profile Rotational Electret
Generator Using Print Circuit Board for Energy Harvesting from Arm Swing,” 31th IEEE Int. Conf.
Micro Electro Mechanical Systems (MEMS’18), Belfast, pp. 230-232 (2018).

6) Kittipaisalsilpa, K., Kato, T., and Suzuki, Y., “Characterization of Fluorinated Nematic Liquid Crystal
for High-power Electret Energy Harvester,” J. Phys.: Conf. Ser., Vol. 1052, 012044 (2018).

Figure 1: Distribution of excess electron in amorphous fluorinated polymer electret showing localized
charge trap near the end group®.

Stator t2.7 mm

Counter
Guard Electrode Electrode

Figure 2: Rotational electret energy harvester).
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An integrated approach to thermoelectrics: from materials to devices (Global Zero Emission
Research Center, National Institute of Advanced Industrial Science and Technology (AIST)) O
Michihiro Ohta

This talk discusses our longstanding efforts to develop chalcogenide-based thermoelectrics
covering materials development to device fabrication. For high-temperature bulk
thermoelectric materials based on PbTe and room-temperature bulk thermoelectric materials
based on Ag,;Se, nanostructure control leads to an enhanced thermoelectric figure of merit.
Sulfides called colusites (A: Nb, Ta; E: Ge, Sn) have been developed as cost-efficient and
environmentally friendly thermoelectric materials. The power generation of thermoelectric
devices made of these advanced materials have been demonstrated.

Keywords : Thermoelectrics, Nanostructuring, Element strategy, Chalcogenide, Thermoelectric

power generation
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1) M. Ohta*, P. Jood, M. Murata, C.H, Lee, A. Yamamoto, H. Obara, Adv. Energy Mater., 2019,
9, 1801304.

2) X.K. Hu, P. Jood, M. Ohta*, M. Kunii, K. Nagase, H. Nishiate, M.G. Kanatzidis, A.
Yamamoto, Energy Environ. Sci., 2016, 9, 517.

3) P. Jood, R. Chetty, M. Ohta*, A. Yamamoto, M.G. Kanatzidis, Joule, 2018, 2, 1339.

4) P. Jood, R. Chetty, M. Ohta*, J. Mater. Chem. C, 2020, 8, 13024.

5) Y. Bouyrie, M. Ohta*, K. Suekuni, Y. Kikuchi, P. Jood, A. Yamamoto, T. Takabatake, J.
Mater. Chem. C, 2017, 5, 4174.

6) R. Chetty, Y. Kikuchi, Y. Bouyrie, P. Jood, A. Yamamoto, K. Suekuni, M. Ohta*. J. Mater.
Chem. C, 2019, 7, 5184.
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Novel approach for improvement of thermoelectric voltage by using band engineering
(Department of Materials Science and Engineering, Kyushu University) OShinji Munetoh,
Eisuke Nakamura, Makoto Arita

In the Seebeck effect, the electric voltage can be generated by charge separation because of
the diffusion of excited careers form high temperature side to low temperature side. However,
the rediffusion of careers from low temperature side to high temperature side occurs by
Coulomb force caused by the charge separation. The inhibition of the rediffusion of careers is
one of the most effectual method for improvement of thermoelectric voltage. In this study, we
combined two p-type semiconductors with different fermi level for improvement of
thermoelectric voltage by inhibition of the rediffusion of careers by internal electric field.

Keywords : electric power generation, spark plasma sintering, Seebeck effect
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1) T. J. Seebeck: Magnetische Polarisation der Metalle und Erze durch Temperatur-Diffrenz,
Abhandluge der Deuschen Akademic Der Weissenschaften zu Berlin, (1822) 265 .

2) N. Mugita, Y. Nakakohara, R. Teranishi, and S. Munetoh: J. Mater. Res. 26, (2011) 1857.

3) S. Munetoh, M. Saisho, T. Oka, T. Osada, H. Miura, O. Furukimi: Journal of Electronic
Materials 43, (2014) 2430 .
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Material enhancement principles and applicative considerations for 10T thermoelectric power
generation (*NIMS, ? Graduate School of Pure and Applied Sciences, University of Tsukuba)
Takao Mori*?

Thermoelectrics is promising for its potential for not only energy saving by waste heat power
conversion, but also for dynamical energy harvesting to power 10T sensors and devices. In
order to achieve high thermoelectric performance it is necessary to overcome several intrinsic
paradoxes in the requirements of physical properties. | will present several new principles and
materials we are developing to try to overcome traditional limitations, based on nanotechnology,
defect engineering, and new principles such as utilizing magnetism, i.e. magnetic interactions,
spin fluctuation, etc. | will also present necessary considerations regarding the application of
thermoelectric power generation for 1oT.

Keywords . Thermoelectric; Defect Engineering; Magnetism; Nanostructuring; 10T
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Figure: ZT enhanced by defect engineering ©.
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Mater., 19, 836 (2018), N. Nandihalli et al, Nano Energy, 78, 105186 (2020).
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Development of thermoelectric power source for environmental monitoring (41S7T) ORyoji
Funahashi,' Tomoyuki Urata,' Yoko Matsumura,' Hiroyo Murakami,' Hitomi Ikenishi !

0

Wireless technology for environmental monitoring of temperature, humidity, etc. is getting
important in the smart factories and farms. The power sources alternative to the batteries are
indispensable to the IoT society. Thermoelectric generation is one of the candidates of the
energy harvesting from the exhaust gas, the coolant, and the combustion of biomass fuel. To
achieve the thermoelectric sensor system, the power source unit, which includes the
thermoelectric module with low output voltage and power, is necessary to be developed by
combining with the boost circuit and the storage device. For the purpose of the widely spread
application, the air-cooled thermoelectric power units composed of inexpensive and secure
oxide modules were tested to operate the wireless sensors. The CaMnO; and Ca3;Co4O9 bulks
are used as the n- and p-type legs, respectively in the oxide modules.

Keywords : Thermoelectric generation,; Energy harvest,; Sensor; Module
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CaMnO;(Mn-113) Ca;Co,04 (Co-349) Thermoelectric oxide module

1) S.Urata, R. Funahashi, T. Mihara, A. Kosuga, S. Sodeoka, and T. Tanaka, Intl. J. Appl. Ceram. Tech.,
2007, 4, 535.
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Development of novel thermal management and thermoelectric materials by a combinatorial
sputter coating method

(National Institute for Materials Science)

(OMasahiro Goto

Researches on thermal management (TM) and thermoelectric (TE) materials have been
accepted much attention. However, for widespread use of the materials, many issues such as
performance, cost, safety, and device fabrication remain.

We are promoting the TM and TE researches to solve the problems by using the
combinatorial sputter coating system (COSCOS) which can be optimize the chemical
composition, crystal structure, macro-scale structure and nanostructure such as superlattice and
multilayer films. Furthermore, the obtained material properties and process data were analyzed
by a materials informatics technique, and the materials process conditions that contribute to the
high performance of TM and TE materials were found.

In this presentation, | will introduce the COSCOS apparatus and the development of some
TM and TE materials by using it.

T RX—REENEZE U AREIE AR ZE i 7 E BB B~ DO WIRF N & & -
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SanBio, aiming for "Brain Regeneration"

oKeita Mori  SanBio Company Limited

Since its founding in the US in 2001, SanBio has worked to develop new pharmaceutical
products in the novel field of regenerative medicine to become a global leader. Our products
target important unmet medical needs, especially those experienced by patients with central
nervous system disorders. We would like to introduce our global clinical development, our

efforts for commercialization, and future prospects.
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Development of cell therapy treatments toward the practical application

WAty —0 77 24 =X REIFEALE RIER
Masaharu Tani, President and CEO, Gene Techno Science Co., Ltd.

Recently, drug modalities have become more rapidly diversified from the conventional small
molecule drugs to new technology such as nucleic acid medicine, antibody medicine, medium
molecule medicine, gene therapy, cell therapy, regenerative medicine, etc. in order to establish
a safer and more effective treatment for a targeted disease. We believe that it will be further
important to have several options and conduct research and development with various
modalities to improve probability of success in drug discovery for targeted diseases. We
embarked on research and development in cell therapy field using SHED (Stem Cells from
Exfoliated Deciduous Teeth) in addition to new biologics and biosimilars on which we have
been focusing. In the view of its embryological characteristics, SHED is classified in the stem
cells from neural crest cells, and therefore it is said that SHED has higher bone regeneration
capability and more secretion of nerve growth factors. Moreover, SHED has higher
proliferation performance as it is from deciduous teeth. We, Gene Techno Science, are
pursuing for research and development of cell therapy for diseases that we think characteristics
of SHED would take more advantage of than other types of stem cell.

Keywords: Cell therapy, SHED, bone regeneration, nerve growth factor
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The front line of gene editing and Modalis' novel gene modulation therapy
(Modalis Therapeutics) Haru Morita

Gene therapy overcame a dark era of more than a decade, which started with an accident in
a clinical trial in 2000, by improving technology and reached its first US regulatory approval
in 2017. Genome editing, on the other hand, has been stagnant since the development of ZFN
technology in the 1980s, followed by TALEN technology, but the discovery of CRISPR
technology in 2012 accelerated the development of genome editing therapeutics, leading to the
first clinical trial in 2019 and the first clinical proof-of-concept in 2020.

In this presentation, we will review the history of gene therapy and genome editing, introduce
the current frontline of gene therapy and genome editing based drug development, and discuss
challenges and directions for the future development, along with our own efforts with the novel
gene modulation technology, CRISPR-GNDM"®.

Keywords : CRISPR; Gene therapy, Gene Editing;, Gene Modulation
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Challenges of Japanese biotechs: From a global perspective of industry,
government and academia

BERENAZATTYIDFYL D
~EBEZJO0—NILDBERAID~

Keita Masui (Deloitte Tohmatsu Consulting LLC)
B BAK (FTaA b b=~y ardirs g 7 ERS)

As R&D productivity in the pharmaceutical industry declines globally, the external
environment surrounding drug discovery is changing. Examples include utilization of Al and
RWD in R&D activities, digitalized production and supply system, flexibility in development
protocols, and emergences of new modalities. However, domestic technology-based biotech
companies have a limited global presence. It is material to set clear goals for the launch,
develop global commercialization capability, and build a collaborative creation system across
industry, government and academia.

Keywords : Pharmaceutical;, Drug Discovery, Modality,; Biologics, Biotech
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(Fig. 1) Return on late-stage pipeline 2010-2019
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(Fig. 2) Pipeline focus by modality 2010-2019
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Source: Ten years on Measuring the return from pharmaceutical innovation 2019 (Deloitte
LLP, 2019)
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Transport phenomena between water-in-oil droplets and reverse micelles and their applications
to selective enrichment and bioanalysis (Institute of Multidisciplinary Research for Advanced
Materials, Tohoku University) OAkihide Hibara, Mao Fukuyama

Micrometer-sized aqueous droplets dispersed in organic phase have been often utilized
for chemical and bioanalysis. Generally, the droplet surrounded by the organic phase can be
regarded as an isolated filed, to encapsulate molecules, particles, biological cells, etc. Although
the encapsulation is advantageous for various analytical applications, such as single cell
analysis, versatile and flexible chemical operations such as separation and enrichment will
enlarge the possibility of droplet microfluidics very much. Then, we conceived the aqueous
microdroplet selective enrichment method [1,2]. By utilizing the method, we demonstrated
protein assay [2] and crystallization [3]. We revealed that the selective enrichment could be
explained by dynamic partition of water or solute from the aqueous microdroplet to hydrophilic
space of reverse micelles. To demonstrate the dynamic feature of the method’s principle, we
demonstrated solute enrichment control only by the flow rate [4-6]. This method is versatile
and flexible, and then is expected to be applied to various analytical applications.

Keywords . Microfluidics; Microdroplet; Reverse Micelle; Selective Enrichment

~A 7 v A— F A XOMPKFEITET - A A oHTICEBEICH R TW S,
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NAHEHHETXS, 22T, bbbl A—FTlE [~A 7 o KEICHEH T 5%
RIGEREE) 288 LT7E2]. ZOHEEZRW, 2R 0 T v A 2184 X377 il
BB Z SERE LT, T D53BfE - IBME DI B Z5E L <HRET LThE SR, ~ A 7 ok 6l
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Microdroplet formation Nanodroplet formation by spontaneous emulsification
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Fig. 1 Conception of microdroplet selective enrichment. Reprinted with permission from
Ref. [1]. Copyright (2015) American Chemical Society.
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Design of high-performance chemical sensing system based on hydrophobic extreme
concentration dye liquid material (Graduate School of Engineering, Osaka Prefecture
University) OHideaki Hisamoto

In this lecture, high-performance chemical sensing using "dye liquid", a new material that
liquefies dye molecules as ionic liquids, which was conventionally known to be in the form of
solid powder, will be presented. Since the dye liquid is an extremely concentrated dye and at
the same time has fluidity, it is possible to realize high sensitivity and fast response of the liquid
film type sensor by ultra-thin liquid film preparation. Furthermore, highly-efficient
fluorescence resonance energy transfer (FRET) can be possible by using fluorescent donor dye
liquid containing small amount of fluorescent acceptor dye. Here, we present recent results on
high-sensitivity sensing of anions including heparin, > ? calcium ions, *» ¥ and FRET-based
sensing of chloride ions. ¥ For calcium ion sensing, highly-sensitive sensing by combining
photonic crystal structure will be also presented. ¥
Keywords : lonic Liquid; Plasticized PVC, Optical Sensor, lon Sensor, FRET
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1) Tonic liquid-based dye: A “Dyed plasticizer” for rapid and highly sensitive anion optodes based on
a plasticized PVC membrane. T. Mizuta, K. Sueyoshi, T. Endo, H. Hisamoto, Sens. Actuators B
2018, 258, 1125.

2) A lipophilic ionic liquid-based dye for anion optodes: importance of dye lipophilicity and
application to heparin measurement. T. Mizuta, S. Takai, T. Nishihata, K. Sueyoshi, T. Endo, H.
Hisamoto, Analyst 2020, 145, 5430. (Front Cover)

3) An ionic liquid composed of purely functional sensing molecules: a colorimetrically calcium
responsive ionic liquid. Y. Niwa, T. Mizuta, K. Sueyoshi, T. Endo, H. Hisamoto, Analyst 2019, 144,
6858. (Back Cover)

4) Highly sensitive optical ion sensor with ionic liquid-based colorimetric membrane/photonic crystal
hybrid structure. D. Kawasaki, R. Oishi, N. Kobayashi, T. Mizuta, K. Sueyoshi, H. Hisamoto, T.
Endo Sci. Rep. 2020, 10, 16739.

5) Lipophilic Fluorescent Dye Liquids : FRET-based Fluorescence Amplification for Ion Selective
Optical Sensors Based on a Solvent Polymeric Membrane. T. Mizuta, K. Sueyoshi, T. Endo, H.
Hisamoto, Anal. Chem. 2021, under revision.
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Dental materials based on the interfacial science
(Graduate School of Engineering, Kyushu University) O Yoshiko Miura

In recent years, it has become clear that oral health has a significant impact on our entire life
and has attracted much attention. Dental diseases can be viewed from the perspective of
interface chemistry as infections at the tooth-gum interface. In dentistry, many dental materials
can be used because it is ex vivo. By inhibiting bacterial adhesion at the oral interface, the
bacteria infection is able to be controlled. My group investigated a method to prevent bacterial
infection by polymers with bio-repellent activity, such as polyethylene glycol (PEG). We
observed the changes in hydroxyapatite, teeth, and implant materials by applying polymers
with bio-repellent activity. Taking into account the differences in the properties of bacteria and
osteoblasts, it may be possible to inhibit the adhesion of only bacteria. By incorporating the
knowledge of interfacial chemistry, we have shown new possibilities in dentistry.

Keywords : Bioinert interface; polyethylene glycol; polyvanet phosphate; bacteria adhesion
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1) Inhibition of bacterial adhesion on hydroxyapatite model teeth by surface modification with
PEGMA-phosmer copolymers. Cui, X., Koujima, Y., Seto, H., Murakami, T., Hoshino, Y., Miura,
Y., ACS Biomaterials Sci Eng., 2016, 2, 205-212.

2) Bacterial inhibition and osteoblast adhesion on Ti alloy surfaces modified by poly (PEGMA-r-
phosmer) coating. Cui, X., Murakami, T., Tamura, Y., Aoki, K., Hoshino, Y., Miura, Y. ACS applied
Materials Interfaces, 2018, 10, 23674-23681.
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Fabricating biosensors using enzymes as recognition motifs.
(‘Graduate School of Engineering, Chiba University) ODaisuke Umeno'

The first step of the enzyme reaction is substrate binding, and it always accompanies the
stabilization of the enzyme. We have recently develop a simple workflow to visualize this
stabilization upon substrate binding. To do this, we introduce random mutagenesis to the
enzyme to moderately de-stabilize it, and then fuse them, in frame, with a reporter gene. The
resultant fusion protein cannot fold by itself, but it can fold into functional structure with the
aid of the substrate binding (stabilization). This way, any type of enzymes can be rapidly
converted into a core component of the sensors.

In this talk, I would report the making and application of a variety of metabolite sensors
created by this procedure. Also, I introduce several interesting feature of the resultant sensors
based on their unique mechanism-of-action.

Keywords : Directed evolution, molecular devices, enzymes, metabolite sensor, substrate
specificity
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1) Directed evolution of the stringency of the LuxR Vibrio fischeri quorum sensor without Off-state
selection. Y. Kimura, S. Kawai-Noma, K. Saito, D. Umeno, ACS Synth. Biol. 2020, 9, 567.
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Signal condensation by nanoparticles (*Resaerch Center for Functional Materials, National
Institute for Materials Science) OJun Nakanishi®

There are a wide variety of dynamic nanostructures within cells, which mediate signal
transduction and/or transduce extracellular cues. Nanomaterials are useful tools to investigate
their role in biological processes. For example, nanopatterned surfaces have elegantly
elucidated the role of molecular clustering in focal adhesion. Our group is focusing on the
unique activity conversion of epidermal growth factor upon conjugated to nanoparticles. By
focusing on the earlier steps of their interactions, we have identified unique signal condensation
reactions mediated by the nanoparticles.

Keywords - Nanoparticle; Membrane raft; Epidermal growth factor; Signal transduction;
Apoptosis
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1) R. Changede, H. Cai, S. J. Wind, M. P. Sheetz, Nat. Mater. 2019, 18, 1366.

2) W. Zhao, L. Hanson, H.-Y. Lou, M. Akamatsu, P.D. Chowdary, F. Santoro, J.R. Marks, A. Grassart,
D.G. Drubin, Y. Cui, B. Cui, Nat. Nanotech. 2017, 12, 750.

3) S. Yamamoto, Y. lwamaru, Y. Shimizu, Y. Ueda, M. Sato, K. Yamaguchi, J. Nakanishi, Acta
Biomater. 2019, 88, 383.

4) S. Yamamoto, J. Nakanishi, Anal. Sci. in press.
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Chemical Analysis Using Soft Interface from DNA-Functionalized Gold Nanoparticles
(‘RIKEN) OMizuo Maeda'

An interface composed of polymeric materials is mobile, diffuse, and active. Such interface
is called as  “soft interface” . Soft interface formed at solid-water interface contains water
molecules, ions, and substrates. These components largely affect the interfacial properties of
the soft interface. Unique interfacial phenomena at DNA-based soft interfaces will be discussed
in relation to chemical analysis.

Keywords : DNA, soft interface; gold nanoparticle; genotyping, molecular recognition
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1) K. Sato, K. Hosokawa, M. Maeda, Analyst 2019, 144, 5580.
2) Y. Akiyama, G. Wang, S. Shiraishi, N. Kanayama, T. Takarada, M. Maeda, ChemistryOpen 2016, 5,

508.

3) W. Diao, G. Wang, L. Wang, L. Zhang, S. Ding, T. Takarada, M. Maeda, X. Liang, ACS Appl. Bio

Mater. 2020, 3, 7003.
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Theoretical Studies on Microwave effect (' Graduate School of Engineering, Chubu
University) OMotoyasu Sato ', SShin Nakatani', Takashi Hirai'

The wavelength of microwaves is long enough compared to the molecular or lattice distance.
Therefore, when microwaves are applied to a substance composed of particles of the order of
Avogadro's number, the electrons in the substance undergo a dielectric polarization "Uniform
motion" in which the phases are aligned. This property is the essential difference between thermal
photons such as infrared and microwave processes. The dielectric polarization given to this structure
excites electrostatic sound waves, that is, acoustic phonons. This electrostatic acoustic phonon

" (1) 1t is assumed that there

converges on "thermal motion" through "various relaxation processes
is a probability that electrostatic acoustic phonons and thermal phonons will overlap during this
convergence, resulting in phonons with large momentum. The analogy is "phonon growl". If this
"groan" exceeds the order of intermolecular binding force, rapid chemical reactions and phase
transitions that cannot be obtained by thermal equilibrium occur. When the probability of this groan
is sufficiently large compared to the probability of convergence to thermal motion (relaxation time
to heat), a chemical reaction or phase change occurs without the intervention of thermal motion. I
would like to present this as the mechanism of the non-thermal effect of microwaves. Phenomena
that occur in such a non-equilibrium state have not been dealt with by chemical thermodynamics.
However, it will be a crucial process for the development of low-temperature, low-carbon processes
that the world is competing with.

Keywords : Microwave; Ordered motion, Relaxation to thermal motion
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1) S. Takayama, M. Sato, and J. Fukusima, ” Microwave Engineering of Materials”, Pan

Stanford Publishing Pte. Ltd. (2015), P32~72.
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Microwave Exciting Molecular Mechanism Observed by In Situ Microwave Irradiation NMR
Spectroscopy (Graduate School of Engineering, Yokohama National University) O Akira
Naito

Microwave irradiation is widely used to accelerate organic synthesis reaction. However, role
of microwave effect on the chemical reaction has not yet been well characterized. The
microwave irradiation processes of an ethanol-hexane mixed solution were investigated using
in situ microwave irradiation NMR spectroscopy. The temperature of the solution under
microwave irradiation was estimated from the temperature dependence of the 'H chemical shift
and called chemical shift calibrated temperature (CSC-temperature). CH,, CHs protons
increased CSC-temperature to 58 °C due to microwave thermal effect, while OH proton to
48 °C. The lower CSC-temperature of OH proton is turned out that ethanol molecules are
coherently ordered along the electric field. Microwave induced coherently ordered molecules
interact each other to form hydrogen bonds between ethanol molecules. Thus, microwave non-
thermal effect may accelerate organic synthetic reaction.

Keywords: Microwave Heating Mechanism; Microwave Irradiation NMR Spectroscopy,
Microwave Excited Molecular Ordering
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Fig. 1. (a) Plot of CSC-temperature of CH,, CHs, OH protons in ethanol as a function of
microwave irradiation time, (b) "H NMR spectra for ethanol regulated at 55 °C (black) and that
under microwave (135 W) irradiation for 10 min (orange). Top figures indicate ordered
molecular states under microwave heating (left) and thermal heating (right) [4].
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Innovative ironmaking method to replace blast furnace — Microwave heating irnmaking -
(Prof. Emeritus of Tokyo Institute of Technology) OKazuhiro Nagata

1. Ironmaking using powdery iron ore

Tatara ironmaking is a method of directly producing pig iron using fine powdery iron sand
with a diameter of about 0.1 mm and is the only method in the world for 4,000 years. The
energy of ironmaking is high temperature gas obtained by burning charcoal or coke with air.
In the blast furnace, walnut-sized resources are used to maintain air permeability and required
to have strong crushing strength. Then, it takes 6 to 8 hours to produce pig iron. On the other
hand, Tatara produced pig iron in 30 minutes because the specific surface area to the volume
is exceptionally large. The furnace is a box with a height of 1.2 m and is devised to maintain
air permeability without scattering iron ore powder. Pig iron and steel produced by Tatara have
a low concentration of impurities such as phosphorus and sulfur and are resistant to rust and
easy forge welding. However, these methods rely on carbon required for heating, reaction heat
and reduction reaction of iron ore. Modern blast furnaces require 0.5 tons of coke to produce 1
ton of pig iron. This produces 2 tons of carbon dioxide per 1 ton of pig iron.

Kobe Steel has developed ITm3. This produces pig iron in 15 minutes by heating carbon-
composite pellets of a mixture of powdery iron ore and coke with radiant heat. This method
uses carbon only for reduction reaction in mass balance.

2. High-speed pig ironmaking by microwave heating

Radiant heat has disadvantage to heat resources because of a short wavelength. Because
microwave has longer wavelength of 10° times than radiation heat, iron ore and coal generate
heat itself with the absorption efficiency close to 90% and produce pig iron in 15 minutes.
The phosphorus concentration in pig iron is lower by an order of magnitude than blast
furnace. The microwave furnace of 20kW magnetrons with 2.45GHz produces pig iron
continuously. The microwave furnace of 120kW klystrons with 2.45GHz has achieved a daily
production of 240kg at 44kW. Microwave utilization efficiency is 40%.

It is important how to isolate the volatile components such as dust, moisture and tar
generated in the reactor from the microwave systems. Effective partition walls are porous
refractories such as boards. Conventional bricks melt at 1000°C or higher by self-heating.
The microwave intensity should be over 13 kW/m?, the volume of resources in applicator
should be increased under consideration of the penetration depth of about 10 cm.

3. Regionally distributed ironmaking system

Modern blast furnace has a daily production capacity of 10,000 tons and a steel work
produces over 300 million tons of steel. Currently, of the 100 million tons of crude steel
produced per year, 60 million tons are made in blast furnaces and converters, while 40
million tons are made by melting scrap in electric furnaces. This method is expected as a
means for reducing carbon dioxide emissions. Japan has been exporting scrap since the
1990s, and the amount of steel accumulated has continued to increase to 1.4 billion tons in
2018. Most of them are waste scraps containing impurities such as copper in automobiles and
home appliances, and it is necessary to dilute them with new pig iron to reduce their
concentration. Scrap is a locally distributed with limited collection. Then, several hundred
tons / day of virgin pig iron will be required for a work with electric furnace.

Keywords : powder ; carbon ; iron ore ; ironmaking ; microwave
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Mechanistic Investigation of Microwave-Assisted Organic Reactions (*Institute for Molecular
Science, Institute for Chemical Research, Kyoto University, 2Graduate School of Engineering,
Kyoto University) OHikaru Takaya"**

Microwave-assisted organic synthesis has been recognized as an essential tool not only for
fine chemistry but also for industrial chemistry, because the extremely high-speed material
production with high selectivity, high scalability, and high energy efficiency has been never
accessible by the conventional methods. However, the precise mechanism how the microwave
promotes the chemical reaction has not been clarified yet over the 35 years since the first
microwave-assisted organic synthesis was reported. In this talk, the recent advances in the
mechanistic investigation of microwave-assisted organic synthesis will be discussed with our
recent research results on the spectroscopic observation of molecular dynamics under
microwave-irradiation.

Keywords . Microwave, MW-Assisted Organic Synthesis, MW-Specific Effect
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Microwave Heating and Chemical thermodynamics
(I4ssociate professor, Faculty of Engineering, Chubu University) O Keiichiro Kashimura,!

Microwave goes noticed as a new heating method in chemical processes and has features
such as (Dinternal heating, @rapid heating, Bselective heating, and @microwave effect.
However, the chemical processes with microwave, which were actually on industry, are only a
process that utilizes (1) of this feature, and do not effectively utilize this new thermal power.
In this lecture, we will introduce practical examples of microwave processes and introduce the
phenomena that exist in the background and ntroduce the challenges left in this field to build
next-generation microwave chemistry.

Keywords : Microwave heating;, chemical thermodynamics; multiphysics;, Coupling field;
Quantum chemistry
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Direction of Microwave Apparatus for Next-Generation Microwave Chemical Processing
(Research Institute for Sustainable Humanosphere, Kyoto University)OTomohiko Mitani

Conventional microwave applicators are surrounded by metals for preventing microwave
from leakage. This approach also prevents us from direct observation of heated samples, and it
impedes the development of microwave chemical processing. In this presentation, an open-
type microwave heating system is introduced as a direction of microwave apparatus for next-
generation microwave chemical processing.

Keywords : Microwave heating; Open-type Applicator
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1) WERARM, BREEK, —RAZ, “EBHEISEE 2R Lic~ A 7 n BONAEE OB, 5
11 A AAERR = p X —EHFR Y RY T A AR, 2018,

2) T. Mitani, D. Nishio, N. Shinohara, “Feasibility Study on Simultaneous Microwave Heating of
Multiple Samples by Electromagnetic Coupling-Type Applicator”, 53rd Annual Microwave Power
Symposium (IMPI 53), Las Vegas, USA, 2019.
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Development of high-temperature hydrogen ironmaking reaction process utilizing microwaves
(‘Graduate School of Engineering, Kyushu University) OKo-ichiro Ohno', Takayuki Maeda'
Kazuya Kunitomo'

The study of ironmaking technology using microwaves has been carried out together with
the development of coal-material interior agglomerates, which is a new raw material for
ironmaking. Inside this raw material, which is produced by mixing and shaping powdered iron
ore and pulverized coal, the iron oxide reduction reaction and the gasification reaction of the
charcoal material are coupled, and it has been confirmed that the ironmaking reaction is faster
and lower in temperature. The bottleneck of this reaction is the rate-determining of heat supply
by the gasification reaction of carbonaceous material with large endothermic reaction. Many
trials attempts have been made to use microwaves that can selectively and directly heat this
carbonaceous material in the bottleneck. In this report, we will introduce the microwave heating
ironmaking trials of utilization of waste plastic as a reducing agent and the direct reduction
reaction of iron oxide by hydrogen gas without using carbon source.

Keywords . Microwave Heating, Ironmaking; Hydrogen, Waste Plastic,
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1) ”Gasification and Reduction Behavior of Plastics and Iron Ore Mixtures by Microwave Heating”K.
Nishioka, T. Taniguchi, Y. Ueki, K. Ohno, T. Maeda and M. Shimizu, ISLJ Int., 47(2007), 4, pp. 602-

607

2) "Effect of the Ratio of Magnetite Particle Size to Microwave Penetration Depth on Reduction Reaction
Behaviour by H2”A. Amini, K. Ohno, T. Maeda, K. Kunitomo, Scientific reports, 8(2018), 1, Article No.
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Basics and Recent Advances in Single Crystal X-ray Structure Analysis (School of Science,

Tokyo Institute of Technology) Hidehiro Uekusa

It is essential to understand the structure of materials at the atomic and molecular levels. X-
ray crystallography, which is widely used to study molecular structures in the solid state, has
become an indispensable analytical method for solid-state research because of its superiority
in both "seeing molecules" and "measuring molecules. In the past, crystal analysis was thought
to be a task for specialists, but in recent years, advances in equipment and analysis methods
have made it possible for anyone to perform the analysis. With the current equipment, it is
possible to perform crystal structure analysis using single crystals as small as 100 microns
square, obtain three-dimensional molecular structures in a few hours of measurement and
analysis. Currently, tens of thousands of structures are registered in the crystal structure
database every year. Although crystal structure analysis has become a familiar method to use,
it is important to verify whether the obtained crystal structure is correct and whether the
accuracy of the structure is sufficient for discussion. In this talk, we will review the basic
knowledge on single crystal X-ray structure analysis and introduce the recent measurement
devices and analysis methods.

Keywords : Single Crystal X-ray Structure Analysis, X-ray diffractometer, Crystallography,
Organic Crysta
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Structure Analysis of Single Crystal and Powder Diffraction Using Synchrotron Radiation X-
rays ('Japan Synchrotron Radiation Research Institute, *Institute for Integrated Cell-Material
Sciences, Kyoto University) OXunihisa Sugimoto,'

Synchrotron X-rays are an order of magnitude more intense than laboratory sources and can
be used to perform X-ray diffraction experiments at precisely selected wavelengths using
monochromatic X-rays. One of the greatest advantages of using high intensity X-rays is that it
is possible to collect data for structural analysis of single crystals and powder specimens in a
short period of time for small samples. In addition, 3™ generation synchrotron radiation
facilities such as SPring-8 allow the use of high energy (short wavelength) X-rays, which have
the advantage of improving the analysis accuracy of samples containing heavy atoms by
reducing the X-ray absorption effect, as well as high-resolution (high angle) data measurement
that allows visualization of electron density distribution. Recent development of photon-
counting detectors using semiconductors has enabled high sensitivity, low background, low
noise, and high-speed readout even when using high energy X-rays, making it possible to
capture transient irreversible phenomena that were not feasible in the past.

Keywords : Synchrotron Radiation; X-ray; single crystal analysis; powder diffraction
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1) S. Kitou, T. Manjo, N. Katayama, T. Shishidou, T. Arima, Y. Taguchi, Y. Tokura, T. Nakamura, T.
Yokoyama, K. Sugimoto, H. Sawa, Phys. Rev. Research, 2020, 2, 033503.

2) L. Krause, K. Tolborg, T. Grenbech, K. Sugimoto, B. Iversen, J. Overgaard, J. Appl. Cryst., 2020,
53, 635.

3) N. Yasuda, S. Kimura, AIP Conf. Proc., 2019 2054, 050007.

4) S. Kawaguchi, M. Takemoto, K. Osaka, E. Nishibori, C. Moriyoshi, Y. Kubota, Y. Kuroiwa, K.
Sugimoto, Rev. Sci. Instrum., 2017, 88, 085111.

5) S. Kawaguchi, M. Takemoto, H. Tanaka, S. Hiraide, K. Sugimoto, Y. Kubota, J. Synchrotron Rad.,
2020 27, 616.
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A New Microcrystal Analysis by Electron Diffraction (Department of Chemistry, The

University of Tokyo, OTakayuki Nakamuro

Structural analysis is the first step in scientific research, and a variety of analytical methods
have been developed to date. Among them, X-ray crystal structure analyses have been
established as indispensable methods in various fields such as organic, inorganic, and
biological chemistry. The preparation of single crystals suitable for the measurement is
considered as the biggest drawback, and a crystal structure analysis using microcrystals (< 1
um) has been regarded as a challenging task. On the other hand, since electron-beams are more
strongly scattered by specimens than X-rays, which enables the acquisition of diffraction
patterns from microcrystals and the analysis of crystal structure. Therefore, methods using a
transmission electron microscope have been attracting attentions in recent years.

In this presentation, I will review the methods using microcrystals and report examples of
analysis of small organic molecules. I hope that this presentatin will provide an opportunity for
organic chemists to get acquainted with electron microscopy.

Keywords : Electron diffraction, Microcrystal, MicroED, Small organic molecules, 3DED
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1) (a) T. Gruene et al., Angew. Chem. Int. Ed. 2018, 57, 16313. (b) C. G. Jones et al., ACS Cent. Sci.
2018, 4, 1587. Recent review; (¢) M. Gemmi ef al., ACS Cent. Sci. 2019, 5, 1315. 2) H. Hamada et al.,
Bull. Chem. Soc. Jpn. 2020, 93, 776.
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Local structural analysis using PDF (Pair Distribution Function) method
(* Japan Synchrotron Radiation Research Institute) OHiroki Yamada

Pair Distribution Function (PDF) analysis is known as a useful method to visualize the local
order and/or disorder inside the material. Generally, this PDF profile can be calculated using
Synchrotron Xray and/or pulse neutron source. In this presentation, introduction of the
characteristics of PDF analysis conducted in SPring-8 and discussion of the future development
of PDF analysis are performed.

Keywords : PDF analysis, High-Energy X-ray Total Scattering, SPring-8
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Structu*'rjal analysis of sulfide solid electrolytes using pair distribution function ('Zdemitsu

Kosan Co., Ltd., *Japan Synchrotron Radiation Research Institute) OHiroshi Yamaguchi!,
Futoshi Utsuno', Koji Ohara?

We are working on research and development of sulfide solid electrolytes with high ionic
conductivities for realizing the all-solid-state batteries. In order to understand the structure of
disordered materials, pair distribution function (PDF) analysis is an effective method. We
present PDF analyses of sulfide solid electrolytes under glass phase at beamline BL04B2 and
synthetic process at beamline BLO8W in SPring-8.

Keywords : sulfide solid electrolytes; pair distribution function;
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Fundamentals and Frontiers of Synchrotron Radiation X-ray Microtomography
(Japan Synchrotron Radiation Research Institute / SPring-8) O Akihisa Takeuchi

Highly penetrating power of X-rays to materials allows non-destructive investigation of
three-dimensional (3D) internal structures of objects. X-ray computed tomography (CT), which
takes advantage of this feature, is used in various fields other than the medical diagnostic
purposes. CTs for microscopic purposes utilizing the characteristics of synchrotron radiation
(SR) X-rays such as high intensity, high monochromaticity, wavelength variability and high
collimation, are called SR micro-CT and nano-CT". Micro-CT is based on simple projection
optics, whose spatial resolution is limited to be around 1 pm. In nano-CT, an X-ray optical
device is used as a lens to magnify the X-ray transmitted image. The achieved spatial resolution
is around 100 nm, depending on the performance of the optical device. The Highly penetrating
power of X-rays, however, makes difficult high-contrast imaging because of small interaction
of X-rays with matters. Phase-contrast imaging is used to compensate for this problem. That
has a sensitivity about three orders of magnitude higher than the conventional absorption
contrast, and enables high-sensitive and quantitative measurement in the wide spatial region
from nm to cm order that is the biggest advantage of X-rays. In this lecture, the basics of CT
measurement will be discussed first, then the latest technology and applications in SR will be
introduced.

Keywords : Synchrotron Radiation; Micro-CT; Nano-CT; Phase Contrast Imaging
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1) A. Takeuchi and Y. Suzuki, Microscopy, 2020, 69, 259-279.
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