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Rational Creation and Stress Sensing Application of Mechanical-Stimuli-Responsive
Luminescent Organic Soft Crystals (‘Graduate School of Engineering Science, YOKOHAMA
National University, ’PRESTO, JST) OSuguru Ito'~

The mechanochromic luminescence (MCL) phenomenon, characterized by changes in
photoluminescence color in response to mechanical stimuli, represents a typical stimuli-
responsive behavior exhibited by soft crystals. However, the rational creation of soft crystals
expressing MCL is challenging. Furthermore, the difficulty of forming and processing single
crystalline and powdered soft crystals also poses a challenge for their practical application.
This presentation will discuss our molecular design strategies for obtaining MCL-expressing
organic soft crystals and luminescent organic crystalline thin films for stress sensing.
Keywords : Soft Crystals; Organic Crystals; Luminescence; Mechanochromism, Stress Sensing

FERREOHL I IGE U COREERF O RN ET 2 A /) 70 v 75t (MCL)
X, Y7 b7 U RZAPTRTREN RIS E B O —>Th 5 (Fig. 1), L L,
MCL #R$ Y7 7 URZNEZEHICHED Z LIZREETH Y | OB RO
V7 K7 URZNVORIEI TR LW RS FEAIZAT EREE o> T D,

KA TIE Fx DR LT R —PE e 7T 7 v 72—V OERER Z BT 5 0 7%
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Fig. 1 (a) Typical mechanism of MCL. (b) Donor—acceptor-type MCL compounds. (c) Stress
sensing by luminescent organic crystalline thin films.
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Development of industrial production processes using natural phenomena (Mitsubishi
Chemical Corporation’ Yoshihiro Uozu

Among natural phenomena, we will focus on the diffusion of substances. By controlling the
diffusion phenomenon through polymerization reactions, it has become possible to produce a
variety of phenomena. By using these phenomena, we have been developing various functional

materials.
In this lecture, I would like to explain the details of these development projects from the

basic concept to product development.
Keywords : self-organization, diffusion, polymerization, refractive index distribution, anti-
reflection
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Development of thermochromic vanadium dioxide nanoparticle composite films for smart
windows ('"KONICA MINOLTA, INC.)

(OShoichi Yamamoto'

Smart windows are an energy-saving technology that provides advantages in both summer
heat management and winter heat utilization. This study focuses on the development of smart
window materials that utilize monoclinic vanadium dioxide (VO2(M)) nanoparticles dispersed
in a polymer matrix. These materials exhibit infrared thermochromism induced by the metal-
insulator transition.

Our approach integrates computational science and rapid synthesis processes to create
thermochromic vanadium dioxide nanoparticle composite films with excellent optical
properties. The development process can be reached by two synergistic factors: predicting
optical functionality for nanoparticle dispersion and controlling crystalline phase and
morphology in nanoparticle high-speed manufacturing.

Firstly, we developed a multi-scale optical calculation framework to predict the optical
properties of nanoparticle-dispersed materials. This framework amalgamated first-principles
calculations, electromagnetic optical calculations®, and theoretical geometric domain
equations. Verification was achieved by comparing the experimentally obtained data with the
calculated dielectric function and crystal distortion resulting from chemical doping.

Secondly, VO2(M) nanoparticles were obtained by a continuous hydrothermal flow synthesis
(CHFS) method?. This system enables rapid/high temperature heating by mixing the precursor
suspension with supercritical water in the flow reactor of CHFS, drastically reducing
crystallization time from hours to seconds. The method also allows precise control of particle
size (< 30nm) and confirmed the formation of mixed crystals through chemical doping.

VO,(M) nanoparticles composite films produced using our developed process exhibited high
visible light transmission and significant infrared thermochromism. This is attributed to the
small size of the crystalline nanoparticles and suppressed aggregation within the polymer
matrix. This work is expected to be an important step toward the development of nanoparticle-
dispersed materials with optical functions and the industrial application of smart windows.

Keywords : smart window, vanadium dioxide, nanoparticle, optical simulation, flow synthesis
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3) D. Malarda et al., Chem. Rev. 2017, 117,17, 11125-11238.
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Application of Computational Chemistry for Soft Crystals (CONFLEX Corporation) O
Naofumi Nakayama

In this presentation, I introduce the computational chemical researches for Soft Crystals
which are categorized by three divisions: 1) construction of force field parameters of metal and
ligand for reproducing molecular crystal structures, 2) stability analysis for crystal structure by
molecular crystal calculation, and 3) analysis for the behavior of molecules in crystal by
quantum chemistry calculation.

Keywords : Classical Force Field;, Quantum Chemistry;, Molecular Crystal; Metal-Organic
Complexes; Crystal Structure Optimization

DN B DRIPLIZ L0 BN PR EDNR D ICENT D, [V T "7 ) AH )L
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A YT = REEKR (Figure 1 /2) & 7 > % = REEKR (Figure 1 FH) Tl Fi4
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X 72[4],

R'=OMe, Me, H, Cl, CF;, CN
R*<NMe,, OMe, Me, H, Cl, CF3, CN, NO, Ln=Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm R=Me, Et

Figure 1: A V7 = R§&(R (I5), 7o Z = RE&iR (H), =7 —F 7 /A R
() OREER
OBEFED NG/ T A =2 — & W T at R LD = L —fifhT
Y—FH Vo NERTERIRU VT =45 ? (Figure 2 72) . 35 L OVER IR = a8
£ (SHG) 27U 7 51 (Figure 2 47) IZOWTC, R ILEEREHITE OFS duiiiE
[5]. &% 1% SHG I&ME « RIEMEZ R T ZIAEIE[6) D EM & Z I E Uit LT,
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