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Annual Research Highlights

(1) Electrochemical control of the aggregation state
of polymer chain in water?

The transparency of the mixed solution of polymer in
water greatly depends on the aggregation state of the
polymer chains. For example, liquid glue is
transparent because the polymer is completely
miscible with water, while milk is white because the
protein is phase-separated from water. In this research,
we built a system which can control the phase behavior
of polymer chains in water by electric stimuli.

The turbidimetry of the mixed solution of
poly(allylamine-co-allylurea) (PAU) and iron
hexacyanide complex ([Fe(CN)s]*"*") revealed that
the PAU chains are aggregated and phase-separated
from water when the iron complex is at the tetravalent
reduced state because of the strong electrostatic
attraction, while the PAU chains are completely
miscible in water when the iron complex is at the
trivalent oxidized state. The PAU solution can switch
its turbidity in response to the electrochemical redox
reaction of [Fe(CN)¢]*"*~ (Figure 1).

This study is the first demonstration of controlling
the turbidity of a polymer solution at macroscale by
electrochemical method. This device only requires a
voltage of a single battery for switching the turbidity
and can potentially be applied into a low-voltage
powered smart window.

Figure 1. Reversible switching of the turbidity of the mixed
solution of PAU and [Fe(CN)s]* 3.1

1. Macromol.Rapid. Commun., 2300124 (2023).

(2) Host—guest chemistry for electrochemical
Peltier effect and Onsager's reciprocal theory’

The electrochemical Peltier effect (EPE) is an inverted
reaction of the thermochemical battery. In EPE, heat
transfer occurs according to the application of an
external current, and as a result, enables electronic

cooling similar to Peltier devices. Although there have
been many reports on the EPE effect, no examples
have been reported using redox-responsive molecular
techniques such as host—guest chemistry.

We developed an EPE device using I/I;~ and
constructed a measurement system by tuning the
current and time of applied current. In a thermocell
using ['/I3~ (upper left in Fig. 2), an oxidation reaction
to Is~ occurs at the anode upon the application of an
external current, which generates heat. On the other
hand, at the cathode, 15~ is reduced to three I anions,
resulting in endothermy. When o-CD is added to the
cathode, extra heat is generated at the anode because
the generated I3 is captured by a-CD, while at the
cathode side, extra endothermic heat is generated
when I3~ consumed by the reduction reaction and is
desorbed from a-CD (upper right of Fig. 2).

The increase in the Peltier coefficient (bottom of Fig.
2) was 1.7-fold, which is the same as the increase in
the Seebeck coefficient of the thermocell when o-CD
is added. This shows that Onsager’s reciprocal theory
can be found in the redox-induced host—guest
chemistry.

Kl 2 Scheme of I/l3~ (upper left) and a-CD-added
(upper right) EPE cells. (bottom) Result of EPE
measurement.

2. Research Square, DOI: 10.21203/rs.3.rs-654324/v1

(3) Synthesis of disilane-bridged D-A—D molecules

We reported on disilane-bridged D-A-D molecule
composed of phenothiazine (D: donor group) and
thienopyrazine (A: acceptor group). Herein, a series of
s—p extended octamethyltetrasilanes comprising



benzothiadiazole or thienopyrazine groups as acceptor
fragments and phenothiazine, 9,9-dimethyl-9,10-
dihydroacridine or phenoxazine groups as donor
moieties has been prepared, and their optical
properties have been studied as an extension of our
work. The structures were determined by single-
crystal X-ray analysis. The s—p interactions in the
molecules and CH—s interactions in the crystal packing
were observed in the crystal. The optical properties
and excited state of these compounds were
investigated by  absorption and  emission

spectroscopies, as well as DFT and TD-DFT
calculations. Among them, bathochromic shifts in
fluorescence were observed with increasing solvent
polarity, which indicates the emission involves the
intramolecular charge transfer excited state. These
compounds exhibited fluorescence in the solid state
with maximum wavelengths centered in the range of
400 and 650 nm upon excitation of UV lamp. Some
compounds showed reversible luminescent properties
under mechanical stimuli and thermal/ or vapor
exposure stimuli.



1. JRERmX
(1) Refereed Journals
1) Hiroto Miyabe, Mizuha Ujita, Masaki Nishio, Toyotaka Nakae, Tsukasa Usuki, Minako Ikeya, Chika
Nishimoto, Suguru Ito, Mineyuki Hattori, Satoshi Takeya, Shigenobu Hayashi, Daisuke Saito, Masako
Kato, Hiroshi Nishihara, Teppei Yamada, Yoshinori Yamanoi, “A Series of D-A-D Structured Disilane-
Bridged Triads: Structure and Stimuli-Responsive Luminescence Studies”, J Org.Chem., vol.87, No.14,
pp-8928-8938, (2022).
2) Yuto Yoshida, Teppei Yamada, Yuan Jing, Takashi Toyao, Ken-ichi Shimizu, and Masaaki Sadakiyo,
“Super Mg?" Conductivity around 1073 S cm™! Observed in a Porous Metal-Organic Framework”, J. Am.
Chem. Soc., vol.144, No.19, pp.8669-8675, (2022).

3) Takuya Nankawa, Yurina Sekine, Teppei Yamada, “Ion-Selective Adsorption of Lead by a Two-
Dimensional Terbium Oxalate Framework”, Bull. Chem. Soc. Jpn., vol.95, No.5, pp.825-829, (2022).

2. R - MR
1) Hongyao Zhou, Hirotaka Inoue, Mizuha Ujita, Teppei Yamada, “Advancement of Electrochemical
Thermoelectric Conversion with Molecular Technology”, Angew. Chem., Int. Ed, vol.62, No.2,

€202213449, (2022).

3. &
1) JEAENE, ILH g5, TFRMMEA & VR~ DIEFEDEAIC X 5 44 F 3 7 20l |
The Chemical Times, 265, 3, pp. 8-9 (2022).

4. F DAl



