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(1) Thermocell consisting of DES for the use of
middle-temperature range "

A thermocell is a class of thermoelectric conversion
device that uses the temperature dependence of the
redox potential and generates electrical energy from a
temperature  difference. Thermocells have the
advantage of high voltage per unit temperature
difference (Seebeck coefficient), while they have
several challenges, one of which is the difficulty to use
thermoelectric cells at temperatures above the boiling
point of the solvent. Due to the enormous amount of
waste heat in the temperature range of 100 to 200 °C
(i.e. middle-temperature range), an electrolyte that can
operate in this middle-temperature range is needed.
Ionic liquids are well-known electrolytes with a high
boiling point, although the redox entropy and Seebeck
coefficient of the ionic liquid thermocell is small
because of their small interaction with the substrate.
Therefore, we focused on deep eutectic solvents (DES),
where hydrogen-bonding solvents and ionic
compounds are mixed and their melting points are
greatly decreased to become liquids at room
temperature due to the weakening of both interactions
between the solvents. A 2:1 mixture of ethylene glycol
and choline chloride is a type of DES called ethaline.
We prepared a thermocell using ethaline as a solvent
with [Fe(CN)s]*7*~, which is regarded as a benchmark
in thermocells (Fig. 1). As a result, the thermocell
composed of ethaline and [Fe(CN)g]*”>~ exhibited a
large Seebeck coefficient of —=1.67 mV/K and could be
operated at 165 °C. In particular, the Seebeck
coefficient was very large at low concentrations of
[Fe(CN)s]*", suggesting a strong hydrogen bonding
with ethaline.
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Figure 1. Schematic illustration of a thermocell
consisting of [Fe(CN)s]*73~ with Ethaline as a solvent."

1. Sci. Rep., 11, 11929 (2021).

(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/I3~ 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.
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2 Scheme of /I3~ (upper left) and a-CD-added
(upper right) EPE cells. (bottom) Result of EPE
measurement.
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