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A thermo-chemical battery is a type of
thermoelectric conversion device that generates
electrical energy from temperature differences by
utilizing the temperature dependence of the
equilibrium potential of redox reactions. Since the
thermoelectric conversion efficiency is proportional to
the Seebeck coefficient, the potential difference per
unit temperature difference, materials with a large
Seebeck coefficient are required. We have developed
a thermo-chemical battery with a large Seebeck
coefficient through the following two studies.

(1) Realization of thermo-chemical battery with
high Seebeck coefficient by using LCST reaction
By combining the pH-responsive redox potential of
quinhydrone with the temperature-responsive pH
change of pNIPAM-acrylic acid copolymer
(Poly(AAC-co-NIPAM)), a large Seebeck coefficient
of over -6 mV/K was found. This high Seebeck
coefficient was observed near the lower-critical
solution temperature (LCST) transition, indicating that
the redox equilibrium potential of quinhydrone shifted
with the change in pH of the solution due to the LCST
transition of the polymer. In addition, the amine was
substituted for acrylic acid. Furthermore, in the
copolymer with amine instead of acrylic acid
(Poly(DMAPM-co-NIPAM)), the pH response was
reversed as a function of temperature, and a large
positive Seebeck coefficient of over +6 mV/K was
obtained. This is a breakthrough in the application of
the phase transition phenomenon of materials to
thermoelectric conversion, and is expected to lead to
the use of thermoelectric conversion devices that
utilize small temperature differences.
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Fig. 1 Potential-temperature diagram of a thermo-chemical
battery using a mixed solution of quinhydrone and LCST
polymer.
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(2) Realization of high Seebeck coefficient in
thermo-chemical batteries using PCET reaction

A thermo-chemical battery utilizing the solvation
entropy of protons released by the proton conjugated
electron transfer (PCET) reaction was prepared.
Thermo-chemical batteries were prepared using
ruthenium tris(biimidazole) complexes and other
materials, and it was found that the Seebeck
coefficient derived from the solvation entropy of the
released protons was obtained by changing the pH.
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Fig. 2 Pourbaix diagram of ruthenium tris(bi-imidazole)
complex (top) and Seebeck coefficient of thermochemical
battery (middle). Schematic illustration of a thermocell
consisting of PCET complex (bottom).
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