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Thermocells are the emerging class of thermoelectric conversion devices. It consists of the solution of the redox species, and the temperature dependence of the redox equilibrium provides the thermoelectric voltage by temperature gradient. 
We have challenged to improve the performance of the thermocell, by introducing host-guest chemistry1,2, PCET reaction3,4, use of mixed solvent5 or deep-eutectic solvent6 and the improvement of cell configuration7.
[image: ]The thermoelectric voltage is one of the important parameters for improving the thermoelectric conversion efficiency. We recently focused on the redox-correlated phase transition phenomena because it shows the drastic change within the small temperature difference. We modified the viologen unit into poly-(N-isopropyl)acrylamide (PNIPAM). PNIPAM is widely known to show phase-transition between hydrophilic coil- to hydrophobic globule conformations.8 The phase transition temperature changes by changing the redox state of viologen site, and as a result we can change the phase of the polymer by external electric current. Also, the redox potential shifts by the phase transition and produce thermoelectric voltage associated with the phase transition entropy.
By modifying carboxyl groups onto PNIPAM, the pH of the solvent changes by changing temperature. We succeeded in changing the redox potential of quinhydrone (1:1 mixture of p-quinone and p-hydroquinone) by changing pH. The Seebeck coefficient (obtained voltage by unit temperature difference) of the system reaches −6.2 mV/K, and +6.6 mV/K by modifying amino groups instead of carboxyl groups.
I would like to provide our recent effort on the correlation of redox reaction and micelle formation or plastic crystal phase transition. 
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