Electrochemical evaluation of binder-free PEDOT:PSS-PNIPAAm composite hydrogel electrode in alkaline media
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Conducting PEDOT:PSS-based polymers are promising materials for supercapacitor application but suffer from inherent electrochemical instability in alkaline electrolytes. Here, a composite PEDOT:PSS-PNIPAMAm hydrogel electrode with 3D interconnected porous network structure is rationally designed by dual UV-chemical in-situ polymerization process. The fabricated binder-free PEDOT:PSS-PNIPAMAm hydrogel electrode demonstrates excellent capacitance retention of 96.71% after 6000 charge-discharge cycles in 1 M KOH. This outstanding durability highlights the effectiveness of the composite microstructure in mitigating structural and chemical degradation in high pH environment. A comprehensive characterization studies, including Raman, SEM-EDX and rheological testing are employed to elucidate the structure-property relationship. Moreover, electrochemical tests are performed in 1 M Na2SO4 to further comprehend the electrolyte-dependent performance. The strong interfacial interaction of PEDOT:PSS and PNIPAAm enables facile charge transfer while preserving the overall integrity of the hydrogel under harsh alkaline environment. This work demonstrates that hydrogel-assisted stabilization of conductive polymers is a potential strategy for improving the durability and applicability of polymer-based hydrogel electrodes for alkaline energy storage systems.
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