Electrochemical Performance and Interfacial Stability of Silane-Crosslinked PEDOT:PSS Coatings on Flexible PDMS for Neural Electrode Applications
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Flexible neural electrodes require mechanically compliant, electrochemically stable conductive coatings that enable efficient charge transfer under physiological conditions. Conventional metal-based electrodes fabricated on rigid substrates suffer from mechanical mismatch with neural tissue, often leading to inflammatory responses, signal degradation, and limited long-term stability [1]. Conductive polymers, particularly poly(3,4-ethylenedioxythiophene):polystyrene sulfonate (PEDOT:PSS), represent promising alternatives due to their mixed ionic-electronic conductivity, low interfacial impedance, and high charge storage capability [2]. However, achieving stable electrochemical performance on elastomeric substrates remains challenging because interfacial properties depend strongly on film adhesion, crosslinking chemistry, and microstructural organization.

In this work, the influence of silane-based crosslinking strategies and conductivity-enhancing additives on the electrochemical properties of PEDOT:PSS thin films deposited on polydimethylsiloxane (PDMS) substrates was investigated. Semi-transparent conductive PEDOT:PSS films were fabricated and characterized with respect to electrochemical parameters relevant to neural stimulation and recording, including impedance response, capacitive behaviour (Cdl), charge storage capacity (CSC), and charge injection limit (CIL). The effect of replacing the commonly used (3-glycidyloxypropyl)trimethoxysilane (GPTMS) with (3-mercaptopropyl)trimethoxysilane (MPTMS) was evaluated in terms of interfacial electrochemical stability and film performance under physiological conditions [3].

Composite coatings were prepared from aqueous PEDOT:PSS dispersions modified with ethylene glycol (EG), dodecylbenzenesulfonic acid (DBSA), and silane crosslinkers. Thin films were deposited onto oxygen plasma-treated PDMS substrates by spin coating, followed by thermal curing and annealing. Surface morphology was characterized using scanning electron microscopy (SEM), while electrochemical characterization was performed in a simulated physiological electrolyte using cyclic voltammetry and electrochemical impedance spectroscopy.

Both MPTMS- and GPTMS-crosslinked PEDOT:PSS films exhibited stable electrochemical behaviour and preserved structural integrity during prolonged electrochemical testing in aqueous electrolyte. The incorporation of EG influenced the impedance characteristics of the electrode/electrolyte interface, indicating changes in charge-transport pathways within the polymer network. Optimized crosslinking conditions achieved a balance between electrochemical stability and efficient charge transfer, whereas excessive crosslinking reduced electrochemical performance, likely due to restricted ionic mobility and decreased electronic conductivity. The obtained impedance and charge storage characteristics were comparable to those reported for flexible neural electrode materials.

The results demonstrate that the electrochemical properties of PEDOT:PSS coatings on elastomeric substrates can be tailored through controlled crosslinking and solvent-assisted microstructural modification. The proposed approach provides a promising route toward soft, electrochemically stable neural interfaces for bioelectronic applications that require long-term operation under physiological conditions.
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