Generating Adhesives Via In-situ Electrochemical Oxidation of Lipoic Acid Derivatives
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Electro-curing enables on-demand adhesive formation via the application of a voltage or current to initiate polymerization. Here, electrochemistry was used to trigger oxidative polymerization of lipoic acid, enabling rapid, self-sustaining curing while avoiding premature termination caused by rising viscosity that lowers diffusion rates and conductivity. Electrochemical analysis combined with structural characterization of intermediates and products revealed the underlying mechanism. Cyclic voltammetry showed strong solvent effects: oxidation was chemically irreversible in protic media such as phosphate-buffered saline and ethanol, forming sulfoxide or thioether species, but partially reversible in aprotic acetonitrile (CH3CN). In CH3CN and EtOH, lipoic acid undergoes a two-electron oxidation to form a semi-stable sulfonium cation that initiates cationic ring-opening polymerization (CROP). The cationic intermediate can be generated in situ or isolated and used separately to initiate polymerization. Experiments on disposable screen-printed electrode experiments confirmed one-component voltage-activated curing (Figure 1). This electro-curing strategy offers strong promise for advanced adhesives, biomedical materials, and responsive polymer systems that require precise spatiotemporal control.
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Figure 1. Photographs of 3 mm diameter screen printed electrodes before (a) and after (b) electropolymerization of 1 M lipoic acid in n-Bu4NPF6/CH3CN. AE = auxiliary electrode, RE = reference electrode, WE = working electrode.
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