Oxidative Surface Functionalization of 3D-Printed CB-PLA Electrodes for Enhanced Detection of Nucleic Acid Bases
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Three-dimensional (3D) printing, also referred to as additive manufacturing (AM), has emerged as a versatile fabrication technology with growing applications in both industrial and academic research. In the field of electrochemistry, 3D-printed electrodes have attracted significant interest as a cost-effective and customizable alternative to conventional electrode materials. Among the available AM techniques, fused deposition modeling (FDM), based on the extrusion of thermoplastic polymers such as biodegradable polylactic acid (PLA), is one of the most extensively employed methods. Due to the intrinsically insulating nature of PLA, the fabrication of electrochemically active electrodes requires the incorporation of conductive carbon-based fillers, including graphite, graphene, carbon nanotubes, or carbon black. The presence of these conductive additives enables electron transport within the printed structure; however, the electrochemical performance of the resulting electrodes is often limited by the polymer-rich surface layer formed during the printing process. Consequently, surface activation is typically required to enhance electrode performance. This treatment involves the selective removal or etching of the outer polymer layers, leading to the exposure of conductive carbon particles and an increase in the electrochemically active surface area. As a result, improved electron-transfer kinetics and enhanced electrochemical responses are commonly observed for activated 3D-printed electrodes [1,2].

The primary objective of the present study was to investigate and compare surface oxidation procedures for 3D-printed electrodes fabricated from a carbon black-polylactic acid (CB-PLA) composite. Oxidative treatment of the carbon black component was employed to introduce oxygen-containing functional groups, such as carboxyl, hydroxyl, and epoxy moieties, onto the electrode surface. The incorporation of these functionalities is expected to enhance the affinity of the electrode surface toward DNA nucleobases and improve their electrochemical detection. The electrochemical properties of the modified electrodes were evaluated using cyclic voltammetry (CV), differential pulse voltammetry (DPV), and electrochemical impedance spectroscopy (EIS). The obtained results demonstrated that the oxidized CB–PLA electrodes exhibited substantially improved electrochemical performance, characterized by enhanced sensitivity and selectivity toward DNA nucleobases, compared with their non-activated counterparts.
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