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Carbon-based electrodes are widely explored as advanced electrochemical interfaces for sensing applications due to their high electrical conductivity, broad potential window, chemical stability, and tunable surface architecture. In environmental monitoring, the rational design of carbon electrode materials is particularly important, as the detection of trace pollutants often requires fast electron transfer, high sensitivity, and reliable operation in complex matrices. Porous, defect-rich, and doped carbon structures provide an attractive platform for electrochemical detection, enabling enhanced interaction with target analytes and improved analytical performance under challenging real-sample conditions.

Although conventional analytical techniques, such as chromatography and mass spectrometry, remain the benchmark for accurate pollutant identification and quantification, their use is often limited by the need for expensive instrumentation, laborious sample preparation, trained personnel, and laboratory-based analysis. Electrochemical sensors offer an attractive alternative by enabling rapid, cost-effective, and potentially on-site detection. However, their analytical performance is strongly dependent on the properties of the electrode material. The structure, conductivity, surface chemistry, porosity, and defect density of the electrode govern charge transfer kinetics, analyte adsorption, signal intensity, and resistance to matrix effects. Therefore, the development of advanced electrode materials is a key step toward reliable electrochemical monitoring of hazardous organic pollutants in real aquatic environments.

In this work, we present branched boron-doped sp2-rich carbon nanowall electrodes (BCNWs) fabricated by plasma-enhanced chemical vapour deposition (PECVD) as advanced electrochemical interfaces for the detection of selected hazardous organic pollutants, including nitroaromatic energetic compounds and bisphenol A [1]. Particular attention was given to optimising the PECVD growth process to control the morphology, boron incorporation, surface structure, and electrochemical properties of the carbon nanowalls, to improve their analytical performance. The obtained branched architecture provides an extended electroactive surface area, accessible conductive pathways, and favourable electrode–electrolyte interfacial properties for both reduction- and oxidation-based sensing processes. The optimised electrodes were evaluated in model solutions and real aquatic matrices, including marine water samples with different physicochemical characteristics [2]. The results demonstrate BCNWs provide sensitive and reliable electrochemical responses toward structurally different organic pollutants, highlighting their potential as cost-effective and adaptable platforms for environmental monitoring applications.
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