Cu2O/CuO-Modified TiO2 Nanotubes as Electrochemical Sensors for Adrenaline Detection
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Adrenaline, a key biomarker of stress, plays a crucial role in physiological responses and its rapid detection is essential for real-time health monitoring. This work presents the development of a miniaturized electrochemical sensor for adrenaline detection based on a nanostructured Cu2O-CuO/TiO2 platform. Copper and its oxides were selected due to their high electrochemical activity, good conductivity, and strong affinity for catecholamine molecules, enhancing sensor sensitivity and selectivity. Additionally, TiO₂ nanotubes provide a high surface area, enabling increased loading of copper oxides and improved sensor performance.
The fabrication process involved electrochemical anodization of titanium foil to produce highly ordered TiO2 nanotubes, followed by magnetron sputtering of a thin copper layer with controlled thicknesses. The copper oxide nanostructures were then grown via liquid-phase crystallization under optimized time conditions, tuned morphology to maximize surface activity. Scanning electron microscopy revealed the formation of flower-like CuO-Cu2O structures on the nanotubes, offering a high density of electroactive sites. The final step included rapid thermal annealing in a hydrogen atmosphere, inducing a phase transition from CuO to Cu2O, as confirmed by Raman and X-ray photoelectron spectroscopy. Secondary ion mass spectrometry (SIMS) was used to determine the depth profile of copper oxides within the nanotubes, from the surface region towards its base. The deeper Cu penetration, as revealed by the SIMS analysis, correlated with higherepinephrine (EP) oxidation currents, whereas a more surface-localized distribution results in a lower current. This suggests that Cu incorporation within the nanotube walls, rather than being confined only to the surface, facilitates electron transfer and improves the accessibility of electroactive sites during EP oxidation. Electrochemical detection of adrenaline confirmed that the thermally treated samples exhibited superior activity for adrenaline detection in PBS buffer. The best sample achieved a value of ca. 800 µA cm⁻² registered at +0.3 V vs. Ag/AgCl/0.1 M KCl for a concentration of 2 mM adrenaline in 0.1 M PBS. The best 5Cu‑2‑h electrode exhibited a linear range of 0.25–100 µM (DPV) with a sensitivity of 3.42 µA cm-2µM-1 and a limit of detection (of 0.24 µM, as well as 1–150 µM linear range in SWV. Density Functional Theory (DFT) calculations provided insight into the interaction mechanisms between Cu2O, CuO and adrenaline, highlighting the role of crystal facets in enhancing electrochemical activity. An excessive high density of undercoordinated surface oxygens may promote the adrenaline decomposition of into smaller compounds strong adsorption, potentially leading to surface blocking. The developed sensor represents a promising strategy for low-cost and efficient point-of-care adrenaline monitoring, combining high electrochemical activity with a simple fabrication procedure and good analytical performance. Owing to its potential for miniaturization, portability, and rapid response, the proposed platform may contribute to the development of autonomous electroanalytical devices for real-time biomedical and clinical diagnostics, in line with the growing demand for compact and user-friendly sensing technologies.
