Versatility of Operando Raman Spectroelectrochemistry: Detection of Fentanyl, Pesticides, and Vitamins
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Time-resolved Raman spectroelectrochemistry represents a powerful and versatile approach that combines the electrochemical control with the vibrational information provided by Raman spectroscopy. This dual perspective enables in situ optical analysis of a wide range of systems and processes, offering valuable insights into interfacial phenomena as they occur. Furthermore, the Surface-Enhanced Raman Scattering (SERS) amplifies Raman signals through the presence of metallic nanostructures, typically based on gold, silver, platinum, or copper, thus overcoming the intrinsic sensitivity limitations of conventional Raman techniques and broadening their scope in analytical applications.

The electrochemical generation of metallic nanostructures directly on electrode surfaces emerges as an efficient and tunable strategy for the fabrication of SERS-active substrates. In this context, this work shows the formation of metal nanoparticles (NPs) on both gold and silver electrodes via electrochemical routes. For gold screen-printed electrodes (SPEs), the activation process involves an initial anodic step that produces gold oxide species and soluble complexes, followed by a cathodic scan that leads to the formation of nanostructures with strong Raman enhancement capabilities. The presence of chloride ions plays a crucial role in this process, as it promotes nanoparticle formation and significantly increases signal intensity [1]. Similarly, the activation of silver electrodes was systematically optimized. A comparable electrochemical protocol, consisting of sequential oxidation and reduction steps in chloride-containing media, was found to generate silver nanoparticles with excellent SERS performance. These nanostructured surfaces exhibit strong signal amplification, making them highly suitable for analytical applications [2].

The developed methodologies have demonstrated outstanding performance in the detection of diverse analytes, including fentanyl drug, thiram and imidacloprid pesticides, and B vitamins in multivitamin complexes. These results highlight the broad applicability and robustness of operando Raman spectroelectrochemistry as an advanced analytical tool for sensitive and reliable chemical detection across multiple fields.
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