Engineering of AuNP-Functionalized Laser-Induced Graphene for Advanced EC-SERS Applications
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Rapid manufacturing strategies are attracting growing interest in the development of customizable, cost-effective, and scalable spectroelectrochemical platforms. Although screen-printed carbon electrodes modified with metallic nanostructures remain among the most commonly used SERS-active systems[1], there is still a strong demand for alternative architectures offering improved structural tunability, reproducibility, and analytical performance.

In this work, we present an electrochemical surface-enhanced Raman scattering (EC-SERS) platform based on hierarchically porous laser-induced graphene (LIG) functionalized with gold nanoparticles (AuNPs). The fabricated LIG architecture forms a highly conductive three-dimensional carbon network with a large electroactive surface area and well-developed porosity, enabling efficient charge transfer and enhanced accessibility of analyte molecules. In contrast to conventional flat SERS substrates, the developed porous architecture is expected to promote multidirectional analyte-plasmon interactions throughout the entire volume of the material[2]. 

Special attention was devoted to the controlled modification of the LIG surface with AuNPs. In particular, we investigated the influence of chronopotentiometric electrodeposition parameters, including the applied current, deposition time, and concentration of the gold precursor, on the formation of plasmonic nanostructures. Furthermore, the impact of intrinsic LIG properties on the nucleation and growth of AuNPs was systematically examined, with emphasis on nanoparticle size, shape, spatial distribution, and resulting SERS activity. These studies enabled precise tuning of the plasmonic characteristics of the developed platform. Beyond their plasmonic role, the deposited AuNPs also improved the electrochemical performance, signal reproducibility, and structural stability of the LIG-based substrate.

The analytical performance of the proposed EC-SERS platform was evaluated using model analytes, including rhodamine 6G and methylene blue. The obtained results demonstrate the strong potential of combining rapid manufacturing approaches with nanostructured carbon materials for the fabrication of sensitive and scalable spectroelectrochemical sensing systems. The integration of porous graphene-based architectures with plasmonic nanostructures represents a promising strategy for the development of next-generation EC-SERS platforms.
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