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Abstract: The intensive use of pesticides in modern agriculture has raised 

serious environmental and public health concerns, demanding the development 

of ultrasensitive and selective analytical platforms for their detection [1]. Among 

emerging strategies, the integration of electrochemistry with surface-enhanced 

Raman spectroscopy (SERS) has attracted increasing attention due to its 

capability to combine molecular fingerprinting with electrochemical control. In 

this context, engineering carbon-based interfaces decorated with plasmonic 

nanostructures (gold nanoparticles)[2] represents a promising route to enhance 

detection performance [3]. In this study, we report the design and fabrication of 

engineered carbon interfaces modified with shape-controlled gold nanoparticles 

for electrochemical SERS investigation of pesticide molecules on the 

nanostructured interfaces. This integrated EC-SERS platform is designed to be 

a versatile analytical tool with potential applications in environmental monitoring 

of water sources and food safety screening for pesticide residues in agricultural 

products. Looking forward, the project will first validate the sensor's 

performance through systematic electrochemical and spectroscopic 

characterization, followed by testing its sensitivity and selectivity towards target 

pesticides like thiram and paraquat. This roadmap aims to advance the platform 

towards smart, on-site diagnostic systems for precision agriculture and 

environmental stewardship. The choice of shape-controlled gold nanoparticles 

(AuNPs) as the plasmonic component is strategic due to their unique and 

tunable properties. Gold offers exceptional chemical stability in electrochemical 

environments and biocompatibility, preventing interference and degradation 

during analysis. Most importantly, the localized surface plasmon 

resonance (LSPR) of AuNPs provides the intense electromagnetic field 

enhancement necessary for SERS detection. By precisely controlling 

nanoparticle shape (e.g., spheres, rods, triangles), we can engineer their LSPR 

peaks to match the laser excitation wavelength, maximizing the SERS signal. 

Furthermore, different facets and geometries exposed by various shapes can 

influence adsorption kinetics and favor the binding of specific pesticide 

molecules, thereby enhancing both sensitivity and selectivity of the integrated 

EC-SERS platform. Future work will then focus on expanding the library of 

detectable agrochemicals by tuning nanoparticle composition and 

morphology,integrating the platform into microfluidic devices for field-deployable 

analysis, and exploring machine learning algorithms for the automated 

interpretation of multiplexed EC-SERS spectra. 
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