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Vibrational spectroscopy techniques, including Raman and infrared (IR) spectroscopy, have gained significant
attention for their ability to provide molecular fingerprints with high specificity. By leveraging plasmonic
nanostructures, Surface-Enhanced Raman Spectroscopy (SERS) and Surface-Enhanced Infrared Absorption
(SEIRA) further enhance the detection sensitivity, enabling trace-level molecular analysis. In this study, we
explore the potential of SERS and SEIRA for the sensitive and selective detection of target molecules, demon-
strating their application in bio-chemical sensing domains.

To develop the sensor, we deposited gold thin film substrates using the pulsed laser ablation technique suit-
able for resonance with the excitation 785 nm Raman lasers. Graphene-integrated substrates were utilized
to achieve optimal enhancement for IR sensing modalities. The study involves systematic concentration-
dependent investigations to evaluate detection limits and spectral reproducibility. Computational support
via Density Functional Theory (DFT) aids in the assignment of characteristic vibrational peaks, ensuring ac-
curate molecular identification and interpretation.

By integrating experimental and computational methods, this study aims to establish a robust vibrational
spectroscopy platform for the analysis of molecular system. The findings contribute to the development of
advanced sensing strategies with potential future applications in biomedical diagnostics and pharmaceutical
analysis.
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