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DETECTION IN BIOMEDICAL AND ENVIRONMENTAL SYSTEMS
Monique Pacheco do Amaral

Dye-sensitized graphite-based sensors constitute a versatile platform for electrochemical
detection, combining the high conductivity of carbon materials with the functional properties of
electropolymerized dye films. In this work, graphite electrodes were modified via
electropolymerization using three dyes: brilliant cresyl blue, thymol blue, and bromophenol blue to
develop selective and sensitive electroanalytical sensors. The modified electrodes exhibited
distinct selectivity toward different classes of analytes. The brilliant cresyl blue-based electrode
enabled the detection of nucleobases and related biomolecules, including guanine, adenine,
thymine, uric acid, and ascorbic acid. The thymol blue-modified electrode was effective for
detecting amino acids and organic compounds such as pyridoxine, tyrosine, vanillin, cysteine, and
tryptophan. The bromophenol blue-based electrode showed high sensitivity toward phenolic
compounds and nitrogen-containing species, including catechol, resorcinol, hydroquinone,
hydrazine, and pyrogallol. Electrochemical characterization was performed using cyclic
voltammetry (CV), differential pulse voltammetry (DPV), linear sweep voltammetry (LSV), and
chronoamperometry (CA), complemented by scan rate and pH studies. Surface analyses by
scanning electron microscopy (SEM) and atomic force microscopy (AFM) confirmed the formation
of homogeneous and electroactive polymeric films. The sensors exhibited significantly enhanced
electrochemical responses compared to the bare graphite electrode, with excellent linearity ($R”2
\approx 0.99%), low relative standard deviation values (RSD $< 10\%$), and fast response times
on the order of seconds. In addition, the modified electrodes enabled the selective and
simultaneous detection of multiple analytes with well-resolved oxidation peaks, demonstrating their
high analytical performance even in complex systems. The sensors also showed good operational
stability and reproducibility over repeated measurements. These results demonstrate that
electropolymerized dye films effectively tailor the electrochemical properties of graphite electrodes,
enabling selective and sensitive multi-analyte detection. The developed sensing platforms show
strong potential for applications in environmental monitoring, clinical diagnostics, and analysis of
bioactive compounds.
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