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ABSTRACT

Designing fluorescent probes for the sensing of biologically and environmentally significant cations
and reactive oxygen species is the need of the hour. This work presents the design and development
of four novel fluorescence-based sensors capable of selectively identifying crucial cations (Cu*,
Hg*) and biologically significant anions (OCI). A range of unique characteristic compounds have
been utilized as the base for synthesis, such as anthracene, rhodamine, and quercetin. Four novel
sensors, pyridine-coupled bis-anthracene (PBA), rhodamine-derived probes (BBS and BHS), and
quercetin-based QBE, demonstrate high selectivity and sensitivity for Cu*, Hg*, and OCI via
distinct mechanisms. PBA exhibits a dual function as a ratiometric water sensor and a turn-on Cu?*
detector, providing a fluorescence enhancement of 10-fold, with a lower limit of detection (0.358
uM). The sensor was successfully implemented for real sample (soil) analysis and studied for
interactions with BSA and ct-DNA via fluorescence titrations and docking simulations. Similarly,
rhodamine-based BBS and BHS probes detect Cu** and OCI through spirolactam ring-opening
mechanisms induced by coordination (Cu") or oxidation (OCI), showing significant Stokes shifts
and fluorescence enhancements. BBS achieved LOD’s of 2.61 uM for Cu*" and 1.96 uM for OCI~.
BHS highlighted ESIPT inhibition upon analyte binding, validated by DFT and docking studies.
QBE, a quercetin-derived sensor, selectively detects Hg** via chelation-enhanced fluorescence
(CHEF), exhibiting an 18-fold intensity increase and an LOD of 8.47uM. Iis efficiency in
bioimaging and PET/ESIPT mechanistic studies underscores its biological relevance. All sensors
integrated theoretical analyses to elucidate structural and interaction dynamics with biomolecules.
These innovations highlight the potential of tailored fluorophores for environmental monitoring,
biomedical diagnostics, and real-sample applications.
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