Abstract

Nanostructured materials provide an attractive platform for high-performance active layers due to
their high surface-to-volume ratio, tunable surface chemistry, and room-temperature operation.
Functionalized noble metal nanoparticles (MNPs) can be used to obtain chemoresistive and optical
sensors [1—3]. Synthetic strategies based on wet chemical bottom-up approaches enable precise
control over nanoparticle size, morphology, composition, and assembly, while allowing tailored
surface functionalization through the rational design of the ligand shell. By selecting appropriate
capping agents and functional molecules, it is possible to modulate solvent compatibility (aqueous or
organic media), nanoparticle organization (isolated or interconnected networks), and analyte
selectivity, thus optimizing interaction performance for specific environmental monitoring.
Functionalized MNPs were successfully studied for the detection of toxic gases, volatile hazardous
compounds, and organic pollutants in solution, also enabling optical detection through
analyte-induced colorimetric responses. Among different systems, MNPs functionalized with single
or mixed thiol ligands exhibited high affinity for inorganic or organic vapors, maintaining limited
cross-sensitivity toward common interfering gases. This behavior correlated with ligand-based
surface interactions, the presence of different functional groups (aryl, sulfonate, or organometallic
moieties) and nanoparticle organization (mono- and bifunctional ligands), enabling real-time
detection under ambient conditions [1,2]. The sensing mechanisms were correlated with
comprehensive morphological, structural, and spectroscopic characterization, highlighting the
structure-function relationships. The presented results demonstrated the potential of engineered
nanomaterials as low-cost, high-performance, and efficient active layers for both chemoresistive and
optical sensing platforms supporting continuous environmental monitoring, rapid hazard
assessment, and integration into next-generation detection systems.
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