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Fluorescence represents (arguably) mostly used optical method for detection of chemical and biological species
in important fields of medical diagnostics, food safety and security. However, the sensitivity of fluorescence-based
technologies needs to be further advanced in order to fulfill increasing demands for rapid detection of trace
amounts analytes. The amplification of fluorescence signal through the coupling of fluorophore labels with metallic
nanostructures (see Fig. a) represents an attractive way for advanced fluorescence assays [1]. This approach is
referred as plasmon-enhanced fluorescence (PEF) and it takes advantage of the combination of a) increasing the
excitation rate at the fluorophore absorption wavelength (Aab), b) decreasing background by the highly confined
surface plasmon electromagnetic field intensity, ¢) increasing the photo-stability of fluorophores via decreasing
their lifetime and d) enhancing the efficiency of collecting the fluorescence light by using highly directional
plasmon-coupled emission at the emission wavelength (Aem), see Fig (a).
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Fig. a) Schematic of surface plasmon interaction with fluorophore labels, b) compact biochip with implemented
PEF that utilizes propagating surface plasmons, c) collective localized surface plasmons for PEF.

The lecture will describe several approaches in PEF that were recently carried out in our laboratory and which
allow for enhancing signal in fluorescence assays by several orders of magnitude. In particular, the employing of
collective (lattice) localized surface plasmons (cLSPs) on arrays of diffraction-coupled metallic nanoparticles will
be discussed (see Fig c) [2]. In addition, our efforts on implementation of PEF either to existing analytical
instruments or to new compact portable devices by using diffractive elements [3] (see Fig. b) will be presented.
The performance of PEF will be illustrated by several assays for detection of molecular analytes at low-
femtomolar concentrations [4] and harmful bacterial pathogens at concentrations as low as 10 colony forming
units [5].
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