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Abstract

Abstract

Surface enhanced fluorescence (SEF) which originates from the interactions of
the excited-state fluorophores with the plasmon resonance of a metal particle, is an
effective technology used in fluorescence-based detection in biochemistry and
biomedicine. The interactions result in an increased radiative decay rate, an increased
quantum yield, a reduced lifetime and an enhanced fluorescence. However, the
enhancement scale is dependent on the shape, size of the metal nanoparticles and the
distance between the metal nanoparticles and the fluorophores. Thus, in this work, we
investigate the SEF by changing the metallic diameter and the distance between the
metal nanoparticles and the fluorophores, which will be very helpful in promoting the
applications of SEF.

Many researches on SEF have been reported. Among those, fluorescence
spectroscopy and scanning confocal microscopy are the two most commonly used
technologies to study SEF. However, they either measure the ensemble average of a
large number of particles or offer limited throughput. Flow cytometry (FCM) is a
well-established technique for the rapid, multiparameter, and quantitative analysis of
individual cells and microscopic particles in aqueous suspension. Information
regarding size, shape of particles can be gathered via light scatter measurements, and
biochemical attributes can be gathered via fluorescent measurements. Nevertheless, it
has been challenging for the conventional FCM to detect nanoparticles smaller than
200 nm or dim particles having less than five hundred fluorescent molecules. In our
laboratory, we have developed a high sensitivity flow cytometer (HSFCM) that is 2-5
order of magnitudes more sensitive than conventional flow cytometers. Recently,
HSFCM has already been applied in the analysis of biological nanoparticles including
bacteria, viruses, mitochondria, and synthetic nanoparticles including gold, silica, etc.
In this work, we would apply HSFCM to study the SEF at the single-particle level.

Silver has been recognized as an attractive fluorescence enhancer due to its

I



Abstract

intense plasmon band and high scattering efficiency. Moreover, coating the silver
nanoparticle with a suitable silica shell can not only improve the chemical stability of
silver, but also modulate the distance between silver and the fluorophores precisely
for maximum enhancement. Thus, we use the fluorescent core—shell nanostructure as
the model system which comprised of a silver core, a silica shell, and a
fluorophore-doped shell. Additionally, the fluorophore-doped silica nanoparticles of
the same particle size but without Ag core are used as the counterparts.

Briefly, the Ag@SiO2 nanoparticles with different silver core diameter (40, 50,
60, 70, 80, 100 nm) and silica shell thicknesses (5, 10, 15, 20, 25 and 30 nm) were
synthesized. A second layer of silica (approximately 5 nm) was coated onto the
Ag@Si02 nanoparticles, and fluorescein isothiocyanate (FITC) was doped into the
outer most silica shell to form fluorescent core-shell Ag@SiO: structures. The
fluorescence enhancement factor (EF) was estimated by a ratio of the fluorescence
intensity of FITC doped nanoparticles with and without silver core. The effects of Ag
core diameter and the distance between the fluorophore and the Ag core, i.e. the shell
thickness on the EF, were investigated at the single-particle level using HSFCM.
Compared with the fluorescence spectroscopic measurement, our results demonstrate
the great advantage of studying SEF at the single-particle level. Moreover, we
calculated the dependence of the electric field enhancement factor (G), the quantum
yield (Q), and the EF on the silica shell thickness with different silver diameters via
finite difference time domain (FDTD) method. The theoretical calculation results
agreed well with HSFCM analysis. Present study represents an advanced technique

for SEF study.

Key words: Surface enhanced fluorescence, Core-shell Ag@SiO: nanoparticle,

Single-nanoparticle level, High sensitivity flow cytometry
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The thicker arrows represent increased rates of excitation and emission.
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