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Abstract
Experimental evidence of the plasmonic Dicke effect is

presented from the fluorescence ensemble characterization
of different concentrations of organic emitters grafted to
plasmonic nanoparticles.

Introduction
Nanohybrids formed by the combination of emitters

and plasmonic nanostructures have attracted the
attention of the scientific community during the last years
thanks to the relevant applications that such systems may
find in different fields like the design of novel
optoelectronic devices or biosensors [1,2]. Nevertheless,
the physical interactions between these entities are of
complex nature and numerous studies have been
developed in order to fully understand them [3,4].

It has been recently postulated that, for an ensemble
of dipoles situated at the surface of a plasmonic
nanoparticle (NP), the interaction between emitters is
mainly of plasmonic character rather than radiative. The
emission of a photon becomes a cooperative process
involving all the dipoles and the metal nanoparticle. This
plasmonic coupling leads to the formation of collective
states known as “superradiant states” [5]. These results
are an extension of the previous work by Dicke, in which
he postulated the existence of such states for an ensemble
of dipoles confined in a spatial volume small with respect
to the radiation wavelength [6]. In the presence of a
plasmonic resonator cross-talking between emitters leads
to an extremely fast desexcitation process. At a
sufficiently large distance from the plasmonic core
(d≥10nm for a 32nm-NP), a progressive enhancement
reaching a saturation of the ensemble quantum efficiency
is expected when the number of coupled emitters is
increased. This is directly related to a radiative decay rate
that scales with the number of emitters placed in close
vicinity to the core in a purely cooperative regime.
Moreover, the authors also point out that the role played
by FRET between neighbor emitters is negligible in this
process.

To the best of our knowledge, there has been no
experimental demonstration of the plasmon-mediated
superradiance near metal nanoparticles, this being a
consequence of the difficulty to create a system in which

the number of emitters per plasmonic core and the
distance between the different components are precisely
controlled. In our work we show experimental evidence
for the formation of plasmonic superradiant states from
the decay rate studies of an ensemble of such
nanohybrids in solution.

Materials and methods
The nanohybrids have been designed by the coating

of Au NPs with a homogeneous silica shell that works as
a spacer while endowing the system with an improved
colloidal stability. The structural integrity of the obtained
system was characterized by TEM. The system has then
been decorated with organic emitters. To avoid problems
of reproducibility during the characterization of the
nanohybrids, a covalent bond between the different
components has to be granted. In such conditions, an
irreversible adsorption of the emitters at the surface of
the silica shell is ensured, even under harsh conditions
like strong sonication. In our systems, such strong bond
is provided by the silane coupling agent
aminopropyltriethoxysilane.

The optical response of the nanohybrids in ethanol
dispersion was acquired with a spectral- and time-
resolved setup consisting of a streak camera pre-fitted
with a spectrograph with a grating of 150 gr/mm.
Acquiring the fluorescence of a whole population, the
temporal decay profile deviates from a single exponential
decay. We accordingly fitted the decay profiles with a
stretched exponential function (Eq. (1)) convoluted to the
instrumental response function of the system, in order to
estimate the mean decay time of the nanohybrids
population.


 )(

)( 0
K

t

eItI


 (1)

The mean decay time is obtained from the relation
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Experimental Results
Figure 1 shows the normalized temporal decay

profiles obtained for the nanohybrids dispersed in an
ethanol solution with a various number of labeled
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emitters. As clearly observable in the figure, the decay
profiles shorten and become less and less exponential as
the concentration in emitters per particle is increased. A
comparison with the mono-exponential decay profile of
pure RhB in solution is also provided in the figure.
Accordingly, a decrease of the mean decay time   is
determined when N (the number of emitters per
plasmonic core) is increased, in agreement with
theoretical predictions (Figure 1). The comparison with
the decay profile of bare Rhodamine B shows that the
long time decay observed for hybrid samples
corresponds to non-labeled emitters released into the
solution.

Figure 1 Normalized temporal decay profile of bare Rhodamine
B (in black) and of Au-Rhodamine B nanohybrids where the
number of molecules per plasmonic core (N) has been varied (in
red, green and blue). The symbols are measured data points and
the solid lines are stretched exponential fits convoluted with the
instrumental response function of the setup.

Unfortunately, the use of organic molecules does not
allow an easy quantification of the total amount of
emitters used and thus direct correlation with
simulations is not straightforward. To overcome this
limitation, we are currently replacing Rhodamine B with
QDs, nano-objects that can be observed with electron
microscopy techniques (Figure 2). More precisely, 3D
electron tomography will be used to unequivocally
ascertain the exact number of QDs adsorbed on each
nanohybrid. The combination of this technique with
single-particle spectroscopy will allow the
characterization of single nanohybrids, an ideal scenario
to prove the validity of the theoretical predictions
presented by V.N. Pustovit and T.V. Shahbazyan [5].

Figure 2 Transmission electron microscopy image of a
nanohybrid composed by QDs (small spots attached to the
silica shell) surrounding the Au NPs (in black).
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