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Abstract

Porous nanostructured photonic materials in the shape of periodic multilayers have demonstrated their
potential in different fields ranging from photovoltaicsm to sensinglz]. On the one hand their porosity
makes it feasible to infiltrate them with an electrolyte or a polymeric matrix (which allows their use in dye
sensitized solar cells or as flexible fiIms[3]). On the other, the possibility of controlling their refractive
index profile via their porosity or the choice of materials, strongly affects the way light is transported or
generated within them.

When applications dealing with light absorption or emission are considered, knowledge on how the local
density of states (LDOS) is distributed within them is mandatory[‘” in order to realize a judicious design
which maximizes light matter interaction. In order to do so, access to a photonic probe which senses the
LDOS at different spatial positions is desired. Such probe must have reduced dimensions (in order to
achieve a high spatial resolution in the mapping of the LDOS) and should lend itself to be incorporated
in the fabrication procedure in such a manner that its spatial position within the sample can be
controlled.

In this work we report a detailed study of how dye doped polystyrene nanospheres constitute an
effective LDOS probe to study its distribution within nanostructured photonic media. Nanospheres with a
diameter of 25 nm are incorporated in the fabrication procedure of nanostructured photonic multilayers
(through a combination of spin and dip-coating with suspensions of oxide nanoparticles) in such a way
that the high optical quality of the fabricated structure is maintained. Introducing the polymeric spheres
at different stages of the fabrication process allows placing them at several positions of the structured
sample. A combined use of photoluminescence spectroscopy and time resolved measurements are
used to optically characterize the samples. While the former shows how depending on the probe
position its PL intensity can be enhanced or suppressed, the latter allows to probe the LDOS changes
within the sample, monitored via changes in its lifetime. We demonstrate how information on the local
photonic environment can be retrieved with a spatial resolution of 25 nm (provided by the probe size)
and relative changes in the decay rates as small as ca. 1%, evidencing the possibility of exerting a fine
deterministic control on the photonic surroundings of an emitter.
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