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Plasmonics with semi-metal nanostructures: experiments and modeling
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Plasmonics has attracted the attention of the scientific community, based on the capability of
noble metal nanostructures to confine, enhance, polarize or absorb visible light at the nanoscale
with spectral selectivity. During the last years, a quest has started with the aim of unveiling
plasmonic materials beyond noble metals showing enhanced or specific properties such as
switchability or lower optical losses.* Although plasmons rely on the excitation of free carriers, the
optical effects sought for plasmonics can also be achieved with insulators or semi-metals thanks
to electronic (excitonic, interband or interlevel) transitions, and interestingly they can be achieved
in the ultraviolet-visible region of the spectra. Recently, such effects have been demonstrated for
instance in organic polaritonic materials,?? inorganic topological insulators,* the p-block elemental
semi-metals antimony and bismuth and the covalent metal gallium.®> These materials are specially
interesting for the possibility of dynamic tuning of their electronic structure in their stable solid
state or upon phase transition, therefore paving the way to switchable plasmonics.

In this presentation, we will explain how we unveiled the potential of semi-metal bismuth
nanostructures for the development of switchable plasmonics in the ultraviolet-visible.*” In
particular, we will demonstrate the key role played by spectroscopic ellipsometry and advanced
effective medium modeling in these findings.

We will show the correlation of the bismuth nanostructures switching properties (for both the
amplitude and phase of light) with their shape, size, organization and their electronic properties.
Especially, we will show experimentally the evolution of the optical properties of the bismuth
nanostructures embedded in an inert matrix, when they are molten and solidified reversibly, while
their shape, size and organization is unchanged. The optical switching is thus driven by a shift in
the nanostructures optical resonances, which in turn is related with the change in their electronic
properties at the phase transition: first dominated by interband transitions in the solid state and
later following a Drude trend in the liquid state.
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