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Abstract: Plasmonic supercrystals are highly-ordered three-dimensional assemblies of metallic
nanoparticles. Light inside these supercrystals gets tightly confined into regularly arranged
hotspots for the electric field, because of plasmon resonances of the nanoparticle building blocks.
This leads to unique optical properties that enable applications in analytical chemistry, bicimaging,
optical coatings and waveguiding. To exploit the full potential of plasmonic supercrystals, we need
a better understanding of the optical properties and enhancement mechanisms.

In the first part of my talk, | will show that the optical g SEIRAS SERS
response of plasmonic supercrystals is determined
by 3D plasmon polaritons [1]. These excitations
arise from a hybridization of collective plasmonic
states with photons. The coupling strength is so
large that exotic phenomena of ultra- and deep
strong light-matter coupling can be explored [1].
The plasmon polaritons form standing waves inside
the crystal (Fig. 1a), which leads to optical
resonances across a broad spectral range. To
explore these phenomena experimentally, we
synthesize fcc crystals of gold nanoparticles via the
self-assembly at a liquid subphase and
characterize them optically (Fig. 1b, ¢) [1, 2]. | will
show how we extract the polaritonic band structure
and demonstrate the decoupling of light and matter
in the deep strong coupling regime.
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Fig. 1: 3D plasmonic supercrystals. (a) Sketch of

SERS and SEIRAS with plasmon polaritons. (b)
SEM and (c) optical microscopy image.

In the second part of my talk, | will show how polaritons enhance the vibrational spectra of
molecules inside the supercrystals [3]. The polaritons induce near field enhancement across the
entire crystal volume, which we probe through the vibrations of polystyrene ligand molecules.
Using surface-enhanced Raman spectroscopy (SERS) with tunable excitation wavelength, we
measure pronounced polariton resonances in the near infrared that correlate with the
transmission and reflection spectra of the supercrystals. The resonances of multilayered crystals
extend into the mid-infrared enabling surface-enhanced infrared absorption spectroscopy
(SEIRAS). Plasmonic supercrystals therefore offer the possibility to combine SERS and SEIRAS
on a single substrate.
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