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Abstract

Identifying molecular handedness using circular dichroism is limited to large volumes and high
concentrations. Circularly polarized luminescence (CPL) potentially offers higher sensitivity at low
molecular concentrations than absorption-based circular dichroism. However, it suffers from low
fluorescence intensity, preventing the detection of low circular polarization contrasts, which makes
detecting decreasing chiral molecule concentrations extremely challenging. Nanophotonic structures open
a route to circumvent these problems. High-refractive-index resonators like silicon nanodisks can both
increase circular dichroism and enhance molecular fluorescence.

Detecting the handedness of chiral molecules is critical in biochemistry, where the functionality of
biomolecules such as proteins, amino acids, and carbohydrates can strongly differ between enantiomers.
Circularly polarized light is commonly used to distinguish enantiomers based on their differential
absorption for the two circular polarizations, i.e., circular dichroism (CD). This transmission-based method
requires measuring very small changes in absorption, which is inherently difficult due to the large
background caused by negligible absorption at low concentrations. As a result, the sensitivity is reduced,
requiring a high density of molecules and long measurement times. This makes the conventional method
unsuitable for critical applications like detecting protein aggregates linked to various diseases.

Fluorescence-based chiral sensing bypasses some of the difficulties of CD by shifting the wavelength
of the light that interacted with the chiral molecules, allowing for separating this signal from the background
of the excitation source. However, fluorescence is weak and its polarization very low. Nanophotonics
provides routes for enhancing chiral sensitivity [1-3]. Optical resonators function as antennas, facilitating
a more efficient light-matter interaction between the analyte and the excitation light. This effect can be
amplified by arranging the resonators in arrays with an appropriate pitch [4]. In addition to excitation
enhancement, the fluorescence of the analytes can also be increased thanks to Purcell enhancement, which
increases the radiative rate. Furthermore, the resonator array can improve the directionality, enabling more
efficient detection of the emitted fluorescence. These combined enhancement processes significantly boost
the detected fluorescence of chiral molecules. Additionally, for chiral sensing, the polarization component
is also critical. Utilizing resonators made from high-refractive-index dielectrics allows for tuning of electric
and magnetic resonances, enabling control over optical chirality density, which can even generate local
super-chiral fields, enabling a CD greater than that produced by a circularly polarized plane wave.

Here, we demonstrate that metasurfaces consisting of periodic arrays of silicon disks can significantly
enhance CPL from molecular thin films. The metasurfaces, composed of crystalline silicon on glass, are
designed for simultaneous fluorescence and polarization enhancements to increase CPL brightness [4]. We
use a newly developed circular polarization microscope to measure thin films of chiral molecules on
metasurfaces with micrometric spatial resolution. Our microscope employs a photoelastic modulator (PEM)
and an avalanche photodiode with single-photon counting capabilities. The photoluminescence polarization
is determined by time-tagging each photon detection event with nanosecond resolution and fitting the
resulting polarization waveform as a function of the modulator phase.

By depositing a 200-nm-thick film of polymer doped with a chiral photoluminescence emitter
(Eu(facam)3), we demonstrate up to 2.5 times enhanced photoluminescence intensity resulting from
interaction with our metasurfaces (Figure 1). Additionally, the measured gjum value is maintained. Our
results open a nanophotonic route to increase CPL, with the potential to reach new sensitivity levels, such
as enabling the detection of single chiral nanoparticles and molecules.
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Figure 1: Left: a metasurface consisting of a periodic array of silicon nanodisks coated with chiral
molecules. Right: enhancement or measured photoluminescence and polarization.
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