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Enantiomer separation is a critical step in many chemical syntheses, particularly for pharmaceuticals, 
but prevailing chemical methods remain inefficient. Here, we introduce an optical technique to sort chiral 
specimens using achiral coaxial plasmonic apertures. These apertures are composed of a deeply 
subwavelength circular dielectric channel embedded in a conducting film and can stably trap sub-20-nm 
dielectric chiral specimens. First, using both full-field simulations and analytic calculations, we show that 
selective trapping of enantiomers can be achieved with circularly polarized illumination. Opposite 
enantiomers experience distinct trapping forces in both sign and magnitude: one is trapped in a deep 
potential well while the other is repelled with a potential barrier1. These potentials maintain opposite signs 
across a range of chiral polarizabilities and enantiomer-aperture separations (Figure 1)1. Then, we 
experimentally probe these nearfield enantioselective optical forces using chiral force microscopy, a novel 
technique based on atomic force microscopy. Using an achiral tip, we show that optical forces range from 
10-65 pN per 100µW/µm2 of incident intensity, with the largest measured forces corresponding to the 
spectral peak in coaxial transmission. As expected, this optical force exponentially decays with increasing 
tip-aperture separation. Using tips patterned with chiral nanostructures, we observe a force difference of 
7pN in both sign and magnitude, depending on the handedness of the optical illumination2. Our 
measurement reveals the nanometer-scale spatial distribution of enantioselective optical forces, and 
indicates that the interaction of chiral light and chiral specimens can be mediated by achiral plasmonic 
apertures. More generally, our optical trapping scheme provides a possible route toward all-optical 
enantiomer separation and enantiopure syntheses. 

 

 
Figure 1| Transverse optical forces and trapping potentials on a chiral nanoparticle from an achiral 
plasmonic aperture. Transverse optical force distribution at 20 nm above a plasmonic coaxial aperture 
with the concentric rings indicate the dielectric channel. The Forces are exerted on a (a) left-handed chiral 
nanoparticle (S-enantiomer) and (b) a right-handed chiral nanoparticle (R-enantiomer) with chirality of 0.6, 
radius of 10 nm. The aperture is illuminated from the bottom with left-handed circularly polarized light on 
resonance. The scale bar is 50 nm. (c) The calculated trapping potential on the S-enantiomer, and (d) the 
trapping barrier on the R-enantiomer. (e) 1-D trapping potentials across the coaxial aperture [figure adapted 
from Ref. 1].  
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