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Control of handedness of chiral materials by circularly polarized light (CPL) has received 

attention from the viewpoint of the origin of biohomochirality, pharmaceutical industry, and 

spintronics. Although CPL laser-induced chiral crystallization has been performed so far, no 

significant chiral bias has been reported [1]. This is because the large-scale difference between 

helical pitch of CPL and chirality unit results in weak asymmetric interaction between CPL and 

chiral matter. Recent studies on plasmonics have shown that chiral plasmonic near-field can 

boost the weak interaction because the enhancement of a degree of chirality in electromagnetic 

field (EM-field), known as optical chirality (OC) [2], can shorten the helical pith of EM-field 

relative to incident CPL for plasmon excitation. Here, we show that large chiral imbalances in 

sodium chlorate (NaClO3) chiral crystallization from a solution can be obtained by inducing 

nucleation from plasmonic nanoparticles as a nucleation site [3,4]. Numerical analysis 

suggested that the origin of the chiral imbalance can be chiral optical force generated by the 

interaction between the superchiral plasmonic near-field and chiral crystalline clusters. 

Triangle-trimer plasmonic nanostructures consisting of gold triangular nanoparticles with 

sides of 230 nm were fabricated on a cover glass by electron beam lithography. A saturated 

solution of NaClO3 was dropped on the nanostructure (10 mL). Crystallization was induced by 

irradiating a focused continuous-wave near-infrared ( = 1064 nm) CPL laser using an inverted 

polarizing microscope to the nanostructures (1.0 MW/cm2). The handedness of the resulting 

crystals was identified by the rotating analyzer method. OC enhancement in near-field and 

chiral optical force was analyzed by finite-difference time-domain (FDTD) method.    

 50 crystallizations using l- (r-) CPL yielded 37 (11) l-crystals and 13 (39) d-crystals. The 

resulting crystal enantiomeric excess (CEE) was 52 %, which is about 10-fold of a typical 

imbalance in chiral photosynthesis using CPL. The numerical analyses showed that OC 

enhancement beyond 30-fold was locally observed in the nano-gap with 20 nm width at the 

center of the nanostructure. Several tens of fN of chiral optical force was found to be exerted 

on NaClO3 pre-critical chiral crystalline clusters [5]. Comparable magnitudes of achiral optical 

force have been found to be sufficient to induce crystallization even from an unsaturated 

solution by locally concentrating solute molecules using laser tweezers [6]. This suggests that 

the chiral near-field force can be responsible for the large CEE.  
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