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Figure S1. (a) The transmittance spectra and eigenmode spectra against the offset of a hole 
(s) for Si disk-hole metasurface. The cyan dashed line demonstrates the dispersion of 
eigenmode. Distributions of (b) E-field enhancement |E|/|E0|, (c) H-field enhancement |H|/|H0|, 
and (d) cos (θiE, H) at the quasi-BIC MD resonance (λ= 6203 nm), where the gray arrow 
represents the vector of E- and H-field.

Figure S2. The simulated transmittance spectra through the metasurfaces with s= 
0, 1, 2, and 5 nm under linearly polarised (LP) incidence.

A chiral particle whose dimensions are significantly smaller than the spatial change of the 
surrounding harmonic EM field can be described as a pair of interacting electric 

and magnetic  dipolar moments, in which the chiral Re[ ( ) ]  i tp r e Re[ ( ) ] i tM m r e
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particle subjected to the monochromatic EM-field generates the moments of and associate p m
with both the local electric and magnetic  fields at the particle that are expressed as1E H
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where the and  are the permittivity and permeability of the surrounding media; the electric s s

α, magnetic β and mixed electric-magnetic χ dipole polarizabilities are complex scalars. 

Particularly, the sign (+, -) of χ polarisability is closely related to the handedness of enantiomers 

associated with the dipolar system in Eq. (S1). Noteworthy, the α and β polarizabilities are 

always the same during enantiomeric variations as they are quadratic forms of the electric and 

magnetic dipoles accordingly. Therefore, one of our purposes is to discriminate the effect of 

the sign change of χ on optical forces exerted on chiral dipoles.   

For a nanosphere, the polarisabilities of α, β and χ can be simply shown as2: 
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εr=εp/εs, μr=μp/μs are the relative permittivity and permeability, with respect to the surrounding 

media; (εp, μp) gives the refractive index np of the nanosphere; and εs and μs are the dielectric 

permittivity and magnetic permeability of the surrounding medium. κp determines the chirality 

of the sphere that links to the effective refractive index difference n± = ns ± κp between left (-) 

and right (+) handed circularly polarized waves, and it measures the level of handedenss of 

chiral molecules. Thus, the imaginary part of κp (Im(κp)) is related to the chiral response and 

the real part (Re(κp)) to the optical rotation. rp is the radius of nanoparticle. The time-averaged 

optical force exerted on a chiral particle can be expressed from the Lorentz force law1, 3:tF
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Note that, herein we do not take account of the terms stemming from self-interactions of the 

dipole that plays the role in producing the recoil force. The can then be presented as a sum tF

of a non-chiral gradient force ( ) and chiral gradient force ( ), associated with (α, β) and , F F

  polarizabilities accordingly. 
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                                                      (S6),   tF F F

By placing the dipolar moments ( , ) shown in Eq. (S1) into Eq. (S5), the  and can p m , F F

be both divided into reactive and dissipative constituents, which consists of the real and 

imaginary parts of the α, β and  polarisabilities:
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where and  are the energy densities of both E and H field 2s
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the chirality density of the field and  is the flow of chirality. The flow of the chirality is 
determined by the E and H field ellipticities:
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As can be seen in Eq. (S6), the variation between the total gradient force of a paired tF

enantiomers originates from the addition or subtraction between the non-chiral gradient force 

 and chiral gradient force , where  is directly related to the optical chirality density , F F F

of the field. Note that, the is mainly controlled by  , since  which is associated with F reac
F 

dissF

Im[ ], can be ignored due to the small imaginary part of the particle’s permittivity (Im (ε) = 

0). As can be seen in , two chiral entities possessing the different experience  in the reac
F  F

opposite directions, and the achievement of a giant is important to obtain a large . C F

Figure S3(a) presents the for the quasi-BIC resonant mode (λ= 6203 nm) ; the color C
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represent the strength of . This indicates that the quasi-BIC mode leads to the strongest C

 around the outer edge of the Si disk, enabling a strong on the chiral entities. In the C F

contrary, one needs to reduce the   to make it much smaller than the thus obtaining an , F F

efficient enantioseparation. is composed by two time-averaged achiral gradient forces , F

offered by the reactive force  and dissipative force . The  appears to be zero reac
, F diss

, F diss
, F

owing to the ultrasmall Im(ε)=0. Therefore, the is dominated by the  relating to both , F reac
, F

magnetic ( ) and electric ( ) energy densities. Figure S3b-S3c present  and W H EW EW

 at quasi-BIC resonant mode (λ= 6203 nm).  Noted that the maximum in both  and W H EW

 don not overlap with the largest  and the quasi-BIC resonance can improve  the W H C

more significant than   and thus offer a much stronger to conquer  . C EW W H F , F

Therefore, can be controlled by , which separates the chiral entities with opposite tF F

handednesses.

Figure S3. Distributions of (a) chirality density gradient , (b) electric energy density C

, and (c) magnetic energy density  in quasi-BICs resonance mode (at λ= 6203 nm) .EW W H
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Figure S4. Surface potential (Ut) under an illumination of linearly polarised light for the (a) 

LH- (κp = -0.001) and (b) RH- (κp = +0.001) enantiomers with rp = 2 nm at 20 nm above the 

surface of the quasi-BIC MD meta-atom with  s = 1 nm at λ= 6203 nm .

Figure S5. The stability of the enantiomeric pair (rp =2 nm, κp = ±0.001) under the different 

illumination intensities (Iin), where the red and blue solid lines represent the 10 ms trajectories 

of the LH- and RH- enantiomers, respectively, (a) Iin = 200 mW/μm2 (b) Iin = 300 mW/μm2, (c) 

Iin = 400 mW/μm2, (d) Iin = 500 mW/μm2.

Figure S6. (a) The distributions of C/C0 in the resonator with the off-sets of s = 20 nm. (b) 

Surface potential (Ut) under an illumination of linearly polarised light for the LH- (κp = -0.01) 
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(left column) and the RH- (κp = +0.01) (right column) enantiomers with rp = 14 nm at 20 nm 

above the surface of the quasi-BIC MD meta-atom with s = 20 nm
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