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ABSTRACT 

The intrinsic homochirality of lifeforms underscores the importance of real-time and accurate enantiomers discrimination 
techniques in fields such as asymmetric chemical synthesis, pharmaceutics, and life science. Conventional chiroptical techniques, 
however, are often limited by the need for strict spectral alignment between artificial resonators and biomolecular resonances. 
In addition, small biological molecules typically absorb in the ultraviolet (UV) range, where high-energy photons would break 
chemical bonds and risk inducing photodamage. To address the intractable issue, we propose an integrable subwavelength gratings 
system, dubbed “double twisted grating chiral amplifier (DTGCA)”, which leverages the principle of weak measurement to amplify 
the circular dichroism (CD) signals. Based on the Kramers-Kronig (KK) relations, we demonstrated a linear correlation between 
CD and optical rotatory dispersion (ORD) in the off-resonant spectral region far from molecules’ eigenfrequencies. In contrast to 
contemporary nanoantenna-based amplification which depends on electromagnetic couplings, the DTGCA enables off-resonant 
enantiomeric ratios discrimination with separation factor exceeding 200. Our strategy offers a promising route for detecting chiral 
molecules with UV or near-infrared (NIR) resonances using a visible-light-based chiroptical platform. 
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 Introduction 

hirality refers to the geometrical property whereby an object
s not superimposable with its mirror image. In general, chiral
olecules exist as a pair of L- and D-enantiomers and they
ave the same atomic formula but different spatial arrangements.
he nontrivial attribute has a far-reaching impact on various
undamental disciplines including chemistry, biology and life
cience. Enantiomers constitute energetically degenerate states
 1 ], thus sharing many similar physical properties (e.g., molecular
eight, melting and boiling points, refractive index, etc.), yet
hey exhibit distinct physiological functionalities. In biological
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processes, for instance, enzymes, receptors and other biomarkers
can recognize enantiomers as different entities due to diverse
association and dissociation responses [ 2 ]. In particular, L-
and D-enantiomers of drug molecules would undergo different
metabolic pathways, leading to the therapeutic effect for one and
contrastively inactive or undesirable effect for the other [ 3–5 ].
Therefore, enantioselectivity plays a crucial role in asymmetric
synthesis [ 6–8 ], pharmaceutics [ 9, 10 ] and life sciences [ 11, 12 ].It is
well known that life is homochiral. DNA and RNA are composed
of right-handed nucleotides and human proteins are made from
left-handed amino acids [ 13 ]. Mirror-image biomolecules would
function diversely from their naturally occurring counterparts
lligence technologies or similar technologies. 

1 of 10

http://www.advopticalmat.de
https://orcid.org/0000-0001-5334-4243
https://orcid.org/0000-0002-8471-8196
https://orcid.org/0000-0002-4585-7441
mailto:shenmengzhe@genomics.cn
mailto:li.xinghui@sz.tsinghua.edu.cn
mailto:wangdapeng@genomics.cn
https://doi.org/10.1002/adom.71737
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fadom.71737&domain=pdf&date_stamp=2026-08-31


[  

m  

r  

W  

b  

u  

I  

d  

e  

2  

t  

w  

d

L  

a  

i  

e  

[  

o  

[  

t  

a  

o  

d  

m  

t  

t  

b  

o  

i  

o  

c  

r  

b  

i  

c  

m  

m

I  

d  

c  

t  

m  

i  

[  

p  

p  

T  

f  

s  

i  

f  

c  

o  

w  

n  

o  

U  

o

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2

 21951071, 0, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adom

.71737 by T
singhua U

niversity L
ibrary, W

iley O
nline L

ibrary on [16/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reati
 14, 15 ]. They might increase the risk of biosafety because
irror enantiomer would be significantly influential on immune
ecognition and activation in multicellular organisms [ 16, 17 ].
ith the rapid development of synthetic biology, numerous
iomolecules with arbitrary chirality can be created, whereas the
nexpected impacts of mirror lifeforms are being overlooked.
ndeed, a number of measurement techniques for enantiomers
iscrimination, such as chiral chromatography [ 18, 19 ], capillary
lectrophoresis [ 20, 21 ], nuclear magnetic resonance (NMR) [ 22,
3 ] and CD spectroscopy [ 24, 25 ], have been studied widely. These
raditional methods, nevertheless, require bulk-scale reagents,
hich is prerequisite and not applicable to trace-level chiral
etection. 

ight-matter interaction holds promise to low-abundance
nd high-sensitivity chiral measurement. Recent advances
n chiroptical enhancement have been extensively reported,
.g., plasmonic metasurfaces for optical chirality enhancement
 26–31 ], dieletric metasurfaces for chirality transfer [ 32–38 ],
ptical cavity-based systems for sensitive spectral dip shift
 39–42 ]. However, these techniques confront the universal issue
hat the central response frequency between artificial resonators
nd biomolecules are closely matched for expanding the
ptoelectronic interactions. Notwithstanding the effective
emonstrations, biological small molecules (i.e., typical
olecular weight < 900 Da) mainly exhibit optical response in
he UV spectrum [ 43 ]. Photons in this regime may coincide with
he excitation energy of organic molecules and break chemical
onds. The products of photochemical reactions may alter its
ptical properties and induce phototoxicity, thus conventional
nstruments face challenge with off-resonant CD measurement
f small molecules. Optical activity of chiral molecules is
haracterized by not only CD but also ORD. They obey the general
elationship of KK transforms [ 44 ]. Probing the connection
etween CD and ORD, however, is also intractable as the ORD
s often featureless within off-resonant spectrum. In order to
onsiderably amplify the dispersion signal, photonic weak
easurement paves another way to achieve the off-resonant CD
easurement. 

n this work, we proposed a chiroptical enhancement system
ubbed double twisted grating chiral amplifier (DTGCA), which
onsisted of two subwavelength gratings to amplify the distinc-
ion of circularly polarized (CP) light transmission of different
ixture proportionality of L- and D-enantiomers. The principle
s ascribed to the KK relation and photonic weak measurement
 45, 46 ]. Through elaborate engineering of the morphological
arameters, the proposed nanogratings perform orthogonally
olarized states’ pre- and post-selection in weak measurement.
he CD and ORD indices of targeted molecules far from eigen-
requency spectrum are weak values coupled into the DTGCA
ystem. Because of the proved linear correlation of CD and ORD
n this spectral range, we observe significant CD amplification
actor exceeding 200 for off-resonant enantiomers. A detailed
omparison of our proposed gratings system performance with
ther current state-of-the-art nanophotonic-based chiral sensor
ere tabulated in Section S1 . Benefited from miniaturization of
anogratings, DTGCA hold promises to be integrated into a point-
f-care testing device. In addition, chiral molecules with either
V or NIR spectral resonance would both be detectable through
ur proposed visible-light-based device. 
of 10
2 Methodology 

2.1 ORD Amplification 

As shown in Figure 1A , the DTGCA system consists of two
subwavelength gratings facing each other: a silicon gratings
fabricated on glass base and a bilayer aluminum (Al) film
deposited on a glass gratings with 45◦orientation. The source is
incident preceding the DTGCA and the transmitted power were
measured with the alternative charge coupling device (CCD).
The silicon grating alters the phase difference between tranverse
electric (TE) and tranverse magnetic (TM) polarization state
[ 47, 48 ], of which we chose parameters that convert CP light
into an elliptically polarized state with high eccentricity. This
is achievable when the two eigenstates of the silicon gratings
(parallel TE or perpendicular TM to the gratings lines) were
transmitted with almost identical energy and 90◦phase difference
and would subsequetly coincide with the two eigenstates of the
bottom gratings, as shown in Figure 1C . The bottom metallic
gratings were designed to exhibit a significant difference in
transmission of two eigenstates [ 49 ], working as a TM polarizer
(See Figure 3B ). Bottom gratings can be represented with Jones
matrix 

𝑆 =
[ 
𝑙 0 

0 𝑠 

] 
(1)

where l ≫ s and l2 + s2 = 1. Assuming the chiral medium rotates
polarization vector by θ at non-resonant wavelength, its Jones
matrix can be represented by standard rotation matrix Rθ. It can
be proven that S , Rθ are not commutative ( [𝑆, 𝑅𝜃] ≠ O ), implying
the overall rotatory angle through DTGCA are no longer θ. The
modified polarization vectors are 

⎧ ⎪ ⎨ ⎪ ⎩ 

|𝜑 ⟩ = 𝑆𝑅𝜃 𝑒𝑇𝑀 

=
[ 
𝑙 ⋅ cos 𝜃

𝑠 ⋅ sin 𝜃

] 
|𝜓 ⟩ = 𝑆𝑅𝜃 𝑒𝑇𝐸 =

[ 
− 𝑙 ⋅ sin 𝜃

𝑠 ⋅ cos 𝜃

] (2)

where eTM 

and eTE are unit vectors. Their arguments (with respect
to their original axes) satisfied 

⎧ ⎪ ⎨ ⎪ ⎩ 

𝜑 ∶ = 𝑎 𝑟 𝑔 |𝜑 ⟩ = arctan ( 𝑠 

𝑙 
⋅ tan 𝜃

)
𝜓 ∶ = 𝑎 𝑟 𝑔 |𝜓 ⟩ + 𝜋

2 
= arctan 

(
− 𝑠 

𝑙 
⋅

1 

tan 𝜃

)
+ 𝜋

2 

(3)

Simplification of ψ’s expression in (3) reveals 

1 

tan 𝜓 
= 𝑠 

𝑙 
⋅

1 

tan 𝜃
≪

1 

tan 𝜃
(4)

Under the condition s ≪ l , the final rotatory angle (as shown in
Figure 1C ) of the polarization vectors will satisfy ψ ≫ θ ≫ φ,
implying the proposed DTGCA could amplify the observed chiral
ORD effect. 

To facilitate a better understanding of our design philosophy, it
is worth noting that this work is inspired by the quantum weak
measurement theory [ 46, 50, 51 ], and there exists an essential
equivalence between their core physical principles. 
Advanced Optical Materials, 2026
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FIGURE 1 Schematic weak measurement amplification of enantioselectivity with the proposed DTGCA: (A) A chiral solution constituted of L- 
and D-enantiomers mixed at certain ratio was passed through the microfluidic interlayer between two twisted gratings; (B) The difference of CP light 
transmission through solutions of different enantiomeric ratios were amplified through the DTGCA system (See Section 2 ); (C) Weak value amplification: 
the converted elliptical polarization state experienced ORD due to interlayer chiral medium, the rotatory angle were further amplified due to the bottom 

gratings’ polarization selectivity. 

I  

g  

i  

s  

s  

m  

a

 

 

 

 

 

 

 

 

 

A

 21951071, 0, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adom

.71737 by T
singhua U

niversity L
ibrary, W

iley O
nline L

ibrary on [16/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reativ
n the context of weak measurement, the twisted top silicon
ratings serve as the pre-selector, converting incoming CP light
nto linear polarization state parallel to either TE ( y -axis) or TM
tate ( x -axis), and the bottom metallic gratings work as the post-
elector, respectively. Suppose TE state is suppressed by bottom
etallic gratings, the pre- and post- selection state can, under LCP
nd RCP basis, be written approximately as: 

⎧ ⎪ ⎨ ⎪ ⎩ 

|𝜓𝑝 𝑟 𝑒 ⟩ = |𝑦 ⟩ = 𝑖 √
2 

[ 
1 

− 1 

] 
|𝜓𝑝 𝑜 𝑠 𝑡 ⟩ = 𝑙|𝑥 ⟩ + 𝑠 |𝑦 ⟩ = 1 √

2 

[ 
𝑙 + 𝑖𝑠 

𝑙 − 𝑖𝑠 

] (5)
dvanced Optical Materials, 2026
The Hamiltonians describing interaction with the measuring
procedure can be represented as [ 46, 50 ] 

𝐻𝑖 = − 𝑔 ( 𝑡) ⋅ 𝜃 ⋅ 𝜎𝑧 (6)

where g ( t ) is the normalized instantaneous coupling rate, and
σz is the observable spin operator coupled to the angle of linear
polarization state θwith respect to y -axis. θ served as the effective
measurement pointer, which is strongly correlated to the large
differential transmission of the bottom metallic gratings. Slight
rotation in polarization vector due to chiral ORD effect is captured
by the increase in transmission measured. 
3 of 10
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FIGURE 2 Simulated optical transmission of chiral medium through modifying the constitutive relation. (A) CP light transmission through chiral 
medium with resonance wavelength set at 350 nm. Positive Pasteur parameter corresponded to weaker LCP light transmission, thus defined as L- 
enantiopure medium. (B) CD of different enantiomeric ratios simulated through introducing coefficient (2 ρ − 1), where ρ represent L-enantiomers 
proportionality. (C) CD of L-enantiopure medium with different resonance wavelengths. (D) CD of L-enantiopure medium at different concentrations. 
The concentration is controlled through manipulating absorptive and chiral coefficient at the same time. Insets in (A), (B), (C) represent magnified view 

at detection wavelength 600 − 700 nm, where the weak distinctions in transmission and CD are noted, and inset in (D) represents the corresponding 
LCP transmission of different concentrations at resonant regime, where lower concentration of L-enantiomers corresponded to higher LCP transmission 
(fewer L-enantiomers to absorb LCP photons), and vice versa. 
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he final, post-selected, state of the system after measurement
ver a time interval can therefore be written as: ⟨ 

𝜓𝑝 𝑜 𝑠 𝑡 |𝑒− 𝑖 

ℏ 
∫ 𝐻𝑖 𝑑𝑡 |𝜓𝑝 𝑟 𝑒 ⟩ 

=
⟨ 

𝜓𝑝 𝑜 𝑠 𝑡 |𝑒− 𝑖 

ℏ 
𝜃𝜎𝑧 |𝜓𝑝 𝑟 𝑒 ⟩ 

≈
⟨ 

𝜓𝑝 𝑜 𝑠 𝑡 
||| 𝜓𝑝 𝑟 𝑒 

⟩ ⟨ 

𝜓𝑝 𝑜 𝑠 𝑡 |𝑒− 𝑖 

ℏ 
𝜃( 𝜎𝑧 ) 𝑤 |𝜓𝑝 𝑟 𝑒 ⟩ 

(7)

here the time-evolution of the Hamiltonian operator were
pplied to the pre-selected state, and ( σz )w is the weak
alue of the observable. Accordingly, the final approximation
olds when the uncertainty of the variable Δθ was negligi-
le. This condition is achievable when the chiral ORD effect
ould be captured sensitively, which is possible with appro-
riately designed metallic gratings that possessed high extinc-
ion ratio. The weak value of the observable is calculated
o be: 

( 𝜎𝑧 ) 𝑤 =
⟨
𝜓𝑝 𝑜 𝑠 𝑡 |𝜎𝑧 |𝜓𝑝 𝑟 𝑒 ⟩⟨ 

𝜓𝑝 𝑜 𝑠 𝑡 
||| 𝜓𝑝 𝑟 𝑒 

⟩ 

= 𝑖𝑙 

𝑠 
(8)

here z Pauli matrix was applied, and large weak value could be
heoretically obtained. 
of 10
2.2 Correlation Between CD and ORD 

In this section, the linear correlation between measured CD and
ORD of chiral molecules was derived when the light source
with non-resonant wavelength was used. Constitutive relation of
reciprocal isotropic chiral medium was modeled as: 

⎧ ⎪ ⎨ ⎪ ⎩ 

→

𝐷 

= 𝜀𝑜 𝜀𝑐 
→

𝐸 + 𝑖𝜅
→

𝐵 
→

𝐻 

= 1 

𝜇𝑜 𝜇𝑟 

→

𝐵 + 𝑖𝜅
→

𝐸 
(9)

where εc is the relative permittivity, μr is the relative permeability
and assumed unity, and 𝜅 = 𝜅(𝜔,

→
𝑟 ) is the electromagnetic cou-

pling parameter known as Pasteur parameter. Non-zero κ couples
even-parity electric fields to odd-parity magnetic fields, causing
the medium to distinguish the otherwise degenerate LCP and
RCP states [ 1, 44, 52 ]. 

κ is a complex-valued parameter with Re( κ) related to ORD and
Im( κ) related to CD, and they were restricted by the KK relation
due to causality. Homogeneous chiral medium’s parameters
could be theoretically expressed as Lorentzian 
Advanced Optical Materials, 2026
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FIGURE 3 Two twisted nanogratings configuration in DTGCA system. (A) The structural parameters of two gratings. (B) Polar plot representing 
transmission of linearly polarized light through bottom Al gratings. The bottom gratings effectively block polarization state parallel to gratings line. The 
thickness and duty cycle of top silicon gratings were swept and transmission of perpendicular TM, parallel TE polarized light, and their phase difference 
are mapped in (C), (D), (E) respectively. The parameters chosen for subsequent simulation were marked with red asterisk. 
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⎧ ⎪ ⎨ ⎪ ⎩ 

𝜀𝑐 ( 𝜔) = 𝜀𝑐0 − 𝛾𝑐 
(

1 

ℏ𝜔− ℏ𝜔0 + 𝑖Γ12 
− 1 

ℏ𝜔+ ℏ𝜔0 + 𝑖Γ12 

)
𝜅 ( 𝜔) = 𝛽𝑐 

(
1 

ℏ𝜔− ℏ𝜔0 + 𝑖Γ12 
+ 1 

ℏ𝜔+ ℏ𝜔0 + 𝑖Γ12 

) (10)

s described by Govorov et al. [ 27, 53, 54 ], where εc 0 is the
ackground permittivity, ω0 is the resonant angular frequency,
12 is the broadening of spectral lines, and γc and βc represent
he magnitudes of absorptive and chiral properties respectively.
he chirality could be influenced by external factors such as
emperature, pressure, coupling to nanophotonics etc. These
xternal factors could be represented collectively by a dependence
n an implicit variable τ such that κ = κ( ω, τ) = βc ( τ) L ( ω, τ),
here 

𝐿 ( 𝜔, 𝜏) = 1 

ℏ𝜔 − ℏ𝜔0 ( 𝜏) + 𝑖Γ12 ( 𝜏) 
+ 1 

ℏ𝜔 + ℏ𝜔0 ( 𝜏) + 𝑖Γ12 ( 𝜏) 
(11)

nd the origin point βc ( τ = 0) = 0 is chosen to coincide with
egion far from resonant | ω − ω0 | ≫ 0. Influence of τ on κ was
alculated as 

𝜕𝜅

𝜕𝜏
=
𝜕𝛽𝑐 
𝜕𝜏
𝐿 + 𝛽𝑐 

𝜕𝐿 

𝜕𝜏
≈
𝜕𝛽𝑐 
𝜕𝜏
𝐿 ( 𝜔, 0 ) (12)

he approximation is made around neighborhood of τ = 0,
here the conditions weak chirality βc = 0 and ∂L/ ∂τ bounded
ere valid. The chiroptical activities over this region are thus
dvanced Optical Materials, 2026
correlated by 

𝜕 

𝜕𝜏
[ 𝑅 𝑒 ( 𝜅) ] 

𝜕 

𝜕𝜏
[ 𝐼𝑚 ( 𝜅) ] 

≈
𝑅𝑒 ( 𝐿 ( 𝜔, 0 ) ) 

𝐼𝑚 ( 𝐿 ( 𝜔, 0 ) ) 
∶ = 𝑘 ( 𝜔) (13)

Therefore, the magnification of chiral ORD effect, as shown in
Section 2.1 , implies that the CD measured would be amplified
when detected using light source with wavelength far from chiral
molecules’ resonance. 

2.3 Full Wave Simulations 

In this study, we performed numerical simulations using finite-
element software COMSOL Multiphysics [ 30, 55 ]. An unit of
the top silicon gratings were excited with a source port of TM
and TE polarization separately, with perfectly matched layer
(PML) applied in vertical boundaries. A range of duty cycle
and thickness of the gratings were swept to determine the
ideal parameters to convert CP light into elliptical polarization
with high eccentricity. Similarly, the bottom aluminium gratings
were designed to transmit two orthogonal polarization state at
significant difference. Subsequently, gratings and chiral medium
were simulated as a whole under injection of source port with
CP state. The details of gratings’ simulation setup and viable
solutions were presented in Section S2 . 

Chiral material could be simulated by making three major
changes to the underlying electromagnetic equations [ 55 ]: the
5 of 10
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onstitutive equations, weak expression, and applying surface
urrent densities to boundaries of chiral medium and gratings
ystem. The constitutive relations for 

→

𝐷 

,
→

𝐻 

, 𝑑
→

𝐻 

∕𝑑𝑡 were rewrit-
en according to Equation ( 9 ), assuming time evolution of ei ωt ,
ith the relative permittivity εc and Pasteur parameter κ defined
n Equation ( 10 ). The chiral medium wave equation was derived
rom applying constitutive Equation ( 9 ) to Maxwell equations,
esulting in the weak form: 

WF = −
( 

∇ ×
→

𝐸 

) 

⋅

( 

∇ ×
→

𝑇 

) 

− 2 𝜅𝜇𝑜 𝜔
→

𝑇 ⋅

( 

∇ ×
→

𝐸 

) 

+ 

𝜇𝑜 𝜀𝑜 𝜀𝑐 𝜔
2 
→

𝑇 ⋅
→

𝐸 (14)

here 
→

𝑇 is the test function. Finally, according to the tangential
ontinuity of magnetic field, surface current densities of 

→

𝐽𝑠 = 𝑖
→
𝑛 ×

( 

𝜅
→

𝐸2 

) 

(15)

ere applied to the boundaries between chiral medium and
ther components of the system. The details of setting up chiral
edium and relevant derivations were discussed further in
ection S3 . 

 Results and Discussion 

.1 Simulation of Chiral Medium 

he enantiopure medium shown in Figure 2 was simulated
sing the following parameters: εc 0 = 1.7732, γc = 8.5 ×
0− 3 eV, ω0 = 2 πc / λo = 2 πc /(350 nm) , Γ12 = 0.2 eV, βc = 1.825
10− 6 eV Cm− 2 T− 1 . These parameters were chosen such that

he corresponding refractive index is approximately the reported
efractive index of glucose solution with 20 g/L concentration
 56 ]. The medium was defined as pure L-enantiomers due to
tronger absorption of LCP light at resonance wavelength λo =
350 nm (Figure 2A ). Enantiomers response to CP light depended
n its projection of magnetic dipole 

→
𝜇12 onto electric dipole 

→
𝑚12

eing parallel or anti-parallel [ 57, 58 ]: 

𝛽𝑐 ∝
→
𝜇12 ⋅

→
𝑚12 (16)

herefore, for a given molecule, a medium with enantiomeric
atios of ρ L-enantiomers and (1 − ρ) D-enantiomers could be
imulated by changing the coefficient associated to βc : 

𝛽𝑐 ∝ 𝜌∗ 
(
→
𝜇12 ⋅

→
𝑚12 

)
+ ( 1 − 𝜌) ∗ 

[
−
(
→
𝜇12 ⋅

→
𝑚12 

)]
= ( 2 𝜌 − 1 ) ∗ 

(
→
𝜇12 ⋅

→
𝑚12 

)
(17)

here ρ = 0, 0.5, 1 represented pure D-enantiomers, racemic
ixture, and pure L-enantiomers configurations respectively
Figure 2B ). CD was calculated using ( TLCP − TRCP )/( TLCP + TRCP ).
olecules with different resonant frequencies could be simulated
y changing the ω0 (Figure 2C ) and medium with different
oncentrations are simulated by multiplying γc and βc with the
ame factors (Figure 2D ). The CD of enantiospecific solution
of 10
whose molecules resonant wavelength lies in UV regime was
very weak over in the subsequent detection wavelength region of
600 nm to 700 nm. 

3.2 Determination of Silicon Gratings Structural 
Parameters 

The parameters of gratings in DTGCA system were shown in
Figure 3A . For a given bottom gratings’ period of p nm, the
top silicon gratings’ period was fixed at 

√
2 𝑝 nm . The degrees

of freedom in simulation were limited to construct a repeating
unit cell of the overall double gratings system. The silicon
gratings were covered in medium with background permittivity
εc 0 = 1.7732, and transmittance corresponding to parameter
sweeps over its duty cycle and thickness were presented (Figure
3C–E ). The gratings with chosen width of 66 nm (corresponding
to duty cycle of 0.31) and thickness of 120 nm convert light of
CP state with wavelength 632 nm into elliptical polarization state
of eccentricity e = 0.99992, which could be treated as linearly
polarized state (marked with asterisk in Figure 3C–E ). 

3.3 Separation of TRCP Over Different 
Enantiomeric Ratios 

The transmission of 632 nm RCP light using the calculated
gratings parameter and 350 nm resonant chiral molecules over
different enantiomeric ratios were calculated and compared to
transmission through chiral medium alone, as shown in Figure 4
(top graph). The separation factor from the baseline of racemic
ratio was calculated using: 

𝑔 =
[ 
𝑇𝑅𝐶𝑃 ( 𝜌) 

𝑇𝑅𝐶𝑃 ( 0 . 5 ) 
− 1 

] 
𝑠𝑡. 

[ 
𝑇𝑅𝐶𝑃 ( 𝜌) 

𝑇𝑅𝐶𝑃 ( 0 . 5 ) 
− 1 

] 
𝑤𝑜 

− 1 

(18)

where subscript “st” and “wo” represent the transmission with
and without the DTGCA system respectively, and the result were
plotted in Figure 4A (bottom graph). The calculated separation
factor g were above 200 over the order of magnitudes of measure-
ment, implying it was easier to distinguish different enantiomeric
ratios using the proposed DTGCA system. Meanwhile, we also
analyzed the amplification capability of this structure when
applied to pure right-handed glucose solutions with different
concentrations. The results are shown in Figure 4B . It can be
observed that this structure exhibits prominent amplification
performance within the concentration range of 20 g/L to 200 g/L.

3.4 Response to Different Chiral Analytes and 

Incident Polarization 

We systematically quantified the separation factor g for chiral
analytes whose molecules’ resonant eigenfrequencies span the
UV (250 − 450 nm) and NIR (800 − 1000 nm) regimes while keep-
ing the detection wavelength fixed at 632 nm (Figure 5A ). Despite
the disparate native resonances, the proposed DTGCA enables
amplification of separation factor uniformly over the same
detection setup, underscoring its suitability for multi-analyte
enantiomeric profiling without hardware reconfiguration. 
Advanced Optical Materials, 2026
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FIGURE 4 (A) RCP light transmission at 632 nm for the enantiomeric series defined in Figure 2B . Top: RCP light transmission with (left axis) and 
without (right axis) the DTGCA system. Bottom: the corresponding separation factor g . The singularity at racemic proportionality were added using 
average of neighbouring g . (B) RCP light transmission and separation factor corresponding to different solution concentrations. 

FIGURE 5 (A) Separation factor g calculated at 632 nm wavelength for chiral medium with resonance wavelength in UV and near-IR regimes. 
(B) Averaged modified separation factor g ′ of non-zero r vs bottom gratings’ aluminum film thickness. The black dotted line represents the film thickness 
corresponding to peak g ′ at different r . 
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ubsequent investigation on the incident source polarization state
urity revealed that separation factor scales monotonically with
ottom-grating Al thickness only when the source is a pure
CP state. Introducing even a minor LCP admixture breaks this
onotonicity as the weak value amplification factor is sensitive
o the relative Stokes vector orientation. Increasing the thickness
f Al film of the bottom gratings further restrict the energy
ransmission and increases the separation factor at the same time.
owever, when the light source is superposed with a portion of
CP state, the separation factor is no longer monotonically related
o Al film thickness. Assuming the intensity ratio of LCP to RCP
tate in incident light source is r , the separation factor is rewritten
nto 

𝑔′ =
[ 
𝑇𝑅𝐶𝑃 ( 𝜌) + 𝑟𝑇𝐿𝐶𝑃 ( 𝜌) 

𝑇𝑅𝐶𝑃 ( 0 . 5 ) + 𝑟𝑇𝐿𝐶𝑃 ( 0 . 5 ) 
− 1 

] 
𝑠𝑡. 

[ 
𝑇𝑅𝐶𝑃 ( 𝜌) + 𝑟𝑇𝐿𝐶𝑃 ( 𝜌) 

𝑇𝑅𝐶𝑃 ( 0 . 5 ) + 𝑟𝑇𝐿𝐶𝑃 ( 0 . 5 ) 
− 1 

] 
𝑤𝑜 

− 1 

(19)
he averaged g ′ over the same enantiomeric ratios discretiza-
ion in Section 3.3 corresponding to different intensity ratio r
dvanced Optical Materials, 2026
were calculated and fitted with polynomial curve, as shown
in Figure 5B . The peak of averaged g ′ corresponding to non-
zero r were shifted towards thinner Al film. Furthermore,
the higher the intensity of opposite CP presented in incident
source, the lower the magnitude of g ′ dropped to. In actual
practice, the proposed DTGCA system is susceptible to the
condition of incident source’s polarization state, thus requiring
an adjustment on design parameters such as metallic film
thickness for the most optimal separation factor. In addition,
the structure of our system exhibits significant advantages in
integration capability. Although the system designed in this
work adopts a two-layer twisted grating configuration, it imposes
no requirements on the alignment registration between the
horizontal positions of the two gratings. This implies that,
for array integration of the system, we can first fabricate the
double-layer grating structure and then divide it into arrays with
arbitrary unit cell sizes. Therefore, combined with techniques
such as microfluidics, the integration of the system can be
7 of 10
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eadily realized. Furthermore, the grating structures can be
abricated via approaches like holographic lithography, rather
han point-by-point manufacturing methods such as electron-
eam direct writing, which greatly improves the integration
fficiency. 

s benchmarked in Table S1 (see Section S1 ), compared to
revious designs, our double-layer subwavelength gratings fea-
ure low fabrication complexity, making them highly com-
atible with standard microfabrication processes and scal-
ble integration. Meanwhile, the structure achieves a com-
etitive enhancement of 200 in normalized separation fac-
or, outperforming most low-cost dielectric structures. Fur-
hermore, the device supports both UV and NIR resonant
esponses in the visible spectrum, offering broader applicability
han conventional single-band designs. Overall, our approach
ffectively addresses the trade-off between enhancement per-
ormance and fabrication complexity, providing a practical
ath toward high-performance, integrable chiral enhancement
evices. 

 Conclusions 

n conclusion, we proposed the DTGCA system, consisting
f two simple gratings structure, dielectric and bilayer metal-
ic gratings. This system, compared to pioneering works,
ffers significant advantages in fabrication, miniaturization
nd integration. Using the principle of linear correlation
etween variation in ORD and CD in the off-resonant spec-
rum region, the DTGCA system achieves highly sensitive
etection for various chiral molecules whose resonance wave-
engths were far from detection wavelength, bypassing the
equirement of responding frequencies matching and low-
ring the probability of inducing photodamage. This work
hows great potential in asymmetric chemical synthesis, phar-
aceutics, and life science research. However, as analyzed
bove, our proposed system imposed high requirement on
he purity of incident source’s polarization state, posing chal-
enges to the laser source system and the laboratory environ-
ent. 

unding 

his work was supported by National Natural Science Foundation
f China (No. 62275142), Shenzhen Basic Research Grant (Nos.
CYJ20230807153500001 and JCYJ20241202124801002), Shenzhen Stable
upporting Program (No. WDZC20231124201906001). 

uthor Contributions 

.W., M.S., and X.L. conceived the idea and supervised the research. T.L.
nd S.H.T. performed theoretical description and device designs. S.H.T.
nd K.D. carried out the simulation of gratings and chiral medium. T.L.
nd Y.W. performed the separation factor and polarization state response
alculation and analyzed the results and data. T.L., S.H.T., X.L., M.S., and
.W. wrote the paper. All the authors discussed the contents and prepared
he manuscript. 

onflicts of Interest 

he authors declare no conflicts of interest. 
of 10

ti
Data Availability Statement 

Data underlying the results presented in this paper are not publicly
available at this time but may be obtained from the authors upon
reasonable request. 

References 

1 . C. Genet, “Chiral Light–Chiral Matter Interactions: An Optical Force
Perspective,”American Chemical Society Photonics 9, no. 2 (2022): 319–332,
https://doi.org/10.1021/acsphotonics.1c01130 . 

2 . L. Xu, X. Wang, W. Wang, et al., “Enantiomer-dependent Immuno-
logical Response to Chiral Nanoparticles,” Nature 601, no. 7893 (2022):
366–373, https://doi.org/10.1038/s41586- 021- 04243- 2 . 

3 . L. A. Nguyen, H. He, and C. Pham-Huy, “Chiral Drugs: An Overview,”
International Journal of Biomedical Science 2, no. 2 (2006): 85–100, https://
doi.org/10.59566/ijbs.2006.2085 . 

4 . N. Chhabra, M. L. Aseri, and D. Padmanabhan, “A Review of Drug
Isomerism and Its Significance,” International Journal of Applied and
Basic Medical Research 3, no. 1 (2013): 16–18, https://doi.org/10.4103/2229- 
516x.112233 . 

5 . N. Vargesson, “Thalidomide-Induced Teratogenesis: History and
Mechanisms,” Birth Defects Research Part C: Embryo Today: Reviews 105,
no. 2 (2015): 140–156, https://doi.org/10.1002/bdrc.21096 . 

6 . L. Ma, C. Abney, and W. Lin, “Enantioselective Catalysis with
Homochiral Metal–organic Frameworks,” Chemical Society Reviews 38,
no. 5 (2009): 1248–1256, https://doi.org/10.1039/B807083K . 

7 . L. Chen, P. S. Reiss, S. Y. Chong, et al., “Separation of Rare Gases and
Chiral Molecules by Selective Binding in Porous Organic Cages,” Nature
Materials 13, no. 10 (2014): 954–960, https://doi.org/10.1038/nmat4035 . 

8 . H.-E. Lee, H.-Y. Ahn, J. Mun, et al., “Amino-acid- and Peptide-directed
Synthesis of Chiral Plasmonic Gold Nanoparticles,” Nature 556, no. 7701
(2018): 360–365, https://doi.org/10.1038/s41586- 018- 0034- 1 . 

9 . D. C. Blakemore, L. Castro, I. Churcher, et al., “Organic Synthesis
Provides Opportunities to Transform Drug Discovery,” Nature Chemistry
10, no. 4 (2018): 383–394, https://doi.org/10.1038/s41557- 018- 0021- z . 

10 . P. M. Wright, I. B. Seiple, and A. G. Myers, “The Evolving Role
of Chemical Synthesis in Antibacterial Drug Discovery,” Angewandte
Chemie International Edition 53, no. 34 (2014): 8840–8869, https://doi.org/
10.1002/anie.201310843 . 

11 . M. Deng, J. Yu, and D. G. Blackmond, “Symmetry Breaking and
Chiral Amplification in Prebiotic Ligation Reactions,” Nature 626, no.
8001 (2024): 1019–1024, https://doi.org/10.1038/s41586-024-07059-y. 

12 . E. A. Newcombe, A. D. Due, A. Sottini, et al., “Stereochemistry in the
Disorder–order Continuum of Protein Interactions,”Nature 636, no. 8043
(2024): 762–768, https://doi.org/10.1038/s41586-024-08271-6 . 

13 . L. D. Barron, “Chirality and Life,” Space Science Reviews 135, no. 1-4
(2008): 187–201, https://doi.org/10.1007/s11214-007-9254-7 . 

14 . J. Zhao, C. J. Taylor, E. A. Newcombe, et al., “EphA4 Regulates
Hippocampal Neural Precursor Proliferation in the Adult Mouse Brain
by D-Serine Modulation of N-Methyl-d-Aspartate Receptor Signaling,”
Cerebral Cortex 29, no. 10 (2019): 4381–4397, https://doi.org/10.1093/
cercor/bhy319 . 

15 . A. W. Bisson-Filho, Y.-P. Hsu, G. R. Squyres, et al., “Treadmilling
by FtsZ filaments Drives Peptidoglycan Synthesis and Bacterial Cell
Division,” Science 355, no. 6326 (2017): 739–743, https://doi.org/10.1126/
science.aak9973 . 

16 . A. Hashimoto, T. Nishikawa, T. Hayashi, et al., “The Presence of Free
D-Serine in Rat Brain,” Federation of FEBS Letters 296, no. 1 (1992): 33–36,
https://doi.org/10.1016/0014-5793(92)80397-Y. 

17 . M. Kranendijk, E. A. Struys, G. S. Salomons, M. S. Van der Knaap,
and C. Jakobs, “Progress in Understanding 2-Hydroxyglutaric Acidurias,”
Journal of Inherited Metabolic Disease 35, no. 4 (2012): 571–587, https://doi.
org/10.1007/s10545- 012- 9462- 5 . 
Advanced Optical Materials, 2026

ve C
om

m
ons L

icense

https://doi.org/10.1021/acsphotonics.1c01130
https://doi.org/10.1038/s41586-021-04243-2
https://doi.org/10.59566/ijbs.2006.2085
https://doi.org/10.4103/2229-516x.112233
https://doi.org/10.1002/bdrc.21096
https://doi.org/10.1039/B807083K
https://doi.org/10.1038/nmat4035
https://doi.org/10.1038/s41586-018-0034-1
https://doi.org/10.1038/s41557-018-0021-z
https://doi.org/10.1002/anie.201310843
https://doi.org/10.1038/s41586-024-07059-y
https://doi.org/10.1038/s41586-024-08271-6
https://doi.org/10.1007/s11214-007-9254-7
https://doi.org/10.1093/cercor/bhy319
https://doi.org/10.1126/science.aak9973
https://doi.org/10.1016/0014-5793(92)80397-Y
https://doi.org/10.1007/s10545-012-9462-5


1  

t  

1

1  

E  

S  

1

2  

i  

w
J  

1

2  

f  

R  

h

2  

A  

U  

C  

i  

7

2  

d  

R  

s

2  

o  

4

2  

S  

P  

1

2  

o
N

2  

“  

M  

t  

h

2  

a  

N  

2

2  

R  

S  

h

3  

M  

S  

7

3  

S  

n

3  

“  

2

3  

D  

S  

P  

8

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A

 21951071, 0, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adom

.71737 by T
singhua U

niversity L
ibrary, W

iley O
nline L

ibrary on [16/09/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

rea
8 . H. Lorenz and A. Seidel-Morgenstern, “Processes To Separate Enan-
iomers,” Angewandte Chemie International Edition 53, no. 5 (2014):
218–1250, https://doi.org/10.1002/anie.201302823 . 

9 . K. Banerjee-Ghosh, O. Ben Dor, F. Tassinari, et al., “Separation of
nantiomers by Their Enantiospecific Interaction with Achiral Magnetic
ubstrates,” Science 360, no. 6395 (2018): 1331–1334, https://doi.org/10.
126/science.aar4265 . 

0 . S. Li, Q. Yu, X. Lu, and S. Zhao, “Determination of D , L -Serine
n Midbrain of Parkinson’s disease Mouse by Capillary Electrophoresis
ith in-Column Light-Emitting Diode Induced Fluorescence Detection,”
ournal of Separation Science 32, no. 2 (2009): 282–287, https://doi.org/10.
002/jssc.200800459 . 

1 . J. S. Creamer, M. F. Mora, and P. A. Willis, “Stability of Reagents Used
or Chiral Amino Acid Analysis during Spaceflight Missions in High-
adiation Environments,” Electrophoresis 39, no. 22 (2018): 2864–2871,
ttps://doi.org/10.1002/elps.201800274 . 

2 . D. Bal, W. Gradowska, and A. Gryff-Keller, “Determination of the
bsolute Configuration of 2-hydroxyglutaric Acid and 5-oxoproline in
rine Samples by High-resolution NMR Spectroscopy in the Presence of
hiral Lanthanide Complexes,” Journal of Pharmaceutical and Biomed-
cal Analysis 28, no. 6 (2002): 1061–1071, https://doi.org/10.1016/S0731-
085(02)00032-8 . 

3 . E. H. Suh, C. F. G. C. Geraldes, S. Chirayil, et al., “Detection of Glucose-
erived D- and L-lactate in Cancer Cells by the Use of a Chiral NMR Shift
eagent,” Cancer & Metabolism 9, no. 1 (2021): 38, https://doi.org/10.1186/
40170- 021- 00267- 4 . 

4 . A. J. Miles and B. A. Wallace, “Cir cular Dichr oism Spectr oscopy
f Membrane Proteins,” Chemical Society Reviews 45, no. 18 (2016):
 859–4 872, https://doi.org/10.1039/C5CS00084J . 

5 . K. Yao and Y. Zheng, “Near-Ultraviolet Dielectric Metasurfaces: From
urface-Enhanced Circular Dichroism Spectroscopy to Polarization-
reserving Mirrors,”The Journal of Physical Chemistry C 123, no. 18 (2019):
1814–11822, https://doi.org/10.1021/acs.jpcc.8b11245 . 

6 . A. Kuzyk, R. Schreiber, Z. Fan, et al., “DNA-based Self-assembly
f Chiral Plasmonic Nanostructures with Tailored Optical Response,”
ature 483, no. 7389 (2012): 311–314, https://doi.org/10.1038/nature10889 . 

7 . A. O. Govorov, Z. Fan, P. Hernandez, J. M. Slocik, and R. R. Naik,
Theory of Circular Dichroism of Nanomaterials Comprising Chiral
olecules and Nanocrystals: Plasmon Enhancement, Dipole Interac-
ions, and Dielectric Effects,” Nano Letters 10, no. 4 (2010): 1374–1382,
ttps://doi.org/10.1021/nl100010v. 

8 . E. Hendry, T. Carpy, J. Johnston, et al., “Ultrasensitive Detection
nd Characterization of Biomolecules Using Superchiral Fields,” Nature
anotechnology 5, no. 11 (2010): 783–787, https://doi.org/10.1038/nnano.
010.209 . 

9 . M. L. Nesterov, X. Yin, M. Schäferling, H. Giessen, and T. Weiss, “The
ole of Plasmon-Generated near Fields for Enhanced Circular Dichroism
pectroscopy,” American Chemical Society Photonics 3 (2016): 578–583,
ttps://doi.org/10.1021/acsphotonics.5b00637 . 

0 . C. Kelly, L. Khosravi Khorashad, N. Gadegaard, et al., “Controlling
etamaterial Transparency with Superchiral Fields,”American Chemical
ociety Photonics 5 (2018): 535–543, https://doi.org/10.1021/acsphotonics.
b01071 . 

1 . H.-H. Jeong, A. G. Mark, M. Alarcón-Correa, et al., “Dispersion and
hape Engineered Plasmonic Nanosensors,” Nature Communications 7,
o. 1 (2016): 11331, https://doi.org/10.1038/ncomms11331 . 

2 . J. García-Guirado, M. Svedendahl, J. Puigdollers, and R. Quidant,
Enhanced Chiral Sensing with Dielectric Nanoresonators,”Nano Letters
0, no. 1 (2020): 585–591, https://doi.org/10.1021/acs.nanolett.9b04334 . 

3 . M. L. Solomon, J. Hu, M. Lawrence, A. García-Etxarri, and J. A.
ionne, “Enantiospecific Optical Enhancement of Chiral Sensing and
eparation with Dielectric Metasurfaces,” American Chemical Society
hotonics 6, no. 1 (2019): 43–49, https://doi.org/10.1021/acsphotonics.

b01365 . 

dvanced Optical Materials, 2026
34 . E. Mohammadi, A. Tavakoli, P. Dehkhoda, et al., “Accessible Super-
chiral Near-Fields Driven by Tailored Electric and Magnetic Reso-
nances in All-Dielectric Nanostructures,” American Chemical Society
Photonics 6, no. 8 (2019): 1939–1946, https://doi.org/10.1021/acsphotonics.
8b01767 . 

35 . E. Mohammadi, T. V. Raziman, and A. G. Curto, “Nanophotonic
Chirality Transfer to Dielectric Mie Resonators,” Nano Letters 23, no. 9
(2023): 3978–3984, https://doi.org/10.1021/acs.nanolett.3c00739 . 
36 . C. Wu, N. Arju, G. Kelp, et al., “Spectrally Selective Chiral Silicon
Metasurfaces Based on Infrared Fano Resonances,” Nature Communica-
tions 5, no. 1 (2014): 3892, https://doi.org/10.1038/ncomms4892 . 
37 . J. Li and L. Ye, “Dielectric Dual-Dimer Metasurface for Enhanced Mid-
Infrared Chiral Sensing under both Excitation Modes,”Nanophotonics 12,
no. 12 (2023): 2189–2197, https://doi.org/10.1515/nanoph- 2023- 0128 . 
38 . S. Droulias and L. Bougas, “Absolute Chiral Sensing in Dielectric
Metasurfaces Using Signal Reversals,” Nano Letters 20, no. 8 (2020):
5960–5966, https://doi.org/10.1021/acs.nanolett.0c01938 . 

39 . K. Voronin, A. S. Taradin, M. V. Gorkunov, and D. G. Baranov,
“Single-Handedness Chiral Optical Cavities,” American Chemical Society
Photonics 9, no. 8 (2022): 2652–2659, https://doi.org/10.1021/acsphotonics.
2c00134 . 

40 . T. Jia, Y. Jeon, L. Feng, et al., “Superchirality Induced Ultrasensitive
Chiral Detection in High-Q Optical Cavities,”Opto-Electronic Advances 8,
no. 10 (2025): 250079, https://doi.org/10.29026/oea.2025.250079 . 

41 . J. Feis, D. Beutel, J. Köpfler, et al., “Helicity-Preserving Optical Cavity
Modes for Enhanced Sensing of Chiral Molecules,” Physical Review
Letters 124, no. 3 (2020): 033201, https://doi.org/10.1103/PhysRevLett.124.
033201 . 

42 . T.-L. Chen, A. Salij, K. A. Parrish, et al., “A 2D Chiral Microcavity
Based on Apparent Circular Dichroism,” Nature Communications 15, no.
1 (2024): 3072, https://doi.org/10.1038/s41467-024-47411-4 . 

43 . V. Wanie, E. Bloch, E. P. Månsson, et al., “Capturing Electron-driven
Chiral Dynamics in UV-excited Molecules,” Nature 630, no. 8015 (2024):
109–115, https://doi.org/10.1038/s41586-024-07415-y. 

44 . J. Mun, M. Kim, Y. Yang, et al., “Electromagnetic Chirality: From
Fundamentals to Nontraditional Chiroptical Phenomena,” Light: Science
& Applications 9, no. 1 (2020): 139, https://doi.org/10.1038/s41377-020- 
00367-8 . 

45 . O. Hosten and P. Kwiat, “Observation of the Spin Hall Effect of Light
via Weak Measurements,” Science 319, no. 5864 (2008): 787–790, https://
doi.org/10.1126/science.1152697 . 

46 . Y. Wang, S. Yang, Q. Zhang, et al., “Complete Chiroptical Signal Detec-
tion Using Weak Measurement with Intensity-contrast-ratio Pointers,”
APL Photonics 8, no. 12 (2023): 126102, https://doi.org/10.1063/5.0164781 . 

47 . S. Fan and J. D. Joannopoulos, “Analysis of Guided Resonances in
Photonic Crystal Slabs,”Physical Review B 65, no. 23 (2002): 235112, https://
doi.org/10.1103/PhysRevB.65.235112 . 

48 . J. Zuo, J. Bai, S. Choi, et al., “Chip-integrated Metasurface Full-Stokes
Polarimetric Imaging Sensor,” Light: Science & Applications 12, no. 1
(2023): 218, https://doi.org/10.1038/s41377- 023- 01260- w. 

49 . S. Tang, B. Zhu, M. Jia, et al., “Effective-medium Theory for One-
dimensional Gratings,” Physical Review B 91, no. 17 (2015): 174201, https://
doi.org/10.1103/PhysRevB.91.174201 . 

50 . Y. Aharonov and L. Vaidman, “Properties of a Quantum System
during the Time Interval between Two Measurements,” Physical Review
A 41, no. 1 (1990): 11–20, https://doi.org/10.1103/PhysRevA.41.11 . 

51 . L. Xu, L. Luo, H. Wu, et al., “Measurement of Chiral Molecular
Parameters Based on a Combination of Surface Plasmon Resonance and
Weak Value Amplification,” American Chemical Society Sensors 5, no. 8
(2020): 2398–2407, https://doi.org/10.1021/acssensors.0c00346 . 

52 . V. S. Asadchy, A. Díaz-Rubio, and S. A. Tretyakov, “Bianisotropic
Metasurfaces: Physics and Applications,” Nanophotonics 7, no. 6 (2018):
1069–1094, https://doi.org/10.1515/nanoph- 2017- 0132 . 
9 of 10

tive C
om

m
ons L

icense

https://doi.org/10.1002/anie.201302823
https://doi.org/10.1126/science.aar4265
https://doi.org/10.1002/jssc.200800459
https://doi.org/10.1002/elps.201800274
https://doi.org/10.1016/S0731-7085(02)00032-8
https://doi.org/10.1186/s40170-021-00267-4
https://doi.org/10.1039/C5CS00084J
https://doi.org/10.1021/acs.jpcc.8b11245
https://doi.org/10.1038/nature10889
https://doi.org/10.1021/nl100010v
https://doi.org/10.1038/nnano.2010.209
https://doi.org/10.1021/acsphotonics.5b00637
https://doi.org/10.1021/acsphotonics.7b01071
https://doi.org/10.1038/ncomms11331
https://doi.org/10.1021/acs.nanolett.9b04334
https://doi.org/10.1021/acsphotonics.8b01365
https://doi.org/10.1021/acsphotonics.8b01767
https://doi.org/10.1021/acs.nanolett.3c00739
https://doi.org/10.1038/ncomms4892
https://doi.org/10.1515/nanoph-2023-0128
https://doi.org/10.1021/acs.nanolett.0c01938
https://doi.org/10.1021/acsphotonics.2c00134
https://doi.org/10.29026/oea.2025.250079
https://doi.org/10.1103/PhysRevLett.124.033201
https://doi.org/10.1038/s41467-024-47411-4
https://doi.org/10.1038/s41586-024-07415-y
https://doi.org/10.1038/s41377-020-00367-8
https://doi.org/10.1126/science.1152697
https://doi.org/10.1063/5.0164781
https://doi.org/10.1103/PhysRevB.65.235112
https://doi.org/10.1038/s41377-023-01260-w
https://doi.org/10.1103/PhysRevB.91.174201
https://doi.org/10.1103/PhysRevA.41.11
https://doi.org/10.1021/acssensors.0c00346
https://doi.org/10.1515/nanoph-2017-0132


5  

t
C  

2

5  

M  

G  

7

5  

O  

M  

1

5  

A  

L  

j

5  

E  

(

5  

m  

M  

o

S

A  

I
S

1

 21951071, 0, D
ow

nloaded from
 https://advanced.onlinelibrary.w

iley.com
/doi/10.1002/adom

.71737 by T
singhua U

niversity L
ibrary, W

iley O
nline L

ibrary on [16/0
3 . A. O. Govorov and Z. Fan, “Theory of Chiral Plasmonic Nanos-
ructures Comprising Metal Nanocrystals and Chiral Molecular Media,”
hemphyschem 13, no. 10 (2012): 2551–2560, https://doi.org/10.1002/cphc.
01100958 . 

4 . A. O. Govorov, “Plasmon-Induced Circular Dichroism of a Chiral
olecule in the Vicinity of Metal Nanocrystals. Application to Various
eometries,” The Journal of Physical Chemistry C 115, no. 16 (2011):
914–7923, https://doi.org/10.1021/jp1121432 . 

5 . V. V. Klimov, I. V. Zabkov, A. A. Pavlov, and D. V. Guzatov, “Eigen
scillations of a Chiral Sphere and Their Influence on Radiation of Chiral
olecules,” Optics Express 22, no. 15 (2014): 18564–18578, https://doi.org/
0.1364/OE.22.018564 . 

6 . Y. L. Yeh, “Real-time Measurement of Glucose Concentration and
verage Refractive Index Using a Laser Interferometer,” Optics and
asers in Engineering 46, no. 9 (2008): 666–670, https://doi.org/10.1016/
.optlaseng.2008.04.008 . 

7 . E. Plum, V. A. Fedotov, and N. I. Zheludev, “Optical Activity in
xtrinsically Chiral Metamaterial,” Applied Physics Letters 93, no. 19
2008): 191911, https://doi.org/10.1063/1.3021082 . 

8 . H. Zhang, Z. Shi, J. Xue, et al., “Enantiomeric Concentration Deter-
ination via a Single Circular Dichroism Spectrum in Chiral Hyperbolic
etamaterials,” Optics Express 33, no. 7 (2025): 16113–16124, https://doi.
rg/10.1364/OE.559709 . 

upporting Information 

dditional supporting information can be found online in the Supporting
nformation section. 
upporting File : adom71737-sup-0001-SuppMat.docx. 
0 of 10 Advanced Optical Materials, 2026

9/2026]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/cphc.201100958
https://doi.org/10.1021/jp1121432
https://doi.org/10.1364/OE.22.018564
https://doi.org/10.1016/j.optlaseng.2008.04.008
https://doi.org/10.1063/1.3021082
https://doi.org/10.1364/OE.559709

	Off-Resonant Chiroptical Enhancement for Enantiomeric Discrimination Through Weak Measurement
	1 | Introduction
	2 | Methodology
	2.1 | ORD Amplification
	2.2 | Correlation Between CD and ORD
	2.3 | Full Wave Simulations

	3 | Results and Discussion
	3.1 | Simulation of Chiral Medium
	3.2 | Determination of Silicon Gratings Structural Parameters
	3.3 | Separation of TRCP Over Different Enantiomeric Ratios
	3.4 | Response to Different Chiral Analytes and Incident Polarization

	4 | Conclusions
	Funding
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References
	Supporting Information


