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Achiral metasurfaces with near-field optical chirality have
attracted great attention in molecular sensing and chiral
emission control. Here, the circular dichroism (CD) response
of an achiral metasurface induced by spatially selective
coupling with polymethyl methacrylate (PMMA) molecules
is demonstrated. A designed achiral metasurface with a
V-shaped resonator exhibits large optical chirality with a
strongly dissymmetric distribution under circular polariza-
tion. By introducing a PMMA molecule layer on top of the
metasurface, which covers the area with large optical chi-
rality, CD in absorption of 0.38 and a dissymmetric factor
of optical chirality gc of 0.16 are obtained. Furthermore, an
analysis of the coupled harmonic oscillator model reveals
stronger coupling strength between the PMMA layer and
the metasurface under RCP incidence, compared to the LCP
case. Moreover, it is shown that the far-field CD response of
the metasurface is linearly correlated with the dissymmetric
near-field optical chirality distribution. The demonstrated
results present the potential for advancing applications in
chiral molecule vibrational sensing, thermal emission con-
trol, and infrared chiral imaging. © 2025 Optica Publishing
Group. All rights, including for text and data mining (TDM), Artificial
Intelligence (AI) training, and similar technologies, are reserved.
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Circular dichroism spectroscopy is conventionally utilized
to analyze chiral materials, which is of great significance
in biomedical research and pharmaceutical industry. Chiral
molecules are widespread in nature, which present structures not
superimposable upon their mirror images [1]. Chiral materials
are widespread in nature; however, due to the scale mismatch
between molecule size and light wavelength, CD response is
usually very weak. Chiral metasurfaces have been extensively
explored to generate strong superchiral near-fields, which can
enhance chiral light–matter interaction and thus provide effec-
tive detection of enantiomers with enhanced CD signals [2–4].
It has been discovered that the superchiral near-fields in chi-
ral metasurface play a more important role in chiral molecule
sensing, even for a chiral metasurface with low far-field CD [5].

Alternatively, achiral metasurface with mirror symmetry
also possesses near-field optical chirality, and it can offer
background-free chiral molecule sensing in contrast to chiral

metasurface [6,7]. Different achiral metasurfaces have been
developed to enhance local optical chirality and amplify molecu-
lar CD signals [6–9]. Furthermore, circularly polarized emission
from a chiral radiative local density of states hot-spot in achi-
ral metasurface has been applied to chiral photoluminescence,
helicity-dependent binary encoding, and two-dimensional dis-
play applications [10,11]. However, the chiroptical response in
an achiral metasurface by exploiting the strongly dissymmetric
optical chirality distribution under circular polarization has not
been extensively studied yet, especially for the application in
mid-infrared vibrational molecular sensing.

In this work, the circular dichroism response of an achiral
metasurface induced by spatially selective coupling with PMMA
molecules is demonstrated. The designed achiral metasurface
with a V-shaped resonator exhibits large optical chirality with a
strongly dissymmetric distribution under circular polarization.
By introducing a PMMA molecule layer on top of a metasur-
face, which covers the area with large optical chirality, CD in
absorption of 0.38 is achieved due to the spatially selective cou-
pling of PMMA molecules with the metasurface. Furthermore,
the difference in the optical chirality distribution of the meta-
surface coupled with PMMA molecules under LCP and RCP
incidences are examined, and a dissymmetric factor of optical
chirality gc of 0.16 is obtained. Moreover, the absorption spectra
of the metasurface coupled with the PMMA molecules under
LCP and RCP incidences are analyzed with the coupled har-
monic oscillator model. It is shown that the coupling strength
between the PMMA layer and the metasurface under a RCP
incidence is stronger than that under a LCP incidence. It is also
demonstrated that the far-field CD response of the metasurface is
linearly correlated with the dissymmetric near-field optical chi-
rality distribution. These results will provide new opportunities
for advancing applications in chiral molecule vibrational sens-
ing, spatially resolved molecular detection, thermal emission
control, and infrared chiral imaging.

Figure 1(a) illustrates the schematic of the designed
achiral metasurface on a three-layer gold–alumina–gold
(Au–Al2O3–Au) structure, consisting of the V-shaped resonator
in the top 65-nm-thick Au layer, the middle 250-nm-thick Al2O3

spacer layer, and the bottom 200-nm-thick Au mirror. The
periods of the unit cell are px= 5162 nm and py= 2547 nm,
respectively. The V-shaped resonator contains a horizontal slot
with a length of l1 = 2559 nm and a width of w1 = 910 nm,
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Fig. 1. (a) Schematic of the achiral metasurface unit cell. (b)
Absorption spectra of the metasurface under LCP and RCP inci-
dences (red and blue dashed curves), as well as under linearly
polarized light (orange and green solid curves). (c), (d) Top and
side views of optical chirality |C | and electric field |E | distributions
of the resonance mode under RCP incidence at 52.5 THz. The top
views are attained at the Au–Al2O3 interface, and the side views are
along the white dashed line in (c). (e), (f) Distributions of vector
fields E and H at the resonance, and the zoom-in views around the
areas indicated by the white dashed boxes.

and two tilted slots with a length of l2 = 2210 nm, a width
of w2 = 455 nm, and a rotation angle of θ = 60◦ relative to
the horizontal slot. The optical responses of the achiral meta-
surface are simulated using the CST Studio Suite software.
The Al2O3 permittivity is taken from experimental data [12],
and the Au permittivity is described by the Drude model
εAu = ε∞ − ω2

p/(ω
2 + iγpω), with the background dielectric con-

stant ε∞ = 1, the plasmon frequency ωp = 1.37 × 1016 rad/s,
and the damping constant γp = 12.24 × 1013 rad/s for the Au
thin film, which is three times that of the value for bulk gold
[13,14]. Figure 1(b) presents the absorption spectra of the achiral
metasurface under LCP and RCP light in dashed curves, where a
broad plasmonic resonance of around 52.5 THz is featured. The
LCP and RCP absorption spectra overlap with each other and
there is no chiroptical response due to the structure symmetry.
The solid curves show the plasmonic resonances excited by two
orthogonal linear polarizations at 54 THz under x-polarized light
and 51 THz under y-polarized light, respectively. The optical
chirality for characterizing the chiral properties of the electro-
magnetic field is defined as C = − ω

2c2 Im(E∗
· H)[15–17], where

E and H represent complex electric and magnetic fields. For
circularly polarized light in free space, optical chirality C0 is
±1 for RCP or LCP light when considering normalized units.
Figure 1(c) shows the optical chirality distribution of the res-
onance mode under RCP incidence in the top and side views
at 52.5 THz. A strongly dissymmetric distribution of optical

Fig. 2. Averaged optical chirality Cave as a function of (a) the
rotation angle θ and (b) the frequency.

chirality is observed in the metasurface, where the optical chi-
rality is mostly confined at the slot edges in the right corner
of the V-shaped resonator under RCP light, with a maximum
value of around 20. The corresponding electric field distribu-
tions in Fig. 1(d) also show a strong confinement at the slot
edges in the right corner. The side views in Fig. 1(c) and 1(d)
indicate that the optical chirality and electric field are strongly
confined around both the top and bottom surfaces of the V-
shaped structure in the top Au layer. It is noteworthy that the
optical chirality and electric field distributions under LCP inci-
dence are the mirror images of those under RCP incidence due to
the geometric symmetry of the V-shaped structure. Figures 1(e)
and 1(f) present the vector field distributions of E and H, respec-
tively, where E and H have parallel components, which leads
to large C values around the right corner of the resonator. It
is noted that distinguished from many other achiral structures,
the designed V-shaped achiral metasurface possesses a strongly
dissymmetric distribution of optical chirality on either the left
or right side of the structure depending on the incident circu-
lar polarization, which enables the spatially selective coupling
between molecules and metasurface.

Among the geometric parameters of the V-shaped resonator,
the rotation angle θ is critical for obtaining large optical chirality
of the resonance mode. The averaged optical chirality Cave over
the volume V occupied by the metasurface resonance mode
is defined by Cave = ∫ |C |dV/∫ |C0 |dV , where C0 is the optical
chirality of incident circularly polarized light. Figure 2(a) depicts
the averaged optical chirality Cave as a function of the rotation
angle θ. It shows that Cave reaches the maximum value at around
θ = 60◦ due to the large parallel components of the E and H
fields. The maximum Cave obtained at the optimized rotation
angle suggests that the designed metasurface structure possesses
strong superchiral near-fields located at the right side of the
structure under RCP incidence as shown in Fig. 1(c). Figure 2(b)
shows that the spectrum of Cave has a similar profile as the
circularly polarized absorption spectra in Fig. 1(b), and large
Cave values are maintained across the frequency range of the
broad plasmonic resonance.

To introduce the chiroptical response of the metasurface for
molecular sensing, an 80-nm-thick PMMA molecule layer is
coated on top of the right side of a metasurface unit cell, which
covers the area with large optical chirality of the V-shaped res-
onator, as shown in Fig. 3(a). Due to the coating of PMMA
molecules, the plasmonic resonance of the metasurface shifts
from 52.5 THz to 52 THz, which matches the infrared vibra-
tional absorption of the C=O bond in the PMMA molecules
[18]. The permittivity of the PMMA layer can be modeled
as a Lorentz oscillator with εPMMA = εb −

εLω
2
0

ω2+iδ0ω−ω2
0
, where

the background permittivity is εb = 2.2, the Lorentz resonance
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Fig. 3. (a) Schematic of the metasurface unit cell coated with the
PMMA layer with a width of 1/3 px. (b) Simulated (solid lines) and
calculated (dashed lines) absorption spectra of the metasurface with
the 80-nm-thick PMMA layer under LCP and RCP illumination. (c)
CD spectra of the metasurface with different PMMA thicknesses. (d)
Top and side views of optical chirality distribution under RCP and
LCP incidences for the metasurface coupled with the PMMA layer.
The white dashed boxes indicate the PMMA molecule location. (e)
Cave as a function of frequency for LCP and RCP incidences. (f) gc
spectra of the metasurface with different PMMA thicknesses. The
symbols represent simulated data points.

frequency is ω0 = 3.269 × 1014 rad/s, the Lorentz permittiv-
ity is εL = 0.018, and the Lorentz damping rate is δ0 = 1.6 ×

1012 rad/s [12,19].
Figure 3(b) shows the simulated absorption spectra of the

metasurface with a selectively coated PMMA layer under LCP
and RCP incidences in solid curves. A sharp peak around 52 THz
due to PMMA vibrational absorption is observed in the RCP
absorption spectrum, while the LCP absorption spectrum is
almost the same as that of the bare metasurface in Fig. 1(b). This
is the result of spatially selective coupling of PMMA molecules
with the metasurface under circularly polarized light, which is
associated with the dissymmetric distribution of optical chiral-
ity with RCP and LCP incidences. The CD in absorption is
defined as CD=ARCP −ALCP, and the CD value of the meta-
surface induced by the 80-nm-thick PMMA layer is 0.38. It is
worth noting that the selective coverage of the molecule layer

on one side of the achiral metasurface breaks the mirror sym-
metry of the structure, while the spatially selective coupling
between the molecule infrared vibrational mode and the meta-
surface resonance mode leads to the CD response. Figure 3(c)
plots the CD spectra of the metasurface with PMMA thicknesses
of 10 nm, 30 nm, 80 nm, and 140 nm. It shows that the peak CD
value increases as the PMMA layer gets thicker due to the larger
overlapped volume and the stronger coupling between the super-
chiral resonant field and the molecules. It is noted that there is no
further CD increase for a PMMA layer thickness of more than
80 nm, as the electromagnetic field of the plasmonic resonance
mode decays exponentially along the z direction above the top Au
surface. Figure 3(d) shows the optical chirality |C | distribution
of the metasurface coupled with PMMA molecules. The opti-
cal chirality under RCP incidence in Fig. 3(d) becomes weaker
than that of the bare metasurface in Fig. 1(c), indicating a strong
coupling strength of the PMMA molecules with the metasurface
resonance mode. On the other hand, the optical chirality under
LCP incidence remains the same as that of the bare metasurface,
as there is only a small spatial overlap between the PMMA layer
and the optical chirality distribution of the resonance mode. The
averaged optical chirality Cave is further calculated and plotted in
Fig. 3(e) to quantitatively illustrate the difference in optical chi-
rality under LCP and RCP incidences. At a resonance frequency
of 52 THz, Cave under LCP incidence is 1.26, while it drops to
0.92 under RCP incidence. The dissymmetric factor of optical
chirality is introduced as gc = (Cave, L − Cave, R)/Cave, L + Cave, R)

to describe the difference of the averaged optical chirality Cave,L

and Cave,R under LCP and RCP incidences. Figure 3(f) shows the
gc spectra of the metasurface with different PMMA thicknesses,
where resonance peaks are observed at the frequency of 52 THz.
It is shown that the gc value for the 80-nm-thick PMMA layer
is 0.16, and the value increases with the PMMA thickness in a
similar trend as the CD spectra in Fig. 3(c).

The coupled harmonic oscillator model [20] is used to study
the coupling strength between the PMMA molecules and the
metasurface under LCP and RCP incidences. The y-polarized
and x-polarized modes can be represented as two oscillators in
the model with resonance frequencies of ω1, ω2 and damping
rates of γ1, γ2, respectively. Under circular polarization illumi-
nation, the y-polarized and x-polarized modes are excited with
externally applied harmonic driving forces fyeiωt±π/2 and fxeiωt,
respectively. The positive (negative) sign in fyeiωt±π/2 represents
the case of RCP (LCP) incidence. The coupling coefficient
between the two modes is σ12. Taking the absorption of the
PMMA molecules into account, another harmonic oscillator
with a resonance frequency of ω3 and a damping rate of γ3 is
introduced to form a coupled system with three harmonic oscil-
lators. The coupling coefficient between the PMMA molecules
and the y-polarized (x-polarized) mode is σ13(σ23). The motion
equations of the three harmonic oscillators are written as follows:

ẍ1 + γ1ẋ1 + ω
2
1 x1 − σ12x2 − σ13x3 = fyeiωt±π/2,

ẍ2 + γ2ẋ2 + ω
2
2 x2 − σ12x1 − σ23x3 = fxeiωt, and

ẍ3 + γ3ẋ3 + ω
2
3 x3 − σ13x1 − σ23x2 = 0.

(1)

The displacements x1, x2, and x3 of the oscillators are harmonic
with x1,2,3 = c1,2,3eiωt, where the amplitude c1,2,3 can be calculated
analytically. The absorption spectrum is obtained by summing
the square of the three oscillators’ amplitudes. The analytical
curves based on the model are depicted as the dashed lines in
Fig. 3(b), which are in excellent agreement with the simulated
curves. The fitting parameters used in the model are presented
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Table 1. Parameters for the Coupled Harmonic Oscilla-
tor Model

Bare
Metasurface

With
PMMA,

RCP

With
PMMA,

LCP

ω1 (THz), γ1 (THz) 51.2, 4.67 50.8, 4.67 50.8, 4.67
ω2 (THz), γ2 (THz) 54.0, 3.457 53.5, 3.457 53.5, 3.457
ω3 (THz), γ3 (THz) 0, 0 51.9, 0.5 51.9, 0.5
σ12 (THz2) 94.09 (RCP)

-94.09 (LCP)
100 -106.09

σ13 (THz2) 0 1.21 -0.01
σ23 (THz2) 0 23.04 -0.01

Fig. 4. Values of CD and gc at each PMMA patch location (tri-
angle symbols) and the linear fitting (dashed line). Inset shows the
spatial displacement of the PMMA patch along the y direction,
where the red dashed box indicates the location where the highest
values of CD and gc are obtained.

in Table 1. It is noted that the σ13 and σ23values under RCP inci-
dence are much higher compared to those under LCP incidence,
suggesting stronger coupling strength between the PMMA layer
and the metasurface under RCP incidence.

To further investigate the relationship between the values of
CD and gc under different spatially selective coupling condi-
tions, a PMMA patch with the size of 1/3 px by 1/5 py is
moved from top to bottom of the metasurface unit cell in the
y direction in a step size of 200 nm, as illustrated in the inset
of Fig. 4. By changing the spatial displacement of the PMMA
patch, the coupling strength between the PMMA molecules and
the metasurface resonance mode varies, which results in differ-
ent chiroptical responses. The values of CD calculated from the
absorption spectra and gc obtained from the averaged optical
chirality are displayed in Fig. 4 at each location of the PMMA
patch, showing a linear relationship between CD and gc under
RCP incidence. The highest values of CD at around 0.3 and gc

at around 0.14 are obtained when the PMMA patch covers the
right corner area with large optical chirality (indicated by the red
dashed box in the inset). It shows that the far-field CD response
of the metasurface is linearly correlated with the dissymmetric
near-field optical chirality distribution of the resonance mode.

In summary, we have demonstrated the circular dichroism
response of an achiral metasurface induced by spatially selective
coupling with PMMA molecules. The designed achiral metasur-
face with a V-shaped resonator exhibits large optical chirality

with a strongly dissymmetric distribution under circularly polar-
ized light incidence. By introducing a PMMA molecule layer
on top of the metasurface, which covers the area with large
optical chirality, CD in absorption of 0.38 is achieved due to
the spatially selective coupling of the PMMA molecules with
the metasurface. Furthermore, the difference in the optical chi-
rality distribution of the metasurface coupled with the PMMA
molecules under LCP and RCP incidences leads to the dissym-
metric factor of optical chirality gc of 0.16. In addition, the
absorption spectra of the metasurface coupled with the PMMA
molecules under LCP and RCP incidences are investigated with
the coupled harmonic oscillator model, revealing stronger cou-
pling strength between the PMMA layer and the metasurface
under RCP incidence. Finally, it is demonstrated that the far-
field CD response of the metasurface is linearly correlated
with the dissymmetric near-field optical chirality distribution.
It is noted that different types of achiral metasurfaces with the
strong dissymmetric distribution of optical chirality and varia-
tion of the spatially selective molecular coating on metasurfaces
can be further explored to increase the induced CD response.
These results open further opportunities for applications in chi-
ral molecule vibrational sensing, spatially resolved molecular
detection, thermal emission control, and infrared chiral imaging.
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