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Abstract. Chirality, an intrinsic property of certain entities in the universe, is characterized by the absence of
mirror symmetry. Understanding chirality is crucial as it influences molecular interactions and properties.
Circular dichroism (CD), measured using circularly polarized light, is a standard technique for probing
chirality, but its sensitivity is often limited. Here, we explore extrinsic chirality (i.e. a property arising from
asymmetric achiral materials when observed from out of normal incidence directions), using photo-acoustic
spectroscopy (PAS). PAS allows direct measurement of local absorption, by monitoring the heat produced
and transferred to the surrounding air, regardless the transmitted, reflected, and scattered light that flows away
from the sample. In conventional techniques, the CD is usually measured by taking into account only the
extinction as transmitted (or reflected) light. In this study, we introduce a new PAS setup that employs an
oblique-incidence laser to study extrinsic chirality in silver-coated self-assembled metasurfaces. Our experi-
mental results reveal intriguing CD trends dependent on the angle of incidence and wavelength, indicative
of extrinsic chirality. This study expands the application of PAS, enabling simultaneous analysis of multiple
wavelengths and providing valuable insights into chiral metasurfaces.
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1 Introduction

Chirality is a fundamental property of some components of
our universe, characterized by the absence of specular
symmetry in an object [1]. A chiral object and its mirror
image are called enantiomers and although they have the
same physical constituents, this lack of specular symmetry
influences the interaction of the enantiomer with the exter-
nal world. Chirality is a common property of many mole-
cules [2]. Circularly polarized light is conventionally used
to probe the chirality of the sample; left and right circular
polarizations (LCP and RCP, respectively) are absorbed
differently, and this difference is defined as Circular
Dichroism (CD) [3]. However, since the natural CD of chiral
molecules is extremely low, conventional CD techniques are
bulky and have low sensitivity. Fortunately, nanostructures
can be designed to boost CD signal of chiral molecules [4, 5].
To obtain CD, nanostructures do not need to be chiral
themselves: instead, chirality can be induced by combining
the asymmetry of the sample and the optical set-up. This
property is called extrinsic chirality and it is obtained by

breaking the symmetry of the light-sample interaction by
forming a non-planar triad of vectors between the light
wave-vector, the normal of the sample’s surface, and the
vector of the sample’s asymmetry [6, 7]. In reference [8],
the chiral optical response was induced in 2-D mirror-
symmetric nanostructures (trimers) by chosen heteroge-
neous material composition which breaks the symmetry of
the system. In references [9, 10] similar geometries, but with
magnetic materials allows the magnetic control of the
induced CD. In our previous works, we measured extrinsic
chirality with different conventional techniques such as
extinction [11] and reflection [12]. However, to directly
measure the absorption response, unconventional photo-
thermal techniques can be applied [13–18].

Photo-acoustic spectroscopy (PAS) is a photothermal
technique that exploits the interaction between an inci-
dent light beam and matter, inducing a non-radiative
de-excitation process that generates heat [19]. When the
light intensity is modulated over time, a sample confined
in a sealed chamber filled with air undergoes alternating
cycles of heating and cooling, resulting in air pressure
variations. These fluctuations produce an acoustic signal,
which is then converted into an electrical signal through a
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sensitive microphone coupled with a lock-in amplifier. This
approach enables direct measurement of local absorption,
thereby detecting effects that might otherwise be obscured
by other scattering-dependent techniques, such as the
extinction measurements performed in transmission [8] or
in reflection [19], were the far field signal can be related with
the local absorption in a non trivial way, as described, for
example, in reference [20]. To characterize CD, we previ-
ously used only single laser wavelengths to precisely define
the incident polarization (LCP or RCP), and have high
enough incident power with respect to usual lamp light.

In this study, we introduce a new PAS set-up, based on
a widely tunable near-infrared laser excitation under
oblique incidence. We use it to measure the absorption
and the extrinsic chirality of low-cost self-assembled meta-
surfaces asymmetrically covered by silver. PAS applied at
multiple wavelengths highlights the presence of extrinsic
chirality, in good agreement with previous theoretical
predictions.

2 Results and discussion

In Figure 1a, the scanning electron microscopy (SEM)
image of the investigated sample is shown. The experimen-
tal arrangement utilized for the measurements (see Fig. 1b)
comprises a laser that covers a spectral range from 680 nm
to 1000 nm. The light emitted by the source undergoes
modulation via a mechanical chopper operating at a fixed
frequency of 81 Hz. Prior to reaching the sample housed
within the photo-acoustic cell, the light beam traverses a
polarizer and a quarter-wave plate. This setup allows for
controlled polarization of the incident light. The photo-
acoustic cell, where the sample is placed, is equipped with
a rotating stage enabling examination of the sample at var-
ious angles of incidence (h) relative to the normal surface.

For our specific study, the incidence angles employed
span in the range of h = ±30�. The impinging light has
a spot diameter of 1.2 mm and is polarized either with lin-
ear horizontal polarization (p-pol.) or RCP and LCP. The
signal detected by the microphone preamplifier is fed
into a lock-in amplifier, which analyzes the signal in corre-
lation with the modulation frequency of the light source.
To minimize the influence of scattered light on the micro-
phone’s signal reception from the sample, a narrow-
diameter – labyrinthine tunnel is employed.

The primary component of the photo-acoustic cell is a
movable quartz cylinder with two optically polished faces.
By adjusting the position of this cylinder along the z-axis,
the distance between the sample surface and the window
can be optimized, thereby minimizing the cell volume to
enhance signal detection. Simultaneously, transmitted light
exits the cell through the quartz cylinder, contributing to
noise reduction in the signal. The metasurface investigated
consists of hexagonal unit cells with a pitch of 518 nm, con-
taining polystyrene (PS) nanospheres measuring approxi-
mately 370 nm in diameter. The whole metasurface has a
size of around 5 � 5 mm and was fabricated by nanosphere
lithography [12, 13] onto a 0.3 mm glass substrate, and
coated with a 55 nm thick layer of metallic silver (Ag)
through thermal evaporation at a tilt angle of 45� relative
to the sample surface. Due to the non-close packing
arrangement of the 2D array, the metallic layer deposition
resulted in the creation of a metallic grid on the substrate
surface. The sample orientation in the PAS cell is fixed to
follow the rules of extrinsic chirality: the projection of the
Ag evaporation onto the sample surface is perpendicular
to the plane of incidence.

Figure 2 illustrates the trends of the PAS signal for three
different values of the angle h= 0�, h=+15�, and h=�15�.
It can be observed how the absorption levels of the sample,
at various angles of incidence, present linearly decreasing
trends as the value of the wavelength increases. The absorp-
tion for a zero angle is very similar for different polarizations
and slightly decreases with increasing wavelengths. The
absorption levels for angles of +15� and �15� exhibit larger
oscillations and present a pronounced difference between
circular polarizations. Several significant findings emerge
from the obtained results. Firstly, CD measurements con-
ducted with respect to the angle of incidence reveal intrigu-
ing trends. Figure 3 shows that for wavelengths longer than
800 nm, the CD gradually increases from 0% at normal inci-
dence, to positive values for positive angles of incidence, and
changing to negative values as the incidence angles become
more negative. This phenomenon, indicative of a sign rever-
sal, is a characteristic feature of extrinsic chirality. More-
over, an interesting observation is noted concerning
wavelengths at 800 nm in Figure 3, where all CD trends con-
verge to a value of 0%, suggesting a unique behavior of the
sample at this specific wavelength. For wavelengths shorter
than 800 nm the process is reversed. Additionally, the
sample demonstrates a remarkable rapid variation in CD
across a broad range of angles. This dynamic response

Fig. 1. (a) SEM image of the realized sample. (b) Schematic of the experimental set-up
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underscores the intricate nature of the sample’s chirality
under varying conditions of angle of incidence.

3 Conclusions

In conclusion, in this work, we have presented the CD
behavior of metasurfaces made of polystyrene nanospheres
asymmetrically coated with Ag. The metasurface was cre-
ated by nanosphere lithography on soda-lime glass sub-
strates and inclined evaporation of the metal. An extrinsic
chiral response is detected as CD dependence on the angle
of incidence of the input beam and the maximum CD is
observed for a h angle of incidence equal to 30�.

Although photo-acoustic has been a widely used tech-
nique in the past, it is important to point out that its appli-
cation was generally limited to the selection of a single
color. However, through the use of current technique, we
are now able to significantly extend the potential of
photo-acoustic, allowing the analysis and selection of multi-
ple wavelengths simultaneously.
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