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Abstract

We investigate how geometrical and optical anisotropy independently affect the resonant scattering of
MoS> nanoplatelets. Using FDTD simulations with idealized refractive indices, we isolate the influence of
diameter, height, and optical anisotropy. Incorporating the experimental anisotropic dielectric function,
we examine disks and rectangular platelets on ITO and reveal strong shape- and polarization-dependent
responses. Dark-field measurements of individual MoS: nanoplatelets show two excitonic dips and size-
and shape-dependent resonance modulation.

Introduction

Anisotropy plays an essential role in controlling light and underpins optical components such as polarizers,
waveplates, and modulators, as well as phase-matching in nonlinear optics. Their operation is dictated by
the phase retardance between orthogonal polarizations, which depends on both thickness and birefringence
(An) [1]. Large birefringence, therefore, enables higher efficiency and more compact designs. In
nanophotonics, it also serves as a key tuning parameter in systems such as electro-optic modulators, low-
crosstalk waveguides, and polarization converters [1], [2], [3]. Metasurfaces and metamaterials can be
engineered to exhibit strong anisotropy, providing precise control of optical response. Particularly, a large
refractive-index contrast enables robust wavefront shaping [4], [5] and advanced polarization manipulation
[6]. All-dielectric metamaterials offer a practical approach for achieving such contrast while retaining the
flexibility to design anisotropic optical properties [7].

High-index dielectrics additionally support both electric and magnetic dipole resonances [8], [9], whose
interference gives rise to directional scattering useful for nanoantennas, sensing, and enhanced emission
[10]. Silicon nanoparticles, for example, can enhance emitter quantum efficiency by simultaneously
exciting these dipoles [11]. Introducing anisotropy provides further freedom to tune such resonances [12],
motivating interest in materials that combine high refractive indices with strong birefringence.

Metasurfaces with engineered birefringence, however, often suffer from optical losses and fabrication
challenges [13], motivating the exploration of natural materials with intrinsic anisotropy. Transition-metal
dichalcogenides (TMDs) stand out due to their layered van der Waals structure [14], which produces
birefringence exceeding unity [15]. MoS,, in particular, exhibits one of the highest natural birefringence
values in the near-infrared [16], [17] originating from strong excitonic resonances that boost its in-plane
refractive index above 4.5 and generate a large out-of-plane contrast [18]. This high refractive index allows
MoS: nanostructures to sustain Mie-type resonances and enhance light—matter interaction [19], [20]. Its
anisotropic dielectric response also supports in-plane lattice modes, making van der Waals materials
favorable for trapped and quasi-trapped modes [21].

In this work, we investigate how geometrical and optical anisotropy independently and shape the resonant
behavior of MoS; nanoplatelets. Using FDTD simulations, we decouple these two contributions by
examining an idealized isotropic refractive-index model. We then incorporate the experimental anisotropic
dielectric function of MoS; to study realistic nanodisks and rectangular nanoplatelets on an ITO substrate.
Finally, we measure the scattering spectra of individual MoS: nanoplatelets and correlate them with their
morphology. It reveals how shape and birefringence govern the resonant response of anisotropic van der
Waals nanostructures.

Result and discussion

To investigate the individual contributions of geometrical and optical anisotropy on resonances in a single
nanoplatelet, we calculate the scattering cross-section spectra of an isolated nanoplatelet placed in air
without a substrate and illuminated by linearly polarized light at normal incidence. Numerical simulations



of the electromagnetic response of nanoplatelets are performed using the finite-difference time-domain
(FDTD) method in Lumerical. For better analysis of the influence of geometrical and optical anisotropy on
resonance, we employed the in-plane refractive index (n,=n,=4.5) and out-of-plane refractive index (n. =
2.8) of MoS,, as reported in ref. [1]., and the loss is 0 in near-infrared range.

We first analyze how geometrical anisotropy influences the optical response in a single nanoplatelet by
independently varying its diameter and height, as shown in Figure 1a. When the diameter increases from
230 nm to 260 nm while the height is kept at 60 nm, the resonance shows a redshift accompanied by
increased scattering intensity. A comparable trend is observed when the height increases from 60 nm to 90
nm at a fixed diameter of 240 nm. These behaviors align well with expectations from Mie scattering
theory [25]. In contrast, the role of optical anisotropy is explored by varying the out-of-plane refractive
index (n.) of the nanoplatelet with a diameter of 240 nm and height of 60 nm. The resonance located at
shorter wavelength exhibits a strong sensitivity to changes in n., whereas the other resonance shows only
weak dependence on the optical anisotropy (Figure 1c).
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Figure 1. Resonances in nanoplatelets are affected differently by geometrical and optical anisotropy.
Simulated scattering cross-section of a single nanoplatelet under plane wave illumination for nanoplatelets
with: (a) varying diameter with height # = 60 nm; (b) increasing height and diameter d = 240 nm; (c)
increasing out-of-plane refractive index, with constant d = 240 nm and % = 60 nm. Parameter values are
equally spaced.

Next, we apply the experimentally measured refractive index of MoS: and simulate the scattering cross-
section spectra of MoS: nanoplatelets situated on an ITO substrate under normally incident illumination
(schematic shown). When the radius of an MoS: disk increases from 60 nm to 260 nm at a constant height
of 80 nm, a pronounced resonance emerges in the near-infrared region due to the low absorption at these
wavelengths (Figure 2a). Two characteristic dips near 620 nm and 680 nm correspond to the A and B
excitons of MoS,.

The scattering response changes significantly when the geometry is modified to a rectangular platelet. In
Figure 2b, the incident electric field is oriented along the long axis while the platelet length varies from 200
nm to 400 nm, with a fixed width of 120 nm and thickness of 80 nm. A strong and sharp resonance appears
near 700 nm, and the two excitonic dips become more clearly resolved. When the polarization is rotated
(Figure 2c¢), the scattering intensity becomes stronger at shorter wavelengths while being suppressed in the
near-infrared, indicating a more complex response arising from in-plane geometrical anisotropy.
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Figure 2. Shape-dependent scattering behavior of MoS: nanoplatelets. (2) MoS: nanodisks of 80 nm
thickness with varying radius under normal incidence (E-field along x-axis). (b,c) Rectangular MoS:
nanoplatelets with fixed width (120 nm) and thickness (80 nm) as a function of length; the long axis is
aligned along x. The incident E-field is aligned with the x-axis in (b) and with the y-axis in (c).
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We obtained MoS; nanoplatelets by filtering a dispersed MoS, powder solution to narrow the size
distribution of the flakes. The dispersion was prepared in methanol with a concentration of 0.1 g/L.
Scattering from individual nanoplatelets was measured using dark-field spectroscopy and correlated with
their morphology obtained from SEM imaging (Figure 3). The nanoplatelets display irregular geometries,
and the grain patterns observed in the SEM images arise from the underlying ITO substrate.

As shown in Figure 3, the dark-field color and brightness of the MoS: nanoplatelets vary from whitish to
bluish as their size and shape change. The two dips associated with MoS: excitons are consistently
observed and agree with the simulations. The intermediate peak around 650 nm decreases in relative
intensity as nanoplatelet size decreases (Figure 3a,b). For elongated platelets, even though one dimension
increases compared with nanopltelets' size in Figure 3b, the overall scattering intensity still decreases,
indicating that both size and shape strongly influence the scattering behavior.
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Figure 3. Experimental scattering spectra of MoS; nanoplatelets on ITO substrate and corresponding top-
view SEM images (scale bar: 500 nm). Insert: dark field images.

Conclusion

We have shown that geometrical and optical anisotropy play distinct roles in the resonant response of
MoS; nanoplatelets. Simulations of disks with idealized refractive indices reveal that diameter and height
govern Mie-type resonances, while variations in the out-of-plane refractive index selectively tune specific
modes. Incorporating the realistic anisotropic dielectric function highlights strong shape- and



polarization-dependent behavior, especially in rectangular nanoplatelets. Dark-field measurements on

individual MoS: flakes demonstrate clear excitonic signatures. These results establish MoS: nanoplatelets

as a versatile platform for anisotropy-engineered nanophotonic elements and highlight the importance of
both geometry and intrinsic birefringence in tailoring their optical response.
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