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Abstract — The search for new materials for plasmonics and nanophotonics is justified by
the need to create miniaturized optical nanodevices with unique properties in one nanostruc-
ture. High-entropy alloys have many material properties due to the peculiarity of the internal
structure and multicomponent nature. These facts make such systems promising for nanopho-
tonics. This paper presents the results of the experiments on the femtosecond laser ablation of a
bulk material in an inert medium to create sphere-like nanoparticles of various sizes. Dark-field
spectroscopy studies have demonstrated the presence of natural resonances in nanospheres, as
well as their behavior with variation in the size of nanoparticles. We believe that the obtained
results are perspective for creation of nanophotonic systems with extended functionality.

I. INTRODUCTION

High-entropy alloys (HEA) appeared just over 15 years ago [1, 2, 3]. Nevertheless, thousands of papers on
this topic have already been published (more than 5000 on the Web of Science database), and research and devel-
opment is carried out in all economically developed countries. In many publications, the appearance of HEA is
characterized as a big step forward in the development of metal alloys [4, 5].

A new class of materials has already found its application in mechanics [6] and catalysis [7] due to the incredible
stability of the structure to high and low temperatures and an almost unlimited list of compositions, providing un-
precedented possibilities for restructuring their physic-chemical properties. The fundamental difference between
such alloys and other naturally occurring materials lies in the combination of a high degree of crystallinity, natural
structural defects (vacancies, impurities, dislocations) with its chemical disorder. These materials are fundamen-
tally significant due to the synergistic effect of combining chemical elements to demonstrate unique properties.
Despite such a variety of properties, the methods for creating HEA nanospheres (NSphs) are rather limited, and
the optical properties of such systems have been poorly studied.

Here, we considered laser ablation as a method for synthesizing NSphs while maintaining the properties of the
starting materials, namely composition, crystal structure, chemical disorder and defects. We have demonstrated
the presence of optical resonances and that they are consistent with the plasmonic nature of the constituent metal
nanoparticles.

II. RESULTS AND DISCUSSION

A high-entropy alloy target (Mn, Ni, Cr, Fe, and Co) was placed on the ITO and transferred to a chamber. There
air was then pumped out and nitrogen supplied, thereby laser ablation was carried out in a nitrogen environment.
The sample was ablated using femtosecond laser radiation (Pharos, Light Conversion), generating 200 fs pulses at
a wavelength of 1030 nm (pulse energy 10 J). The average power at a maximum pulse repetition rate of 1 kHz is
0.1 W. Radiation was focused using a high-aperture objective (NA = 0.42). The formed objects remained on ITO
for subsequent optical characterization.

It was shown that the fabrication method used makes it possible to create spherical nanoparticles in a quite
wide range of sizes (see Fig.1(a)). Morphology of each NSph was checked with a scanning electron microscope
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Fig. 1: Resonant optical properties of HEA NSPhs. (a) SEM image series of the HEA NSph with variable size
from 120 to 310 nm. Scale bars indicate 200 nm. (b) DF spectra of the HEA nanospheres on the ITO surface
with diameter 150 (blue line) and 310 (red line) nm. Numbers indicate NSph diameters for certain DF spectra. (¢)
Resonant position of the peak at DF spectra and their intensity on the NSph diameter.

(SEM, Carl Zeiss, Neon 40) with normal detection. HEA NSphs obtained in this way have a maximum size on the
order of hundreds nm, which is a necessary requirement for their use in nanophotonics and plasmonics. From the
technology point of view, the existed methods of carbothermal synthesis make it possible to obtain only 10-20 nm
of HEA NSphs.

The linear scattering measurements were performed at the room temperature on a confocal microscope system,
consisting of two optical channels. Dark field optical channel was set at 68° relative to the pump optical axes.
The Mitutoyo Plan Apo Infinity Corrected Objectives were used to collect scatter light from the sample (NIR, M
= x50, NA = 0.42). The Mitutoyo objective (M = x10, NA = 0.28) was used to focus the linear-TE-polarized
excitation of the halogen lamp. The optical response of the system is spectrally analyzed using a monochromator
(Horiba Jobin-Yvon LabRam HR800 with diffraction grating support of 150 lines per mm) and a water-cooled
CCD detector (iDus DU420A-OE, Andor) in the optical range 400 — 1000 nm.

The results of linear scattering upon excitation by a linearly TE polarized wave are shown in Fig.1(b). The
size of spherical particles corresponds to the case of Mie scattering. This leads to the assumption of the existence
of intrinsic resonances, the maxima of which are located in the visible wavelength range and the value of which
directly depends on the size of the nanosphere. The experimental scattering spectra have resonant peaks in the
visible wavelength range; the width of the considered lines is relatively large, which can be comparable with the
case of large metallic nanospheres. It was noted follow behaviours with an increase in the size of the NSphs:
(1) red shift of the resonance peaks, (2) an increase in the intensity of the scattered light, (3) appearance of new
resonances in the long-wavelength part of the spectrum (see Fig.1(b)). It is consistent with the ideas of the Mie
theory. To study in detail the behavior of resonant peaks with increasing size, the position of the brightest peak at
540 nm was studied. The experimental results showed a relatively small but observable red shift (see Fig.1(c)).
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III. CONCLUSION

In this work we demonstrate results of fabrication and experimental studies of metallic NSphs made of high-
entropy alloy materials (Mn, Ni, Cr, Fe, and Co). Investigation of fabricated system by the scanning electron
microscopy shows that method produces spherical-shape nanoparticles with variable size,that is needed to sup-
port Mie resonance in NSphs. Results of experimental dark-field spectroscopy demonstrate that NSphs support
resonances in the visible wavelength range and quite sensitive to the NSph diameter. Creation on the basis of
such alloys of multi-functional, nonlinear, tunable elements of sensory, catalysis, transmission and processing of
information.
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