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Abstract

Developing materials with high stability in such an atmosphere is crucial for meeting the actual needs
of practical applications because the majority of functional materials lose their crystallographic
sustainability at high temperatures and pressures under shock-loaded conditions. A series of shock
pulses with Mach values 2.2 of 100, 200, and 300 have been applied to the PbS nanomaterials with an
interval of 5 sec per shock pulse. To investigate the crystallographic, electronic, and magnetic phase
stabilities, powder X-ray diffractometers (XRD), diffused reflectance spectroscopy (DRS), and vibrating-
sample magnetometers (VSM) are used. The material exhibits a rock salt structure (NaCl-type structure),
and the XRD indicates that it is monoclinic with the space group C121 (5). Further, the shift was
observed as a result of the lattice's contraction and expansion when the material was subjected to
shock loading, which indicated the material's stable structure in XRD.
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1. Introduction

Recent studies have shown that semiconducting sulfide nanoparticles, in particular, are structurally
stable at room temperature and pressure, but that their properties become highly pretentious under
non-ambient conditions. In specific, it is crucial for both academic study and practical uses of crystalline
materials to have a firm grasp of their polymorphic character, whether in bulk or nanoform. To learn
about the polymorphic qualities of the proposed sample, the static pressure and temperature-driven
phase transition techniques are commonly used. Interestingly, there has been much research
conducted for PbS at ambient pressure and temperature but the investigations on extreme conditions
are very rare.

Shock waves differ from other common types of waves like pressure waves and sound waves in how
they behave and interact with materials. Regardless of the distinctive nature of shock waves, the study
of their effects when they come into contact with various materials has seen a significant surge in
recent years, which has led to the development of a variety of new applications such as biology,
engineering, aerodynamics, medical.

In this study, the isothermal magnetization has been measured for ambient and shock wave samples,
superparamagnetic behavior changed to diamagnetic at higher shock conditions (300 shock pulses) due
to the unraveling of the alignment of magnetic moments within the material under shock wave flow
conditions. Based on the data obtained, we believe that the title PbS nanomaterials is a good choice
for high-pressure, high-temperature, and aerospace applications due to its superior shock resistance
characteristics.
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2. Experimental details

The nanomaterials of PbS have been purchased commercially from Sigma Aldrich with a purity of
99.99 %. Shock waves are produced in the current experiment by a table-top, pressure-driven, semi-
automatic shock tube. By utilizing the appropriate diaphragms, this shock tube can produce shock
waves with Mach values ranging from 1 to 5. It is divided into three parts: a driver portion, a driven
section, and a diaphragm. Common terminology designates the driven part as the lower-pressure
segment and the driver section as the higher-pressure section.

3. Results and discussion

The samples have been subjected to a series of shock pulses with Mach values 2.2 of 100, 200, and
300 at intervals of 5 seconds. Powder X-ray diffractometers (XRD), diffused reflectance spectroscopy
(DRS), and vibrating-sample magnetometers (VSM) are employed to examine crystallographic,
electronic, and magnetic phase stabilities.
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Fig 1. FESEM images of ambient and shocked PbS NPs

Under shock wave loaded conditions of 100, 200, and 300 shock pulses, grain size (D) and volume (V)
decrease, and these changes provide indisputable proof that lattice disorder occurs. In contrast to the
ambient PbS NPs, which have a stable monoclinic structure, the shocked PbS NPs exhibit lattice
deformations and disorders. Due to increased transient pressure in shocked conditions, it may lose its
native crystal geometry and produce a deformed crystallographic phase.

(a) —o— PbS (Ambient) (b)—e— PbS (100 Shock Pulses)
—Fit Peak —Fit Peak

Intensity (a.u)
Intensity (a.u)

420 440 460 480 500 520 540 400 420 M40 460 480 500

(c) —o— PDbS (200 Shock Pulses) (d)—PDbS (300 Shock Pulses)
~—Fit Peak ——Fit Peak

Intensity (a.u)
Intensity (a.u)

T T T T T T T v L T T T
380 400 420 440 460 480 500 520 420 440 460 480 500 520
Wavelength (nm) Wavelength (nm)

Fig 2. PL spectra results of ambient and shocked PbS NPs
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4. Conclusion

We have carefully examined the structural, optical, morphological, and magnetic characteristics of the
commercially available PbS NPs under shock loads of up to 300 and a Mach number of 2.2. The material
has a monoclinic structure, which the powder XRD confirms. It is extremely stable under shock-loaded
conditions, and we have seen a shift in angle from higher to lower owing to lattice expansion and
contraction. In both the case of UV-DRS and PL measurements, a similar pattern has been noted.
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