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Reversible phase transition and tunable band
gap in zinc telluride induced by acoustic
shock exposure
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In this study, Zinc Telluride (ZnTe) was subjected to acoustic shock waves with a Mach number of 1.5,
transient pressure of 0.59 MPa, and a temperature of 520 K to analyze its stability against shock wave
impact. ZnTe was exposed to different shock pulses, such as 100, 200, 300, and 400. The stability was
assessed through multiple characterization techniques such as Powder X-ray diffraction (PXRD), Raman
spectroscopy, Ultraviolet diffuse reflectance spectroscopy (UV-DRS) analysis, Photoluminescence (PL)
spectroscopy, and Scanning Electron Microscopy (SEM). The X-ray diffraction pattern revealed a phase
transition at 300 shock pulses from cubic (F43m) to cubic (Fm3m). Interestingly, at 400 shock pulses, the
original cubic (F43m) phase was restored. The Raman spectrum showed the disappearance, intensity vari-
ation, and shift of Raman peaks, particularly at 300 shock pulses, which reverted to the original state at
400 pulses, indicating a reversible phase transition. The absorption spectrum exhibited a lower angle shift
and a change in band gap from 2.85 eV to 2.63 eV at 300 shock pulses. However, the band gap was
reduced to 2.8 eV at 400 shock pulses. The photoluminescence spectrum showed high intensity specifi-
cally at 300 shock-loaded conditions. Morphological analysis revealed a change from irregular shapes to
plate-like structures at 300 shock pulses. The results confirm that shock waves significantly impact ZnTe,
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Introduction

Shock wave loading has emerged as an effective technique for
modifying the characteristics of various materials, including
crystalline, non-crystalline, and nanocrystalline forms. By
rapidly compressing materials through controlled temperature
and transient pressure adjustments, it is possible to induce
substantial changes in their properties. The extreme levels of
pressure, stress, tension, and temperature applied during
shock wave loading can significantly alter material character-
istics. Traditionally, static high-pressure compression and
decompression methods have been used in high-pressure
experiments, leading to the discovery of numerous reversible
phase transition materials. Recently, significant advancements
in dynamic shock wave techniques, particularly those pro-
duced by table top shock tubes, have revealed crystallographic
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inducing a reversible phase transition.

phase transitions in materials critical for technology. These
investigations have yielded fascinating discoveries in both bulk
and nanoscale forms."” Due to their remarkable functional
qualities, there is growing interest in molecular and crystallo-
graphic switchable dielectric, optical, and magnetic materials
in the electronics industry. These materials are essential for
developing devices used in data transmission, memory
storage, signal processing, environmental monitoring,
pressure transmitters, and sensor applications. Consequently,
many laboratories actively search for highly efficient switch-
able phase transition materials, encompassing both bulk and
nanoscale forms of inorganic and organic compounds.®™®
Materials capable of rapidly transitioning between two
states hold great potential for next-generation applications,
enabling frequent and fast switching. For example, recent
studies have demonstrated that by altering the number of
shock pulses, crystallographic switchable phase transitions
can be induced in a bulk single crystal of potassium sulfate
(K,SO,) that has B to « and « to p phases.’ Similarly, nano-
particles such as Fe,O; exhibit a crystallographic and mole-
cular phase transition between a-Fe,O; (hematite) and Fe;0,
(magnetite) under shock conditions,'® Bi,Te; exhibits a crystal-
lographic reversible phase transition."’ Moreover, numerous
magnetically switchable phase transitions have been documen-
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ted in nanocrystalline materials of industrial importance,
including ZnFe,0, nanoparticles,’> a-MnO,,"* Fe,0;,' and
C0;0,."*

ZnTe, a well-known II-VI semiconductor, is highly regarded
for optoelectronic applications due to its wide band gap. Its
crystal structure is primarily cubic zinc blende (ZB), as indi-
cated by its phase diagram. ZnTe’s distinctive electrical and
optical qualities make it particularly suitable for high-
efficiency light-emitting diodes (LEDs) and laser diodes operat-
ing in the green region of the visible spectrum. This ability to
emit light efficiently in this wavelength range makes ZnTe
ideal for display technologies and laser-based devices."”™"’
Additionally, ZnTe is used in X-ray detectors, where its charac-
teristics enable efficient X-ray detection, making it valuable for
industrial inspection and medical imaging. Furthermore, ZnTe
finds applications in solar cells, as its electrical properties can
enhance energy conversion efficiency. It is also employed as a
component of light-emitting devices or optoelectronic systems
in television projectors, owing to its ability to produce bright
and clear images. Moreover, ZnTe plays a crucial role in signal
transmission technologies, utilizing its optical properties to
improve communication systems. Its wide range of appli-
cations underscores ZnTe’s significance in modern electronic
and optoelectronic devices.'® >

Despite its potential, Zinc Telluride is relatively less studied
at high pressure due to the research focus on other chalcogen-
ide materials whose properties at high pressure have been
investigated.”® Early high-pressure experiments and theoretical
studies on ZnTe have yielded several interesting results. For
instance, ZnTe transitions to a non-metallic hexagonal phase
(znTe-II) at 8.5 GPa and subsequently to a metallic phase
(ZnTe-III) at 13 GPa, as demonstrated by a combination of XRD
and electric resistivity measurements.** Nelmes et al. deter-
mined that the orthorhombic structure with Cmcm symmetry
(B33) in the ZnTe-III phase is stable at 11.5 GPa and confirmed
that the cinnabar structure emerges at a transition pressure of
8.9 GPa for ZnTe-IL.>>"*” At high pressures of 12 to 85 GPa,
ZnTe transforms from a cubic phase (F43m) to a cinnabar
phase (P3,21) and then to an orthorhombic phase (Cmcm),
accompanied by an electronic phase transition from semi-
conductor to metal. Under hydrostatic conditions, ZnTe under-
goes two phase transitions: from the zinc blende phase to the
cinnabar phase at 7-9 GPa, and then to the Cmcm phase at
11-13 GPa. Also, ZnSe undergoes phase transitions under
pressure, shifting from zinc blende to cinnabar at ~4.9 GPa,
followed by metallization at ~12.5 GPa. The transition pressure
is delayed under hydrostatic conditions, and the phase change
is irreversible under non-hydrostatic conditions due to con-
strained interlayer interactions.*®*° Specifically, at 9.6 GPa, the
initial zinc blende (ZB, ZnTe-I) structure transitions to a cinna-
bar phase (ZnTe-II), and at 12.1 GPa, a high-pressure ortho-
rhombic phase (ZnTe-IlI) with Cmcm symmetry emerges.
Kusaba et al. reported a space group P3; rather than P3,21 at
11.5 GPa pressure for ZnTe-I1.>°

To further investigate Zinc Telluride (ZnTe) under dynamic
shock wave loading, it is crucial to expand on the findings

This journal is © The Royal Society of Chemistry 2025

View Article Online

Paper

from static high-pressure investigations. Dynamic shock waves
can induce rapid and extreme pressure changes that might
reveal additional phase transitions or modifications in ZnTe’s
properties that are not analyzed by static methods. The shock
wave technique, with its ability to apply transient and high-
pressure conditions, offers a unique opportunity to explore the
behavior of ZnTe beyond the limitations of traditional static
high-pressure experiments which often lack real-time obser-
vation and are constrained by slower pressure application
rates. By subjecting ZnTe to controlled shock waves, research-
ers can probe the material’s response in real time, potentially
uncovering new phases or transitions that could impact its
optoelectronic properties. Such experiments could provide
valuable information on the stability and reversibility of
different phases, including the potential for discovering novel
phases or transitions between known phases. Furthermore,
dynamic shock wave experiments could help elucidate the
mechanisms behind ZnTe’s electronic and structural trans-
formations, offering deeper insights into its potential appli-
cations in advanced electronic and optoelectronic devices.
This approach not only extends the fundamental understand-
ing of ZnTe’s behavior under extreme conditions but also
paves the way for optimizing its performance in practical
applications.

Experimental procedure &
characterization techniques

In the current experiment, Zinc Telluride is purchased from
Sigma Aldrich with a purity of 99.9% and then the sample was
split into equal amounts and made into a small pouch, it was
subjected to varying numbers of shock pulses, specifically as
100, 200, 300, and 400 pulses each with a Mach number of 1.5,
transient pressure of 0.59 MPa, and temperature of 520 K. This
is conducted using a semi-automatic Reddy tube (Yelagiri
Technologies, model number ST2024YT02), as depicted in
Fig. 1. The semi-automatic Reddy tube comprises three sec-
tions: the driver section, the driven section, and the dia-
phragm section. When the pressure reaches a critical level, the
diaphragm ruptures, generating shock waves. These shock
waves then propagate through the driven section toward the
sample, secured in a sample holder. The transient pressure of
0.59 MPa for each shock pulse was measured using piezoelec-
tric PCB transducers (Model 113B26) with a sensitivity of
1.465 mV kPa~' and a linearity error of 1%. Calibration of the
transducers was performed under identical high-temperature
(520 K) and high-pressure conditions to ensure accuracy. The
calibration process involved verifying the transducer response
against a standard reference, with the standard error consist-
ently remaining below 5%. This ensured high reliability and
repeatability of the transient pressure measurements, provid-
ing a precise baseline for analyzing the effects of shock pulses
on the samples. To further reduce measurement disturbances
and eliminate unexpected impurities, the sample holder and
the driver tube were cleaned after every other experiment.

Dalton Trans., 2025, 54, 3188-3206 | 3189
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Fig. 1 Schematic representation of shock-loading experiment on ZnTe.

Once the samples have been subjected to the shock pulses,
they are examined using various characterization techniques.
The results from these shock-treated samples are compared
with those from untreated samples to assess the effects of the
shock waves. This comparison is essential for analyzing the
stability of Zinc Telluride when exposed to shock waves and
understanding its resilience against such impacts. The X-ray
diffraction pattern of the sample was analyzed by using the
instrument Brucker AXS D2 phaser, Cu Ka as a source with
1.5406 A wavelength between the 26 range of 20 to 85°. The
Raman analyses were analyzed by using a confocal micro-
Raman Spectrometer (LabRAM HR 800, Horiba Jobin Yvon
Evolution model, He-Ne/325 nm laser used as a source), with
results recorded between 100-1500 cm ' with an excitation
wavelength of 532 nm. The Ultraviolet diffuse reflectance spec-
troscopy (UV-DRS) analyses were recorded between
300-800 nm using JASCO Spectrometer. The morphology of
the samples was analyzed by Scanning Electron Microscope
(SEM) using the instrument TESCAN VEGA3 XMU with a
resolution of 3.0 nm at 30 kV. The emission spectrum of the
sample was recorded between 500 to 570 nm by using a
PerkinElmer model LS 45 at the excitation wavelength of
325 nm.

Results and discussion
Powder X-ray diffraction analysis

The X-ray diffraction pattern of shock-untreated and treated
ZnTe is shown in Fig. 2(b), the shock-untreated sample given
in Fig. 2(a) shows peaks on the 26 values of 25.31°, 29.31°,

3190 | Dalton Trans., 2025, 54, 3188-3206
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41.93°, 49.61°, 51.85°, 60.79°, 66.93°, 68.91°, 76.59°, and
82.19° which are indexed with their corresponding Akl values
as (111), (200), (220), (311), (222), (400), (331), (420), (422), and
(511), respectively which is well matched with the standard
JCPDS card number: 65-0385, which has a cubic structure with
space group of F43m. The lattice parameters of ZnTe in this
phase are @ = b = ¢ = 6.114 + 0.002 A, also since it is a cubic
structure @ = # = y = 90°. The space group F43m (216) means
that f stands for the face-centered cubic lattice, and 43 m indi-
cates the point group symmetry, which has 4-fold rotational sym-
metry axis, 3-fold rotational symmetry axis, and mirror planes
corresponding to the zinc blende type materials. Ionic and
covalent bonds hold the structure together with weak van der
Waals force. The atomic arrangements in this structure are tetra-
hedral coordination where the Zn atom is surrounded by four Te
atoms in a tetrahedral geometry'** as shown in Fig. 2(c).

When this ZnTe is subjected to 100 shock pulses planes
(111), and (200) show a reduction in the intensity, also plane
(200) shows a slight split in the peak (like a shoulder peak),
the plane (511) shows sharp intensity, at 200 shock pulses the
peak (111), (200) remains in the same intensity, the plane
(200) remains unchanged, plane (500) shows a slight drop in
the intensity, the above-said planes are shown in their zoomed
version in Fig. 3(a), (c), (d), and (e) though these changes have
occurred the phase of the 100, 200 shocks remains unchanged.
When the shock pulses are increased to 300 the plane (111)
shows a further decrease in the intensity, but the plane (200)
in Fig. 3(b) shows a drastic and remarkable increase in their
intensity, plane (200) shows a slight converging of shoulder
peak, and also, plane (222) in Fig. 3(d) shows an increase in
their intensity, remarkably plane (511) shows a shift towards a

This journal is © The Royal Society of Chemistry 2025
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Fig. 2 X-ray diffraction pattern of ZnTe (a) standard pattern of ZnTe (b) diffraction pattern of shock-untreated and treated ZnTe (c) structure of

cubic (F43m) and Cubic (Fm3m).

higher angle, these changes make more concern about the
sample at this particular shock pulses. Since there is a slight
decrease in the unit cell volume at 100, 200 shock pulses as
shown in the Table 1 which shows that lattice compression is
occurred these also might be a reason for the variation of
intensity.

Also, the XRD pattern of 300 shock loaded sample shows a
different pattern compared to the 100, and 200 shock pulses,
since there is a drastic change in their intensity, also as a shift
in the peak, which makes it more interesting to analyze the
effect of shock pulses. Surprisingly the XRD pattern obtained
in the 300 shock pulses which is well fitted with the standard
JCPDS pattern card number: 65-0149, even the shifted peak
also belongs to the same card number, also shows a same
intensity variation just similarly obtained to 300 shocked
samples shown in Fig. 2(a). The shifted peak is highlighted in
Fig. 2(b) and the zoomed-in version is shown in Fig. 3 (e).
More interestingly the peak matched with the standard pattern
shows the same cubic structure with different space groups
Fm3m, also incredibly the pattern has the same Akl values as
for the space group Fm3m as, (111), (200), (220), (311), (222),
(400), (331), (420), (422), and (511), the only key difference
between the unshocked, 100 and 200 shock pulses is the inten-
sity variation, shift in the peak, space group, also a slight vari-

This journal is © The Royal Society of Chemistry 2025

ation in their structure, the structure of the space group Fm3m
is shown in Fig. 2c.

The space group Fm3m (255) means that F stands for the
face-centered cubic lattice, and m3m indicates the point group
symmetry with mirror planes and 3-fold rotation corres-
ponding to the Zinc blende or sphalerite structure. In this
structure, each Zn atom is tetrahedrally coordinated with four
Te atoms, and each Te atom is similarly coordinated with four
Zn atoms. The structure is held together by ionic and covalent
bonds with electrostatic forces.>*** Therefore, it is confirmed
that at 300 shock pulses the material has undergone a phase
change from cubic (F43m) to cubic (Fm3m). There is a decrease
in the unit cell volume shown in Table 1 which shows that the
sample completely causes compression in their lattice, also
the value of lattice parameters of axes a, b, and ¢ shows a
decrease in value, making the bonds to compress and change
the atomic position, this induces the phase transition in the
sample.

When shock pulses of 400 are increased the material shows
the changes in the intensity and shift of the peak. As said in
the above passage the changes in the plane (111), (200), (220),
(222), (511) shown in Fig. 3(a)-(e) all retain their originality
just like the shock untreated sample. Plane (111) shows a
sharp intensity, (200), and (222) planes show a drastic drop in

Dalton Trans., 2025, 54, 3188-3206 | 3191
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Fig. 3 Zoomed in XRD pattern of shock-untreated and treated ZnTe (a) between 24.6° to 26.0° (b) between 28.5° to 30.0° (c) between 40.5° to
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Table 1 Refinement parameters of shock-untreated and treated ZnTe

Samples ZnTe 100 shocks 200 shocks 300 shocks 400 shocks
Crystal system Cubic Cubic Cubic Cubic Cubic

Space group F43m F43m F43m Fm3m FA3m

Lattice parameters

a=b=c 6.114 + 0.002 6.113 + 0.002 6.112 + 0.002 6.07 + 0.002 6.115 + 0.002
a=p=y 90 90 90 90 90

Unit cell volume 228.34 £ 0.05 228.32 £ 0.05 228.28 £ 0.05 225.76 £ 0.05 228.51 £ 0.05
GOF 1.80 1.86 1.81 1.80 1.79

intensity, plane (220) shows the convergence of shoulder peak,
also (511) plane shifted again to its original position and
moved towards lower angle, and the obtained pattern which
matches with same standard pattern JCPDS card number: 65-
0385, all the changes obtained in the 400 shock pulses are well

3192 | Dalton Trans., 2025, 54, 3188-3206

figured in Fig. 3(a)-(e). This shows that shock waves have the
capability of phase transition and also reverse the phase. The
reversible phase change of the material is caused due to the
lattice expansion, it is evident from the refinement parameters
such as lattice parameters, and unit cell volume of the sample

This journal is © The Royal Society of Chemistry 2025
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shows an increased and reversed condition similar to shock-
untreated, 100, and 200 shocks. This shows that the lattice
expansion causes the bonds to expand more and makes the
atoms misplace to their original place, which induces revers-
ible phase transition.

Generally, when subjected to shock pulses, materials experi-
ence a sudden, intense stress that can induce rapid defor-
mation of the crystal lattice. This deformation may manifest as
either lattice relaxation or expansion, influenced by the
material’s intrinsic structural properties and response to the
applied stress.*>>® Lattice relaxation can occur as atoms shift
slightly within the crystal framework, absorbing some of the
energy and potentially reducing internal strain. Conversely,
lattice expansion may take place if the shock waves force
atoms apart, increasing the volume within the crystal structure
temporarily.”” As the shock impact propagates through the
lattice, a uniform tensile strain frequently develops perpen-
dicular to the direction of wave propagation. This strain dis-
torts the lattice, increasing interplanar spacing (d-spacing),
which may result in a noticeable shift of diffraction lines in
X-ray diffraction (XRD) patterns. Typically, such strain shifts
diffraction peaks to lower angles due to increased d-spacing,
but in specific scenarios, structural adjustments could cause
peak shifts to higher angles.’” The rapid compression intro-
duced by shock waves also significantly affects diffraction peak
intensities.

This compression can promote dynamic recrystallization,
where atoms in the lattice attempt to rearrange into more
stable configurations to mitigate the high-energy state induced
by the shock. However, the transient nature of the shock waves
persisting only for a brief period, means that the system is
under constant kinetic and thermal constraints. However,
under rapid, transient shock conditions, there may not be
sufficient time for atoms to fully stabilize at lower energy levels
immediately after the shock wave dissipates. This fleeting
stability can result in temporary or reversible phase changes,

Lattice compression

New bond

(@)

Reversible phase transition

View Article Online
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as observed with the transitions from F43m to Fm3m and back
to FA3m. These rapid changes manifest in XRD data as shifts,
peak broadening, or intensity fluctuations, reflecting the adap-
tive behavior of the crystal structure under high-pressure,
short-duration conditions.*>°

In the Fig. 4, we proposed a mechanism of phase transition
in zinc telluride (ZnTe) induced by shock compression and
expansion. ZnTe initially occurs in a cubic phase with the
space group F43m (shown in Fig. 4(a)), which remains stable
under low-to-moderate shock pulses, specifically for 100, and
200. This F43m structure is characterized by a precise arrange-
ment of zinc (Zn) and tellurium (Te) atoms with set bond
angles and lengths that ensure structural stability without
severe lattice distortion. ZnTe experiences a phase change to a
cubic structure with the Fm3m space group when exposed to a
higher number of shocks, specifically, 300 shock pulses, as
seen in Fig. 4(b)

The lattice compression brought on by the shock-induced
high-pressure environment is responsible for this phase shift.
The Zn and Te atoms are forced closer together by extreme
compression, changing the atomic structure and creating new
Zn-Te bonds. As atoms move to reduce internal strain, these
extra bonds aid in stabilizing the crystal lattice under elevated
pressure. The increased electrostatic forces between Zn and Te
atoms, which are kept at closer distances and have larger inter-
action energies, produce a more compact, isotropic structure
in the Fm3m phase. The compression of the sample is well
identified using the refinement of the XRD pattern, which
shows that slight decrease in unit cell volume from 228.34 A®
to 225.67 A%, as shown in Table 1 and their corresponding vari-
ation plot is shown in Fig. 6(c) which confirms that lattice
compression has taken place in the sample.

When the shock strength is increased to 400 pulses, the
sample shows a reversed condition ie., ZnTe reverts to its
initial F43m phase at this elevated shock level. At this higher
pressure, the extra bonds created during the transition to the

o -Zn
© -Te

©

o

Fig. 4 Proposed mechanism of phase transition and reversible in ZnTe (a) Structure of cubic (F43m) of shock-untreated, 100, 200, and 400 shocks
(b) proposed reversible phase change by the formation of new bond and lattice compression (c) Structure of Cubic (Fm3m) of 300 shocks

This journal is © The Royal Society of Chemistry 2025
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Fm3m phase become unstable due to the rapid release of
energy inherent to the shock wave environment. The dynamic
shock conditions involve brief, intense pressure and tempera-
ture spikes, followed by equally rapid decompression. This
transient high-pressure state can cause temporary bond
rearrangements to stabilize the structure momentarily.
However, as the shock dissipates, the thermodynamic stability
of the original F43m phase reasserts itself. The crystal reverts
to its original configuration because the energy landscape
favors the lower-energy arrangement of the F43m phase under
ambient conditions. This behavior suggests that the material
undergoes a phase change under high pressure but reverts to
its original structure afterward. The newly formed phase
becomes unstable as the energy dissipates, and the original
FA3m phase reasserts itself due to its thermodynamic
favourability.

This reversion highlights the material’s inherent resilience
and preference for the lower-energy configuration, which pre-
vents the sustained presence of the high-pressure phase. This
reversion implies that the structural alterations brought about
by the 300 pulses are transient and can be reversed by more
shock-loading as opposed to only decompression. The decom-
pression of the sample is confirmed by the refinement para-
meters shown in Table 1, the unit cell volume of the sample
increased from 225.67 A’ to 228.58 A® as shown in Fig. 6(c),
more or less similar to shock-untreated, which shows that the
lattice expansion can induce the phase change of the material.
Therefore, the proposed mechanism shows that due to lattice
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compression and expansion, there is shrink and expansion in
the bonds, and a new bond formed connects the interchanged
atoms during this process induces phase change and also,
reversible phase change in the material. ZnTe’s resilience is
demonstrated by this reversible phase transition, which high-
lights its potential for applications needing materials that can
withstand and adapt to harsh conditions by alternating
between different structural configurations according on the
applied shock pulses.

For further confirmation of the reversible phase transition
the Rietveld refinement analysis was carried out using the Full
Prof-Suite software, and their corresponding plots are shown
in Fig. 5, the refinement parameters are derived by utilizing
the pseudo Voigt function, corresponding refinement para-
meters are shown in Table 1, though there is a variation in the
intensity of some planes in the 100, and 200 shocks the peaks
are well fitted in the same cubic (F43m) space group, which
shows the stability of the sample in minimal pressure, also the
parameters like a, b, ¢ and unit cell volume shows a reduction
in their values shows a slight compression is started in the
sample, at 300 shock pulses the dramatic changes where
caused due to high pressure and temperature, which is also
well fitted in the cubic phase of space group (Fm3m), with a
goodness of fit 1.80, along with little reduction of lattice para-
meters and unit cell volume as 6.07 A, 225.76 A, respectively.
The well-fitted refined plot confirms the phase change of the
sample, when shock pulses of 400 are applied the phase
retains the original phase which is also well in agreement with
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Fig. 5 Refinement plots of shock-untreated and treated ZnTe.
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the phase cubic (F43m), also their lattice parameters show a
similarity of unshocked conditions. Therefore, shock-induced
reversible phase transition is well proved from the refinement
data and plots. The corresponding variation plots of lattice
parameters are well figured in Fig. 6(c) and (d)

The dislocation density and lattice strain of ZnTe provide
insights into the material’s structural evolution under shock
wave exposure. Dislocation density (§) measures the concen-
tration of defects within the crystal lattice and was calculated
using the equation § = 1/D* where D represents the crystallite
size. This crystallite size was obtained through the Debye-
Scherrer formula, expressed as D = KA/fcos@. Here, K is a
dimensionless shape factor, 4 is the X-ray wavelength, g is the
full width at half maximum (FWHM) of the diffraction peak,
and 0 is the Bragg angle. Lattice strain ¢ = f3/4 tan 6, capturing
the degree of distortion in the crystal structure due to defects.

Fig. 6(a) and (b) display the relationships between crystallite
size, dislocation density, and lattice strain of shock-treated and
untreated ZnTe. Initially, for the untreated ZnTe, the average
crystallite size was 26.56 nm. Upon applying shock pulses, a sys-
tematic fluctuation in crystallite size was observed. After 100
shock pulses, the crystallite size increased to 28.01 nm,
suggesting a reduction in internal stresses, leading to the
growth of crystal domains. After 200 shock pulses, the crystallite
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size slightly increased to 30.08 nm, followed by a greater
increase to 32.81 nm after 300 pulses. With further shock
exposure, the crystallite size decreased to 27.89 nm at 400
pulses, indicating a similarity of the unshocked sample. The
increase and decrease in crystallite size correspond to a fluctu-
ation in FWHM values, dislocation density, and lattice strain,
signalling improvements in ZnTe’s crystallinity at initial shock-
loading samples. As crystallite size grows, dislocation density
decreases due to the merging of grain boundaries or elimin-
ation of crystal defects.® The lattice strain also diminishes,
reflecting a relaxation of internal stresses and a decrease in
lattice imperfections. This trend suggests that shock pulses act
as a form of annealing, reducing defects and enhancing crystal-
line order by allowing atoms to settle into more stable positions
within the lattice. The result is sharper X-ray diffraction peaks,
which correspond to a more ordered, defect-free crystal struc-
ture.*® The observed changes in XRD peak intensities and shifts
can be attributed to variations in crystallite size. As the grain
size increases due to initial shock pulses, the dislocation
density decreases, resulting in a reduction of internal stresses.
This phenomenon directly impacts the lattice compression and
expansion, influencing the peak positions and intensities. Such
grain size-dependent effects on the crystal lattice further con-
tribute to observable spectral variations, confirming the inter-
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play between crystallite size and structural stability. Thus, with
each increase in shock pulse count, the ZnTe structure under-
goes a refining process, where imperfections and grain bound-
aries are gradually minimized at 300 shock pulses due to the
phase transition, the material has undergone an increased
trend in the dislocation, lattice strain. The variation in crystallite
size and other parameters might be due to breakage and fusion
of grain boundaries which is dynamic recrystallization.*°

In summary, the XRD analysis demonstrates ZnTe’s struc-
tural resilience and reversible phase transition behavior under
shock loading. Initially stable up to 200 shocks, ZnTe under-
goes a phase change at 300 shocks, shifting from F43m to
Fm3m symmetry. This new phase remains stable for months of
time at ambient temperature after the shock waves have
passed. However, upon further shock loading to 400 shocks,
the structure reverts to the original F43m phase. This behavior
indicates that while ZnTe can undergo stable phase changes
under stress, it tends to revert to its initial phase under higher
levels of continued shock, showcasing its adaptability and
resilience.

Williamson-Hall plot analysis

A useful tool for examining many microstructural character-
istics in materials, including dislocation density, internal
stress, lattice strain, and crystallite size, is the Williamson-
Hall (W-H) plot. These factors all work together to affect
changes in crystallite size. Using the broadening of X-ray diffr-
action (XRD) peaks to derive these characteristics, the W-H
approach provides information about how mechanical treat-
ments, such as shock waves, affect the material’s structure.
Fig. 7 presents the Williamson-Hall plot for Zinc Telluride

0.00760 400 shocks b e
0.00665 - /
0.00570 - & -
0.00475-4 o
0.00760 1300 shocks v . ®
-~ 0.00665 4 -
= 0.00570 4
= 0.004754 @ °
=] : G i °
E 0.00760 200 shocks ° o
~  0.00665 9 °
S 0.00570 4 °
4 9
8 0.00475
a "7 7100 shocks 3 .
0.00665 o
0.00570 - .
0.004754 @
0.00760 £ 0
0.00665 - 3
0.00570 - - v °
0.00475 - = b

4Sin0 (radian)

Fig. 7 W-H plots of shock-untreated and treated ZnTe.
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Table 2 Calculated crystallite size of shock-untreated and shock-
treated Zinc Telluride using Debye—Scherrer and W—-H plot

Scherrer method, Williamson-Hall

Samples D (nm) plot, D (nm) Strain

0 26.56 + 0.5 25.67 0.4 0.0079 = 0.0002
100 28.01 + 0.6 28.29 + 0.5 0.0074 + 0.0002
200 30.08 £ 0.7 30.14 £ 0.6 0.0073 = 0.0002
300 32.81+0.8 31.51+0.7 0.0026 = 0.0002
400 27.89 + 0.6 27.73 £ 0.5 0.0076 = 0.0002

(znTe) both shock wave treated and untreated whose value for
the linear fit is 0.98, with 4sin# plotted on the x-axis and
Prricos @ on the y-axis. The crystallite size and microstrain
values were derived from the slope of a linear fit to this plot,
where the intercept reflects crystallite size, and the slope pro-
vides the microstrain. The crystallite size calculated via the W-
H plot closely aligns with the values obtained using the
Debye-Scherrer method, confirming consistency across these
techniques. Additionally, Table 2 lists the calculated strain
values, demonstrating that shock waves induce changes in
crystallite size.

Vibrational analysis

Fig. 8 shows the Raman spectra of shock-untreated and treated
ZnTe. The Raman spectrum of shock-untreated ZnTe reveals
four key peaks, providing insights into the vibrational pro-
perties of the material. The peak observed at 115 cm™' is
attributed to Tellurium (Te) vibrations, possibly indicating the
presence of elemental Te or Te-related modes within the ZnTe
structure.*' The peak around 202 cm™' represents the first-
order longitudinal optical (LO) phonon modes, which are
characteristic of the intrinsic lattice vibrations of ZnTe.*?
Additionally, a weak peak at 406 cm ™" corresponds to the first
overtone or second-order Raman mode, arising from the inter-
action of two phonons of 202 cm™ each, indicative of non-
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Fig. 8 Raman spectrum of shock-untreated and treated ZnTe between
the range of 100-1500 cm™.
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linear phonon interactions in the lattice.*> The peak at
609 cm ™' is associated with the third-order longitudinal
optical (3LO) phonon mode, resulting from the simultaneous
excitation of three longitudinal optical phonons (each around
202 cm™).®

At 100 and 200 shock pulses, the Raman spectrum of ZnTe
remains same, with no changes in peak positions, intensity, or
spectral features. This consistency suggests that shock treat-
ment at these levels has no effect on the ZnTe sample’s crystal
structure or phase composition. The stability of peak positions
indicates that the lattice parameters are unchanged, implying
that the crystal’s fundamental structure has not been altered
by the applied shocks. Similarly, the constant peak intensity
indicates that there is no increase in crystallographic disorder
or decrease in crystallinity; the arrangement of atoms within
the lattice is preserved. Furthermore, the absence of peak
shifts indicates that the material has not undergone changes
in internal stress or pressure that could affect bond lengths or
lattice symmetry. These findings suggest that shock exposure
with 100 and 200 pulses is insufficient to induce phase trans-
formation or significant structural changes in ZnTe. Thus, the
material maintains its original phase stability and structural
integrity while demonstrating a strong resistance to phase
changes under moderate shock conditions.

At 300 shock pulses, the sample exhibits significant
changes in its Raman peaks. Notably, the peak at 115 cm™
has disappeared. Grain size variations also significantly influ-
ence the Raman spectral features. The disappearance and
reappearance of the 115 ecm™' peak with increasing shock
pulses are indicative of changes in lattice dynamics and
phonon scattering mechanisms, which are inherently linked to
grain size evolution and defect density. The observed shifts in
vibrational modes correlate with the strain induced by grain
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size-dependent lattice compression and expansion. Analysis of
the refinement parameters indicates that the unit cell volume
for the shock-untreated and 100, 200 shock pulse samples was
228.33 A°. However, this volume decreased to 225.76 A® after
300 shock pulses, suggesting that lattice compression has
occurred in the sample. This compression likely leads to the
disappearance of certain Raman modes, thereby confirming a
structural transition.** The disappearance of the 115 ecm™*
peaks given in Fig. 9(a) indicates a phase transition from cubic
(F43m) to cubic (Fm3m), consistent with observations reported
in the previous literature.** Additionally, the peak at 202 cm™*
shifted to a lower wavenumber of 192 ¢m™ as shown in
Fig. 9(b). This peak is associated with the first-order longitudi-
nal optical modes*® and suggests that tensile strain has devel-
oped within the sample. Notably, this shift occurs after 300
shocks, but by 400 shocks, the peak reverts to its original posi-
tion, indicating that the change is reversible. This behavior
suggests that the shift is a transient effect induced by the
shock waves, rather than a stable phase transition. The sample
returns to its original phase after the shock-induced strain dis-
sipates. Furthermore, the intensities of the peaks at 609 cm™*
and 406 cm ™" decreased in comparison to those in the shock-
untreated and 100, and 200 shock pulse samples given in
Fig. 9(c). Collectively, these observations confirm that a phase
transition occurs specifically at 300 shock pulses. These find-
ings are also supported by corresponding changes observed in
the X-ray diffraction (XRD) patterns, reinforcing the conclusion
that shock waves induce a transition from cubic (F43m) to
cubic (Fm3m) structures.

When shock pulses are increased to 400, the previously dis-
appeared peak reappears, while the shifted peak returns to its
original position at 202 cm™'. Additionally, the intensity of
this peak rises again shown in Fig. 9(a, b and c). The XRD
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pattern also shows a transition from cubic (F43m) to cubic
(Fm3m), implying that the phase transition has reversed in the
sample. Also, the sample volume increased to 228.33 A® based
on the refinement parameters. This confirms that lattice
expansion occurred in the sample, resulting in peak shift and
reappearance, as well as intensity increases under 400 shock
conditions. This expansion is most likely caused by the
increased energy input from the shock pulses, which aids in
the restoration of the atomic structure and contributes to the
appearance of peaks with higher intensities in the Raman
spectrum. Based on the result of the XRD pattern and Raman
analysis, it is confirmed that the phase transition is reversed.
These findings underscore the dynamic nature of phase stabi-
lity in ZnTe under varying shock conditions, offering insights
into the material’s response to high-pressure environments.
Also, several factors may contribute to these phenomena,
including defect healing, which removes structural imperfec-
tions caused by previous shock loading, allowing for a more
stable configuration. Furthermore, localized heating caused by
repeated shock waves may help overcome energy barriers for
phase transitions, facilitating lattice recovery and improving
phonon interactions.*®*

Ultraviolet diffuse reflectance spectroscopy analysis (UV-DRS)

The material’s electronic spectra must be examined to assess
the optical properties of shock-untreated and shock-treated
zinc telluride (ZnTe) samples for use in photodetector and
optoelectronic applications. A material’s practicality for these
applications is heavily influenced by its absorption spectrum,
which provides information on how the material interacts with
light at various wavelengths. A JASCO spectrometer was used
to investigate ZnTe’s optical absorption spectrum in the
300-800 nm range. Fig. 10(a) depicts the results, providing sig-
nificant information on the material’s absorption behavior
and appropriateness for photodetectors and other opto-
electronic devices. Before the exposure of shock waves, ZnTe
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shows an adsorption edge value of 433 nm. After exposure to
shock waves like 100, 200, and 300 the adsorption edge shifted
towards a higher wavenumber and constantly showed an
increase in the adsorption edge value. Further, at 400 shock
pulses, the adsorption edge shifted towards a lower wavenum-
ber, those values are shown in the Table 3.

In the present study, shock pulses from 100 to 300 resulted
in a pronounced shift towards higher wavenumbers, indicating
progressive lattice compression. At 300 shock pulses, the
material exhibits maximum compression, confirmed by a
reduced band gap of 2.6 eV, signifying a phase change. The
refinement parameters in Table 1 further substantiate this
phase transformation: both lattice constants and unit cell
volume decrease markedly, particularly at 300 pulses. This sig-
nificant reduction in unit cell volume suggests a cubic (F43m)
to cubic (Fm3m) transition induced by the shock waves.
However, with an increase to 400 shock pulses, the material
appears to return to a state resembling the unshocked sample.
Both the unit cell volume and lattice constants revert to their
original values, indicating a reversible phase transition. This is
corroborated by a shift of the absorption edge towards lower
wavenumbers, comparable to that of the untreated sample,
and by the observed band gap, which mirrors that of the
unshocked state. These findings confirm that the phase
change induced at 300 shocks is reversible upon further 400
shock loading.

The band gap of the material was calculated using a Tauc
plot using the formula (ahv) = A(hv — Eg)", and the corres-
ponding figure is shown in Fig. 10(b), the band gap of the
material is depicted in the Table 3 which is well consistent
with previous literature.*®*® This shows that from initial shock
pulse 100 to 300 the band gap of the material is decreased,
particularly at 300 shock pulses the band gap changed from
2.85 eV to 2.63 eV, which shows that the band gap of the
material is tuned, which is due to the continues lattice com-
pression, also the repeated shock waves cause to the appear-
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Fig. 10 (UV-DRS) analysis of shock-untreated and treated ZnTe (a) absorption spectrum of ZnTe, (b) Tauc plot of ZnTe.
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Table 3 Value of adsorption edge, crystallite size, band gap against the
number of shock pulses

No. of Adsorption edge Crystallite size Band gap
shocks (nm) (nm) (eV)

0 433 £2.5 26.56 + 0.5 2.85 +0.05
100 444 + 2.8 28.01 + 0.6 2.76 £ 0.04
200 456 + 3.0 30.08 £ 0.7 2.73 £0.04
300 467 + 3.2 32.81+£0.8 2.63 £0.03
400 421 £ 2.6 27.89 + 0.6 2.80 = 0.05

ance of localized energy bands between the valence and con-
duction band, which is known as Urbach band. The observed
variation in the band gap is in good agreement with the photo-
luminescence (PL) analysis, where the PL intensity increased
up to 300 shocks, correlating with the band gap reduction,
suggesting enhanced radiative recombination. However, after
400 shocks, the PL intensity decreased, aligning with the
recovery of the band gap to its original value, indicating that
the material’s optical properties reverted to those similar to
the unshocked state. The correlation between the lattice con-
stant and band gap is well figured in Fig. 12(b). At 400 shock
pulses again the band gap got reversed to 2.80 eV, also the
lattice constant, and unit cell volume increased, this confirms
that lattice expansion occurred due to the repeated shock
pulses, also shock waves can induce the removal of localized
energy bands between the valence and conduction band, due
to the application of high pressure and temperature which
leads to increase in the band gap.’°™® The corresponding
energy level diagram is shown in Fig. 11, the diagram shows
the creation and annealing of Localized energy states ie.,
Urbanch tail due to the increased number of shock waves. The
expansion and contraction of the ZnTe mechanism that
induces band gap changes are well-figured in the proposed
mechanism of Fig. 4

When subjected to shock pulses, the sample undergoes
rapid compression, causing the crystal lattice to contract or
expand, displacing atoms from their initial positions within
the structure.>® Lattice contraction brings atoms closer
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together, reducing both lattice parameters and atomic dis-
tances, which leads to increased overlap of electronic orbits.
This enhanced overlap lowers the energy needed for electronic
transitions, resulting in a smaller bandgap. Conversely, lattice
expansion widens atomic separation, raising the bandgap.>*>°
Notably, after 400 shock pulses, the bandgap widened com-
pared to 300 pulses due to shock-induced lattice expansion,
which introduces lattice disorder and disrupts atomic order.””
This disorder increases atomic separation, reducing orbital
overlap and raising the energy required for electron transitions
between the valence and conduction bands, thus widening the
bandgap. Additionally, distortions affect electronic states, con-
tributing to the bandgap increase. The lattice expansion and
disorder combination yield a larger bandgap.’® Shock waves
may also cause lattice contraction, which increases orbital
overlap in the crystal lattice. This shifts the energy bands
closer to the Fermi energy levels, narrowing the gap between
conduction and valence bands.

Consequently, this effect reduced ZnTe’s bandgap. The
inverse relationship between band gap and crystallite size
arises from the surface-to-volume ratio, which influences
surface atoms and electronic states. Additionally, strain vari-
ations in smaller crystallites can alter electronic states,
affecting the band gap. The corresponding variation plot is
given in Fig. 12(a). It shows that due to the reversible phase
transition, ZnTe is capable of tuneable band gap at shock-
loading conditions, therefore the material is suggested for
photodetector, as a window layer in solar cells and opto-
electronic devices under extreme conditions.>*™®!

Photoluminescence spectrum

To explore ZnTe’s optical behavior under shock conditions,
the photoluminescence spectrum was measured with an exci-
tation wavelength of 325 nm. This experiment reveals that the
photoluminescence spectrum of ZnTe exhibits a symmetric
and narrow peak at an emission wavelength of 551 nm, con-
sistent with literature reports on ZnTe’s characteristic yellow-
green emission,®>®* shown in Fig. 13(a). Also, Fig. 13(b) shows
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Fig. 11 Energy level diagram of shock-untreated and treated ZnTe.

This journal is © The Royal Society of Chemistry 2025

Dalton Trans., 2025, 54, 3188-3206 | 3199


https://doi.org/10.1039/d4dt03393k

Published on 17 January 2025. Downloaded on 6/15/2026 10:49:28 PM.

Paper

34 2.90

(@)

32 -

- 2.80
30

28 4

N
b}
Band gap (eV)

- 2.70

Cystallite size (nm)

26
- 2.65

24 T T T T T 2.60
0 100 200 300 400

Number of shocks

View Article Online

Dalton Transactions

2.90 6.12
P ) > i
2.85 * ’ MLE (b) L 6.11
\
\ /
2.80 / *

- 6.10

\\ - 6.09
2.70 4

\ - 6.08
2.65

fb - 6.07

Band gap (eV)
~
b
L
Lattice parameters a=b=c (A)

2.60

T
100 200 300 400

< -

Number of shocks

Fig. 12 Variation plots against the number of shock pulses (a) Band gap vs. crystallite size. (b) Band gap vs. Lattice parameters.

—a—7nTe
1000 —a— 100 Shocks|
(@) —o—200 Shocks
—a— 300 Shocks
—3a— 400 Shocks
800
A
=
&
2 600 4
‘a
=
2
= 400
= .
[-™
200 -

T T T T
540 544 548 552 556

Wavelength(nm)

T
560 564 568

520 VZnTe

Fig. 13 (a) Photoluminescence Spectra of shock-untreated and treated ZnTe. (b) Chromaticity diagram of shock-untreated ZnTe.

the chromaticity diagram of unshocked ZnTe, the color of the
sample ZnTe is graphically represented in a two-dimensional
CIE x-y plot. The CIE coordinates are obtained at x = 0.331,
and y = 0.664, which is indicated in the red color symbol. This
shows that the obtained emission spectrum emits color near
to the green-yellow region. Therefore, from the obtained emis-
sion colour it is confirmed that the spectrum is correctly corre-
lated with the literature. Compared to the unshocked sample,
the emission intensity at 551 nm first exhibits a noticeable
increase following 100 shocks. This implies that the shock
energy might slightly alter the lattice, perhaps resulting in
shallow defects or small lattice strains that promote radiative
recombination. These modifications may serve as an effective
for photon emission, increasing the intensity of photo-
luminescence. The intensity increases further when 200
shocks are reached. This ongoing improvement might indicate
further improvement in the decrease of the material’s defect

3200 | Dalton Trans., 2025, 54, 3188-3206

distribution or improved crystallinity. By decreasing pathways
for non-radiative recombination, shock pulses at this level may
be assisting the ZnTe lattice in compacting or reorienting
slightly, which could enhance photon emission.

However, interestingly, the PL intensity at 300 shocks
reached its maximum, suggesting that the sample undergoes
significant structural changes that promote maximum radiative
recombination. This implies that the shock treatment at this
level may result in a new structure that optimally balances
defects, enhancing luminescence while minimizing non-radia-
tive pathways. The combination of structural reorganization and
defect creation appears to favor conditions that boost radiative
efficiency. By opening up previously blocked or unobstructed
emission routes, this defect-healing process may increase the
material’s radiative output.®* Compared to 300 shocks, the PL
intensity decreases at 400 shocks, this decrease might indicate
the emergence of non-radiative recombination centers, which
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could be brought on by more serious lattice flaws that start to
block the earlier observed enhanced emission. This decline
raises the possibility that ZnTe is approaching a point at which
the shock energy causes structural alterations, most likely
through microstructure disruption or the introduction of defect
states that non-radiatively trap energy. This pattern of an initial
rise, a subsequent fall, and a subsequent strong rise in PL
intensity provides information about ZnTe’s shock response.
According to this, shock treatment can enhance optical charac-
teristics and refine the lattice up to a certain point.

The variation in PL intensity in shock-wave-exposed
materials is mainly caused by the shock wave’s capacity to
increase molecular interactions: when a material undergoes a
shock wave exposure, the abrupt changes in temperature and
pressure can change the electronic states in the crystal struc-
ture, which can change the radiative recombination processes,
resulting in either an increase or decrease in PL intensity,
depending on the particular changes in the electronic band
structure and the local bonding environment.®*

Moreover, the material’s crystallinity is frequently associ-
ated with an increase in PL intensity. Less structural flaws are
typically associated with high crystallinity, which lowers the
number of non-radiative recombination sites that can scatter
or trap charge carriers. Larger crystallites generally have lower
defect densities and less strain, making them more favorable
for radiative recombination. An improved PL response results
from more efficient radiative recombination of electron-hole
pairs made possible by this reduction in lattice strain.®®®”

Thus, the correlation between PL intensity and crystallite
size is twofold: as crystallite size grows, the density of dis-
locations and lattice defects reduces, leading to less defect-
related scattering and simpler electron-hole recombination
routes. Through the reduction of paths that drain energy
without emitting light, this structural modification makes the
crystal lattice more favourable for high-intensity luminescent
emissions. Because the reduction in defect density and lattice
strain in larger crystallites minimizes non-radiative pathways,
the radiative recombination of electrons and holes, which gen-
erates light, is more efficient, leading to an increase in
observed PL intensity.” According to XRD examination, for
100, 200, and 400 shock pulses, the crystallite size of ZnTe
grew as the PL intensity increased. At 300 shock pulses, on the
other hand, the crystallite size and PL intensity both shrank.
The plot of changes in crystal lite size and PL intensity as a
function of shock pulse count is displayed in Fig. 14.

Morphology analysis

The shock wave untreated and treated ZnTe morphology was
analyzed with a resolution of 3 nm shown in Fig. 15. The
shock untreated sample shows an irregular morphology. The
particles are larger, with a rough and flaky appearance, indicat-
ing that the material’s structure is less compact. This state
reflects the material’s original condition, where particles tend
to form loose aggregates or clusters. After exposure to 100
shock pulses, the particles start to break apart, leading to a
reduction in the overall particle size. The agglomeration
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Fig. 14 PL intensity vs. crystallite size of ZnTe against the number of
shock pulses.

observed in the shock untreated sample is less prominent
here, suggesting that the shock waves have disrupted the inter-
particle connections, causing initial fragmentation. The sur-
faces of the particles appear somewhat smoother, indicating
the impact of shock energy in modifying the surface rough-
ness. At 200 shocks the particles exhibit a further decrease in
size and appear more uniformly distributed compared to the
unshocked state. The smoother surfaces and reduced particle
size suggest a combination of fragmentation and compaction,
where shock waves have broken down larger particles while
simultaneously compressing the smaller fragments. The struc-
ture seems more refined, possibly enhancing material density.

With the application of 300 shock pulses, the material
undergoes significant refinement, with shock waves inducing
both structural and morphological changes. The particles
exhibit a noticeable transition in shape, evolving into a more
uniform, plate-like structure. The intense pressure and temp-
erature fluctuations caused by the shock waves promote the
breakup of larger, irregularly shaped particles, leading to the
formation of smaller, more compact shapes. Shock waves
induce rapid compression and shear forces, which contribute
to particles breaking, and reduction, likely by triggering recrys-
tallization or densification processes. These effects are further
supported by the observed increase in homogeneity, indicating
that repeated shock exposure continues to influence the
material, refining its structure through a combination of frag-
mentation, compaction, and reshaping. The change in mor-
phology, particularly the development of plate-like features,
suggests a phase transformation, where the shock-induced
conditions alter the crystal lattice or bond strengths. The
reduction in agglomeration and appearance of well-defined
particles further suggest that the shock waves not only refine
the particle size but also impact the phase and crystallinity of
the material, promoting a more ordered structure.

The sample subjected to 400 shocks demonstrates that the
structure has undergone further transformation. There are more
rugged surfaces and smaller, fragmented particles, indicating
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significant structural breakdown which resembles the control
sample. The shock pulses have likely caused micro-fracturing,
leading to fragmentation and increased surface roughness. The
material shows progressive densification, particle fusion, reor-
ientation, and eventual fragmentation, which could indicate that
the material is undergoing mechanical and possibly phase trans-
formations due to the repeated shock impact. Overall, the
sequence of SEM images highlights the progressive transform-
ation of the material’s microstructure under the influence of
increasing shock. This suggests that shock wave treatment can
be an effective method for tailoring the morphology of materials,
since the high temperature of the shock waves causes plastic
deformation, also because of dynamic recrystallization occur in
the sample during the application of shock waves.®®

Using the Image] software the average particle size of the
shock untreated and treated ZnTe was calculated. The average
particle size was 32.67 nm for the shock untreated sample, at
100 shocks- 33.4 nm, 200 shocks- 34.8 nm, 300 shocks-
36.46 nm, and 400 shocks- 33.90 nm, corresponding average
particle size distribution is shown in Fig. 16. The change in
particle size is due to shock induces dynamic recrystallization
within in the material, cause breakage and fusion of grain
boundaries.®>’® The particle and crystallite size are inter-
related to one another, so changes in particle and crystallite
size are bound to happen in the same.”' Fig. 17 shows the
directly proportional relation of crystallite and particle size
against the impact of shock waves.

Conclusion

In conclusion, this work examined how shock wave exposure
affected the optical, morphological, and structural character-
istics of zinc telluride (ZnTe). A reversible phase transition
between cubic (F-43m) and cubic (Fm3m) structures was veri-
fied by X-ray diffraction analysis; it started at 300 shock pulses

This journal is © The Royal Society of Chemistry 2025
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and ended at 400 pulses, returning to the initial phase. The
phase reversibility and structural robustness of ZnTe under
dynamic shock conditions were confirmed by Raman spec-
troscopy, which revealed comparable peak fluctuations in
intensity, disappearance of peak and position. With a notice-
able change in absorption spectrum has increase in band gap
from 2.85 eV to 2.63 eV after 300 pulses and increase to 2.80
eV after 400 pulses, optical examination demonstrated a tune-
able band gap, indicating improved photon absorption capa-
bilities at particular shock levels. The photoluminescence
spectrum showed heightened emission intensity under 300
shock pulses, indicating the formation of optical centers
associated with the phase change. Scanning electron micro-
scopic analysis revealed a transformation in morphology, evol-
ving from irregular forms to plate-like structures with some
irregular shapes at 300 pulses, which reverted at 400 pulses,
demonstrating reversible morphological adaptation. These
findings confirm ZnTe’s robust stability and the ability of
shock waves to modulate its structural and optical properties
without permanent alterations to the crystal framework. The
reversibility of phase transitions and tuneable band gap makes
ZnTe a compelling candidate for optoelectronic applications,
such as sensors and photodetectors, that demand resilience
under extreme mechanical conditions. This adaptability high-
lights its potential in situations where materials are subjected
to repeated mechanical stress, establishing ZnTe as a promis-
ing material for long-lasting, high-performance optoelectronics.
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