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Abstract: The nonlinear optical (NLO) properties of organic crystals are susceptible to their molecular structure and
stability under extreme conditions. Herein, the (2E)-2-(3,4-dimethoxybenzylidene)-3,4-dihydronaphthalen-1(2H)-one
(DMP) chalcone crystal was synthesized and grown by a slow evaporation method, and its structural and optical
responses under acoustic shock wave exposures were systematically investigated. Although previous reports indicate
that the present crystal is thermally stable only up to 187 °C, the present work demonstrated remarkable resilience by
withstanding transient acoustic shock conditions of approximately 0.59 MPa and 520 K without any signs of structural
degradation, thereby demonstrating impressive resilience. XRD analysis indicated that no new diffraction peaks
appeared after the shock exposure, confirming excellent phase stability of the crystal, while the variation in diffraction
intensities and crystallite size indicated dynamic recrystallization. The crystallite size increased from 19 nm to 25 nm,
which is accompanied by a decrease in lattice strain, indicating improvement in crystallinity. Further, optical microscopy
showed a sequential process of defect creation and healing, and the crystal surface smoothed after the fourth and fifth
shocks, consistent with shock-induced recrystallization. UV-Vis spectroscopy revealed a significant increase in optical
transmittance from 31.6% to 71.5% and a slight modulation of the optical band gap from 3.21 eV to 3.32 eV, reflecting
improved molecular ordering and reduced defect density. Overall, the structure remains stable while the band gap is
tuned under acoustic shock waves, demonstrating that optical properties can be effectively modulated without disrupting
the crystalline framework. This highlights acoustic shock wave exposure as a promising route for developing robust
optoelectronic materials capable of reliable performance under extreme conditions. The findings further suggest that the
acoustic shock wave technique can be used to engineer the microstructure and optical response of organic NLO crystals
such as DMP, thereby expanding their potential for high-performance photonic and optoelectronic applications.

Keywords: DMP, Functional materials, Optoelectronics, Thin-flm compatible chalcones, Optical bandgap
engineering.

INTRODUCTION Organic materials remain among the most sought-after
candidates in the vast and evolving branch of
optoelectronics because of their numerous desirable
optical characteristics, which include large nonlinear
coefficients, ultrafast response times, and exceptional
resistance to optical damage [2-4].

The fast and ongoing progress of photonic and
optoelectronic technologies has substantially enhanced
the global need for new, high-performance materials
with superior nonlinear optical (NLO) characteristics.
Nonlinear optics is one of the central and most rapidly

advancing fields of modern optical science, constituting Moreover, organic nonlinear optical materials are
the very basis of several state-of-the-art applications  attracting growing interest because their strong
like optical signal processing, ultrafast  third-order responses and tunable molecular structures
telecommunications, frequency conversion, optical make them valuable in several energy-related photonic
data storage, and the rapidly developing area of optical applications. The fast and efficient nonlinear behavior

computing .[1]-_ In general, materials for nonlinear of these materials supports energy-efficient photonic
optical applications are expected to show a balance of systems, while strong nonlinear absorption enables
properties, including high thermal and chemical stability,  effective optical limiting, as is also illustrated in the
strong and efficient nonlinear responses, as well as 556 of donor/acceptor-substituted chalcones. Organic
excellent optical transparency within a wide wavelength nonlinear optical chromophores  contribute  to
range in order to operate effectively and reliably in solar-energy conversion through enhanced
practical optical systems. Although extensive research photon-management ~ processes and can be
ar?c.i des'g” fefforts .ha.ve been mgde focu§|ng on these incorporated into thin-film optical coatings for laser
critical criteria, achieving a material that simultaneously protection and other photonic functionalities
meets all these demanding requirements continues to
pose a significant scientific and technological challenge. Among the diverse range of organic materials
studied to date, chalcone derivatives stand out

prominently due to their structural flexibility, which
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performance. These compounds are renowned for a
wide array of advantageous features, including efficient
power conversion capabilities, strong chemical and
thermal stability, high optical damage thresholds, and
favourable phase-matching properties. Furthermore,
chalcone derivatives possess excellent blue-light
transmission, substantial nonlinear optical coefficients,
and short transmission cutoff wavelengths. Such
properties are due to their extended conjugated
m-electron system with alternating double bonds,
allowing for greater charge delocalization and an
appropriate optical response [6, 7].

Chalcone-based compounds thus provide a very
efficient, versatile, and adaptable synthetic approach
for the design and production of materials with
pronounced nonlinear optical activity. In such
molecular frameworks, the two benzene rings can be
systematically modified by introducing a wide variety of
electron-donating or electron-withdrawing substituent
groups, such as OCHj3;, SCH3, ClI, or Br, to promote an
uneven distribution of electronic charge in both the
ground and excited electronic states. This induced
intramolecular charge  asymmetry  significantly
enhances the overall nonlinear optical response of the
material [8]. Chalcone crystals, organic nonlinear
optical (NLO) crystals derived from aromatic
carbon-based molecular systems, have been widely
studied as important parts in modern photonic devices.
In recent years, increasing interest has also been paid
to exploring the third-order nonlinearity of
azo-dye-doped polymeric materials due to their
exceptionally high optical nonlinearity, which is
combined with a broad spectral response and ultrafast
temporal response characteristics. Such unique
properties make these materials very appealing for
advanced photonic applications such as optical
switching, optical limiting (OL), modulation, and other
nonlinear optical technologies [9]. Several recent
researches have also established the effective
deposition of chalcone derivatives as thin films for
optoelectronic and energy-related applications,
emphasizing their importance in functional material
design and photonic device engineering [10-12].

With all these advantages and promising features,
not all chalcone-based NLO crystals behave optimally
under any desirable experimental or operational
conditions. One representative example is the (2E)
-2-(3,4-dimethoxybenzylidene)-3,4-dihydronaphthalen-
1(2H)-one (DMP) Organic Crystal, which exhibits good
nonlinear optical behavior with impressive thermal
aspects but suffers from certain drawbacks. For
instance, its thermal stability stretches only up to
around 187 °C, which further restricts its use in
high-temperature or high-power optical applications.

The DMP crystal also shows reverse saturable
absorption and self-defocusing [13], which is not
desirable in optical devices requiring saturable
absorption or self-focusing characteristics for better
functionality.

Also, the response of DMP under extreme
conditions needs to be studied for the real time
applications. To date, no report has been made on the
investigation of acoustic shock wave exposure on the
DMP crystal. The investigation of DMP structural and
optical responses under such dynamic loading is of
prime importance, as it gives insight into the crystal's
structural integrity, phase stability, and resistance to
external perturbations. Interestingly, such shock-wave
exposure not only probes the material's structural
robustness but can also influence its optical
transparency key parameter in nonlinear optical
applications. Enhanced transparency upon shock
treatment might therefore indicate a higher molecular
ordering or reduction of defect-related scattering
centers and thus points toward better light transmission
and stability. These findings are important in
establishing the practical reliability and operational
durability of DMP under extreme conditions. Besides,
they set a scientific basis for the design of
next-generation organic nonlinear optical materials with
superior transparency, enhanced thermal endurance,
and higher environmental resilience.

EXPERIMENTAL PROCEDURE

DMP crystal was prepared by mixing an equimolar
amount of a-tetralone and 3,4-dimethoxy
benzaldehyde in the ethanol of 250ml conical flask and
stirring the compound for about 1 hour. The 10% NaOH
solution was added dropwise and stirred for about 1
hour. The above reaction was placed at room
temperature for 1 day, and the ice cubes were dropped
into the solution beaker gently. After 1 day at room
temperature, a yellow precipitate formed in the beaker,
and the solution was washed with distilled water to
remove the traces of NaOH. The raw material was
dried and prepared for the crystal growth. 10 ml of
Acetone was taken in a beaker, and the raw material
was added gently till the achievement of
supersaturation. Then the solution was filtered and
placed in the beaker for 23 days. The obtained seed
crystal was recrystallized three times in acetone to
attain good quality, as shown in Figure 1. The size of
the grown crystal has the dimensions of 10 X 8 X 3
mm?Z.

SHOCK WAVE LOADING TECHNIQUE ON DMP
CRYSTAL

The grown DMP crystals were polished with emery
sheets of grit sizes 3000 and 4000, being thinned to
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Figure 1: The photograph of an as-grown DMP crystal.

around 1 mm for shock loading studies. Shock waves
were produced using a semi-automatic Reddy tube,
which has three main sections: the driver, diaphragm,
and driven sections. In this setup, an 80 GSM paper
diaphragm acted as the rupture medium. The polished
crystal sample was placed 1 cm from the open end of
the driver section in a sample holder and exposed to
one to five shock pulses. When the pressure in the
driver section reached critical levels, the diaphragm
ruptured, producing shock waves and propagating
through the driven section and striking the sample
placed in the sample holder. Each shock pulse's
pressure was measured using piezoelectric PCB
transducers (Model 113B26), which had a linearity
error of 1% and a sensitivity of 1.465 mV/kPa. To
ensure measurement accuracy, the transducers were
calibrated under transient conditions of 0.59 MPa
pressure and 520 K temperature, and their results were
compared to standard reference data. The calibration
results showed a standard error of less than 5%,
indicating that the pressure readings are accurate and
repeatable. The literature [14] has a comprehensive
illustration of the semi-automatic Reddy tube
arrangement. The structural and optical properties of
the DMP crystal were then studied using powder X-ray
diffraction (XRD), UV-Vis spectroscopy, and optical
microscopy methods.

INSTRUMENTATION DETAILS

The DMP crystal's X-ray diffraction (XRD) patterns
were acquired before and after shock loading using a
Bruker D2 Phaser diffractometer. The diffraction data
were taken across a 20 range of 5° to 80°. The optical
characteristics of the DMP crystal were investigated
using a Varian Cary Bio 50 Spectrophotometer, with
transmittance measurements taken in the 200-800 nm
wavelength region. The crystal's surface morphology
before and after shock exposure was investigated
using an optical microscope (Weswox).

RESULTS AND DISCUSSION

X-Ray diffraction Analysis

Figure 2 shows the Molecular structure of the DMP
crystal generated from CCDC ref:1968703. The title
compound, (2E)-2-(3,4-Dimethoxybenzylidene)-3,4
dihydronaphthalen-1(2H)-one, is a chalcone derivative
with the molecular formula C4gH5O3. It consists of a
3,4-dimethoxyphenyl  ring linked through an
E-configured benzylidene double bond to a
3,4-dihydronaphthalen-1-one (tetralone) moiety. In the
dihydronaphthalene system, the cyclohexanone ring
adopts a distorted half-chair conformation, the atoms
C9 and C10 deviating from the mean plane by —0.381
and +0.285 A, respectively. The two aromatic rings are
at a dihedral angle of 52.20°, indicating a moderate
twist that reduces planarity, while both methoxy groups
are nearly coplanar with their aromatic ring. In the
crystal, the molecules are connected into zigzag C(12)
chains by weak C-H---O hydrogen bonds, while the
overall packing is stabilized mainly by van der Waals
interactions. The crystal of the title compound is
orthorhombic, space group P2,2,24, with four
molecules per unit cell (Z = 4). The unit cell parameters
area=7.9229 A, b=9.4474 A, c =20.875 A, while the
cell volume is 1562.5 A®. Such structural features are
typical for the conjugated chalcone system and
account for the potential of the title compound in optical
and biological applications [15].

Figure 3 shows the XRD pattern of the DMP crystal
(a) before and after exposure to shock waves (b)
Zoomed version of (002), (112), and (212) planes. The
obtained diffraction peaks are matched with CCDC
ref:1968703 [15]. Upon subjecting the DMP crystal to
shock pulse exposures, the diffraction pattern exhibited
no emergence of new peaks or loss of existing ones,
demonstrating its exceptional structural integrity and
consistent crystalline phase. However, distinct
variations were detected in the intensity of certain
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Figure 2: Molecular structure of DMP crystal generated from CCDC ref:1968703.
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Figure 3: XRD pattern of DMP crystal (a) before and after exposure to shock waves (b) Zoomed version of (002), (112), and

(212) planes.

diffraction planes, particularly in (002), (112), and (212)
planes, indicating subtle changes in the crystal's
internal alignment or strain distribution rather than any
phase transformation. Such fluctuations result from
rapid compression induced by shock waves, which
leads to dynamic recrystallization and rearrangement
of the crystal lattice. Therefore, the original crystal
planes, particularly (002), (112), and (212), have partly
rearranged, leading to significant changes in their
intensities at the fifth shock pulses. This also shows an
increase in the crystallinity of the DMP crystal upon
repeated shock loading. As represented by its
crystallography, the unit cell of the DMP shows
anisotropic lattice behavior with some directions more
compressible compared to other planes [16-18]. When
the materials with anisotropic characteristics show

more substantial compressibility along the c-axis,
which is elongated, compared to through the ab-plane,
due to a difference in the strength of bonding and
structural arrangement. In the DMP crystal, the bond
along the elongated c-axis is held together by the
weaker van der Waals forces, although other strong
bonds dominate the ab-plane. These weak interlayer
forces were more easily overcome under the
compression caused by shock wave loading, leading to
more significant compression along the c-axis due to its
lower elastic modulus, or stiffness, compared to the
ab-plane [19].

The average crystallite size of DMP crystals before
and after shock loading was evaluated by using the

Debye-Scherrer equation, D = K}\/BCOSG [20]. The
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lattice strain (€) for the DMP crystal before and after
shock loading was evaluated by using the following
equation: € = B/ 4 x tan® [21]. Accordingly, the
crystallite size of the unshocked DMP crystal was 19
nm, and after the shock wave exposure, it increased
gradually to 20 nm after the first shock pulse, 21 nm
after the second shock pulse, 22 nm after the third
shock pulse, 23 nm after the fourth shock pulse, and 25
nm after the fifth shock pulse. This progressive
increase in crystallite size is attributed to dynamic
recrystallization prompted by shock waves. The high
strain rates during each shock, along with the localized
thermal effects produced, promote grain reorganization
and refinement within the lattice structure, hence
observable microstructural modifications [22]. Lattice
strain, which reflects the density of lattice defects and
the overall degree of crystallinity, is inversely related to
crystallite size. As the crystallite size increases, the
lattice strain correspondingly decreases. This occurs
because larger crystallites have fewer grain boundaries
and defects, resulting in reduced lattice imperfections
and improved crystallinity. Consequently, the observed
decline in lattice strain indicates a lower defect
concentration and enhanced structural order in the
DMP crystal [23, 24]. Figure 4 llustrates the
relationship between crystallite size and lattice strain
for DMP crystals before and after shock loading.

Optical Microscopic Analysis

Optical microscopy is a non-invasive, subjective
technique for analyzing crystal surfaces. It enables the
detection of morphological flaws such as fractures, pits,
and voids, which have a substantial impact on a
crystal's optical performance by acting as scattering
and absorption sites for incident light. A series of
optical micrographs, shown in Figure 5, was obtained
of DMP crystals in their control state and after
successive shock-wave exposures. The surface of the

control DMP crystal appears smooth, with faint, linear
marks which may have resulted from slight scratches
introduced during polishing with an emery sheet,
indicating a minimum in surface imperfections and thus
high crystalline quality. The application of the first
shock wave induces a sharp but narrow diagonal
feature that suggests the formation of a micro-crack or
slip line associated with localized stress. The second
shock wave reveals these lines, thus confirming the
progressive development of defects as a result of
repeated shock-loading. During the third shock, the
pre-existing lines further widen and propagate, thus
reflecting increased strain and fragmentation of crystal
domains.

Interestingly, after the fourth shock pulses,
noticeable smoothing occurs on the crystal surface.
That is, the density and prominence of defects are
considerably reduced. This trend is indicative of
dynamic recrystallization impelled by transient high
pressures and temperatures during shock events, thus
leading to localized melting and rapid solidification that
favors the rearrangement of molecules into a more
orderly structure. Dynamic recrystallization requires T >
0.4 T, where T is the shock wave temperature and T,
is the melting point of the DMP crystal. The melting
point of this crystal is stated to be 110 °C (383 K)
[25-27]. Later, after the fifth shock, DMP crystals reveal
a smoother surface, with further reduction in surface
roughness. This suggests the onset of recovery
phenomena where the destruction of lattice defects is
favored and recrystallization occurs. From this
alternating pattern of defect introduction and healing, it
is perceived that shock waves might be employed for
the microstructural evolution of DMP crystals in a
controlled and reversible way, with each shock event
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Figure 5: Optical microscopic image of DMP crystal before and after exposure to shock waves.
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UV-Vis Analysis

The optical features of organic nonlinear optical
(NLO) crystals, such as optical transmittance and the
optical band gap, are critical metrics that determine
their suitability for photonic and optoelectronic devices.
Optical transmittance is extremely sensitive to the
internal ordering of crystals, lattice strain, and the
presence of structural defects; all of these can be
strongly altered by dynamic loading such as shock
pulses. To probe how successive shock pulses change
the transparency of DMP crystals, we measured
UV-Vis transmittance in the 200-800 nm shown in
Figure 6 (a). The spectra show a clear absorption edge
in the near-UV/blue region at 428 nm and a distinct
increase in visible transmittance after shock treatment.
Quantitatively, the unshocked (control) crystal exhibits
moderate visible transmittance (31.6% at the reporting
wavelength 800 nm), indicating low optical clarity for an
organic NLO crystal.

After the first shock pulse, the measured
transmittance increases substantially (to 54.4%), which
we attribute to the rapid reorganization of surface and
near-surface defects. The initial shock energy can relax
localized lattice strain and remove or rearrange loosely
bound impurities or trapped solvent molecules from
growth sites, thereby reducing light-scattering centers
and improving optical throughput. The second shock
shows a reduction (45.2%) relative to the first-shock
value, suggesting that the first pulse selectively healed
some defects while the second pulse introduced a
different distribution of microstrain or sub-surface
disorder that temporarily increases scattering. With
further shock exposure, the trend fluctuates but moves

to higher transparency overall: the third shock recovers
to 53.9%, while the fourth and fifth shocks yield the
highest transmittance values (67.4% and 71.5%,
respectively). The progressive increase in
transmittance percentage is shown in Figure 6 (b). This
overall rise in transmittance with increasing shock
number is consistent with gradual defect annealing and
improvements in molecular packing and crystallinity.
Shock energy can promote molecular layer
reorientation, enhance - stacking, and reduce
grain-boundary roughness that scatters visible light [28,
29].

The very large increases observed at the fourth and
fifth pulses indicate a substantial reduction of internal
scattering centres and improved optical homogeneity,
implying stronger intermolecular interactions and more
coherent domains within the crystal. To be sure, the
non-monotonic fluctuation (rise — dip — rise) is
significant: it shows that shock treatment can able to
tune the crystals' transmittance. Early pulses can heal
but also create different kinds of defects (e.g., relieve
vacancy clusters but create local microstrain or
dislocations), producing the observed fluctuation. As a
result, the observed optical activity provides important
information about the stability and potential for
optoelectronic and photonic applications of DMP
crystals, as well as a direct reflection of their
substructural evolution under successive shock waves.

The optical band gap, determined via a Tauc
analysis shown in Figure 7, is similarly sensitive to
crystallite size, surface states, and defect chemistry.
While the transmittance spectra here principally show
changes in scattering and absorption background,
modest shifts in the absorption edge and hence the
extracted band gap are expected with changing
crystallite size and defect population. The band gap of
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Figure 6: Transmittance graph and transmittance percentage of DMP crystal before and after exposure to shock waves.

the control DMP crystal is 3.21 eV, which is consistent
with the literature [14]. For the shock-loaded samples,
like the 1% shock, the band gap was increased to 3.31
eV, and then the band gap was dropped for the 2
shocked conditions to 3.28 eV, and raised for the 3"
shock, 4™ shock, and 5™ shock to 3.29 eV, 3.31 eV,
and 3.32 eV. In order to represent improved crystallinity
and decreased mid-gap absorption, a decrease in
defect states or an improvement in structural order
tends to sharpen the absorption edge and raise the
optical band gap. On the other hand, the creation of
new defect levels, local disorder, or sub-band states
can reduce the apparent band gap and widen the edge
(creating Urbach tails). Defect reorganization and
electronic-structure  modification brought on by
controlled shock loading are thus consistent with the
observed changes, whether a widening or a narrowing
of the band gap as well as the variations in
transmittance and edge position [30-32]. This offers a
flexible way to adjust the optical properties of DMP
crystals for NLO applications. Most importantly, the
structure remains stable while the band gap is tuned
under acoustic shock waves, highlighting the potential
to modulate optical properties without compromising
crystalline integrity. In L-alaninium maleate (LAM)
crystals, exposure to shock waves caused only minor
surface defects and slight changes in optical
transmittance, yet no structural phase transition
occurred, confirming strong lattice resilience [33]. This
indicates that acoustic shock waves can effectively
fine-tune optical parameters such as transmittance and
band gap while preserving the internal molecular
framework. Such structural stability and optical tuning
are highly relevant to the design of nonlinear optical
and optoelectronic materials that can sustain
high-pressure  or  high-temperature  application
environments for their operability in lasers, sensors,
and advanced microelectronic devices that require both
optical responsiveness and mechanical robustness.
DMP's tunability and stability during shock exposure
reveal its potential for future thin-film-based devices,
despite the fact that the current tests use bulk crystals.

Chalcone derivatives are known for producing
high-quality thin films, and the improvements in optical
transparency, bandgap modulation, and crystallinity
observed here directly support their use in photonic
coatings, organic optical limiters, thin-film
photodetectors, and energy-efficient optoelectronic
layers. The defect-healing and recrystallization
behavior under shock pulses suggests that pre-treated
DMP may produce smoother, low-scattering films with
better optical performance than untreated material,
increasing its utility in thin-film technologies.
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Figure 7: Tauc plot of DMP crystal before and after exposure
to shock waves.

The interest in chalcone derivatives, such as DMP,
for functional thin-film applications has been increasing
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due to their T-conjugated backbone, high transparency,
and tunable nonlinear optical response. Organic
m-conjugated compounds are usually processed into
thin films by means of various techniques, including
spin-coating, drop-casting, thermal evaporation, and
solution-assisted crystallization. Such methods may
provide defect-controlled uniform films that are suitable
for photonic coatings, flexible optoelectronic layers,
and energy-efficient device platforms [34]. The shock
wave-induced structural refinement, as evidenced in
DMP, namely the enhancement of crystallite size,
reduction in lattice strain, and improvement in optical
transmittance, directly enhances its suitability for such
film technologies [10]. Improved transparency and
reduced defect density are particularly crucial in
thin-film optical limiters, waveguides, photodetector
coatings, and UV-visible window layers of
energy-efficient photonic devices [35]. The acoustic
shock processing enabled tunability of the optical
bandgap (3.21-3.32 eV) that further indicates DMP can
be engineered to meet specific spectral requirements
during thin-film deposition. Therefore, the present
results highlighted the fact that DMP is not only a
robust bulk NLO crystal but also an excellent molecular
candidate for next-generation functional thin films and
energy-related photonic systems.

Shock-Wave-Induced Property Modulation in Bulk
and Thin-Films

Defect engineering is a key method in functional
thin films and energy materials, where lattice strain,
dislocation density, and grain structure are regulated to
modify optical, electrical, and photonic properties.

Shock-wave-induced changes in DMP closely
resemble such techniques. The dynamic
recrystallization, strain relaxation, and defect

annihilation caused by consecutive shock pulses
resemble thermal annealing and strain-management
procedures frequently utilized in thin-film production.
These techniques result in sharper absorption edges,
increased transparency, and tunable bandgap
characteristics, all of which are important qualities for
energy-efficient optoelectronic films. The current
findings show that acoustic shock loading offers a
low-energy alternative to traditional thermal or
plasma-based post-processing methods. The ability to
control the optical bandgap, reduce defect density, and
promote crystallinity without modifying the molecular
framework demonstrates shock-wave processing as a
feasible approach for engineering organic materials
before thin-film deposition. These findings link the
behavior of bulk DMP under extreme conditions to
defect-modulation protocols commonly used in thin-film
and functional energy materials research.

CONCLUSION

The comprehensive investigation on the influence of
acoustic shock wave exposure on
(2E)-2-(3,4-dimethoxybenzylidene)-3,4-dihydronaphtha
len-1(2H)-one crystals indicate their exceptional
structural endurance and tunable optical behavior.
Although the crystal of DMP has an intrinsic thermal
stability limit of 187 °C, it maintained its stability under a
shock wave of 0.59 MPa pressure and 520 K
temperature without any structural decomposition or
phase transition. Such exceptional resilience
underlines the robustness of the chalcone-based
molecular framework under extreme dynamic
environments. X-ray diffraction results confirm that the
orthorhombic lattice structure of DMP remains intact,
while the progressive increase in crystallite size and
the concurrent decrease in lattice strain indicate
dynamic recrystallization and effective strain relaxation.
Optical microscopy further corroborates these findings
by revealing an evolution from defect initiation to
subsequent defect healing and surface smoothing with
repeated shock exposures, signifying the role of
shock-induced thermal and mechanical effects in
refining  crystal morphology. @ The  observed
improvement in optical transmittance 31.6% in the
unshocked state to 71.5% after five shocks-along with
the marginal expansion of the optical band gap, from
3.21 to 3.32 eV, directly reflects a significant
improvement in structural ordering and reduction of
defect-mediated light scattering. The observed
structural stability-optical tuning under acoustic shock
waves confirms that optical properties can be
engineered without compromising structural integrity.
Such stability-driven tunability is vital for developing
durable photonic and optoelectronic materials capable
of sustained performance under extreme conditions.
Acoustic shock wave treatment proves to be an
effective  technique for defect engineering,
enhancement of crystallinity, and optimization of optical
performance in organic nonlinear optical materials. The
shock-wave-induced stability and tunability reported in
this study make DMP a promising choice for thin-film
photonic and energy-related applications. The
improved transparency, lower defect density, and
tunable bandgap make it suitable for use in optical
coatings, photonic modulators, and energy-efficient
optoelectronic devices. Furthermore, the findings
suggest acoustic shock treatment as a promising
defect-engineering strategy for preparing organic
materials for future thin-film integration. Overall, DMP
emerges as a structurally resilient and optically stable
NLO crystal that retains its integrity under transient
stress, offering new avenues to tailor the
microstructural and optoelectronic properties of organic
materials for advanced photonic, optoelectronic, and
optical switching applications.
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