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Introduction

Surfing through the literature, to date, materials of switchable phase transition are always in the midst of top-class essentials which are now gaining momentum as these materials are tagged to be the latest benchmark for the modern industries. The pooled experimental results that have been obtained over the years have the potential paradigm to unleash the mechanisms such that the fallout could be entrenching. The resounding success of switchable phase transition materials attracts a tall order demand in the electronic industry as they can fit into several kinds of applications such as molecular switches, optical data storage, sensor, phase shifter and transmitters [START_REF] Zhou | Molecular design of high-temperature organic dielectric switches[END_REF][START_REF] Liu | Stimuli-responsive structural changes in metalorganic frameworks[END_REF][START_REF] Zheng | Dielectric and nonlinear optical dual switching in an organic-inorganic hybrid relaxor [(CH3)3PCH2OH][Cd(SCN)[END_REF][START_REF] Wełnic | Reversible switching in phase-change materials[END_REF][START_REF] Usui | Understanding the On-Off Switching Mechanism in Cationic Tetravalent Group-V-Based Fluoride Molecular Sensors Using Orbital Analysis[END_REF]. As far as it is known, to find the switchable phase transition materials by the impact of pressure through the experimental techniques can be classified into two general categories: in-situ [START_REF] Cao | Pressure-Induced Emission Enhancements of Mn 2+ -Doped Cesium Lead Chloride Perovskite Nanocrystals[END_REF][START_REF] Cui | Reversible Polymerization in Doped Fullerides Under Pressure: The Case Of C60(Fe(C5H5)2)2[END_REF][START_REF] Cabrera | High-pressure synthesis and structural behavior of sodium orthonitrate Na3NO4[END_REF] and ex-situ [START_REF] Jayaram | Experimental study of the effect of strong shock heated test gases with cubic zirconia[END_REF][START_REF] Jayaram | Catalytic Effect of CeO2-Stabilized ZrO2 Ceramics with Strong Shock-Heated Mono-and Di-Atomic Gases[END_REF] experiments, respectively. Most of the in-situ experiments have been carried out by diamond anvil cell (DAC) technique with which it has been found that most of the materials obey the switchable phase transition during the compression and decompression wherein several transitions are crystalcrystal [START_REF] Xiao | Pressure-Induced Reversible Phase Transformation in Nanostructured Bi2Te3 with Reduced Transition Pressure[END_REF][START_REF] Chandra Shekara | Structural stability and compressibility behaviour of dialuminides of cerium and gadolinium under high pressure[END_REF] and crystalamorphous [START_REF] Bennett | Reversible pressure-induced amorphization of a zeolitic imidazolate framework (ZIF-4)[END_REF][START_REF] Wang | Pressureinduced structural evolution, optical and electronic transitions of nontoxic organometal halide perovskite-based methylammonium tin chloride[END_REF] whereas the process of switchable phase transition remains to be highly unusual. Moreover, a few of the materials undergo the irreversible phase transition during the decompression [START_REF] Huang | Structural and Electronic Changes of SnBr4 under High Pressure[END_REF][START_REF] Lü | Pressure-Induced Amorphization in Single-Crystal Ta2O5 Nanowires: A Kinetic Mechanism and Improved Electrical Conductivity[END_REF]. It could be noted that, in the case of in-situ experiments, the properties of materials are probed while the test specimen is subjected to compression such that a new phase emerges and when it is decompressed it comes back to its original ambient phase. Hence, if the materials possess interesting functional properties at high-pressure regimes, such properties could not be retained by the materials after coming back to the ambient conditions [START_REF] Xiao | Pressure-Induced Reversible Phase Transformation in Nanostructured Bi2Te3 with Reduced Transition Pressure[END_REF][START_REF] Chandra Shekara | Structural stability and compressibility behaviour of dialuminides of cerium and gadolinium under high pressure[END_REF][START_REF] Bennett | Reversible pressure-induced amorphization of a zeolitic imidazolate framework (ZIF-4)[END_REF][START_REF] Wang | Pressureinduced structural evolution, optical and electronic transitions of nontoxic organometal halide perovskite-based methylammonium tin chloride[END_REF]. Dynamic shock wave loaded conditions are usually referred to as an ex-situ experimental type for which a considerable amount of research has been documented in the articles of solid-state sciences over the years and until now [START_REF] Reddy | Investigations on high enthalpy shock wave exposed graphitic carbon nanoparticles[END_REF][START_REF] Tarak | Computational and Microstructural Stability Analysis of Shock Wave Interaction with NbB2-B4C-Based Nanostructured Ceramics[END_REF]. In the case of materials, while subjected to the dynamic shock wave loaded conditions, a variety of changes such as crystallographic phase changes [START_REF] Zhou | Shock Wave Energy Absorption in Metal-Organic Framework[END_REF][START_REF] Su | Shock Wave Chemistry in a Metal-Organic Framework[END_REF], magnetic state changes [START_REF] Mowlika | Shock wave-induced switchable magnetic phase transition behaviour of ZnFe2O4 ferrite nanoparticles[END_REF][START_REF] Rita | Reversible magnetic phase transitions of MnO2 nano rods by shock wave recovery experiments[END_REF][START_REF] Sivakumar | Shock Wave Driven Solid State Phase Transformation of Co3O4 to CoO Nanoparticles[END_REF], molecular phase changes [START_REF] Sivakumar | Shock Wave Driven Solid State Phase Transformation of Co3O4 to CoO Nanoparticles[END_REF] have been observed which in general significantly lead to changes in their functional properties. Interestingly, in most of the cases, such shock wave induced phase transitions occurring on solids do not revert while coming back to the ambient conditions.

According to the literature reports, shock wave-induced irreversible phase transition of solids is quite known compared to the reversible phase transition occurring in both bulk and nanocrystalline materials. The concept of shock wave-induced reversible phase transition and its mechanism still remain to be in the dark such that a very few reports only have been documented in this topic to date [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF]. Switchable crystallographic phase transition has been documented on K2SO4 (β-α-β) crystals with respect to the number of shock pulses such as 0, 1, and 2 pulses, respectively by Sivakumar et al [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF] who have also achieved a couple of magnetically switchable phase transitions in technologically potential nanocrystalline materials such as Co3O4 [START_REF] Mowlika | Shock wave-induced switchable magnetic phase transition behaviour of ZnFe2O4 ferrite nanoparticles[END_REF], α-MnO2 [START_REF] Rita | Reversible magnetic phase transitions of MnO2 nano rods by shock wave recovery experiments[END_REF], and ZnFe2O4 [START_REF] Sivakumar | Shock Wave Driven Solid State Phase Transformation of Co3O4 to CoO Nanoparticles[END_REF].

In the present study, we have chosen potassium nitrate single crystal for the shock waveinduced phase change analysis which is one of the standard reference materials being used in the thermal analysis [START_REF] Chen | Digital phase diagram and thermophysical properties of KNO3-NaNO3-Ca(NO3)2 ternary system for solar energy storage[END_REF][START_REF] Deshpande | Phase transitions in potassium nitrate[END_REF]. Many researchers have examined the phase stability by performing experimental analysis at static high-pressure and high-temperature conditions and found several interesting results [START_REF] Chen | Digital phase diagram and thermophysical properties of KNO3-NaNO3-Ca(NO3)2 ternary system for solar energy storage[END_REF][START_REF] Deshpande | Phase transitions in potassium nitrate[END_REF][START_REF] Marco | Transitiometric Determination of the Phase Diagram of KNO3 between (350 and 650) K and at Pressures up to 100 MPa[END_REF][START_REF] Benages-Vilau | Polymorphism, crystal growth, crystal morphology and solid-state miscibility of alkali nitrates[END_REF]. From the crystallographic point of view, the title crystal has three major crystal structures that are phase-II (α-KNO3-Pmcn), phase-I (β-KNO3-R3m) and phase -III (γ-KNO3-R3m) and a few more high-pressure phases are known [START_REF] Benages-Vilau | Polymorphism, crystal growth, crystal morphology and solid-state miscibility of alkali nitrates[END_REF]. At ambient temperature, the test sample is crystallized in the Pmcn space group which is denoted as phase -II (α-KNO3). While heating the phase-II KNO3 at 129° C, it is transformed to the phase-I (β-KNO3) and again cooling at 123° C, it undergoes to the phase-III which on further cooling at 115° C, comes back to the phase-II [START_REF] Benages-Vilau | Polymorphism, crystal growth, crystal morphology and solid-state miscibility of alkali nitrates[END_REF]. The lattice parameters of the phase-II are a = 5.414 Å, b = 9.164 Å and c = 6.431 Å which belongs to the aragonite crystal structure. The lattice constants of phase-I are a = 5.425 Å and c = 9.836 Å while phase -III have the respective values a = 5.487 Å and c = 9.156 Å such that both the crystals possess the calcite type crystal structure. From the crystallographic point of view, phase-I and phase-III are almost similar while all the three crystal structures are found to be highly sensitive to high-pressure and high-temperature. A considerable amount of research has been documented which is based on the heating and cooling wherein it has been found the abovementioned phase-II-I-III-II such that the reversible phase transitions occurring at different temperatures are considered as major key points to achieve the successful completion of reversible phase transitions [START_REF] Iqbal | Pressure Induced Phase Transition In Antiferroelectric KNO3[END_REF][START_REF] Teng | Pressure Induced Ferroelectric Phase Transition In Potassium Nitrate[END_REF][START_REF] Worlton | Structure of High-Pressure KNO3-IV[END_REF][START_REF] Sivakumar | Measurement of "Shock Wave Parameters" in a Novel Table-Top Shock Tube Using Microphones[END_REF]. From the high-pressure point of view, Iqbal et al., have demonstrated the pressure-induced phase-II to phase-IV (Pnma) phase transition in KNO3 at 3.2 kbar and during the decompression, phase II has been observed at 0.2 kbar [START_REF] Iqbal | Pressure Induced Phase Transition In Antiferroelectric KNO3[END_REF]. Teng et al have performed the pressure compression experiment and found phase-IIphase-III transition at 800 bars [START_REF] Teng | Pressure Induced Ferroelectric Phase Transition In Potassium Nitrate[END_REF].

Worlton et al have found the phase KNO3-IV that is the orthorhombic Pnma with a = 7.4867 Å, b = 5.5648 Å, and c = 6.7629 Å at 3.6 kbar [START_REF] Worlton | Structure of High-Pressure KNO3-IV[END_REF]. Such kind of high-pressure and high-temperature experiments on KNO3 may provide some general understanding of the structural phase transition concepts which are closely associated with the rotational disordering of anion groups in ionic molecular solids. The successive phase transformation studies on KNO3 continue to be the subject of intense research activity for several decades. Shock wave also triggers the rotational disorderorder phase transition in ionic solids [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF]. Hence in the present experimental investigation, a few interesting structural results could be expected.

On those lines, we present the switchable phase transition occurring between crystalline and amorphous states at shocked conditions and the results have been screened by diffraction and spectroscopic techniques. As of now, from the literature survey, amorphization of KNO3 is not yet reported.

Experimental section

Pure potassium nitrate compound (99% purity) was purchased from the Sigma-Aldrich Company and the slow evaporation technique was utilized to grow required bulk size crystals such that optically good quality single crystals were obtained for the present investigation. Briefly, 50ml volume of deionized water was taken in a beaker wherein potassium nitrate was added slowly till the saturation was achieved. Thereafter, the potassium nitrate solution was stirred constantly for the next five hours using a magnetic stirrer to obtain a highly homogeneous solution. After the completion of the stirring process, the solution was filtered and kept separately in a dust-free environment without any external disturbance so as to enable crystallization at room temperature.

After 30 days, optically transparent crystals have been harvested and utilized for the shock experiments. Before shock wave loadings, the test samples of same the dimension have been cut and well-polished using polishing sheet and performed the shock wave recovery experiment. The working mechanism of the shock tube [START_REF] Sivakumar | Measurement of "Shock Wave Parameters" in a Novel Table-Top Shock Tube Using Microphones[END_REF] and the procedure of shock wave loading on the crystals have been discussed in our previous articles [START_REF] Sivakumar | Effect of shock waves on structural and dielectric properties of ammonium dihydrogen phosphate crystal[END_REF] and the details of the shock wave loading procedure is provided in the supplementary section. For the present experiment, we have chosen totally six optically transparent single crystals of equal dimensions (5×5×1 mm 3 ) possessing the same (110) crystallographic plane. Among the six KNO3crystals, one crystal has been kept as the control crystal while the remaining five crystals have been used for shock wave impact studies. In the present experiment, we have used shock waves of Mach number 1.7 with which the five crystals have been treated by shock waves of the order of 0, 1, 2, 3, 4 and 5 counts, respectively.

One shock pulse has the transient pressure and temperature of 1.0 MPa and 644 K, respectively.

After the completion of the shock wave loading procedure, the crystals have been sent for analytical studies such as XRD, Raman and UV-DRS spectral analyses. Note that we have carried out the above-mentioned analyses for the single crystals of KNO3.

Results and Discussion

X-ray Diffraction

Powder X-ray diffractometry (Rigaku -SmartLab X-ray Diffractometer, Japan) has been adopted to examine the crystallographic phase changes of the title crystal and the obtained XRD patterns of the control and shocked crystal are presented in Fig. 1 and the comparison is made with the standard simulated XRD pattern of CIF number ICSD: 10289 (Pmcn: phase-II) and JCDPS card number 05-0377 [START_REF] Chen | Digital phase diagram and thermophysical properties of KNO3-NaNO3-Ca(NO3)2 ternary system for solar energy storage[END_REF]. The obtained XRD peaks of the control are found to be well-matched with the room-temperature phase (Pmcn) of α-KNO3 crystal. While looking at the diffraction angle from 10-80°, the control sample has two prominent diffraction peaks at 19.4° and 19.7° degrees which belong to (110) and (020) planes, respectively and the corresponding zoomed-in version of the XRD patterns are portrayed in Fig. 2. It could be noted that the chosen unidirectional rectangular single crystal should have ideally exhibited only one diffraction peak whereas here we have observed four diffraction peaks ((110), (020), ( 200) and (231) for the control crystal.

According to the morphology of the title crystal, (110) and (020) planes are very closets of rectangular shape facets [START_REF] Rolfs | Crystallization of potassium nitrate ( KNO3) in aqueous solution I. Growth kinetics of the pure system[END_REF] and hence, it is quite difficult to cut single oriented crystal along (110) plane. As seen in Fig. 2, the (110) plane has a quite lower crystallinity than that of the (020) which clearly demonstrates that the (110) plane has quite a high degree of structural disorder and such disordered crystals are quite common in the crystal growth of slow evaporation technique because of the uneven evaporation process [START_REF] Senthil Pandian | Sodium sulfanilate dihydrate (SSDH) single crystals grown by conventional slow evaporation and Sankaranarayanan-Ramasamy (SR) method and its comparative characterization analysis[END_REF][START_REF] Senthil Pandian | The growth of benzophenone crystals by Sankaranarayanan-Ramasamy (SR) method and slow evaporation solution technique (SEST): A comparative investigation[END_REF].

Fig.1 XRD patterns of the control and shocked KNO3 crystals

At the first shocked condition, significant changes have been observed and the corresponding XRD patterns are portrayed in Fig. 1 and Fig. 2 in which the (110) plane has gained X-ray intensity. The appearance of the corresponding higher-order diffraction peaks located at 38.9 ° and 59.5 ° belong to the (220) and (330) planes, respectively. The increment of the diffraction peak intensity and the formation of higher-order diffraction peaks clearly indicate that the net degree of crystalline nature is significantly increased at the 1 st shocked condition. On the other hand, (020) plane has completely disappeared at the1 st shocked conditions that may be due to the re-orientational effect of the diffraction planes enforced by the shock waves and similar results have been observed in potassium dihydrogen phosphate [START_REF] Sivakumar | Impact of Shock Waves on Molecular and Structural Response of Potassium Dihydrogen Phosphate Crystal[END_REF]. At this stage, structural defects and rotational disorder of the NO3 ions could have happened at the shocked condition. As mentioned already, the control crystal has a slight disorder in the crystal packing that could be reduced by static re-crystallization and dynamic re-crystallization [START_REF] Zhang | Static recrystallization and grain growth during annealing of an extruded Mg-Zn-Zr-Er magnesium alloy[END_REF][START_REF] Meshcheryakov | Multiscale Deformation and Dynamic Recrystallization in Shock Deformed Aluminum Alloy[END_REF][START_REF] Yu | Effect of Velocity Nonuniformity on the Dynamic Recrystallization of Metals in Shock Waves[END_REF]. At the first shocked condition, there is no high-temperature phase (β-KNO3) observed. The (110) and its higher generation diffraction peak (220) are retained at the second shocked condition.

In addition to that, a slight signature can be seen for the (020) plane and the corresponding diffraction patterns are presented in Fig. 1 and Fig. 2. The observed appearance and disappearance of the diffraction planes may be associated with the NO3 network and their orientation [START_REF] Iqbal | Pressure Induced Phase Transition In Antiferroelectric KNO3[END_REF][START_REF] Teng | Pressure Induced Ferroelectric Phase Transition In Potassium Nitrate[END_REF][START_REF] Worlton | Structure of High-Pressure KNO3-IV[END_REF]. At shocked conditions, the NO3 network and their orientation may change with respect to the number of shock pulses and as a result, changes are observed in the diffraction pattern. As seen in Fig. 2, the higher angle diffraction peak (220) is highly distorted and hence the degree of crystallinity might have been reduced. At the 2 nd shocked condition also, no crystallographic phase transition is observed. At the 3 rd shocked condition, none of the crystalline peaks is visible even in the zoomed-in version of the XRD patterns and hence the complete phase transition of crystal to amorphous nature is observed. The occurrence of the amorphization may be due to the existence of the positional disorder of the potassium ions and rotational anionic disorder of the NO3 units.

From the crystallographic point of view, phase-II KNO3 crystal belongs to the aragonite type crystal structure wherein the anion and cation units are highly sensitive for the high-temperature and high-pressure and their results have been well documented [START_REF] Iqbal | Pressure Induced Phase Transition In Antiferroelectric KNO3[END_REF][START_REF] Teng | Pressure Induced Ferroelectric Phase Transition In Potassium Nitrate[END_REF][START_REF] Worlton | Structure of High-Pressure KNO3-IV[END_REF].

While increasing the number of shock pulses, the net transient pressure is increased and it may be able to sustain after the critical pressure regime such that the test crystal may undergo the direct transition to the amorphous phase without going through any intermediate phases. At this stage, the actual lattice positions of the potassium ions and NO3 ions are significantly altered and the schematic diagram of the atomic positions of the crystalline and amorphous nature of the KNO3 crystals is depicted in Fig. 3. As per the crystal structure of the phase-II of KNO3 (Fig. 3a), the NO3 units are almost in a perfect triangular shape and the NO3 ions do not lie exactly midway between two adjacent K + planes but are slightly displaced in the c direction. As we increase the number of shock pulses, the nitrogen atom deviates largely along the c-axis from the coplanar arrangement of the nitrogen and oxygen atoms within each NO3 ion [START_REF] Lu | First-principles study of phase transitions in KNO3[END_REF][START_REF] Nimmo | Conformation and orientation of NO3 in α-phase of potassium nitrate[END_REF]. In such a case, the crystal symmetry of Pmcn may collapse resulting in the formation of an amorphous phase. It could be noted that the formation of the amorphous phase is purely due to the topological disorder of the K and NO3 groups and not from the intra-bond breakage of the anions and cations [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF]. But slight changes can be seen in the angle of the N and O atoms in the case of the amorphous phase. As seen in Fig. 3b, the crystalline phase-II of KNO3 has the perfect triangular shape of arrangement of oxygen atoms around the nitrogen atoms. But in the case of the amorphous phase, the triangular shape is destroyed such that the bond distance between N and O atoms might have also changed with the K atom's displacement. In this context, the crystal symmetry may break and induce the formation of the amorphous state of KNO3. shocked conditions, the existence of the positional disorder and rotational disorder of the cation and anion groups in the amorphous phase may turn into the disorder-order process of NO3 which might lead to the occurrence of the phase-II. In a similar manner, disorder K2SO4 (β-phase) crystal is phase transformed to the order-K2SO4 (α-phase) at shocked conditions [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF]. At the 5 th shocked condition, phase-II of KNO3 crystal is again observed along with a very small amount of phase-IV (ICSD: 85491-Pnma) but with very poor crystalline nature and hence it is considered as a glassy-crystalline nature of phase-II and the phase diagram of the title crystal with respect to the number of shock pulses is depicted in Fig. 4. At the 5 th shocked condition, the title crystal might have experienced considerable rotational disorder of the NO3 units mainly about their triad axes and positional disorder of the K atoms resulting in the observed glassy-crystalline phase-II of KNO3. It could be noted that the existence of two phases such as crystal and glassy-crystalline simultaneously at the 5 th shocked condition may be due to the thermal history of the crystal. Furthermore, in the case of the phase-II, c-axis is loosely packed such that, while temperature and pressure are increased at shocked conditions, a large thermal expansion and compression might appear resulting in a significant restriction on the rotational motion of the NO3 units that enforce significant structural phase transitions with respect to the number of shock pulses. 

Raman Spectroscopic Results

Furthermore, Raman spectroscopic measurements have been carried out for the control and shocked crystal so as to ensure the phase transitions of the title crystal with respect to the number of shock pulses as that of the phase diagram presented in Fig. 4. In addition to that, Raman spectroscopic results can clearly demonstrate the rotational order-disorder of the NO3 ions at shocked conditions and based on the XRD discussion, the concept of the rotational disorder-order of the NO3 ion groups have the major contribution of enforcing the amorphization and glassycrystalline nature of the title crystal at shocked conditions. Hence, Raman spectroscopic analysis is highly required to make a solid conclusion on the observed XRD results. Hence, we have performed the Raman measurements for the range 50-1500 cm -1 and the obtained Raman spectra are presented in Fig. 5. Raman bands at 1354 cm -1 (υ3-NO3), 1341 cm -1 (υ3-NO3), 1042 cm -1 (υ1-NO3), and 703 cm -1 (υ2-NO3), respectively [START_REF] Ramaswamy Murugan | Studies on thermal hysteresis of KNO3 by thermo-Raman spectroscopy[END_REF]. As seen in Fig. 5, the control sample has only one internal Raman band of υ1-NO3 at 1045 cm -1 whereas υ3-NO3 and υ2-NO3 Raman bands are not clearly visible which may be due to the occurrence of the lattice defects and structural disorder during the crystal growth. At the first shocked condition, the above-mentioned distinct vibrational Raman bands such as υ2, υ1, and υ3-NO3 bands are located at 712, 1051, 1342, 1358 cm -1 and the observed Raman band positions are found to be well-matched with the phase-II of KNO3 crystal [START_REF] Ramaswamy Murugan | Studies on thermal hysteresis of KNO3 by thermo-Raman spectroscopy[END_REF] which is consistent with the XRD results. During the 1 st shocked condition, the grown crystal's disorder is significantly reduced and hence the υ2, and υ3-NO3 Raman bands have gained a significant improvement in intensity as appearing appropriately in the respective Raman band positions. In addition to that, based on the above-motioned three vibrational Raman bands of NO3, υ3region, Raman bands of NO3 only have a greater contribution as compared to the other two NO3 Raman bands on the enforcement of the phase transitions of KNO3 [START_REF] Ramaswamy Murugan | Studies on thermal hysteresis of KNO3 by thermo-Raman spectroscopy[END_REF][START_REF] Brwker | Raman spectroscopic investigations of structural aspects of the different phases of lithium sodium and potassium nitrate[END_REF]. Hence, it is presented the zoomed-in version of the υ3region NO3 Raman bands of the control and shocked KNO3 crystals in Fig. 6 wherein the doublet Raman bands are clearly visible so that the formation of phase-II is confirmed at the 1 st shocked condition [START_REF] Ramaswamy Murugan | Studies on thermal hysteresis of KNO3 by thermo-Raman spectroscopy[END_REF]. At the 2 nd shocked condition, υ2-NO3, υ1-NO3 and υ3-NO3 Raman bands are located at 714, 1048, 1342, and 1359 cm -1 , respectively and the observed Raman spectrum is portrayed in Fig. 5.

Based on the observed Raman band positions, the intense characteristic Raman band of υ1-NO3 experiences a lower frequency shift that may be due to the existence of the lattice disorder and rotational disorder of the NO3 groups at the 2 nd shocked condition. In addition to that, υ3-NO3 doublet Raman bands are retained at the same Raman positions at the 2 nd shocked condition wherein the normalized Raman intensity is significantly reduced such that this Raman band region also supports the existence of disorder in KNO3 crystal.

Fig. 6 Zoomed-in versions of υ3-NO3Raman bands of the control and shocked KNO3 crystals At the 3 rd shocked condition, υ2-NO3, υ1-NO3 and υ3-NO3 Raman bands are located at 713, 1047 and 1357 cm -1 , respectively and the observed Raman spectrum is depicted in Fig. 5. As seen in Fig. 6, the doublet Raman band is converted as a singlet Raman band that is located at 1357 cm - 1 and as per the XRD results, the disappearance of the lower frequency Raman band of NO3 may be due to the formation of the amorphous phase of KNO3. At the 4 th shocked condition, υ2-NO3 υ1-NO3 and υ3-NO3 Raman bands are located at 714, 1051 and 1356 cm -1 , respectively. It could be noted that, while compared to the 3 rd shocked υ1-NO3 Raman band position, the 4 th shocked Raman band position has gained a higher frequency shift that indicates the phase transition wherein the normalized intensity has also increased. This clearly shows amorphous to the crystalline phase transition due to the rotational disorder-order of NO3 ions based on the dynamic recrystallization. On the other hand, as seen in Fig. 6, the υ3-NO3 doublet Raman band is converted as singlet Raman band with higher intensity located at 1357 cm -1 whereas the lower frequency Raman band has very less intensity. At the 5 th shocked condition, υ2-NO3, υ1-NO3 and υ3-NO3

Raman bands are located at 710, 1046, 1342 and 1356 cm -1 , respectively. Based on the observed Raman band positions, like that of 3 rd shocked conditions, υ2-NO3,υ1-NO3 Raman bands are shifted towards the lower frequency region which may be due to the occurrence of rotational and positional disorder of the NO3 ions. In Fig. 6, the υ3-NO3 Raman band region shows a couple of humps in the single Raman band especially in the lower frequency region of the NO3 Raman band.

This may be due to the presence of disorder in the crystal system. Raman spectral results also provide strong evidence for the formation of the amorphous KNO3 that also supports the XRD results with respect to the number of shock pulses. More importantly, continuous changes observed in the υ3-NO3 Raman band region with respect to the number of shock pulses show that the test sample is highly sensitive to the shock transient pressure and temperature.

Optical Spectroscopic Results

Followed by the diffraction and vibrational spectroscopic measurements, electronic spectral analysis has been carried out to understand better the inter-bond pattern changes of the control and shocked KNO3 crystals. Hence, optical transmittance has been performed on the control and shocked crystals over the wavelength region between 200 and 800 nm using a UV-DRS-Shimadzu-UV-3600 plus spectrometer and the obtained optical transmittance patterns are presented in Fig. 7. As seen in Fig. 7, the control sample has the primary strong dichroism absorption band at 264 nm which is the characteristic electronic bond pattern of the NO3 groups present in the title crystal such that the observed optical transmittance is found to be well-matched with the previous reports [START_REF] Hafez | Study of the Diused Reflectance and Microstructure for the Phase Transformation of KNO3[END_REF]. Furthermore, a few absorption bands are located at 369, 405, 472, 577 and 665 nm which may be due to the contribution of secondary dichroism absorption bands of the title crystal [START_REF] Krishnan | The absorption spectra of nitrates and nitrates in relation to their photo-dissociation[END_REF]. the optical transmission spectra have retained the primary and secondary NO3 absorption band edges with very fine changes that clearly demonstrate the maintenance of the phase-II at 1 st , 2 nd , 4 th and 5 th shocked conditions. It could be noted that, from an optical spectroscopic point of view, drastic changes could not be seen even in the transition of phase-II (Pmcn) to phase-I (R3m) phases [START_REF] Hafez | Study of the Diused Reflectance and Microstructure for the Phase Transformation of KNO3[END_REF]. For a better understanding of the crystal-amorphous-crystal phase transition observed at 2 nd , 3 rd and 4 th shocked conditions, it is presented the respective optical transmission spectra as an insert in Fig. 7. Moreover, the above-mentioned parameters have led to significant changes in the absorption energy bands of the electronic system based on the degree of lattice disorder [START_REF] Ghosh | Optical properties of amorphous and crystalline Sb2S3 thin films[END_REF][START_REF] Ghosh | Some optical properties of amorphous and crystalline antimony trisulphide thin films[END_REF].

As per the above-mentioned references and as seen in Fig. 7, the 2 nd shocked crystal has the secondary NO3 absorption bands that disappear at the 3 rd shocked condition and re-appear at the 4 th shocked condition which may be the possible reason for the switchable crystal to the amorphous states of KNO3 crystal at shocked condition. As discussed in the XRD and Raman analyses, at the state of amorphization in KNO3, a significant positional and rotational disorder of the NO3 groups and the positional disorder of the K atoms have occurred at which such cases significantly affect the conduction of the electrons from the ground state to excited state that is induced by the absence of a few absorption bands of the NO3 bands and similar kind of results have been reported in antimony trisulphide thin films [START_REF] Ghosh | Optical properties of amorphous and crystalline Sb2S3 thin films[END_REF][START_REF] Ghosh | Some optical properties of amorphous and crystalline antimony trisulphide thin films[END_REF]. The significant rotational and positional disorder of the NO3 groups might have interrupted the n -π * transition resulting in the absence of corresponding absorption bands in the amorphous phase of KNO3. Finally, it is clear that the intra-molecular electronic transitions of NO3 have significantly changed at the 3 rd shocked condition and induced the electronic disorder of the sample such that the resultant effect has enforced the amorphous nature.

Surface morphological Analysis

Field emission scanning electron microscopic (FE-SEM) imaging technique has been adopted to ensure the surface morphological changes of the control and shocked KNO3 samples.

The obtained micrographs are presented in Fig. 8 wherein the control sample has a flat surface and the presence of slender line defects that are quite visible at the top surface of the crystal may be due to the formation of defects during the crystal growth. In the case of crystal growth achieved by the slow evaporation technique, such kinds of defects are uncontrollable and these defects may effectively contribute to the net degree of crystalline nature [START_REF] Senthil Pandian | Sodium sulfanilate dihydrate (SSDH) single crystals grown by conventional slow evaporation and Sankaranarayanan-Ramasamy (SR) method and its comparative characterization analysis[END_REF][START_REF] Senthil Pandian | The growth of benzophenone crystals by Sankaranarayanan-Ramasamy (SR) method and slow evaporation solution technique (SEST): A comparative investigation[END_REF]. Note that XRD results have also shown the poor crystalline nature of the control sample. At the 1 st shocked condition, the crystal surface turns into a highly smooth surface such that there is no visible signature for the planer and line defects for which the corresponding micrograph is depicted in Fig. 8b. The reduction in line defects clearly demonstrates the formation of a homogeneous surface on the test sample during the shock wave loaded conditions and such changes may be due to the shock-wave induced dynamic recrystallization [START_REF] Kumar | Laser Shock Tuning Dynamic Interlayer Coupling in Graphene-Boron Nitride Moiré Superlattices[END_REF][START_REF] Zhao | Generating gradient germanium nanostructures by shock-induced amorphization and crystallization[END_REF]. After the second shocked condition, most part of the crystal surface is smooth whereas there are uneven surfaces in a few parts of the crystal. After the 3 rd shocked condition, the observed surface area of the crystal exhibits an uneven surface that may be due to the formation of an amorphous state and the corresponding micrograph is portrayed in Fig. 8c andd. Surprisingly, at the 4 th shocked condition, the uneven surface is turned into a flat surface and such morphological changes in the surface may be due to the amorphous to crystalline state phase transition such that the corresponding micrograph is presented in Fig. 8e. Finally, after the 5 th shocked condition, the surface of the test sample has some kind of a rough surface possessing a high density of surface defects, and the corresponding micrograph is depicted in ray diffraction, Raman vibrational spectroscopy, optical spectroscopy and electron microscopic techniques. Based on the observed analytical results, the test crystal is proved to undergo the following phase transition sequence of crystal-crystal-crystal-amorphous-crystal-glassy crystalline nature for 0,1,2,3,4 and 5 shock pulses, respectively. As per the XRD and Raman results, the formation of crystal-amorphous-crystal phase transition is due to the occurrence of the rotational and positional disorder of the NO3 groups. Moreover, the positional disorder of the K atoms and electronic spectral results are also suggested for the similar disorder to occur at shocked conditions. Based on the optical transmission spectra of the control and shocked crystals, the thermoelectric properties and dielectric properties give rise to the anomalous behaviour which may provide a perfect fit for the nonvolatile random access memory devices. It is worthwhile to mention here that a number of reports have been reported, to date, on KNO3 phase transitions with respect to temperature and pressure but this is probably the first report on the switchable phase transitions of the sequence crystal-amorphous-crystal and hence the test crystal is highly favorable for the applications of molecular switches, nonvolatile random access memory devices.
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 2 Fig.2 Zoomed-in version of the XRD patterns of the control and shocked KNO3 crystals
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 3 Fig.3 (a) crystal packing of phase-II of KNO3 (b) Schematic diagram of the possible mechanism of the transition of crystal to amorphous nature of phase -II KNO3
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 4 Fig.4 Phase diagram of the phase-II KNO3 crystal with respect to the number of shock pulses
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 5 Fig.5 Raman spectra of the control and shocked KNO3 crystals
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 7 Fig.7 Optical transmittance spectra of the control and shocked KNO3 crystals
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 8f Fig.8f. The observed high density surface defects contribute to the loss of a net degree of crystalline nature for the test sample.
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