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To date, even though a large number of shock wave induced irreversible crystal-crystal phase transitions have been reported for the past few decays, switchable phase transitions of solid state materials by dynamic shock waves remain to be quite un-known and also attainment of switchable phase transitions is somewhat a difficult task as compared to the irreversible phase transitions. Hence, experiments on switchable phase transition arising out of materials and the related publications are always considered to be valuable asserts for the materials researchers so as to master over the enhanced understanding of the behavior of materials and their probable applications. Moreover, materials of switchable phase have enormous number of spectacular industrial applications. In the present framework, we have presented and demonstrated the switchable phase transition of magnesium sulfate heptahydrate (MgSO4.7H2O) at shocked conditions and the switching behavior has been screened by diffraction, vibrational spectroscopic ACCEPTED MANUSCRIPT -CLEAN COPY 2 and optical spectroscopic techniques so as arrive at X-ray diffraction (XRD), Raman scattering and UV-Visible spectral analyses, respectively. All the observed results clearly reveal that the switchable phase transition is achieved at dynamic shock wave loaded conditions. The interesting aspects of the present experimental results with respect to the number of shock pulses are discussed in the upcoming sections.

Introduction

Studies on the impact of shock waves on materials found in the Nature have started to receive a great deal of attention such that their influence on the properties of materials has attained a standpoint of pinnacle which has triggered a series of innovations that have driven efficiency and sustainability of materials to the levels of previously unattainable and this new sphere of activity offers multiple opportunities for the researchers to rise to the occasion.

Structured reflection on those lines could provide remarkable scope of finding materials of prominence such that switchable phase transition could be very well established for a few materials by the impact of shock waves. Furthermore, switchable crystallographic phase transition is one of the special topics for materials scientists who work in the crystallographic phase transitions of solids because such materials are highly used in pressure transmitters, molecular switches, current flash memories and phase shifters etc. [START_REF] Yi | Reversible Phase Transition and Switchable Dielectric Behaviors Triggered by Rotation and Order-Disorder Motions of Crowns[END_REF][START_REF] Wojciech | Reversible switching in phase-change materials[END_REF][START_REF] Yun-Zhi | Reversible structural phase transition, ferroelectric and switchable dielectric properties of an adduct molecule of hexamethylenetetramine ferrocene carboxylic acid[END_REF] To achieve such special phase transitions, knowledge of the crystal structures at high-pressure, high-temperature and low-temperature environments is highly required. Over the last couple of decades, several thousands of publications have been achieved in the field of static high pressure compression and de-compression enforced on materials such that an array of data have been accomplished through experiments which have paved the way for the switchable phase transitions emerging out of materials as that of solid state phase transitions which include crystal -crystal and crystalamorphous phase transitions. [START_REF] Wen | Reversible Polymerization in Doped Fullerides Under Pressure: The Case of C60(Fe(C5H5)2)2[END_REF][START_REF] Yun-Zhi | Reversible Phase Transition with Ultralarge Dielectric Relaxation Behaviors in Succinimide Lithium(I) Hybrids[END_REF][START_REF] Silva | Raman spectroscopy of monohydrated L-asparagine up to 30 GPa[END_REF] It could be noted that, in the case of static high-pressure experiments, many of the materials exhibit such reversibility which has been very well established in both inorganic and organic crystals. [START_REF] Wen | Reversible Polymerization in Doped Fullerides Under Pressure: The Case of C60(Fe(C5H5)2)2[END_REF][START_REF] Yun-Zhi | Reversible Phase Transition with Ultralarge Dielectric Relaxation Behaviors in Succinimide Lithium(I) Hybrids[END_REF][START_REF] Silva | Raman spectroscopy of monohydrated L-asparagine up to 30 GPa[END_REF] Here we present a few examples of static high-pressure and high-temperature experiments wherein the obtained results of phase transitions in materials could provide convincing substantiation on the above-mentioned statements. Yun-Zhi Tang et al have demonstrated the switchable phase transitions of 18-Crown-6 Clathrate that have been accomplished during the heating and cooling conditions. [START_REF] Yun-Zhi | Unusual Two-step Switchable Dielectric Behaviors and FerroelasticPhase Transition in a Simple 18-Crown-6 Clathrate[END_REF] Reversible double phase transitions have been observed in Hybrid Iodoplumbate (C4H12NPbI3) during the process of heating as well as cooling. [START_REF] Guangfeng | Thermally Induced Reversible Double Phase Transitions in an Organic-Inorganic Hybrid Iodoplumbate C4H12NPbI3 with Symmetry Breaking[END_REF] Kai Wang et al have performed the static pressure compression and de-compression experiment on sulfamide and found the reversible phase transitions. [START_REF] Kai | High-Pressure-Induced Reversible Phase Transition in Sulfamide[END_REF] Thomas D.

Bennett et al have demonstrated the crystal -amorphous reversible phase transitions in zeolitic imidazolate framework at pressure compression and de-compression stages. [START_REF] Thomas | Reversible pressure-induced amorphization of a zeolitic imidazolate framework (ZIF-4)[END_REF] Bo Zou and his team has performed the static high-pressure experiment and reported the reversible crystallographic phase transition for Ammonium Formate [START_REF] Lei | Pressure-Induced Phase Transition in Hydrogen-Bonded Supramolecular Structure: Ammonium Formate[END_REF] , Lithium Amide 12 , Acetamide [START_REF] Lei | Pressure-Induced Phase Transition in Hydrogen-Bonded Molecular Crystal Acetamide: Combined Raman Scattering and X-ray Diffraction Study[END_REF] and magnesium silicide (Mg2Si). [START_REF] Jian | In situ X-ray observation of phase transitions in Mg2Si under high pressure[END_REF] Followed by the static high-pressure and high-temperature observations analyzed, dynamic shock waves induced phase transition experiments conducted on solids also could provide significant information to the researches to understand the behaviors of molecules and atoms and their response at dynamic high transient pressure and temperature conditions which is identified to be one among the rising research topics in current years. [START_REF] Sivakumar | Spectroscopic assessment on the stability of benzophenone crystals at shock waves loaded condition[END_REF][START_REF] Sivakumar | Effect of Shock Waves on Thermophysical properties of ADP and KDP crystals[END_REF][START_REF] Zhi | Shock Wave Chemistry in a Metal-Organic Framework[END_REF][START_REF] Renganathan | Shock compression/release of magnesium single crystals along a low-symmetry orientation: Role of basal slip[END_REF] It is well known that, during the shock wave loaded conditions, a test sample possibly experiences crystallographic phase transitions of solid to solid [START_REF] Kalaiarasi | Shock wave induced anatase to rutile TiO2 phase transition using pressure driven shock tube[END_REF][START_REF] Leiserowitz | Shock-Induced Irreversible Phase Transitions In Inorganic Solids[END_REF] and crystal to amorphous phase [START_REF] Xuan | Shock Wave Energy Absorption in Metal-Organic Framework[END_REF] , lattice deformations and defects [START_REF] Johannes | Shock waves in quasicrystals[END_REF][START_REF] Sivakumar | Shock wave-induced defect engineering for investigation on optical properties of triglycine sulfate crystal[END_REF] and stable crystallographic phase. [START_REF] Sivakumar | Assessment of crystallographic and magnetic phase stabilities on MnFe2O4 nano crystalline materials at shocked conditions[END_REF] Among the listed three possible occurrences, stable crystallographic phase at dynamic shock wave loaded conditions is quite a rare case to occur since majority of materials experience lots of deformations without undergoing the phase transitions. Furthermore, it is quite interesting to achieve reversible crystallographic phase transitions of solids at shocked conditions as that of static high-pressure experiments. But tremendous amount of effort and energy have been continually paid to achieve such reversible phase transitions in materials at shock wave loaded conditions for the above-mentioned applications since shock wave induced phase transitions are highly rapid than that of the pressure and temperature induced phase transitions. Our research group has reported the switchable crystallographic phase transitions of potassium sulfate crystal at shock wave loaded conditions. [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF] Furthermore, switchable magnetic phase transitions have been observed in ZnFe2O4 [START_REF] Mowlika | Shock wave induced switchable magnetic phase transition behaviour of ZnFe2O4 ferrite nanoparticles[END_REF] 

and Co3O4

NPs. [START_REF] Sivakumar | Shock Wave Driven Solid State Phase Transformation of Co3O4 to CoO Nanoparticles[END_REF] In the present context, we have chosen magnesium sulfate heptahydrate (MgSO4.7H2O) single crystal to examine the crystallographic phase stability at shocked conditions.

MgSO4.7H2O is one of the familiar polymorphic hydrate salts which is available in the planetary materials. [START_REF] Alian | Stability of Mg-sulfates at -10°C and the rates of dehydration/rehydration processes under conditions relevant to Mars[END_REF][START_REF] Alian | Setting constraints on the nature and origin of the two major hydrous sulfates on Mars: Monohydrated and polyhydrated sulfates[END_REF] With respect to pressure and temperature, it undergoes series of polymorphic phase transitions based on the prevailing processes of de-hydration and re-hydration. [START_REF] Okhrimenko | Thermodynamic study of MgSO4 -H2O system dehydration at low pressure in view of heat storage[END_REF][START_REF] Carolina | Powder Xray Thermodiffraction Study of Mirabilite and Epsomite Dehydration. Effects of Direct IR-Irradiation on Samples[END_REF][START_REF] Van Essen | Characterization of MgSO4 Hydrate for Thermochemical Seasonal Heat Storage[END_REF] On the one hand, so far, several material scientists and geological scientists have examined the crystallographic phase stability of the title single crystal with respect to pressure, temperature and humidity and have come up with several sequences of phase transitions which are highly associated with the temperature and pressure of the respective experimentation. [START_REF] Okhrimenko | Thermodynamic study of MgSO4 -H2O system dehydration at low pressure in view of heat storage[END_REF][START_REF] Carolina | Powder Xray Thermodiffraction Study of Mirabilite and Epsomite Dehydration. Effects of Direct IR-Irradiation on Samples[END_REF][START_REF] Van Essen | Characterization of MgSO4 Hydrate for Thermochemical Seasonal Heat Storage[END_REF] Moreover, such kinds of high-pressure and high-temperature conditions are highly required to get into the deep understanding of the formation of the present solid state -earth and other planets (Mars and Jupiter) as well as interior icy satellites. On the other hand, through such kind of hightemperature and high-pressure experiments only, we could be able to quantify the water resources of the planets. [START_REF] Alian | Stability of Mg-sulfates at -10°C and the rates of dehydration/rehydration processes under conditions relevant to Mars[END_REF][START_REF] Alian | Setting constraints on the nature and origin of the two major hydrous sulfates on Mars: Monohydrated and polyhydrated sulfates[END_REF] In recent years, a lot of experiments have been performed on the minerals of Martian planet surface especially magnesium hydrates. [START_REF] Fortes | The phase behaviour of epsomite (MgSO4.7H2O) to 50 kbar: planetary Implications[END_REF][START_REF] Grindrod | Synthesis and strength of MgSO4•11H2O (meridianiite): preliminary results from Uniaxial and trixial deformation tests[END_REF] Several materials science research groups in the global arena have been continually working on this theme and providing their significant contributions so as to understand better on the phase stability of the title crystal.

So far, the known phases of magnesium hydrates are MgSO4.11H2O, 7H2O (P212121), 6H2O (C2/C), 5H2O (P-1), 4H2O, 3H2O, 2H2O, 1H2O, and anhydrate MgSO4. But, among the listed phases, MgSO4.7H2O is a thermodynamically stable phase at ambient conditions so that it is one of the promising candidates for heat storage applications due to its high energy density. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF][START_REF] Elpida | Morphological and Structural Evaluation of Hydration/Dehydration Stages of MgSO4 Filled Composite Silicone Foam for Thermal Energy Storage Applications[END_REF][START_REF] Kirsten | Experimental studies of the mechanism and kinetics of hydration reactions[END_REF] In some cases, the non-integer water content phase has been observed as that of mixed phase of magnesium hydrate (MgSO4.6/7 H2O) due to the nature of the experiential conditions. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF][START_REF] Elpida | Morphological and Structural Evaluation of Hydration/Dehydration Stages of MgSO4 Filled Composite Silicone Foam for Thermal Energy Storage Applications[END_REF] In 1948, Bridgman has performed high-pressure experiments (piston compression method) on the title crystal and observed a few sluggish phase transitions at 1.0 -1.5 GPa and 2.5 GPa. [START_REF] Bridgman | Rough Compressions of 177 Substances to 40,000 Kg/Cm[END_REF] Followed by Bridgmen, Livshits et al have carried out high pressure experiments on crystalline hydrates of magnesium sulfate and found series of phase transitions such as I-II at 0.45 GPa, II-III at 1.2 GPa, III-IV at 1.6 GPa, IV-V at 2.5 GPa. [START_REF] Livshits | Equilibrium diagram of the crystal hydrates of MgSO4 at high pressures[END_REF] Gromnitskaya et al have performed highpressure neutron powder diffraction study of crystalline MgSO4.7H2O and found series of phase transitions at 1.4, 1.6, and 2.5 GP. [START_REF] Gromnitskaya | The high-pressure phase diagram of synthetic epsomite (MgSO4.7H2O and MgSO4-7D2O) from ultrasonic and neutron powder diffraction measurements[END_REF] Very recently, Linfei Yang et al have carried out the combined high-pressure and high-temperature experiments on the title crystal and found three steps of phase transitions with respect to temperature and also observed that the de-hydration rate is increased while increasing the pressure range. [START_REF] Linfei | The Phase Transition and Dehydration in Epsomite under High Temperature and High Pressure[END_REF] In the present framework, we have systematically examined the crystallographic phase stability of the title crystal at shocked conditions such that it has been screened by XRD, Raman and UV-DRS techniques. The present shock wave recovery experiments could provide the alternative way to be implemented so as to understand the behaviors of hydrate salts at icy moons and other planets so that it is very much possible to unearth the unknown facts as well as new structural formulations.

Experimental section

Commercially available, MgSO4.7H2O was purchased from Sigma Aldrich Company and the material was dissolved in double distilled water. The saturated solution of MgSO4.7H2O was prepared at room temperature and stirred continuously for 5 hrs with the help of a magnetic stirrer in order to obtain a homogenous solution. Furthermore, the saturated solution was allowed to begin the crystallization process by slow evaporation method and bulk size crystals (10×10×2 mm 3 ) were harvested after 25 days so as to be used for the present experiment and the photograph of the as grown crystal is presented in Fig. 1 as an inset. The shock wave induced phase stability analysis has been performed using an in-house tabletop semi automatic Reddy Tube for which the details of working methodology have been discussed in our previous papers. [START_REF] Kalaiarasi | Shock wave induced anatase to rutile TiO2 phase transition using pressure driven shock tube[END_REF][START_REF] Sivakumar | Shock Wave Driven Solid State Phase Transformation of Co3O4 to CoO Nanoparticles[END_REF][START_REF] Sivakumar | Measurement of "Shock Wave Parameters" in a Novel Table-Top Shock Tube Using Microphones[END_REF] . In the present experiment, we have collected three samples of equal dimension (5×5×1 mm 3 ) and have ensured to be defect free crystals so as to be fit for the investigation.

Among the three samples, one sample has been kept as the control sample and the remaining two samples have been used for shock wave impact experimentation. In the present experiment, we have used a semiautomatic Reddy Tube for the generation of shock waves of Mach number 2.2 possessing transient pressure 2.0 MPa. The crystal is placed in the sample holder such that one shock pulse is exposed on the crystal and two shock pulses are loaded on the other crystal. The time duration between the shock pulses are kept as 5 seconds. After the completion of the shock wave loading procedure, the crystals have been sent for the analytical studies such as XRD, Raman and UV-DRS spectral analyses.

Results and Discussion

XRD results

Herein, powder X-ray diffractometer has been used for notifying the shock wave induced structural changes of the title crystal and the observed XRD pattern is presented in Fig. 1. As per the basic standard, it is quite mandatory to confirm the formation of the crystallographic phase of the test crystal since it is highly sensitive to temperature and pressure. There are enormous possibilities to observe the de-hydration process even at 25-30 ° C. If such changes occur, the final product structure must be of the lower hydrate phase or mixed phase structure. Hence, the conformation of the grown crystal structure is highly crucial before discussing the shock wave induced changes occurring on the test crystal. The grown crystal's XRD pattern is compared with simulated MgSO4.7H2O and MgSO4.6H2O and the corresponding XRD patterns are presented in Fig. 2a. As seen in Fig. 2a, the prominent diffraction peak position of MgSO4.7H2O phase is at 21.02 degree and for MgSO4.6H2O phase is at 20.01 degree. But in the case of the control crystal (as grown crystal), the prominent X-ray diffraction peak position is at 20.6 degree and the corresponding XRD pattern is presented in Fig. 2a. Hence, the control test crystal does not belong to a single phase of MgSO4.7H2O (P212121) as well as for MgSO4.6H2O (C2/C) so that it is considered as a mixed phase existing for both the cases. Fig. 2a gives the clear justification for the consideration that has been also witnessed by several researchers i.e. existence of such kinds of mixed phases in magnesium salts hydrates. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF][START_REF] Elpida | Morphological and Structural Evaluation of Hydration/Dehydration Stages of MgSO4 Filled Composite Silicone Foam for Thermal Energy Storage Applications[END_REF] There could be two prime reasons for the existence of the mixed phase for the grown crystal; the first point is, during the de-hydration process occurring at lower temperature region (25-30 °C), the grains can obviously dehydrate into mixed phases because the dehydration process is incomplete due to in-sufficient temperature. To achieve complete dehydration, it should reach the temperature transition line. As a result, the existing grains do not have the integer values for the hydrates. 35.36 Fig. 2 Second point is that some of the lattice waters are changed to pore water states in the same crystal. But, different phases are present due to the in-complete dehydration. Moreover, all the water molecules might not have involved to influence these changes in the crystal. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF][START_REF] Elpida | Morphological and Structural Evaluation of Hydration/Dehydration Stages of MgSO4 Filled Composite Silicone Foam for Thermal Energy Storage Applications[END_REF] which induces the formation of mixed phases and the observed changes of water states of this crystal will be discussed with reference to the Raman spectroscopic results. As seen in Fig. 1, the significant changes have been observed in the XRD pattern with respect to the number of shock pulses. The XRD pattern of the first shocked crystal is completely different from the control sample wherein the most prominent XRD peak is shifted towards the higher diffraction angle which reflects the formation of MgSO4.7H2O. As seen in Fig. 2a, the prominent diffraction peak of MgSO4.6H2O appears at lower diffraction angle as compared to MgSO4.7H2O. But, in the case of 1 st shocked condition of the crystal, the prominent XRD peak experiences the higher angle shift and it appears at 21.5 degree. The diffraction value is little larger as compared to the XRD pattern of simulated MgSO4.7H2O. There is no signature for the occurrence of dehydration process influenced by shock waves even though it has enough transient pressure and temperature. If such de-hydration process has happened, the diffraction peaks would have moved towards the lower diffraction angle and induced the formation of MgSO4.6H2O. But, such kind of reflection is not observed in the XRD pattern of the crystal at 1 st shocked condition. Hence, it is very clear that the mixed phase of the test sample is phase transformed to single phase crystal at 1 st shocked condition due to the re-organization of hydrogen bonds as well as dynamic recrystallization. Due to the shock transient pressure and temperature, sufficient latent heat is supplied to the crystal and the extra pore water molecules might be pushed to the lattice water state so that the resultant formation becomes the single phase Mg.SO4.7H2O. The water molecules are connected with Mg octahedral and SO4 tetrahedral such that the existing bond pattern is presented in Fig. 3. In general, SO4 tetrahedral is highly sensitive for pressure and temperature and it undergoes significant rotational order-disorder processes at high-pressure and high-temperature conditions. [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF] Due to the lattice water states changes, the rotational orderdisorder of SO4 tetrahedral is also possible to take place at shocked conditions. [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF] Due to the existence of the mixed phase during the crystal growth, we can assume in such a way that the disorder SO4 tetrahedral may be present in the control crystal and specially ordered SO4 tetrahedral appears at 1 st shocked condition due to the dynamic re-crystallization which results into single phase Mg.SO4.7H2O with the P212121 space group. At 2 nd shocked condition, the original mixed phase is observed as it is noticed in the control crystal and Fig. 1 clearly shows the reversibility of the phases with respect to the number of shock pulses. Hence, at this stage, it is clear that the switchable phase transition is achieved with respect to the number of shock pulses similar to that of K2SO4 crystal [START_REF] Sivakumar | Switchable Phase Transformation (Orthorhombic-Hexagonal) of Potassium Sulfate Single Crystal at Ambient Temperature by Shock Waves[END_REF] and the schematic diagram of the claimed phase transition is presented in Fig. 4. During the 2 nd shocked condition, some of the lattice water molecules are transferred into pore water states and as a result the mixed phase is observed. In particular, the seventh water molecule (H13 and H14 atom in Fig. 3) has the maximum possibility to have induced the mixed phase of MgSO4.7H2O. During the shock wave loaded conditions, the actual MgSO4.7H2O crystal structure is unable to withstand its own state due to low energy hydrogen bonding network and try to begin the de-hydration process. Since the existence of the shock wave within the sample is very short period, the water molecules cannot be able to be removed from the substance but the seventh water molecule is displaced from its original position where the hydrogen bond cannot be able to form. Hence the distortion of the crystal structure is highly possible at shocked condition without the removal of the actual water quantity of the test sample.

In addition to that, the test crystal is a solid substance so that the internal vapor transport is highly constrained. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF] However, the water molecules create a different configuration which leads to deliquescence and formation of the mixed phase of the crystal. As per the previous reports, hydrated sulfates undergo dehydration reactions under high temperature and pressure conditions and result into the formation of lower hydrate structures. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF][START_REF] Elpida | Morphological and Structural Evaluation of Hydration/Dehydration Stages of MgSO4 Filled Composite Silicone Foam for Thermal Energy Storage Applications[END_REF][START_REF] Gromnitskaya | The high-pressure phase diagram of synthetic epsomite (MgSO4.7H2O and MgSO4-7D2O) from ultrasonic and neutron powder diffraction measurements[END_REF][START_REF] Linfei | The Phase Transition and Dehydration in Epsomite under High Temperature and High Pressure[END_REF] But in the present case, we have not observed such dehydration process in MgSO4.7H2O.

Raman Spectroscopic Study

Raman spectroscopic study is one of the powerful techniques to authenticate the molecular fingerprints and solid -state phase transitions of the materials. In the present research work, Raman spectral analysis has been performed so as to justify the XRD results and to understand better the mechanism of the reversible phase transitions of the title crystal such that the observed Raman spectra of the control and shocked crystals are presented in Fig. 5.

Fig.5 Raman spectra of the control and shocked crystals

As per the previous publications, MgSO4.7H2O has the characteristic peaks at 983 cm -1 ( SO4), 3322 cm -1 ( H2O) and 3458 cm -1 ( H2O) bands. Based on the XRD results of the present experiment, the control crystal has mixed phase of MgSO4.7H2O and MgSO4.6H2O such that the observed Raman spectra also justify the XRD results through the vibrational modes of water molecules so that the corresponding zoomed version of the Raman spectra are presented in Fig. 6. The tetrahedral coordination of SO4 position is almost similar for MgSO4.7H2O and MgSO4.6H2O crystal structures and hence we cannot suspect significant changes in the SO4 tetrahedral wherein the SO4 band should move towards the higher wavenumber region during the de-hydration process expect in MgSO4.6H2O. [START_REF] Kirsten | Experimental studies of the mechanism and kinetics of hydration reactions[END_REF] But, in the case of the vibrational modes of water molecules, one can see considerable changes in the Raman spectra since the lattice water and pore water transformation has the significant contribution in the formation of the mixed phase.

As seen in Fig. 6b, the water molecules identified in Raman bands have less Raman intensity and high full-width half-maximum (FWHM) values. It may be due to the contribution of the enhancement of pore water in the crystal than that of the lattice water due to the incomplete dehydration process. In addition to that, the strong interaction between lattice water molecules is reduced during such kinds of incomplete de-hydration process. [START_REF] Pim | Water Transport in MgSO4•7H2O During Dehydration in View of Thermal Storage[END_REF][START_REF] Elpida | Morphological and Structural Evaluation of Hydration/Dehydration Stages of MgSO4 Filled Composite Silicone Foam for Thermal Energy Storage Applications[END_REF] Fig. 6 Zoomed versions of Raman spectra of the control and shocked crystals (a) SO4 band (b) H2O bands So that, the Raman bands of water molecule have less intensity. Followed by the Raman bands of water molecules, SO4 tetrahedral Raman band also shows the possible difference while compared to the pure single phase of MgSO4.7H2O crystal structure. As seen in Fig. 6a, the control crystal's SO4 band (984 cm -1 ) has high full-width half-maximum values compared to that of MgSO4.7H2O crystal structure. During the mixed phase formation, the partial MgSO4.6H2O structure molecules are pulled to the (SO4) tetrahedral to stay at lower wavenumber side so that the resultant slight changes can be obtained in full-width halfmaximum since the actual positions of SO4 tetrahedral for MgSO4.6H2O (984.1 cm -1 ) and MgSO4.7H2O (984.3 cm -1 ) crystal structures do not have the great differences. [START_REF] Kirsten | Experimental studies of the mechanism and kinetics of hydration reactions[END_REF] At shocked conditions, considerable amount of changes have been noticed in symmetric stretching mode of the sulfate tetrahedral and in the vibrational modes of water molecules. At 1 st shocked condition, the SO4 Raman band showcases less FWHM compared to the control crystal and it is one of the signatures for the existence of the single phase with higher structural order and similar results are also noticed in the XRD results. But the position of the SO4 Raman band has not changed. On the other hand, highly visible changes have been noticed in the vibrational modes of water molecules both in ( H2O) and 3458 cm -1 ( H2O) bands in particularly their intensities which may be due to the phase transition occurring from mixed phase to single phase of MgSO4.7H2O crystal structure. The increment of Raman intensity may be due to the transition of some water molecules from pore water states to lattice water states. At this stage, the interaction of lattice water molecules are significantly increased so that strengthening of the hydrogen bonding is increased. Hence, the Raman bands have higher intensity at 1 st shocked condition and the obtained phase transitions results are well corroborated with the XRD results. It could be noted that there is no significant dehydration process and formation of pure phase of lower hydrate structures occurred at shocked conditions even though it has enough transient temperature and pressure. At second shocked condition, revert of mixed phase is confirmed due to the existence of the higher value of FWHM for SO4 (984 cm -1 ) band water molecules of 3458 cm -1 and 3237 cm -1 . As seen in Fig. 6a andb, the band patterns of SO4 and water molecules are similar. For better understanding of the FWHM values of the control and shocked crystals, we have provided a clear picture about the values with respect to the number of shocks and it is presented in Fig. 7. It could be noted that the optical transmittance profile of the 1 st shocked crystal is wellmatched with the previous reports of MgSO4.7H2O. [START_REF] Rathna | Investigations on the Growth, Structural, Optical and SHG Behaviour of Potassium Maesium Sulphate Crystals[END_REF] At second shocked condition, the percentage of optical transmittance is reduced due to the formation of mixed phase which supports the XRD and Raman results. The optical transmittance percentage of the crystals at 600 nm with respect to the numbers of shock pulses is displayed in Fig. 9. Based on the optical transmittance analysis, it provides the possible supporting evidence for the observed changes in the XRD and Raman measurement with respect to the number of shock pulses.

Fig. 9 The optical transmittance percentage of the control and shocked crystals at 500 nm

Conclusion

In summary, we have systematically demonstrated the switchable phase transitions of hydrated magnesium salt with respect to the number of shock waves and the results have been evaluated by XRD, Raman and UV-DRS techniques. The XRD results evidently demonstrate that the MgSO4.7H2O + MgSO4.6H2O has been phase transformed to MgSO4.7H2O crystal at the first shocked condition due to the dynamic re-crystallization and changes in the pore water to lattice water states and the mixed phase is retrieved at the second shocked condition. The Raman spectral analysis gives the clear picture about the water molecules states which are considerably changed from pore water states to lattice water states due to the order-disorder process of tetrahedral (SO4) with respect to the number of shock pulses and it gives direct correlation for understanding the switching behavior of the test crystal. UV-DRS spectral analysis also provides the possible substantiation to justify the XRD and Raman results so that switching of optical transmittance percentage with respect to the number of shock pulses could also be achieved. It could be noted that all the three different types of analytical techniques provide the similar authentication with respect to the numbers of shock pulses. Hence, we strongly claim that the test samples have undergone switchable phase transitions and such kinds of materials are highly deserved for applications in sensor, phase shifters, resistive memories and flash memories.

Innovative theoretical insights into unlocking the truth behind such shock impacted switching behavior of materials with respect to the number of shock pulses would be extremely valid so that it is reserved for the continual activity which will be in progress for this extended future course of research work. We strongly believe that the present shock wave recovery experiment would provide the new beginning for bringing out many more experiments on hydrate salts of planets so that new structural concepts could emerge at shocked conditions.
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