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A B S T R A C T   

In the present work, we demonstrate the interesting findings of shock wave recovery experiment conducted on 
poly-crystalline lithium sulfate monohydrate crystals (Li2SO4.H2O) under 50 and 100 shock pulses loaded con-
ditions and the obtained results are compared to the obtained results of single crystal Li2SO4.H2O. The poly- 
crystalline Li2SO4.H2O samples neither undergo any crystallographic phase transitions nor shock wave assis-
ted dehydration. But, the attained diffraction and Raman results indicate that, at shock loaded conditions, lots of 
structural deformation and distortions occur in the mother crystal structure by the impact of shock waves. Also, 
at shocked conditions, the super-paramagnetic state of Li2SO4.H2O is significantly affected and remarkable 
reduction (10–1 to 10–7) of the saturation magnetization is found.  Note that, in the case of single crystalline 
Li2SO4.H2O, the disordered crystal structure has been witnessed for shock loaded samples.   

1. Introduction 

Over a century, consistent progress has been witnessed in materials 
science research wherein the solid-state phase transitions in materials of 
ionic sulfate group with respect to pressure and temperature remains to 
be one of the vibrant research areas such that these group of materials 
remain to be the most studied to date under static high-temperature as 
well as high-pressure conditions and several interesting results of crys-
tallographic phase –transitions have been found [1–5]. Note that the 
polymorphic single crystal of β-K2SO4 undergoes the phase transition of 
α-K2SO4 at 851 K due to the rotational disorder of SO4 units [6]. Na2SO4 
(phase-V) is converted to the lower symmetry phases such as phase-III 
and phase-I between 490 and 520 K [7]. Similar to that of K2SO4, 
Li2SO4 single crystal also undergoes the phase transition from β to α at 
848 K [8] whereas in the case of the static pressure compression, the 
phase of β- Li2SO4 is retained up to 13 kbar [9]. MgSO4⋅7H2O is con-
verted to a lower hydrated crystal structure and finally, the un-hydrated 

MgSO4 is observed at 573 K [10] and similar results are found for 
CuSO4⋅5H2O [11] as well as Li2SO4.H2O single crystal [12] while sub-
jected to high-temperature. On analyzing various existing results of 
static high-temperature and pressure effects on solid state sulfate 
anionic materials, results on phase transitions of the sulfate anionic 
crystals at dynamic shock wave exposure conditions is relatively a new 
area of research in materials science branch. On the other hand, it has 
been witnessed several spectacular results of structural phase transition 
at shock loaded conditions as in the case of crystals such as K2SO4, 
Na2SO4, Li2SO4, MgSO4⋅7H2O, CuSO4⋅5H2O and Li2SO4.H2O [13–18]. 

Moreover, the respective single crystals have been subjected to shock 
loading and found some interesting results in their crystallographic 
features. Note that, in the case of K2SO4 crystal, the transition of β-K2SO4 
to α-K2SO4 has been observed at one shock pulse exposed condition and 
α-K2SO4 reverts to β-K2SO4 at two shock pulses exposed condition [13]. 
Similar kind of reversible phase transition of phase-V to phase-III has 
been achieved for Na2SO4 single crystal at shock pulses loaded 
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conditions [14]. During the shock pulses loaded conditions, the mixed 
phase formation of MgSO4⋅7H2O and MgSO4⋅6H2O is noticed in the case 
of the MgSO4⋅7H2O [16]. More interestingly, in the case of CuSO4⋅5H2O 
and Li2SO4.H2O single crystals, disordered crystalline states have been 
observed at dynamic shock loaded conditions and on further increasing 
the number of shock pulses, disordered structures have been converted 
into highly ordered structures [17,18]. On continuing with the same 
experiment provided with higher number of shock pulses such as 50 and 
100, the powder samples of K2SO4, Na2SO4 and CuSO4⋅5H2O have been 
studied such that there is no crystallographic change found even at 100 
shock pulses exposed conditions [19–21]. It is found to be quite an 
interesting result while compared to the single crystals of those mate-
rials and such kind of comparative analysis of single and poly-crystalline 
structural stability at dynamic shock loaded conditions can lead to a 
better understating on the shock resistance of solid state materials which 
leads to acquire knowledge of the materials properties and their func-
tions in extreme conditions. 

Along these lines, in this framework, the authors aim to examine the 
phase transition probability of poly-crystalline lithium sulfate mono-
hydrate at dynamic shocked conditions. Note that the title sample is an 
interesting material for the applications point of view and it is a classical 
material for understanding of dehydration while subjected to high- 
temperature and pressure. Several researchers have made spectacular 
publications on the crystal growth of Li2SO4.H2O [22–25] and their 
functional properties employing various methods [26,27] which in-
cludes de-hydration concepts with respect to temperature [28–30]. As 
per the standard thermo-dynamical point of literature survey on Li2SO4. 
H2O, at 80 ◦C the water molecule escapes from the crystal lattice so that 
it is converted into Li2SO4 [28–30] and similar kind of dehydration 
process is expected while at higher number of shock pulses exposed 
conditions. Furthermore, such kind of new mechanistic and kinetic ex-
periments of dehydrations occurring on crystalline hydrates have pro-
vided new directions for the experimental and theoretical researchers to 
make better convincing solid-state nucleation reactions. Moreover, the 
water molecule promotes the re-crystallization interface and initiates 
the progression of new chemical change. In addition to that, the 
chemical units of the title sample such as Li, SO4, and H2O are highly 
sensitive for the positional disorder, rotational disorder and orienta-
tional disorder for the exposed shock pressure and temperature and 
hence significant changes can occur. 

In the present study, the authors demonstrate the crystallographic 
phase stability and magnetic state stability of the powder sample of 
Li2SO4.H2O at dynamic shock pulses exposed conditions and the 
occurrence of the significant lattice deformations and loss of magnetic 
state at shocked conditions are elaborated. The interesting results of the 
crystallographic and magnetic state features of the title sample will be 
discussed in the upcoming sections. 

2. Experimental section 

The crystal growth of the title material and shock wave loading 
procedures have been discussed in our previous paper [18] as well as the 
supplementary section also contains the details. Briefly; The title com-
pound of (Li2SO4.H2O) (99% purity) was purchased from the 
Sigma-Aldrich and the required crystal was grown by employing the 
conventional slow evaporation technique. 50 ml of deionized water was 
taken in a beaker and lithium sulfate monohydrate compound was 
added slowly till the saturation was obtained whereby it was allowed to 
crystal growth and after 30 days, we have harvested optically trans-
parent crystals. The grown single crystals have been finely grounded and 
the fine powder has been utilized for the required experimental ana-
lyses. In the present case, the required shock waves have been generated 
by an indigenously developed semi-automatic Reddy Tube (Fig. 1) 
which has three sections known to be the driver, driven and diaphragm 
sections that are made of stainless steel. The driver and driven sections 
consist of long tubes of length 48 cm and 180 cm, respectively while 
both have an identical inner diameter of 13 mm. Atmospheric air has 
been used as the input source for the required shock wave generation. 
When the atmospheric air is compressed into the driver section, at the 
critical pressure, the diaphragm is ruptured and the shock wave is 
generated and moves along the driven section. The samples have been 
placed in the sample holder which is 1 cm away from the end section of 
the driven tube and when the shock tube propagates the shock wave into 
the driven section it is launched on the test sample which is placed in the 
sample holder. For this experiment, a total of four samples have been 
taken in equal measure while one sample has been kept as the control 
and the remaining three samples have been used for the shock wave 
loading. Then, the powder sample has been packed in a pouch which 
was specially made using the shock window materials possessing an area 
of 1 × 1 cm2 and kept in the sample holder such that the shock wave has 
been loaded on it. In the present experiment, shock waves of Mach 
number 2.2 have been utilized possessing the reflected shock transient 
pressure (P5) of 2 MPa and temperature (T5) 864 K. The shock waves 
from the driven section go on striking the sample which is located 1 cm 
away from the open end of the driven section. Subsequently, 50, 100 and 
150 numbers of shock pulses have been loaded on three different title 
samples. Note that, while compared to the previous single crystal study 
[18], the transient pressure (1.0 MPa) has been kept two times higher 
and the numbers of pulses has been enhanced to 50 and 100 so as to 
understand better the structural and magnetic state features under shock 
wave exposed conditions. 

3. Analytical characterization details 

The analytical instruments details are as follows; Powder X-ray 
diffraction (PXRD) [Rigaku - SmartLab X-Ray Diffractometer, Japan- 
CuKα1 as the X-ray source (λ = 1.5407 Å), with the step precision of ±

Fig. 1. Schematic diagram of the shock wave loading setup.  
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0.001◦], a Renishaw model Raman spectrometer with Laser line 532 nm 
and power 50 mW and the Raman measurement was carried out using 
the pelletized form of samples. The laser spot size was 50 µm2 and the 
optical microscope’s objective lens was used such that an X50 long 
working distance objective lens (WD = 10.6 mm) was utilized and the 
value of numerical aperture was 0.5 while the Raman data was collected 
by Renishaw Wire 5.1 instrument control and the data acquisition 
software. An ultra-violet diffused reflectance spectroscope (UV-DRS- 
ShimadzuUV-3600 plus) and a vibrating sample magnetometer (Lake 
Shore, Cryotronics) have been utilized so as to understand the structural 
and magnetic structural stability of the test samples under shocked 
conditions. 

4. Results and discussion 

4.1. Powder XRD analysis 

Fig. 2a and b show the respective powder XRD patterns of the poly- 
crystalline and single crystalline lithium sulfate monohydrate for the 
control and shock wave exposed samples. As seen in Fig. 2a, the XRD 
pattern of the control sample is found to be well-matched with the 
literature [24] which confirms that the sample has crystallized in the P21 
space group and the attained sharp diffraction peaks reflect the good 
crystalline nature of test sample. In addition to that, based on the control 
sample’s XRD pattern, it has maximum diffraction lines in the region of 
higher diffraction angle and such higher diffraction lines are highly 
susceptible for the external parameters such as temperature and pres-
sure. In addition to that, such kind of the higher angle diffraction lines 
can easily undergo orientational disorder, plane re-orientation and so on 
at shocked conditions compared to that of the lower angle diffraction 
lines. These kinds of interesting changes have been explored to a certain 
extent at shocked conditions [13–21]. Furthermore, the diffraction 
patterns of the pristine and shock loaded samples are provided in Fig. 2a 
itself and while looking at the patterns, there is no visible signature for 
any crystallographic phase transitions that typically observed due to the 
impact of shock waves as in the case of single crystalline lithium sulfate 
monohydrate for which the corresponding XRD profiles are shown in 
Fig. 2b. 

Note that, in the case of single-crystalline lithium sulfate mono-
hydrate, the P21 crystal structure undergoes a distorted state due to the 
impact of 3 counts of shocks possessing the Mach number 1.7 and the 
transient pressure 1 MPa.  But, in the present case, even though 100 
shock pulses of 2.0 MPa transient pressure have been loaded, no 
remarkable structural change is observed in the poly-crystalline samples 
which have higher structural stability than that of the single crystalline 
samples at dynamic shock loaded sample [19]. On the other hand, the 

hydrated lithium sulfate sample should have undergone dehydration 
since the shock pulses have a high transient temperature (864 K). But, 
based on the observed XRD results, there is no formation of un-hydrated 
lithium sulfate at shocked conditions. Moreover, in the case of solid 
samples, shock wave propagation velocity is very high such that its 
period of existence is within a few microseconds, and hence the water 
molecule doesn’t get the required time to come out of the test sample’s 
crystal structure, whereas the angle of the water molecular bonds and 
positions in the unit cell may undergo the possible changes at shocked 
conditions [16,18,31]. In addition to that, the water molecule is directly 
connected to the Li tetrahedrons so that SO4 tetrahedrons and the SO4 
units are highly sensitive to transient pressure and temperature associ-
ated with the shock wave [17]. Even though the poly-crystalline lithium 
sulfate monohydrate samples exhibit a stable crystal structure, subtle 
internal structural changes, as well as deviations in the degree of crys-
tallinity of the samples, may appear and such details are to be discussed. 
For a better understanding of the internal structural modifications of the 
test samples, the magnified forms of the XRD patterns are provided in 
Fig. 3. The control sample shows the diffraction lines such as (100), 
(10–1) and (011) which are almost similar to the XRD patterns of the 
sample at the 50 shocked conditions whereas at the 100 shock pulses 
exposed conditions, remarkable diffraction peak splitting has occurred 
such that significant changes have been marked in red circles and such 
changes appear due to defects and micro-distortions developed in the 
test crystal structure as well as rotational disorder of the SO4 units [18] 
and similar kind of the changes have been noted in the hydrogen-bonded 
crystalline materials such as potassium dihydrogen phosphate [32] and 
glycine phosphite [33]. 

As it is in Fig. 3a, Fig. 3b also exhibits similar results in such a way 
that the diffraction lines such as (002) (101) and (110) have experienced 
similar types of diffraction peak splitting at the 100 shock waves 
exposed condition. During the shocked conditions, the SO4 site sym-
metry might have been slightly altered and such changes can be incor-
porated with the Raman spectral results that are to be elaborated. 
Furthermore, in Fig. 3c and d, some of the diffraction line intensity and 
sharpness are observed to have increased while the number of shock 
pulses are increased and such changes are clearly reflected in the (20–1), 
(300) and (10–3) planes and such interesting results are due to the shock 
wave induced dynamic re-crystallization. Alike kind of formation of a 
high-intensity diffraction line has been obtained in the sample of poly- 
crystalline copper sulfate pentahydrate at shocked conditions [21]. 
From the above-discussed notable changes in the crystalline features of 
the test samples, it is clear that the crystallinity has considerably 
reduced against the number of shock pulses and such changes may 
initiate significant changes in optical and magnetic properties. 

In Fig. 4, the shock phase profile of the single and poly-crystalline 

Fig. 2. XRD patterns of (a) the pristine and shock loaded polycrystalline lithium sulfate monohydrate (b) single crystalline lithium sulfate monohydrate [18].  
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lithium sulfate monohydrate samples is presented and based on the 
observed profiles, the single-crystalline lithium sulfate monohydrate has 
very less structural stability than that of the polycrystalline state lithium 
sulfate monohydrate. The single crystal lithium sulfate monohydrate 
undergoes the distorted-P21 space group just at the 3rd shock pulses 
loaded conditions, but in the case of powder samples, the P21 space 
group is retained even at 100 shocked conditions. The possible reasons 
for such high shock resistance for the poly-crystalline samples are (i) the 
shock wave propagation in the poly-crystalline samples is highly 
restrictive due to the high density of the internal grain boundaries 
[34–36] (ii) the probability of the energy dissipation and scattering of 

the shock wave is more when passes through the poly-crystalline sam-
ples as compared to the single crystal due to a large number of grains so 
that the net impact of the shock waves is reduced while propagating 
through the poly-crystalline samples [17,21]. 

5. Raman spectroscopic results 

According to the literature of SO4 anionic materials at static pres-
sure/temperature [6–12] and shock wave loaded conditions [13–21], 
the characteristic Raman bands of sulfate ions such as υ1, υ2, υ3, and υ4 
show a few significant modifications based on their internal structural 

Fig. 3. Magnified version of the XRD patterns of the pristine and shocked samples (a) 16–22◦ (b) 22–26◦ (c) 32–36◦ (d) 49 – 57◦ .  

Fig. 4. Shock phase profile of the single and poly-crystalline lithium sulfate monohydrate.  
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symmetry and hence Raman spectroscopy has its own importance to 
justify the structural states and their stabilities of materials while sub-
jecting to the external parameters. The Raman spectral analysis has been 
performed for the pristine and the shock loaded samples and the 
observed Raman spectra are displayed in Fig. 5. The control sample has 
reflected its characteristic Raman bands of sulfate ions i.e. υ1, υ2, υ3, and 
υ4 are well corroborated with the literature [37]. 

From Fig. 5, it is clear that all the characteristic Raman bands of 
sulfate ions such as υ1, υ2, υ3, and υ4 are reproduced with the same 
Raman locations for the pristine and shock wave loaded samples which 
represent that the sample does not undergo any kind of change in the 
crystal structure. Note that, if the test sample has undergone the dehy-
dration process, the water molecule would have been ejected from the 
host crystal structure forming the un-hydrated Li2SO4 which belongs to 
the P21/a space group and it should have the doublet degenerate Raman 
bands of the SO4 i.e., υ2, and υ4 [38,39]. But, surprisingly, such Raman 
band splitting of singlet to doublet could not be seen at the exposure of 
shocks which is one of the most crucial justifications for the test sample 
retaining its own crystal structure. But, while looking at the Raman 
spectra, the Raman line width, as well as the value of full-width at half 
maximum, has sufficiently increased against the of shock pulses which 
reflects the formation of lattice defects. The obtained results of X-ray 
diffraction also agree well with this claim. The Raman band intensity of 
υ2, and υ3 is sufficiently reduced which indicates the formation of the 
structural defects, structural distortions and angular changing of the SO4 
tetrahedron [5–12]. In addition to that, υ3 Raman band undergoes a few 
Raman band splitting along with the reduction of the original intensity 
due to the crystal field splitting and symmetry losses of the SO4 units. 
Note that, in the case of the single-crystalline lithium sulfate mono-
hydrate, the Raman peak splitting is observed at 3rd shocked conditions 
due to the formation of the distorted crystal structure of P21 [18]. From 
the general spectroscopic point of view, the conversion of a higher 
Raman band intensity to lower Raman band intensity indicates the 
reduction of crystalline symmetry in the lattice while several 
high-pressure compression experimental results carry the similar results 
for the organic and inorganic materials [40–42]. For example, in the 
case of Graphite, while increasing the pressure, the characteristic peak 
of G-band is reduced with respect to pressure which indicates that the 
perfect graphite is converted into disordered Graphite [42] and similar 
kind of results have been found in CaCO3 and Oxalyl Dihydrazide under 
pressure [40,41]. 

6. Optical properties (DRS spectroscopy) 

Fig. 6 portrays the optical transmittance spectra of the pristine and 

shock loaded samples which are measured by the diffused reflectance 
spectroscopy. Based on the obtained transmittance spectra; sufficient 
changes have occurred that could be seen at shocked conditions in terms 
of the percentage of the optical transmittance spectra. Note that, in the 
case of the single crystal, significant changes have been found in shock 
wave exposed samples while in the case of the polycrystalline samples, 
moderate changes are only observed. 

For example, in ammonium dihydrogen phosphate single crystal, 
huge changes are found in the transmittance spectra against the number 
of shock pulses [43], but slight changes are only observed for the 
polycrystalline ammonium dihydrogen phosphate [44] and similar kind 
of results have been witnessed for potassium dihydrogen phosphate 
samples [32]. Moreover, Dileep et al., have examined the stability in the 
optical transmittance percentage of lithium sulfate monohydrate against 
the gamma irradiation (Co-60- 10 kGy, 30 kGy and 50 kGy ) and found 
that the loss of transmittance is due to the generation of surface defects 
and structural disorder [45]. In this investigation also, a similar type of 
reduction in the optical transmittance is observed as against the shock 
pulses (Fig. 7). As seen in Fig. 7, the initial percentage of optical trans-
mittance is 96.3% which is reduced to 93.6% at 50 shocks exposed 
conditions and further reduced to 92.7% at 100 shocks exposed 
conditions. 

Based on the results of diffraction and Raman spectroscopy obtained 
in the previous as well as the present experiments, it could be considered 
that the reduction of the optical transmittance of the test samples at 

Fig. 5. Raman bands of the pristine and shock wave exposed samples.  

Fig. 6. Optical transmittance spectra of the pristine and shock loaded Li2SO4. 
H2O powder samples. 

Fig. 7. Optical transmittance against the number of shock pulses.  
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shocked conditions is due to the formation of the structural defects as 
well as structural distortions [45]. Note that, in the case of structural 
phase transitions, massive shifts in absorption band position have been 
observed in K2SO4 crystal [13] and the disappearance of secondary 
absorption peak has been witnessed for Na2SO4 crystal at shocked 
conditions [14]. Such changes clearly represent that changes occur in 
the electronic spectra of the test samples at shock conditions. But, in the 
present case, any such significant electronic spectral changes could not 
be found rather than a reduction in the optical transmittance spectra of 
the test samples against the impact of shock waves. Hence, it could be 
established that the test sample has a stable electronic structure against 
shock pulses. 

7. Magnetic properties 

The magnetic response of the solid-state materials is highly sensitive 
to the order and disorder arrangements of the local atomic structures 
wherein even a very slight amount of atomic deformations and grain 
density changes can lead to significant changes in the magnetic state and 
saturation magnetization [46]. In the present case, the obtained XRD 
patterns reveal that there is no crystallographic structural transition 
occurred under shocked conditions. Moreover, structural deformations 
of the samples could not be witnessed. Hence, there is a possibility of 
magnetic properties getting greatly alerted such that tremendous dif-
ferences can happen under shocked conditions. Moreover, the investi-
gation has been extended to acquire a more understanding of the 
structural dynamics of the test samples under shock wave exposed 
conditions. The magnetic study of the pristine and shock wave exposed 
samples has been performed using a vibrating sample magnetometer 
and the magnetic hysteresis loops are displayed in Fig. 8. The control 
sample shows the weak ferromagnetic state with the saturation 
magnetization of 0.1256 emu/g and the obtained results are found to be 
well-matched with the previous results of lithium-based materials [47, 
48]. Surprisingly, for the shock-loaded samples, significant changes can 
be found in the shape of the hysteresis loop and the complete disap-
pearance of the weak ferromagnetic state of the test samples. A massive 
reduction of saturation magnetization of the order of 10–7 emu/g is 
witnessed both at 50 and 100 shock pulses exposed conditions. The 
attained magnetic loops also clearly represent the occurrence of the 
structural defects as well as changes in the crystal field splitting energy 
and symmetry losses in the test sample at shocked conditions. Generally, 
the crystalline materials of higher degrees have the higher saturation 
magnetization due to the highly ordered magnetic domains and such 
magnetic domains may collapse at the sudden exposure of shock waves 
due to the formation of the defects which are typically altered by the 
spinning state of the materials as well as the crystal field energy profile 

of the materials [49,50]. In the present case, the sulfate anions may play 
a vital role in the reduction of magnetic properties under shocked con-
ditions. Because, in the case of lithium sulfate, the compressibility of the 
anions is significantly lower (14 times) than that of the Li cations and 
hence the SO4 tetrahedron may undergo significant rotational disorder 
which leads to the collapse of the magnetic ordering whereby the lower 
values of saturation magnetization could be witnessed [18]. At this 
stage, it is strongly expected that the title crystal might have undergone 
from usual geometry (Lithium as well as SO4 units have the tetrahedral 
geometry) to unusual geometry which significantly alters the orbital 
splitting thereby resulting in a change in the local magnetic ordering. In 
this case, the control sample has the perfect tetrahedral geometry which 
may be lost under shocked conditions [51] due to the higher possibility 
of the rotational order-disorder process of SO4 units such that it breaks 
the long range magnetic ordering which generally leads to the reduction 
of saturation magnetization [18,46]. In addition to that, reduction of 
particle size, fragmentation of particles and surface damages have also 
contributed to the changes in magnetic property which could be 
analyzed better with the features of SEM image in the next section. Note 
that similar kinds of results have been observed for the magnetic ma-
terials [49,50]. For example, cubic structure Cobalt ferrite 
nano-crystalline materials have been subjected to the shock waves of 
counts 0, 50, 100 and 150 shock pulses, respectively wherein at 150 
shocked conditions, significant lattice distortions have been noticed and 
as a result, the values of saturation magnetization are significantly 
reduced such that the values are found to be 76.5, 77, 75.8 and 40 
emu/g, respectively [50]. Moreover, here also similar lattice distortions 
are expected in the title sample to play a major role in influencing 
changes in the saturation magnetization under shocked conditions [50] 
and chemical doping conditions [52]. 

Based on the obtained magnetic properties against the number of 
shock pulses, the magnetic structure has undergone significant changes 
as compared to the crystal structure of the test sample. Note that such 
kind of remarkable loss of the magnetic state of the test sample at shock 
loaded conditions may be the first report, to date, for the literature 
wherein the magnetic state phase transitions occurring at shock wave 
exposed conditions are well witnessed. 

8. Scanning electronic microscopic images 

Scanning Electron Microscopic study has been performed to under-
stand the surface morphological characteristics of the control and 
shocked samples such that the recorded images are presented in Fig. 9. 
Usually, good crystalline materials have a defect-less surface and vice 
versa for disordered samples. As seen in Fig. 9a, the control sample has a 
smooth surface whereon bulk size particles are present in the order of 
5–10 µm. On the other hand, under shocked conditions, lots of small 
particles could be seen in the SEM images captured for the 50 and 100 
shocked conditions which clearly disclose the fragmentation of the 
particles under shocked conditions which may lead to the reduction of 
particle sizes as well as loss of long-range magnetic ordering. Based on 
the SEM results, it is quite clear that the sample’s mechanical stability is 
less and due to which the large-size particles may break into two or more 
parts. In consolidating the observed results, a similar kind of large 
collapse in the size of the particles has been witnessed for the shock 
wave-induced amorphous state of ZIF-8 [53,54]. 

9. Conclusion 

We have systematically examined the impact of shock waves on the 
structural, optical and magnetic behavior of the hydrated form of 
lithium sulfate under shocked conditions and drawn the conclusion 
based on the obtained results of XRD, Raman, VSM and SEM techniques. 
X-ray diffraction and Raman spectral results show that the test sample 
retains its original structure even at 100 shock loaded conditions, but a 
few structural distortions and defects are found in the host crystal Fig. 8. Magnetic hysteresis loops of the pristine and shock loaded samples.  
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structure because of the formation of shoulder diffraction peaks and 
Raman band splitting at 100 shocked conditions. The reduction of the 
Raman spectral intensity provides yet another reasonable evidence for 
the formation of distorted crystal structure under shocked conditions. 
Furthermore, considering the optical properties as well as magnetic 
properties, loss of optical transmittance and massive loss of the satura-
tion magnetization have been found at shock wave exposed conditions. 
SEM results show the fragmentation of particles under shocked condi-
tions. Hence, from the explored investigations, it could be declared on 
solid grounds that the crystallographic phase and magnetic phase of the 
titled polycrystalline sample are less stable against the shock waves. On 
the other hand, while compared with the single crystals, polycrystalline 
samples have quite high shock resistance. It is expected that such basic 
applied research on simple hydrated and un-hydrated materials under 
shocked conditions could offer yet another way to understand better the 
structural dynamics of the materials because the sulfate anionic mate-
rials are usually used as the traditional materials in exploring the 
structural phase transitions of solids. 
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