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Abstract

Even slight changes occurring in the lattice positions of solid materials enforced by the
external forces may give rise to remarkable results in the crystallographic nature. The materials
which undergo phase - change without modifying their overall chemistry are the prominent
candidates to be the driving forces for the applications involving phase transitions. In the present
context, the authors present and demonstrate the switchable phase transition occurring between
crystal-amorphous nature of cadmium sulfate octahydrate single crystals (3CdS04.8H20) impacted
by shock waves with which the transition is authenticated via diffraction, vibrational and optical

spectroscopic techniques such as powder X-ray diffractometry, Raman and UV — Visible spectral
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analyses. Based on the results attained from diffraction and spectroscopic analyses, it is observed
that the switchable phase transition sequence is crystalline - crystalline - amorphous — crystalline -
crystalline with respect to the control, one, two, three and four shock wave loaded conditions,
respectively. Due to the outstanding switching behavior, the title material is strongly suggested for

the applications of molecular switching and optical data storage systems.
Key-words: Shock waves, 3CdS0..8H20, switchable phase transition, re-crystallization
Introduction

Pressure-driven shock waves emanating from in-house tabletop shock tubes have the
profound potential to unlock a wide range of possible materials possessing peculiar properties
which were previously inaccessible to many other testing methods so that an array of innovative
pathways could possibly emerge materializing multidimensional scope for the materials science
research wherein much of the demands of the industries can be met with, especially by the
attainment of specific materials to meet the long-standing challenges. It has been a fascinating
journey for the researchers to explore and understand the phase transition behavior of materials
under shock wave loaded condition and it is one of the prominent research topics in recent years
due to its technological predominance so that it is imperative to understand the behavior of
materials. Any sudden release of energy in the form of pressure and temperature within few
microsecond results in the formation of shock waves similar to the one generated at the moment of
the explosion of bombs or volcanic eruption. If, such kinds of shock waves propagate through the
materials, lots of structural deformations, structural transitions, defects, dislocations, re-
crystallization effects may occur and these changes are highly associated with the nature of the
materials as well as the structure of the materials.}® In recent years, there have been several
research articles published in this area especially in phase transitions such as crystalline to
crystalline and crystalline to amorphous and amorphous to crystalline. %° As far as it is known from
the literature, attainment of the reversible phase transition behavior is comprehensively a critical
task when compared to the irreversible transition influenced by shock waves.'** Moreover, it could
be noted that, so far several research articles have been published based on the shock wave induced
phase transitions whereas the reversible phase transition of materials enforced by shock waves is
not yet well understood. On the other hand, it is quite common to find materials at hydrostatic
pressure compression and de-compression conditions which are well documented as exhibited by
several materials such as acitamide!4, Lithium amide®>, Ammonium Formate!® and magnesium
silicide!’. Reversible phase change (from amorphous to crystalline) materials are always given the

prime importance as they have a wide array of technological applications such as switchable



dielectrics, thermal energy storage devices, piezoelectrics, ferroelectrics, pyroelectric as well as
non-linear optical channel waveguides as compared to the phase changing materials of forward or
backward phase transitions.*®2° Moreover, in the last few decades, there are lots of research going
on towards the understanding of the reversible phase change occurring in materials that are either
crystalline — crystalline I- crystalline (CCC)**" or crystalline — amorphous- crystalline (CAC)¢-%
achieved by various methods such as synthetic techniques and static high-pressure methods. Very
recently, shock wave induced reversible phase changes such as crystallographic phase changes
(K2SO4) and magnetic phase changes (CozOs, ZnFe>O4 and MnO.) have been observed by our

group.

21-25

From the literature survey, it is known that the hydrous metal (Mg, Ca, Cd, Ni and Fe)
sulfates are better materials to exhibit reversible phase change behavior with respect to the exposed
temperature, pressure and humidity. They are sensitive to the above-mentioned external parameters
which have been very well documented and endorsed by the international scientific community.2627
The interesting behaviors of these materials are exhibited as and when they are in the hydrated state
whereas they show the crystalline nature when they are in anhydride state wherein they transform to
amorphous nature at a particular temperature and then they re-crystallize as crystalline materials on
reaching the phase transition temperature which is quite common behavior for all the above-
mentioned hydrate states of materials.?®?® Vaniman et al. have demonstrated the transition of
crystalline to amorphous and amorphous to crystalline occurring in MgSOs with respect to
temperature and humidity.?® Moreover, understanding the stability of hydrated sulfate minerals at
ambient conditions and non-ambient conditions is highly required to acquire a better understanding
of planetary science and high pressure mineral science. These minerals are abundant and ubiquitous
on the surface of the Earth, Mars and also on the other planets as well as on their respective

satellites. 2627

Cadmium sulfate octahydrate (3CdSO4.8H20) crystalline material is one of the important
hydrate materials that are used in electroplating of cadmium in electronic circuits and as pigment in
fluorescent screens. Quite a few researchers have published articles on CdSO4.8H.O portraying
crystal growth and their properties that have been recorded at ambient conditions.>>3* Furthermore,
the known polymorphic phases of the test sample are 3CdSO4-8H,0 (C2/c), CdS04-4H,0, CdSO4-
H20 (P21/c) and CdSO4 (Cmcm). The crystallographic structure of the title material was solved by
Lipson®? in 1936 and the crystal structure of CdSO4-H,O was re-determined by Chatphorn
Theppitak et.al.>® But, there are only a few publications on high-pressure and high-temperature that
have been found for materials such as Mg, Ni and Fe hydrates. Hence, 3CdS04.8H20 is a highly

deserved material for shock wave impact analysis so as to understand better its structural stability



and structure — associated properties at extreme environmental conditions. Moreover, the title
crystal belongs to the centrosymmetric nature and generally the centrosymmetric materials have a
better probability to undergo reversible phase transition than that of the non-centrosymmetric

materials because of their mirror symmetry.

In the present context, the authors present and demonstrate the switchable CAC phase
transitions of 3CdS04.8H.0 by the influence of shock waves. To confirm the switchable CAC
phase transitions, the results of diffraction and spectroscopic analyses are vital so that XRD, Raman
and UV-Visible techniques have been performed to substantiate the observed phase transitions. It
could be noted that no previous article is found, to date, on the title compound involving the high-
pressure and high-temperature experiments. Hence, it is imperative to have the possible discussion
on considering the similar work available on hydrate compounds and cadmium related compounds
with their probable responses at high-pressure and high-temperature as well as shocked

conditions.34-3¢
Experiential Section

Commercially available 3CdSO4.8H20 compound (AR grade) was purchased so as to grow
the test crystals to be used for the present experiment. The saturated solution of CdSO4.8H20 was
prepared using double distilled water at room temperature and stirred continuously for 5 h with the
help of a magnetic stirrer in order to obtain a homogenous solution. Thereafter, the process of
crystallization was allowed to take place by the slow evaporation method. After 40 days, bulk size
3CdS04.8H,0 crystals were harvested such that these crystals have been utilized for the analysis of
phase transition impacted by shock waves. To start with, five crystals of (402) plane have been
selected with equal dimension (10x10x1mm?) for this study. One sample has been kept as the
control and the remaining four samples have been sent for shock wave impact study. The working
methodology and shock wave loading procedure of the shock tube used for the investigation have
been discussed in our earlier publications.?>¥" In the present experiment, shock waves of Mach
number 2.2 have been utilized with the transient pressure and temperature of one shock pulse as 2.0
MPa and 864 K, respectively. The four test samples have been subjected to shock waves such that
1, 2, 3 and 4 shock pulses have been loaded, respectively with a regular time interval of 5 seconds
between the shock pulses and the impact of shock waves on the test crystal has been screened by

diffraction and spectroscopic techniques.
Results and Discussion

XRD analysis



Powder X-ray diffraction technique has been employed to analyze the crystallographic
structure of the test crystal and the crystallographic nature of the test samples at shocked conditions.
Fig.S1, (ESI) shows the single molecular configuration and unit cell packing of the test crystal
(generated from CIF file). On the one hand, the water molecules are highly sensitive in these kinds
of metal hydrate crystals even at lower temperatures which can be removed from the original crystal
structure so that lower hydrate compounds are produced.®* On the other hand, mixed phase can
coexist even at 25-30°C and MgS04.7H20 is one of the best examples for the formation of mixed

phase.3**® Hence, substantiation of the grown crystal structure is highly valid.

A comparison is made between the diffraction patterns of the control crystal and the
simulated XRD pattern of the title crystal such that the corresponding XRD patterns are presented
in Fig.1. As seen in the XRD pattern of the control, it has a very strong diffraction peak at 33 degree
and its corresponding plane orientation is (402). In the higher angle region, one more considerable
diffraction peak is observed at 46.1 degree and its corresponding plane orientation is (060).
Moreover, two more diffraction peaks are also observed and the corresponding diffraction peaks are
(22-2) and (353), but they have less peak intensity. In the ideal case of a single crystal, there should
be a single diffraction peak while recording the diffraction profile. But, due to the presence of
defects, deformations and multiple growth directions, there might be a possibility for a couple of
tiny peaks wherein these kinds of multiple growths might have occurred such that grain growths are

uncontrollable in crystals grown by slow evaporation technique.®
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Fig.1 XRD patterns of simulated and the control crystals of 3CdS04.8H20

Hence, a couple of strong diffraction peaks as well as minor diffraction peaks are observed.
But, all the diffraction peaks observed are found to be well-matched with the XRD pattern of the
simulated test sample and JCPDS card No; 75-2081. Therefore, it is confirmed that the test crystal
has the monoclinic structure and C2/C space group and the lattice dimensions are found to be
a=14.7928 A b=11.8921 A, ¢=9.4581 A and V= 1650.08 A3 and the observed values are well
corroborated with Lipson and Ruggero Caminiti reports [32,33]. As per the crystal structure of
3CdS04.8H20, it has the typical cation octahedral coordination geometry which is surrounded by
four oxygen centers contributed by four sulfate ligands and two oxygen centers from the bridging
water molecules and the anion SO4 has tetrahedral coordination as well as it has one free water
molecule. The crystallographic structural stability of the test crystal is mainly based on the network
of the corner linkage of CdO4(H20)2 octahedral and SO4 tetrahedral in addition to the strengthening
of hydrogen bonds. In the case of the test crystal, it has two lattice sites such as special positions
and general positions site symmetry. The atoms such as Cd(2) and S(1) are located at special

positions site symmetries -1 and 2, respectively. All the remaining atoms are located at general



positions site symmetry. 3Cd?* is a soft cation surrounded by 8 H,O molecules since the hydrogen
bonds in the water molecules are very weak. On the other hand, CdO4(H-0). octahedral is not an
ordinary octahedral such that it cannot be compared with other octahedral coordination structures
since the atoms comprising the groups in this case are not in contact.®>% Such kind of weak
hydrogen bonds and corner sharing octahedral and tetrahedral coordination bonds may play a
significant role in the external conditions and the effect of shock waves on crystal structure are
discussed in the following sections.

XRD patterns of the shocked crystals are presented in Fig.2 wherein significant changes
have been observed with respect to the number of shock pulses. As seen in Fig.2, the strong
diffraction peak identified at 33.00 degree has experienced a higher angle shift to 33.48 degree and
hence the crystal orientation is also changed from (402) to (511) at the 1% shocked condition. On the
other hand, the second strong diffraction (060) has completely disappeared at the 1% shocked
conditions and a new diffraction peak appears at 29.02 degree and this diffraction position belongs
to (312) crystal plane. On the other hand, a few of lower as well as higher angle minor diffraction
peaks are found to have completely disappeared. These changes may be due to the re-orientation of
grains in the test crystal by the impulsion of shock waves and similar results have been observed in
potassium dihydrogen phosphate (KDP) powder sample at shocked conditions with respect to the
number of shock pulses.® In the case of KDP samples, the diffraction peak (204) has completely
disappeared at 50 shocks and re-appeared at 100 shocks pulse loaded conditions. On the other hand,
diffraction peak (324) has appeared newly at 50 shocked conditions due to the occurrence of
dynamic re-orientation of grains. Here also, the similar behavior is observed which justifies the
observed results at shocked conditions. Changes occurring in the water molecule positions and its
orientations are bound to be with high possibility at shocked conditions due to its lower bond
energies. In addition to that, during the shock wave loaded conditions, polyhedral linking angle
might have changed that could also contribute to the orientational changes in the crystal structure.
Moreover, CdO4(H20). octahedral and SOs tetrahedral also have the partial contribution in the
observed orientational changes. Since CdO4(H20). octahedral sites have undergone tilting, SO4
tetrahedral sites are highly free for rotational order—disorder process at high-pressure and high-
temperature conditions.**?> Hence, such kind of re-orientational changes are quite usual to occur at
shocked conditions in sulfate materials.?! It could be noted that, at this stage, the test sample has not
undergone any crystallographic phase transitions and lower hydrate formation. It is worthwhile to
mention here that, as per the previous article, 5-K>SO4 to a-K2SQOj4 crystal phase transition has been
observed at one pulse of shock wave loaded condition due to the existence of the rotational disorder



of SO tetrahedral.?! But here, such kind of significant changes are not observed which may be due

to the presence of hydrogen bonds in the crystal system.
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Fig.2 XRD patterns of the control and shocked 3CdSO4.8H.0 samples

At the 2" shocked condition, none of the crystalline peak is visible, not even the minor
crystalline peaks. Hence, it is considered as an amorphous phase which may be due to the collapse
of the long-range order of 3CdS04.8H.0 crystal. During the shock wave loaded condition,
amorphization of crystalline solids has been reported in carbon boride*®, ZIF-8' and mullite**. In the
present case, the amorphization of the test crystal may be due to the existence of lattice - disorder in
coordination water molecules in the octahedral site or breaking of water molecules bonds from the
octahedral coordination. In the test crystal structure, the water molecules are included to fill up the
interstices in the structure and it appears that, under these circumstances, the dispositions of the
bonds can be greatly distorted from their mean position and tetrahedral nature.®? There are four
independent water molecules in the crystal structure in which only one oxygen atom (O10) is not
bonded with the cadmium. The arrangement around O10 is approximately tetrahedral. It forms two
hydrogen bonds with sulfate oxygen’s O1 and O5 and accepts two bonds from two water molecules
coordinated with Cd (09 and O7). Cd-O from sulfate group is 2.287 A and the bond length between
Cd and S is 3.430 A.*° Hence in water molecules, the hydrogen bonds have the first possibility to
break away and deform the hydrogen bonds. On the other hand, SO4 tetrahedral always prefer
order-disorder process with respect to pressure and temperature and the bond length between S and



O atoms in the tetrahedral site is 1.475 A. All oxygen atoms of the sulfate groups are bonded to
different cadmium ions, thus joining them into the three-dimensional network. However, it is very
clear that, if one bond is broken, the entire octahedral and tetrahedral sites may have to experience a
significant collapse of the entire long-range order of atomic arrangement in the crystal and it
induces the structural destabilization without changing the actual chemistry of the crystal. Such
kind of changes may happen in the present case of 2" shocked condition. Hence at the shocked
condition, the degree of distortion may be significantly increased in such a way that the formation
of an amorphous phase is enforced and it can be called as dynamic re-crystallization.*® As per the
earlier publications, several metal salts of hydrate materials have experienced the amorphization
during the high-temperature and high-pressure experiments which is based on the de-hydration
process.>*3 But, in the present case, such kind of de-hydration process has not appeared since the
crystal remains to be in its original colour (colourless) after the second shock wave loaded
condition. Hence, it is strongly believed that the water molecules do not come out of the crystal. It
could be noted that, without the loss of water molecules, amorphization is highly rare as compared
to the amorphization caused by de-hydration process.>*¢ Furthermore, the present experimental
investigation has been extended in terms of number of shocks with respect to crystallographic phase
of the test sample which could give a possible better understanding about the crystal structure at
shocked conditions. Hence, 3 and 4" shocked conditions have been enabled for the respective
crystals and the observed XRD patterns are presented in Fig.2. Surprisingly, a strong and intense
diffraction peak (511) is noticed at 33.48 degree at the 3" shock wave loaded condition. Hence, at
this stage, it is confirmed that the amorphous phase of the test crystal is transformed to the
crystalline phase which is found to be an unusual behavior at shocked conditions and the interesting
thing is that the observed diffraction peak (511) belongs to C2/C crystal phase of the test sample. In
Fig.4, it is shown the projection of (402), (511) and (535) planes with c-axis and the red balls

indicate the non-bonded water molecules.
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Fig.3 Packing of the molecules in [a] (402), [b] (511) and [c] (535) planes of the test crystal along

c-axis [d] Unit cell packing of the observed major three planes

At this stage, on analyzing how a complete disordered system could become an ordered
system at shocked conditions, it is essential to bring in a couple of concepts such as hot spot
nucleation mechanism (dynamic re-crystallization process) and rotational order-disorder behavior
of SO tetrahedral. As per the hot spot nucleation mechanism, during the shock wave loaded
conditions, a sufficient latent heat is supplied to the crystal system. Due to the latent heat, the
disordered system can be turned into the ordered system and the resultant phase transition from
amorphous to crystalline nature could be accomplished.®?! Furthermore, as SO tetrahedral is
sensitive for pressure and temperature, it is induced by the rotational order — disorder and vice
versa.?! In the case of K,SOs crystal, it shows the highly disordered o-phase at the 1% shocked
condition and the observed XRD pattern looks like semi-crystalline. But at the 2" shocked
condition, the complete crystalline nature is observed which is due to the occurrence of rotational
disorder- order of SO, tetrahedral.?! Similar behaviour might have happened in the present case as
well so that amorphous to crystalline phase transition has occurred at the 3™ shocked condition. All
the SO4 tetrahedral connected with a couple of hydrogen bonding may easily be crystallized when
supplied with the sufficient latent heat.®?-2® At the 4" shocked condition, the test crystal exhibits a

few of minor diffraction peaks whereas a strong diffraction peak appears at 66.80 degree for which



the corresponding crystal orientation is (535). The formation of minor diffraction peaks may be due
to the breaking of single grains influenced by the impact of shock waves so that the dynamic lattice
plane re-orientation might have occurred. Here also, there is no signature found for de-hydration by
the impact of shock waves and all the diffraction peaks observed belong to C2/c phase diffraction
planes of the test crystal. The phase profile of the test crystal with respect to the number of shock

pulse is presented in Fig.4.

Amorphous
=

State of the material

Number of shock pulses

Fig.4 Phase profile of the test crystal with respect to the number of shock pulses
Raman spectral Analysis

Raman spectral analysis has been performed to understand better the switchable phase
transition of the test crystal in spectroscopic point of view as it is one of the prime tools to study the
structures of water such that it can give accurate characteristic spectroscopic signal for intra-
molecular O—H valence bonds. The test crystal is highly associated with water molecules and the
contribution of water molecules in the observed structural changes of the test crystal at shocked
conditions has to be considered for making the clear picture about the structural changes. Hence,
Raman spectral analysis has been performed. Raman spectra have been recorded over the
wavenumber region of 50-3500 cm™ and the obtained Raman spectra of the control and shocked
crystals are presented in Fig.5. As seen in the Raman spectrum of the control crystal, the

characteristic peaks of SO are observed at 453 cm™, 622 cm™, 1004 cm™, and 1113 cm for vz, va,



v1, and vs, respectively. Furthermore, the water band position is observed at 3423 cm™ and all the
observed Raman band positions are well corroborated with the results of previous publication of the
test crystal.3! As seen in Fig.5, all the Raman bands have the same positions with respect to the
number of shock pulses. It is provided a few Raman bands with the zoomed-in versions in Fig.6 so
as to visualize the impact of shock waves on the test crystal. While looking into the zoomed-in
Raman spectra, significant changes have been observed such as Raman shift and Raman intensity in
S04 (v2, and v3) and Raman bands of hydrogen bonds. The vs, and v1 of SO4 Raman bands remain
the same with respect to the number of shocks. In Fig.6, zoomed-in version is provided for the SO4

characteristic peaks of v, vs, v1, and vz and the corresponding Raman bands are presented.
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Fig.5 Raman spectra of the control and shocked 3CdS0O4.8H.0 samples

As seen in Fig.6a, the characteristic Raman band of SO (v2) is present at 453 cm™ which
has moderate Raman intensity such that it belongs to the symmetric stretching vibration of SO4
tetrahedral. At the 1 shocked condition, similar Raman band is reproduced in terms of Raman band
position and intensity. At the 2" shocked condition, the Raman band position is shifted towards
higher wavenumber i.e. 453 cm™ to 462 cm™ (blue shift: ~ 9 cm™) and the observed shift may be

due to the existence of the amorphization of the test crystal. Similar kind of blue shift of SO4band is



observed in the amorphization of MgSO4.7H20 at high pressure compression and high temperature
experiments.* Usually, such kind of Raman shifts of SO4 bands occur during the deformation and

disorder of SOa tetrahedral sites in the crystal structure and it has been very well documented.?4°
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Fig.6 Zoomed-in versions of Raman spectra of the control and shocked samples (a) 420-500 cm™
(b) 550-700 cm™ (¢) 950-1050 cm™ (d) 1050-1250 cm?

In the crystal structure of the sample, four independent water molecules (O10) are present
per unit volume and they are shown in Fig.3a with red balls. Hence, it is very clear that, three of
these hydrogen bonds are connected with CdOe octahedral and one hydrogen bond is connected
with sulfate oxygen.3? Furthermore, the test crystal has 12 hydrogen bonds per unit volume and a
few hydrogen bond details are listed that are associated with free water molecules (Fig.7).%? The
formation of hydrogen bonds between the free water molecular structures are O7—H1+++02 (2.973
A), O10—H7+++02 (2.973 A) and O10—HS8+++O1 (2.840 A). It could be noted that, the above-
mentioned bond lengths are quite larger than the actual coordination groups (2 A).%2 Due to higher
hydrogen bond lengths, it may undergo bond braking at the second shocked condition and induce
the lattice disorder which results into the formation of amorphization. Note that, at this stage, the



hydrogen bond network of the test crystal is completely varied and the changes occurring in
hydrogen bond network will be discussed in next section. The other sulfate Raman bands of v3 and
vs also give the possible substantiations to justify the re-organization of hydrogen bonds at the 2"
shocked conditions. v4 Raman band undergoes red shift and v3 Raman band shows the formation of
shoulder peak at higher wavenumber that are presented in Fig.6b and Fig.6d. These observed
changes may be due to the amorphization of the test crystal at the second shocked condition. But, it
could be noted that, among all sulfate Raman bands such as v1, v2, v3 and vs, only at the 2" shocked
condition, the Raman band positions and intensities change significantly and it corresponds to the

possible agreement with the XRD results.

Fig.7 Free water molecular structure of the test crystal

Followed by the Raman bands corresponding to sulfate, the investigation of the Raman
bands of hydrogen bonds and water molecular bands are highly crucial since the observed structural
changes are highly associated with the re-organization of hydrogen bonds and the corresponding
Raman bands are presented in Fig.8. As seen in Fig.8a, the Raman band takes place at 222 cm™ in
the control crystal and it is considered to be associated with hydrogen bonding in the structural unit
of the test crystal.*s. The Raman bands of hydrogen bond positions and intensities are nearly similar
for the control, 1%, 3" and 4™ shocked conditions and this is the non-debatable proof which justifies
the above-mentioned shocked crystals having the same crystalline nature with same
crystallographic phase (C2/C). The significant higher wave-number shift has been observed from
222 cm™to 256 cm™ at the 2" shocked condition and this significant Raman shift may be due to the
re-organization of hydrogen bonds which may lead to the progressive breakdown of lattice
symmetry that enhances the lattice disorder of the test crystal.*® With respect to this lattice
disorder, Cd1 and Cd2 may exhibit a distorted octahedral coordination which breaks the lattice

symmetry of the test crystal and induce the formation of amorphization at the 2" shocked



condition. In Fig.8b, the water molecular Raman bands of the control and shocked crystals are
presented and this region is highly crucial followed by the region of hydrogen bonds. Since, as per
the previous reports on high-pressure and high-temperature experiments, amorphization of minerals
has been observed during the de-hydration process which has been well documented by the
materials and mineral scientists.3*3® If such kind of de-hydration process has been undergone by the
test crystal it might have turned into milky white that has been well documented for several
standard minerals such as MgSO4.7H,0 and CuSQ4.5H,0.>4" The water molecular Raman bands
of the control and shocked crystals are presented in Fig.8b. In the case of the control crystal, the
water molecular (O-H bond) Raman band position is observed at 3423 cm™ which is found to be
very well corroborated with the earlier publications.* Interestingly, here also similar changes are
observed as that of Raman bands of sulfate ion vs. As seen in Fig.8b, the control, 1%, 3, and 4"
shocked crystal’s Raman band position of water remains the same. But at the second shocked
condition, the Raman band is shifted towards the lower wave-number from 3423 cm™to 3409 cm™
which clearly indicates the re-organization of hydrogen bonds and enforces changes in the bond
lengths that represent the change in the bonding pattern of crystal lattice which might have induced

the amorphization at the 2" shocked conditions.*®
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Fig.8 Raman bands of hydrogen bonds and water bonds of the control and shocked samples

Furthermore, in Fig.9, the lattice mode vibration Raman bands of the control and shocked
crystal are presented. Usually, 10-200 cm™ Raman bands are considered as the lattice modes such
that lattice mode vibrations are observed at 62 cm™, 72 cm™, 101 cm?, 136 cm™ and 166 cm™ for



the control crystal whereas significant changes are observed in lattice mode vibration of the test
crystal at the 2" shocked conditions. But for the remaining shocked conditions, the lattice mode
positions are similar at the 2" shocked condition. But, the lattice mode vibrations such as 72 cm™
and 166 cm™ have completely disappeared which is shown in red circles in Fig.9 and it may be due

the existence of the amorphization.
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Fig.9 Lattice mode vibrations of the control and shocked samples
UV-Visible spectral Analysis

In recent years, much attention has been paid to understand the impact of shock waves on
optical properties of optically transparent materials. Moreover, the impact of shock waves on
optical properties is less understood as compared to the crystallographic phase stability aspects. As
per the results of recent publications, optical properties such as optical transmittance and absorption
edges of both bulk and nano-materials are significantly altered with respect to the number of shock
waves. 21224953 Hence, in the present work, as per the XRD and Raman spectral results,
investigation of optical properties is highly required since it is an optically transparent crystal such
that it could provide scope for better justifying the obtained changes through diffraction and
vibrational spectral results of the test crystal at shocked conditions. Varian carry 5E UV-Visible
spectrometer has been utilized to assess the optical transmittance of the test crystal at shocked
conditions and the recorded optical transmittance profiles of the crystals are presented in Fig.10.
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Fig.10 Optical transmittance spectra of the control and shocked samples

As seen in Fig.10, the control test crystal has the absorption edge at 240 nm and it has the
optical transmittance value of 59.5% at 800 nm. The appearance of the sharp absorption edge and
high optical transmittance illustrate that the control test crystal has good crystalline long-range
order crystals. At the 1% shocked condition, the optical transmittance is dropped from 59.5% to
43.3% at 800 nm and the absorption edge shift is towards lower wavelength which may be due to
the re-organization of hydrogen bonds, re-orientation of crystallographic planes and formation of
defected CdOs octahedral.??> At the second shocked condition, the disappearance of the sharp
absorption edge of the test crystal is witnessed and its corresponding optical transmittance spectrum
is presented in Fig.10 wherein the disappearance of the absorption edge pattern may be due to the
formation of the amorphous phase. Indeed, this is one of the few optical properties of crystals which
can be taken into the account to justify the short range order and long range order of crystals. It
could be noted that, if the test crystal’s long rage order is destroyed, the sharp band disappears
which is typical for short range and amorphous materials.5*% Surprisingly, again at the 3" and 4%
shocked conditions, the appearance of absorption edge at lower wave length regions is visualized.
In addition to that, the values of optical transmittance are varied at the 3 and 4" shocked
conditions and the observed optical transmittance spectra are presented in Fig.10. As seen in Fig.10,
at the 3" shocked condition, the test crystal has 28% optical transmittance and 19 % for the 4%
shocked condition of the crystal. The observed maximum reduction of the optical transmittance for

the 4" shocked crystal may be due to the presence of minor diffraction planes in the crystal. Hence,



on the one hand, the net concentration of grains might have increased such that it resists the optical
transmittance of the test crystal.***® On the other hand, the test crystal’s octahedral and tetrahedral
sites and their bond lengths as well as bond angles might have been significantly altered with
respect to the number of shock pulses. Followed by the these changes, the electron density around
transition metal cations might have been affected as and when some of the cation octahedral have
experienced the highly orientational disorder that could have enlarged the unit cell which could be
attributed to the uneven d-electron distribution and as a result, different absorption edge positions

have been observed with respect to the number of shock pulse.>*
Conclusion

In summarizing the present framework, the switchable phase transition occurring between
crystalline and amorphous nature of cadmium sulfate octahydrate single crystal has been
systematically presented and demonstrated by employing shock waves and the results have been
authenticated by utilizing XRD, Raman and UV-Visible spectral analyses. Diffraction results
clearly show the re-orientational changes occurring at the 1%, 3 and 4" shocked conditions
sustaining the same crystallographic phase (C2/c) whereas at the 2" shocked condition, the phase of
amorphization exists which is clearly confirmed by the disappearance of all diffraction peaks as
observed in the XRD spectra. The phase transition sequence of the test crystal is C-C-A-C-C (C-
crystal, A-amorphous) with respect to the control, one, two, three and four shocked conditions. The
spectroscopic results of Raman and UV-Visible spectral analyses have been found fairly
substantiating the diffraction results with respect to the number of shock pulses and the observed
changes are highly associated with re-organization of hydrogen bonds, breaking of lattice symmetry
and re-crystallization process. In Raman spectra, Raman bands of sulfate ion and hydrogen bonds
undergo Raman peak shifting and disappearance of the absorption edges which are prominent
supporting evidence for the diffraction results proving the amorphization occurring at the 2™
shocked condition. It could be noted that, at shocked conditions, there is a specific signature found
for lower hydrate forms of the test crystal which categorically indicates that the de-hydration
process does not occur at shocked conditions even though it has sufficient pressure and temperature.
The switching of phase transition occurring between crystalline and amorphous states in materials
are highly required for the applications of molecular switching, data storage, dielectric switching,

phase shifters, thermo-nuclear devices and current flash memories.
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Switchable phase transition from crystal — amorphous states of cadmium sulfate octahydrate

(CdS04.8H20) single crystal by shock waves is achieved at ambient condition. The switching of

phase transition occurring between crystalline and amorphous states in materials are highly required

for the applications of molecular switching, data storage, dielectric switching, phase shifters,

thermo-nuclear devices and current flash memories.





