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ABSTRACT

In the present work, a successful attempt was made to synthesize 18-crown-6-

ether magnesium chloride potassium tris-thiocyanate (CMPTC) which was

grown as the single crystal with the dimensions of 12 9 2 9 1 mm3 by slow

evaporation method. The prominent properties of CMPTC single crystal,

namely crystallographic structure, surface morphology, and optical transmit-

tance, were estimated using powder X-ray diffraction, optical microscope, and

UV–Visible spectrometer, respectively. The effect of shock waves on CMPTC

single crystal was explored by loading with specific shock pulses of 1, 2, and 3

having Mach number 1.7. The XRD studies reveal that diffraction peaks of the

test crystal have undergone a lower angle shift with respect to number of shocks

due to the reduction of crystalline nature. The optical transmittance study

reveals that the sample loses the optical transmission significantly by the

dynamic impact of shock waves due to the formation of surface defects and

cracks which is also reflected in the optical microscopic images providing the

supporting evidence for the changes occurring at shocked conditions. From the

shock wave impact study, we conclude that the title compound of CMPTC is not

suitable for the applications of electronic device fabrications intended to be

working under high pressure and high temperature.
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1 Introduction

The impact of high-energetic waves and rays (X-rays,

gamma rays, electron irradiation, electromagnetic

waves, shock waves, etc.) on the physical and

chemical properties of crystalline and non-crystalline

materials is witnessed to have attained remarkable

attention from material science researches in the last

few decades [1–3]. Predominantly, shock wave-in-

duced analysis of the properties of crystalline mate-

rials has been paid greater attention by the

researchers due to the simplicity of the experimental

method which is capable of inducing astounding

changes in material properties during the shock wave

propagation through the materials. In general, shock

wave-induced technique is being used to investigate

the stability of materials against high-temperature

and high-pressure conditions. Shock waves can con-

stitute an environment which is equivalent to the

extreme environmental conditions such as very high

pressure, temperature, stress, tension, and force

simultaneously in a single shock pulse [4–8]. Due to

this advantage, reasonably extensive research is

observed to be in progress centred on investigations

of material properties under shock wave-loaded

conditions so as to be utilized for aerospace appli-

cations. Generally, low weight and high structural

and mechanical stabilities are the essential require-

ments for the materials to be used in space, military,

defence, and nuclear power plant applications. When

space missiles enter into space, it is possible that they

are affected by the presence of radiation and shock

waves. Similarly, in military and defence, the elec-

tronic devices used are likely to be exposed to shock

waves emanated from bomb explosions, collisions,

etc. If materials are susceptible to shock waves and

undergo mechanical and structural instabilities, the

efficiency of the device would be affected signifi-

cantly. Hence, the electronic device engineers are

looking forward to the materials which have high

structural stability so as to safeguard against shock-

waves [9–11]. Non-linear optical (NLO) crystals are

primarily used in aerospace, military, defence, and

technological applications such as data transmission,

frequency conversions, signal processing, optical

modulation, and high-power laser applications

[12–14]. So far, much of the work has been going on

in crystal growth and characterization of materials

that have been used for the above-said applications in

ambient conditions. However, identifying single

crystals that could be used in space environment-

based electronic devices with high performance

might be a multi-million dollar question. For this

reason, searching for the materials of high stability

which could withstand the above-said extreme

environmental conditions and also to satisfy the

requirements of specific applications is a burning

research topic. The properties of ammonium dihy-

drogen phosphate (ADP), potassium dihydrogen

phosphate (KDP), tri-glycine sulphate (TGS), glycine

phosphate (GPI), and benzyl crystals have been

investigated under the action of shock waves [15–21].

Among the listed single crystals, KDP crystal exhibits

relatively stable material properties after confronting

the impact of shock waves. On the other hand, ADP,

benzyl, and copper sulphate crystals show the

enhancement of optical properties during the shock

wave propagation due to the re-crystallization

mechanism [22]. Furthermore, dye-doped KDP crys-

tals (rhodamine B and methylene blue dyes) have

been investigated under the impact of shock waves

which have reflected that both the crystals have

undergone significant reduction of optical transmit-

tance and optical bandgap energy with respect to

number of shock pulses [23, 24].

From these observations, it can be generalized that,

during the impact of shock waves, many physico-

chemical properties become altered and the changes

depend on the molecular and structural properties of

the materials. Followed by the investigations of these

NLO crystals, crown ether magnesium chloride

potassium thiocyanate crystal has been selected for

the shock wave recovery experiment. It is one of the

potential semi-organic NLO materials that belongs to

the hexagonal crystal system [25–27]. Quite a few

articles have been published so far on the crystal

growth and characterization of the sample at ambient

conditions. But there is no article found in the liter-

ature featuring shock effects, gamma irradiation, and

other high-energy ray irradiation conditions exposed

on CMPTC crystal. This study aims at analysing the

impact of the shock wave on the structural and

optical properties of the title crystal.
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2 Experimental section

2.1 Crystal growth

The single crystal of CMPTC was synthesized by

slow evaporation technique. The AR grade chemicals

of crown ether, magnesium chloride, and potassium

thiocyanate were taken with 1:1:1 ratio in 50 ml

solution of water. The solution was stirred utilizing a

magnetic stirrer for 3 h to get the homogenous satu-

rated solution. After preparing the saturated solution,

it was filtered into a glass beaker by a filter paper.

Then, it was covered with a perforated polythene

sheet and kept aside for enabling slow evaporation at

ambient temperature. Within a week, a colourless,

transparent, and thin hexagonal single crystal with

the dimensions of 12 9 2 9 1 mm3 was obtained and

the photograph of the as grown single crystal is

shown in Fig. 1.

2.2 Shock wave loading

For the present experiment, we have used the shock

waves of Mach number 1.7 so as to investigate the

structural and optical stabilities of the title compound

(CMPTC). The cut and well-polished (* 1 mm

thickness) test sample has been chosen for the

experiment and the shock waves of transient pressure

1.0 MPa have been loaded on it. The working

methodology of shock tube and the procedure of

shock wave loading have been explained in our

previous publications [8, 9]. Briefly, the shock tube

has three sections such as driver, driven, and dia-

phragm sections. Atmospheric air has been used as

the input source for the required shock wave gener-

ation. While the atmospheric air is compressed into

the driver section, at the critical pressure, the dia-

phragm is ruptured and the shock wave is generated

and it moves along the driven section [28]. The test

samples have been placed one by one with a regular

interval between them in the sample holder which is

placed 1 cm away from the open end of the shock

tube. Subsequently, 1, 2, and 3 shock pulses have

been loaded on the sample such that the structural,

optical, and morphological properties have been

analysed and the obtained results are to be discussed

in the following sections.

3 Result and discussion

3.1 Structural properties

The structural properties of the control and shock

wave-loaded test crystals have been evaluated by D2-

phaser Bruker X-ray diffractometer (2019) (Cu Ka)

over the diffraction angle between 10 and 80 degrees

with the step increment of 0.01 degree. During the

XRD measurement, the cut and polished test crystal

(1 mm thinness) has been placed in the sample

holder and the diffraction profile has been recorded.

The obtained powder XRD profiles of the control and

shock wave-loaded CPMTC crystals are shown in

Fig. 2.

As seen in Fig. 2, the control sample has five

diffraction peaks such as (001), (002), (003), (004), and

Fig. 1 The photograph of the grown CPMTC crystal Fig. 2 PXRD profiles of the control and shocked CPMTC crystals
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(005) over the diffraction angle from 10 to 80�. Among

the two prominent planes, the diffraction peak (001)

has high X-ray intensity and (003) has low X-ray

intensity. In principle, the diffraction profile should

exhibit the maximum intensity only at 11.224 degree

that has to be the characteristics of the particular

plane (001) of the single crystal. So, the other

diffraction peaks are considered to be second- and

third-order diffraction planes. As seen in the

diffraction peaks of Fig. 2, no new peak appears or

the existing peak disappears by the impact of shock

waves in accordance with the number of shock pul-

ses. However, a small peak shifting as well as peak

broadening have occurred because of the impact of

shock waves as reflected in Fig. 3. Based on the vis-

ibility of the diffraction peaks, the first and the third

peaks are taken into account so as to evaluate the

shock wave-induced effects and the selected diffrac-

tion peaks are denoted in Fig. 3. In the first step, we

have considered the sharp diffraction peak for the

investigation of shock wave-induced changes and the

corresponding diffraction peak is shown in Fig. 3a.

As seen in Fig. 3a, there are slight changes that are

observed in peak broadening as well as shifting in

accordance with number of shock waves. While the

number of shock pulses is increased, the test crystal

undergoes a shift towards lower angle which is due

to the considerable amount of distortions occurring in

the particular crystalline system [10–16]. The (001)

peak positions are identified to be at 11.224�, 11.192�,
11.161�, and 11.127� for the control, first, second, and

third shocked conditions, respectively. The crystallite

size has been calculated for the control and shocked

crystals and the observed vales are 74 nm, 57 nm,

57 nm, and 95 nm. The observed changes have been

enforced in the crystallite size due the dynamic

impact of shock waves.

Secondly, we have considered a higher-order

diffraction peak (003) for the assessment of impact of

shock resistance and the corresponding diffraction

peaks are presented in Fig. 3b. Additionally, we have

observed similar changes occurring in few more

diffraction peaks such as peak broadening and lower

angle shift and the corresponding values of higher-

order diffraction peak positions are found to be at

33.415�, 33.415�, 33.381�, and 33.347� with respect to

Fig. 3 Selected region of diffraction angle in the PXRD profile for the control and shocked CPMTC crystals
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the control, first, second, and third shocked condi-

tions. Moreover, in the case of (003) plane, at 3rd

shock, there is a shoulder peak appearance that is

created by the impact of shock waves and it also

represents the occurrence of deformations and dis-

tortions in the test crystal. As per the crystallographic

structure of the test crystal, Mg(SCN)3.4H2O units are

hydrogen bonded through the four water molecules

to the 18-crown-6 rings. Generally, at high pressure

and shocking conditions, the hydrogen-bonded

materials undergo remarkable changes in the crystal

system [17–24, 29].

3.2 Optical properties

The stability of optical properties such as optical

transmittance of NLO materials are highly required

before considering them for real-time applications,

especially for high-power laser applications and

space-based electronic devices. So, we have focussed

our special attention to investigate the stability of

optical properties of the test crystal at shocked con-

ditions. The test crystals’ optical transmission has

been recorded over the wavelength range between

200 and 800 nm using a Varian Cary 5E spectrometer

(Varien, 2010) keeping air medium as the reference.

The optical transmittance spectra of the control and

shocked crystals are shown in Fig. 4. The control test

crystal has 72% of optical transmittance at 800 nm

that is a highly favourable property required for the

electro-optical applications. Consequently, shock

wave-loaded test crystals have undergone

considerable changes in the values of optical trans-

mittance in the same wavelength region and the

observed changes of optical transmittance are very

well reflected in the profiles as shown in Fig. 4.

As seen in Fig. 4, unexpectedly the optical trans-

mittance is significantly reduced with respect to

number of shock pulses. Figure 5 shows the relation

between number of shock pulses and optical trans-

mittance at 800 nm wavelength. In our previous

work, we have observed a lot of changes in optical

transmittance in various crystals such as ammonium

dihydrogen phosphate [17], tri-glycine sulphate [19],

benzil [21], and copper sulphate [22]. When benzyl

Fig. 4 Optical transmittance spectra of the control and shock

wave-loaded crystals

Fig. 5 Transmittance vs number of shock pulses at 800 nm

wavelength

Fig. 6 Optical absorption spectra of the control and shocked

crystals
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and copper sulphate crystals are allowed for dynamic

re-crystallization between the internal grain bound-

aries enforced with shock wave loading, the optical

transmittance is found to have increased [21, 22]. On

the other hand, ammonium dihydrogen phosphate

and tri-glycine sulphate crystals’ optical transmit-

tance has reduced [17, 19]. In the present experiment,

we have observed the loss of optical transmittance

with respect to the number of shock pulses, i.e. from

72 to 34%. The loss of optical transmittance may be

due to the formation of microcracks, voids, distortion,

and deformations, as well as surface damages. In

powder XRD results, we have found the creation of

lattice distortions and deformations at shocking

conditions and these effects might have led to the

significant reduction of optical transmittance.

Moreover, we have also observed an unusual

behaviour in optical transmittance spectra at shocked

conditions. While looking at the optical transmittance

data of the control test crystal, there is no data fluc-

tuation observed and the corresponding line is highly

smooth. But in shock wave-loaded conditions, the

data fluctuations have significantly increased with

respect to the number of shocks. At 3rd shock, the

degree of variation has increased substantially which

is reflected in the surface of the test crystal that has

been considerably damaged due to the exposure of

shock waves. The surface morphology analysis has

been used to ensure surface details of the test crystal

having encountered with shock waves. Moreover,

surface morphology analysis provides the alternative

track to understand the changes occurring in optical

transmittance of the test crystal for the applied shock

pulses. Furthermore, the optical absorption and

optical bandgap energy of the control and shocked

crystals have been calculated and the corresponding

profiles are presented in Figs. 6 and 7. As seen in

Fig. 7, the absorption values are found to be linearly

increasing with respect to the number of shocks pulse

which clearly indicates the formation of surface

defects and cracks influenced by the impact of shock

waves and similar results have been observed in TGS

crystal [19].

Optical bandgap energy of the control and shocked

crystals has been calculated by Tauc plot relation

[30, 31] and the calculated values are 4.83 eV, 4.83 eV,

4.83 eV, and 4.80 eV for the control, first, second, and

third shock wave-loaded crystals, respectively. No

significant optical bandgap energy change has been

observed.

3.3 Surface morphology

Optical microscopic analysis is a simple and efficient

method to ensure the surface changes that have

occurred in optically transparent materials under

deforming forces. Weswox optical microscopy

(WESWOX,BX-LTR,2010) has been used to analyse

the shock wave-induced changes on the title crystals’

surface and the observed micrographs are shown in

Fig. 6. As seen in Fig. 8a, it is clear that the control

crystal surface has no visible damages and defects. In

shock wave-loaded conditions, the test crystal suffers

with surface damages and cracks. Additionally, from

the observed micrographs, it could be noted that the

defect area increases with respect to number of shock

waves. After the administration of the 3rd shock, a

higher damage is observed on the test crystal surface

that might have resulted in the significant reduction

Fig. 7 Optical bandgap energy of the control and shocked crystals
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of optical transmittance due to the enhancement of

the scattering of incident light [19].

4 Conclusion

The single crystal of CMPTC was grown by slow

evaporation technique. The structural, morphological

stability and optical properties of CPMTC were

studied for both the control and shock wave-loaded

crystals systematically. The PXRD results show that

the test crystal does not undergo any structural phase

transition at shocked conditions. Moreover, it is

observed that surface defects and cracks have been

developed under the shock wave treatment. More-

over, the UV–Vis–NIR spectral results confirm that

the test crystals’ optical transmittance decreases

while increasing the number of shock waves. The

observed reduction of optical transmittance is due to

the formation of cracks and voids in the title crystal

influenced by the impact of shock waves. Optical

micrographs provide the alternate proof to under-

stand better the changes occurring in the structural

and optical properties of the test crystal at shocked

conditions. Based on the above-mentioned factors, it

could be concluded that the test crystal’s structural

and optical properties are not stable at shocked con-

ditions. Hence, the grown single crystal of CPMTC

may not be the right candidate for the aerospace and

high-pressure applications.
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