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Abstract 

In the present article, we disclose shock wave induced crystallographic switchable phase 

transition of calcium carbonate nano particles (CaCO3 NPs). The observed profiles of powder X-

ray diffraction reveal that CaCO3 NPs undergoes phase transitions in the sequential order from 

Calcite-I to Calcite-II and Calcite-II to Calcite-III at 50 and 100 shocks, respectively. 

Interestingly, reversible phase transitions have been observed from Calcite-III to Calcite-II and 

Calcite-II to Calcite-I at 150 and 200 shocked conditions, respectively. Rotational order-disorder 

of oxy-anions (CO3) and displacement of cation (Ca) take place because of the impact of shock 

waves thereby the observed ternary switchable phase transition results paving the way for the 

design of new multifunctional materials.  

Key-words: CaCO3, Shock waves, Order –disorder phase transition, Switchable phase transition 

Introduction  

A few well-known materials under various physical conditions can reveal remarkable 

surprises of hidden facts as and when persistent observations are being carried out. Exploring 
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phase change behavior of materials at high-pressure and high-temperature conditions is a 

fascinating journey for the researchers as it consistently provides new information on the 

crystallographic structures and their functions in accordance with various ranges of applied 

pressure and temperature. In recent years, searching for new phase change materials (crystal – 

crystal, crystal – amorphous and amorphous – crystal) has attained a tremendous momentum due 

to their remarkable applications in various fields cutting across all the branches of science. These 

materials can give rise to outstanding performances which depend on their specific solid-state 

crystallographic phase that exists at a particular physical condition. Moreover, such kinds of 

phase transition experiments conducted on materials have significant academic as well as 

industrial importance due to their potential contribution for spectacular applications. Over the 

years, phase transition of several crystalline and non – crystalline materials have been 

extensively studied experimentally at static high-pressure, dynamic high-pressure, high-pressure 

compression and dynamic shock wave loaded conditions which have resulted in a variety of 

phase transitions routes that include forward and backward phase transition giving rise to 

crystal–crystal, amorphous–crystal and crystal–amorphous phase transitions[1-6]. Apart from the 

above-mentioned phase transitions, switchable phase transition has also been observed which is 

always considered as the special case among the phase transitions. On the one hand, reversible 

phase transition is quite common in static pressure compression experiments [7-12]. On the other 

hand, reversible crystallographic phase transition occurring at dynamic shock wave loaded 

conditions is quite unusual because there is no apparent report available on it in the literature, to 

date, at shocked conditions.   

Calcium carbonate (CaCO3) has been chosen for the experimental investigation because 

of the possible crystallographic phase transition that it might undergo at shocked conditions.  

Being one of the standout polymorphic minerals present on the earth, it has occupied a wide 

range of coverage in the literature wherein the experimental details of the obtained high-pressure 

polymorphic phases have been documented over the period of the past 80 years [13-15]. Hence, 

it could be possible via experimentation to get a deep understanding of the mechanism of 

polymorphic phase transitions with respect to pressure and temperature. Furthermore, there are 

possibly two major reasons in choosing the material for the present shock wave recovery 

experiment in which the first reason is that it is essential to understand the earth minerals in 
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terms of global carbon recycle process with respect to the existing pressure and temperature as 

carbonates (CaCO3 and MgCO3) hold a major role in the processes of global carbon recycling 

and climate changes [16, 17]. Secondly, it has a variety of applications in catalysis, ceramics, 

electronics, pigments, medicine, cosmetics, etc [18,19]. CaCO3 has various crystallographic 

phases such as calcite (R C), aragonite (Pmcn), and vaterite (P63/mmc) which are the primary 

crystallographic phases and high-pressure distorted phases that are also available such as calcite-

I, calcite-II, calcite-III, calcite-IV, calcite-V, aragonite-I, aragonite-II, post- aragonite, etc [20]. 

Calcite is the stable crystallographic phase at room temperature and aragonite is the high-

pressure crystallographic phase, and vaterite is called the meta-stable phase with respect to 

calcite. Among the listed CaCO3 polymorphs, calcite is the most technologically important 

material and a thermodynamically stable material at ambient pressure. It is abundantly available 

in nature on the earth’s surface. Interestingly, calcite has five crystallographic phases such as 

Calcite-I (R C), Calcite-II (P21/C), Calcite-III    (C2/Cm/P-1), Calcite-IV (disorder phase), and 

calcite-V (disorder phase) in which calcite –IV and calcite – V are represented as high-pressure 

phases [20-22]. So far, several materials science and geological researchers have investigated 

and found crystallographic phase transitions in calcite with respect to pressure using static 

pressure compression and dynamic pressure compression experiments [20-22]. The first phase 

transition route from calcite I-II and calcite II-III phase transitions were observed at 1.5 GPa and 

2.5 GPa pressure, respectively, by Bridgman in1938 [23]. Followed by his publication, many 

researchers have observed the similar phase transitions at more are less the same pressure ranges 

[20,24,25]. In addition to that, the following publications show that calcite–III b is obtained at 

3.1 GPa while calcite-IV and calcite –V are found to be highly disordered structures and they 

represent high-pressure phases [26]. Redfern reviewed clearly the high-pressure phase transitions 

of CaCO3 in the year 2000 [20]. It is known from the literature that many of the researchers have 

anticipated the phase transition route from calcite- I-II-III which could be reversible [20,23] 

whereas none of them could provide the experimental evidence. Interestingly, Tyburczy and 

Ahrens et al have demonstrated the shock wave compression phase transition from calcite II–III 

at 2.5 GPa and calcite III–II which has been observed during the release of shock pressure [27]. 

In 1994, Guillaume Fiquet et al revealed the reversible phase transition from Calcite–I to 

Calcite–III and Calcite–III to Calcite–I wherein the critical phase transition was observed at 4.1 
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GPa [28]. There is no report found, to date, on the dynamic shock wave induced phase transition 

for CaCO3. Reversible magnetic phase transition has been obtained for ZnFe2O4 and Co3O4 

nanoparticles such that ZnFe2O4 nanoparticles exhibit the phase transition of paramagnetic to 

super-paramagnetic behavior [29] while Co3O4 nanoparticles undergo super paramagnetic to 

paramagnetic phase transition with respect to the number of shocks [30]. More recently, 

switchable crystallographic phase transition has been observed in potassium sulfate crystals with 

respect to the number of shocks [31].  

The present experimental analysis is to verify whether the switchable crystallographic 

phase transition of CaCO3 by the dynamic impact of shock waves is achievable or not.  

Moreover, high-pressure chemistry consistently offers significant new information and numerous 

unexpected results of various compounds on experimentation. Hence, the investigation of the 

impact of shock waves on CaCO3 is necessary to check whether there is a possibility to obtain 

additional unknown carbonate structures or not and the relative crystallographic structural 

stability of carbonates in a highly fluctuating environmental condition is essential as it is yet to 

be assessed. 

Experimental section  

Commercially available calcium carbonate (CaCO3) (Sigma Aldrich) was used for the 

shock wave recovery experiment. Before the shock wave loading, the title compound was 

calcinated at 500° C for purification and it was sent for the fine grinding process so as to obtain 

fine nanopowder. Then, it was divided equally into five samples to be used for the experimental 

analysis.  Among the five samples, one sample was kept as the control sample and the remaining 

four samples were sent for experimentation so that different numbers of shock wave loadings 

such as 50,100,150 and 200 pulses could be exposed. The required shock waves have been 

generated by an in-house tabletop semiautomatic shock tube which is capable of producing 

shocks up to Mach number 5. The shock tube has three sections such as driver, driven and 

diaphragm sections which are made of seamless steel. The driver and driven sections consist of 

long tubes of 48 cm and 180 cm, respectively and both have an inner diameter of 1.5 cm. 

Atmospheric air has been used as the input source for the required shock wave generation. While 

the atmospheric air is compressed into the driver section, at the critical pressure, the diaphragm 
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is ruptured and the shock wave is generated and moves along the driven section. The detailed 

mechanism and working methodology of the pressure driven shock tube is discussed in our 

previous publication [32]. For the present experiment, the shock waves of Mach number 2.2 with 

the pressure of 2.0 MPa and the temperature of 864 K have been used. The test samples have 

been placed one by one with the required interval between them in the sample holder which is 

typically placed 1cm away from the open end of the shock tube. Subsequently, 50,100,150 and 

200 shock pulses have been loaded on the respective test samples with an interval of 5 sec 

between each shock pulse. For example, 50 pulses mean shock wave-exposed on a sample 50 

times with Mach number 2.2. After the completion of the shock wave loading, the control and 

shock wave loaded samples have been analyzed by powder XRD and FTIR studies so as to 

understand the role of shock waves on CaCO3. The schematic diagram of the semi-automated 

pressure-driven shock tube has been showcased in our previous publication [33].  

Results and Discussion 

Powder XRD results  

A powder X-ray diffractometer (Bruker X-ray Diffractometer) has been utilized to evaluate the 

impact of shock waves on CaCO3 NPs. Before discussing the shock wave induced effects on the 

test sample, it is quite mandatory to confirm the phase formation and their diffraction angle 

positions of the test sample (calcinated at 500° C) so that the corresponding XRD pattern is 

presented in Fig.1 along with the standard Calcite-I powder XRD pattern (ICSD: 20179). As 

seen in Fig.1, the XRD pattern of the test sample and the simulated XRD pattern are found to be 

well corroborated. But, the calcinated powder sample exhibits a slightly higher angle shift from 

the original positions and such kinds of shifts are highly usual in high-temperature experiments 

which occur due to thermal softening. The observed diffraction peaks are indexed using the 

standard pattern of JCPDS card no 47-1713 and the indexed diffraction peaks are (012), (104), 

(110), (113), (208) (018) and (116). Among the observed diffraction peaks, (104) is the strongest 

diffraction peak which is the characteristic peak of calcite CaCO3 (trigonal -Rhombohedral 

structure) [34] and the calculated unit cell values are a=4.980, b=4.980, c= 16.862 Å and          

V= 360 Å3, respectively.  From the observed X-ray diffraction pattern of the control sample, it is 

clear that the synthesized CaCO3 NPs belong to the calcite phase wherein no mixed phase is 
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found during the calcination process. Based on the assessment of the previous reports, the calcite 

phase is represented as calcite-I [28,34].   

 

Fig.1 Powder XRD pattern of the calcinated CaCO3 NPs with the simulated Calcite-I 

Furthermore, special attention is paid to explore the role of shock waves on structural 

properties of the test samples and the corresponding XRD patterns are displayed in Fig.2. At 50 

shocks, a slightly higher angle shift is observed in the diffraction peaks, especially for (104) 

peak. But, there is neither a new peak appearing nor the existing peaks disappearing due to the 

impact of shock waves.  The obtained slight higher angle shift and peak broadening suggest that 

the calcite-I phase has transformed into Calcite –II as per the results of Merlini et al and Kaichi 

Suito et al [26,33]. Moreover, several high-pressure single crystal experiments have revealed the 

reduction of cell volume during the Calcite I-II phase transition [20,28]. In the present 

experiment, it is observed the higher angle shift of (104) 29.6 to 29.8 degree of crystalline peak 

which indicates the reduction of cell volume. The higher angle shift represents the compression 

of unit cells and the bond lengths of CaCO3.  Furthermore at 100 shocks loaded conditions, the 

diffraction peaks get higher angle shift and interestingly the observed diffraction peak positions 
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are found to be corroborated with the Calcite –III phase in accordance with the publications of 

Davis (1964) and Guillaume Fiquet et al (1994) [24,28]. 

 

Fig.2 Powder XRD patterns of the control and shocked CaCO3 NPs - Calcite phases 

Calcite –III phase has the characteristic peak of (220) at 30.02 degree. Moreover, as per 

the above-mentioned reports, Calcite - III has a higher disorder as compared to Calcite- I and 

Calcite –II. According to the literature reports, it is also observed diffraction peaks of less 

intensity and higher broadening peaks at 100 shocks loaded a condition which is a reliable proof 

for the higher disorder phase than that of calcite-I and II. Hence from the observed XRD results, 
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it is clear that, the test sample of Calcite is phase transformed from Calcite –I to Calcite –II and 

Calcite –II to Calcite –III at 50 and 100 shocks loaded conditions, respectively. The observed 

phase transition route from Calcite –I-II-III is found to be well corroborated with the reported 

high-pressure calcite phase transitions [24,28,33]. Rotation of oxy-anions and displacements of 

cations are involved during the phase transitions and in each case, the degree of rotation and 

displacement is significantly varied. The detailed mechanisms of these phase transitions are to be 

discussed in the later sections. Furthermore, the number of shock pulses is increased to 150 and 

200 shocks to get the possible understanding of the phase diagram of the calcite phase with 

respect to the number of shock pulses as found in pressure-temperature phase diagram of the 

calcite [24,28,34]. Before recording the XRD measurements of samples, it has been anticipated 

either to get Calcite III b phase or Calcite-IV phase at 150 and 200 shocks, respectively as 

obtained in the case of static high-pressure experiments [34,35].  

On the other hand, fascinating results of calcite have been obtained quite unexpectedly 

such that 150 and 200 shocked samples have exhibited calcite –II and Calcite-I phases, 

respectively and the corresponding XRD patterns are presented in Fig.2. Interestingly, this 

happens to be the spectacular phase transition route as compared to the so far reported shock 

wave induced phase transitions as well as static high-pressure phase transitions of CaCO3 

[30,32,34,35]. For a better understanding of peak shifting and peak broadening of the 

characteristic crystalline peaks of (104) and (113), zoomed-in version of the respective XRD 

profiles are presented in Fig.3 and Fig.4 by which it is clear that the control and 200 shocked 

samples belong to calcite-I whereas 50, as well as 150 shocked samples, belong to Calcite-II 

phase while 100 shocks loaded sample is identified with calcite-III phase. As seen in Fig.3 and 

Fig.4, it is very clear that there is a significant difference in diffracted peak positions of (104) 

and (113) peaks of the control calcite-I and shock wave induced calcite-I. 
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Fig.3 Zoomed-in version of crystalline peaks for the control and shocked calcite [a] (104) and [b] 

simulated pattern of Calcite I, II and III 

During the calcination process, the test sample might have undergone the re-

crystallization process and hence the (104) peak suffers a higher angle shift whereas both are 

found to be in the same phase. The observed XRD patterns of calcite-I, calcite-II and calcite-III 

are found to be well corroborated with the simulation patterns and the respective characteristic 

peaks of the above-mentioned calcites are presented in Fig.4. The consolidated crystallographic 

shock-phase profile of the calcites with respect to the number of shock pulses is presented in 

Fig.5.  
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Fig.4 Zoomed-in version of the crystalline peaks of the control and shocked calcite [a] 

(113) and [b] simulated pattern of Calcite I, II and III  

From the overall observation of XRD measurement, it is obvious that the test sample of 

CaCO3 has undergone the switchable phase transition route of Calcite-I-II-III-II-I with respect to 

the control, 50,100,150 and 200 shocks loaded conditions. Note that it is probably the first 

observation of such kind of ternary switchable phase transition occurring between three phases 

of calcite. For a better understating of the ternary phase transition, the XRD patterns of simulated 

and 200 shocks loaded Calcite-I are presented in Fig.6 wherein both the XRD patterns are found 

to be well corroborated such that the ternary phase transition is confirmed. The mechanism of the 

phase transitions is discussed in the following sections. The grain sizes are found to be 73, 66, 

59, 64, 52 nm for the control, 50,100, 150, and 200 shocked samples, respectively.  
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Fig.5 Shocked-phase profile of calcite with respect to the number of shock pulses 

 

Fig.6 XRD patterns of 200 shocked and simulated Calcite-1 NPs 
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Calcite-I to Calcite –II phase transition 

From the observed powder XRD results, it is clear that at 50 shocks, Calcite –I (R C) is 

phase transformed to Calcite –II (P21/C) because of the existence of strong oxy-anion rotational 

disorder with clockwise rotation and this kind of phase transition takes place due to the 

instability of the Brillouin zone at the F-point of CaCO3 [20,23]. During the shock wave loaded 

conditions, high transient pressure is supplied to the sample so that the test material undergoes 

the rotational disorder effect. At a high-pressure environment, the test sample undergoes a 

change in its own crystallographic configuration to stay on its own chemical nature. As per the 

previous assessments of phase transitions of CaCO3, it is proved that the carbonate groups in 

each c-axis layer (001) of the carbonate structures rotate in the opposite direction (rational angle 

is approximately 11°) with clockwise rotation in the molecular threefold axis during the Calcite-I 

to Calcite –II phase transition [20,23]. The space group (R C) is allowed to tilt slightly from the 

planer oxy-anion (CO3) along with the clockwise rotation. In addition to that, reduction of c-axis 

is one of the key factors to be noticed such that better conformation of the phase transition from 

Calcite-I to Calcite-II could be evidenced.  This conformation can be explained on the basis of 

the (104) peak diffraction intensity with respect to the number of shock pulses. As per the 

crystallographic structure of CaCO3 (a=4.991, b=4.991 and c=17.062), the c-axis is 3.4 times 

longer than that of a and b – axes [20,23]. During the shock wave loaded condition, the c-axis 

undergoes a strong compression by the impact of shock waves and hence, oxy-anion (CO3) and 

cation (Ca) experience rotational effect and anti-parallel displacement from the original position 

along with the c-axis since the planar CO3 groups are oriented perpendicular to the c-axis. Fig.7 

clearly shows the higher angle shift and peak broadening which suggest that the disordered 

structure has taken place due to the occurrence of rotational effect at 50 shocks. During the anti-

parallel displacement of entire cation sub-lattice and oxy-anion, loss of center of symmetry has 

occurred so that the length of the c-axis has significantly reduced and as a result, the Calcite-II 

emerges at 50 shocks. The schematic diagram of the possible mechanism of shock wave induced 

phase transition of calcite - I- II-III is presented in Fig.7.  
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Fig.7 Possible mechanism of shock wave induced phase transition from calcite –I-II-III (a) 

calcite –I  (b) calcite –II and (c) calcite –III  (small blue ball and big red  ball – displaced 

positions) 

Calcite-II to Calcite –III phase transition 

Based on the previous reports [20,23,34], the second phase transition of calcite –II to        

calcite –III is somewhat elusive and the above-mentioned phase transition has occurred due to 

the strong displacement of cations and oxy-anion rotation caused by the impact of shock waves. 

At this phase transition, the length of the c-axis is significantly reduced due to the strong 

compression of the c axis of calcite-II. Hence, there is a large volume change taking place during 

this phase transition due to the discontinuity of anions and cations. Moreover, the structure of 

calcite –III has two consecutive planes containing the c axis wherein carbonate ions are 
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positioned at the planes mid-way between the layers of Ca ions [36]. According to the literature, 

it is also observed two planes in the Calcite-III structures (Fig.7c). At 100 shocks, the test sample 

has experienced high transient pressure on the structures which are due to the instability of the 

crystal structures so that the calcite-II is phase transformed to calcite-III. At this stage, there is a 

strong displacement of cations and almost 90-degree rotation of oxy-anions takes place. In 

Fig.7c, the schematic diagram clearly shows the displacement of calcium cites (green– original 

and red -displaced position) and rotation of oxy-anions (CO3). Due to the higher disorder of the 

crystallographic structures, calcite –III has lower symmetry and the observed XRD pattern also 

reveals the lower symmetry due to the lacking of strong and intense diffraction peaks. Note that, 

so far, there is no definite assessment found for calcite –III structure even though so many 

reports are available [20,23,24,28,34]. However, based on the available literature, the obtained 

results are found to be well corroborated with the reported XRD patterns of Davis (1964) [24], 

Guillaume Fiquet et al (1994) [28] and Kaichi Suito et al (2001) [33].  

Reversible Phase transitions of Calcite –I-II-III-II-I 

As discussed in the previous sections, the calcite phase transition takes place due to the 

displacement of cations and rotational order–disorder of oxy- anions. In addition to that, most of 

the order–disorder crystallographic phase transitions can be reversible which has been well 

documented in several high-pressure experiments [27,28]. The displacive atomic positions can 

come back to the original position and hold the ambient phase during the decompression of 

pressure. In the case of calcite, Guillaume Fiquet et al have demonstrated the Calcite-I-III-I 

switchable phase transition at 4.1 GPa. Moreover, this type of phase transition is very usual at 

static high-pressure compression and decompression process [28]. Remarkably in the present 

experiment, it is observed an array type switchable phase transition occurring between three 

crystallographic structures (calcite –I-II-III-II-I) at dynamic shock wave loaded conditions. To 

the best of our knowledge, this is the first observation made on switchable phase transition 

occurring between three crystallographic phases influenced by shock waves. The reason 

behind the switchable phase transition of calcite, at a higher number of shock wave loaded 

conditions, is that the oxy-anions and cations do not undergo further disorder process (calcite-

IV and V) and it may be due to the dynamic physical effect of re-crystallization [31]. 
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However, calcite-III tries to re-orient along with the crystallographic c-axis at a higher 

number of shocks loaded conditions. While the number of shock pulses is increased the re-

orientation angle is changed so that the forward phase transition occurs with the sequence of 

calcite-I-II-III. Fig.8a exhibits the rotation and displacement of oxy-anion as well as cation 

such that Fig.8b shows the crystallographic structural shape along the view of the c-axis. Such 

kind of materials capable of performing an array of switchable phase transitions can be used in 

the environment-monitoring sensors, pressure transmitters, molecular switches, and resistive 

memories [37,38]. 

 

 

 

Fig.8 Schematic diagram of phase transition of calcite (a) Rotation and displacement of oxy-

anion and cation (b) Calcite crystallographic structure along the view of c-axis  
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Fourier Transformer of Infrared (FTIR) Analysis 

FTIR technique has been adopted to understand the impact of shock waves on CaCO3 

NPs. In the present observation, FTIR measurement has been performed over the wavenumber 

region of 4000-400cm-1 using a Perkin Elmer FTIR spectrometer and the observed FTIR spectra 

of the control and shocked CaCO3 NPs are displayed in Fig.9.  Based on the literature, carbonate 

molecule has four normal modes of vibration peaks i.e. In-plane bending mode ( ), Out-of-

plane bending mode ), Asymmetric stretching vibration carbonate ( ), and Symmetric 

stretch of carbonate ( ). As seen in Fig.9, a few FTIR bands are found as that of 708, 872, 1437 

and 1801 cm-1 such that all the observed band positions are found to be well-matched with the 

characteristic bands of CaCO3 [18].  

 

Fig.9 FTIR spectra of the control and shocked CaCo3 NPs 

Furthermore, among the observed FTIR bands, the bands of 708 and 872 cm-1 are the 

characteristic peaks of calcite – CaCO3 NPs [18, 39]. The control and shocked samples exhibit 

the same number of bands and also the band positions are found to be not altered. Hence, it is 
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confirmed that the calcite phase is reproducible at shocked conditions. The band positions and 

their respective tentative assignments are presented in Table.1.  

Table.1 FITR band positions and tentative assignments of CaCO3 NPs 

S.No Wavenumber ( cm⁻1) Bending modes 

1 708 In-plane bending mode  ( ) 

2 872 Out-of-plane bending  mode  ) 

3 1437 Asymmetric stretching vibration carbonate ( ) 

4 1801 Symmetric stretch of carbonate ( ) 

 

From FTIR analysis, it is quite complicated to identify the difference between calcite-I, 

calcite-II and calcite –III phases. At shocked conditions, all the characteristics bands are 

reproduced and there is no peak shift, i.e. neither red shift nor blue shift observed at shocked 

conditions. Whereas slight changes could be observed in the intensity of the bands with respect 

to the number of shock waves as found in the corresponding FTIR spectra of ) ) bands. 

As seen in Fig.10, up to 100 shocks, the above-mentioned FTIR bands’ intensity is slightly 

reduced with respect to the number of shocks and then increased at 150 and 200 shocks. It may 

be due to the presence of rotational disorder of oxy-anions and displacement of cations of CaCO3 

with the existence of disorder-order transitions and the results are known to be well corroborated 

with the XRD. In addition to that, ( ) band intensity is continually increased at 50 and 100 

shocks whereas it is reduced at 150 and 200 shocks. Opposite trending results have been 

observed in the case of ) band. Furthermore, the full-width half maximum (FWHM) of the 

control and shocked samples’ 874 cm-1 band is measured and the corresponding FTIR spectra are 

presented in Fig.11a and peak fitting profiles are presented in Fig.11b. In general, for any 

diffraction and vibration spectra, the values of lower FWHM suggest a good structural order and 

a higher grain size [40,41]. As seen in Fig.11, the values of FWHM are found to be 16, 18, 26, 

24, and 19 cm-1 for the control, 50, 100,150 and 200 shocks, respectively. The observed values of 

FWHM for CaCO3 is found to be continually increasing up to 100 shocks whereas they appear to 
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have reduced at 150 and 200 shocks and the results are known to be well corroborated with the 

values obtained in the calculation of the XRD grain size.  

 

Fig.10 FTIR spectra of the selected region (1000-400 cm-1) of the control and shocked samples 

 

Fig.11 FWHM values of out-of-plane bending mode ) for the control and shocked CaCO3  

 

 

Jo
urn

al 
Pre-

pro
of



19 

 

Conclusion 

In summing-up of the experimental findings, switchable crystallographic phase transition 

between calcite-I, calcite-II and calcite –III has been observed for CaCO₃ NPs at the exposure of 

shock waves of Mach number 2.2. It is quite interesting that such kind of observation has not 

been reported till this point in time which is an array of switchable crystallographic phase 

transitions of calcite with the sequence of I-II-III-II-I. On increasing the number of shock waves, 

the observed powder XRD patterns of the samples clearly exhibit the array of switchable phase 

transitions occurring between low-pressure calcite phases. FTIR band assignments and band 

patterns provide the possible supporting evidence for the observed switchable phase transitions 

between low-pressure calcite phases. During the shock wave loaded conditions, rotational 

disorder-order of oxy-anions (CO3) and translation displacement of cation (Ca) take place and 

these changes induce the switchable crystallographic phase transition between calcite-I-II-III. 

Such kind of array of switchable phase transitions offer a new possibility for the making of 

devices such as environment-monitoring sensors, pressure transmitters, molecular switches, and 

resistive memories along with the scope to design new multifunctional materials so that the 

calcite NPs are strongly suggested to be a potential candidate for the above-mentioned 

applications. 
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