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1 Introduction 
 Super capacitors have created a very good aware-
ness for future generation power storing devices because 
of their power density and higher energy density. Nano-
scale metal oxides had been admired lot of attentiveness in 
high -capacity anode materials for future generation super 
capacitors [1]. The 3d transition metal oxides, cobalt ox-
ides had been shown theoretically high capacity and very 
good cycling performance Cobalt [2]. Co3O4 partially eco-
friendly and low Comparing other metals. Moreover, it has 
been observed that phase transition studies and their 
mechanisms are possible ways to understand the struc-
tural properties of material under the low temperature to 
high pressure and high pressure to high temperature con-
ditions[3] and  then it gives another transformation has 
characteristics features as compare to the pressure com-
pression and temperature- based phase transformation 

conditions Hence, so many researchers have been working 
about the shock wave induced phase transformation on 
crystalline materials[4]. At recent years, huge number of 
articles had been published in the field of shock waves im-
pact on crystalline materials and their phase transforma-
tion. The nanocrystalline materials had attained a position 
of good strength that’s why they have an excellent role in 
industrial application (5). These kinds of shock wave im-
pact study and therefore the results obtained may offer 
clear proof for the pertinency of materials for specific ap-
plications like part atomic power plants, thermal protect-
ing systems etc [6,7]. particularly materials having a poly-
meric nature have the good structure stability and com-
mercial application. On a similar path, in recent years, we 
have place wide effort toward understanding the part 
transformation mechanism at wave coated conditions for 
metal chemical compound nanocrystalline material like 
Al2O3, ZnO, MnO, TiO2, ZrO2, CeO2, CuO, Fe2O3, and Co3O4[8]. 
On the opposite hand Co3O4 NPs bear state change against 
the impact of shock waves. The current work is designed 
to investigate the impact of shock waves on Zinc cobalt 
nanoparticles (ZnCo2O4) NPs [9]. The sample material was 
prepared by hydrothermal method and shock wave recov-
ery experiment was done by table high pressure driven 
shock tube. The shock wave applied sample may undergo 
structural, morphological and magnetic properties are no-
ticed by various analytical techniques such as powder X-
ray Diffractometer (XRD), scanning electron microscopy 
(SEM) and vibrating sample magnetometer (VSM).   

2 Experimental Sections  
Material synthesis: 

All the chemical reagents were of analytical grade 
and used as received without any purification. 1g of 
Polyvinylpyrrolidone (PVP) is dissolved in 30 ml of 
ethanol and the solution was ultrasonicate the solution 
using digital ultrasonicator for 20 minutes. Then 1mmol of 
Zn (NO3)2.6H2O, 2mmol of Co(NO3)2.6H2O and 7mmol of 
urea was added to the above solution and stirred until it 
was completely dissolved. The previously described 
solution was taken into a 100ml stainless steel autoclave. 

Abstract 
Cubic structured Zinc cobaltite ZnCo2O4 nanoparticles 

were prepared by hydrothermal method. The structuremof 
ZnCo2O4 was confirmed by the X-ray diffraction (XRD) 
technique. The prepared samples were subjected to 
100,150 and 200 shock waves. There is an increase and 
decrease in intensity in few peaks by the effect of shock 
waves. SEM analysis results that the ZnCo2O4 nanoparticles 
obtained dense spherical morphology; when the prepared 
samples exposed to there is a slight change in particle size. 
UV-Visible analysis reveals the bandgap of ZnCo2O4. The 
control ZnCo2O4 nanoparticles was found to be 3.0eV, after 
exposed to 100 shock waves the bandgap decreased to 
2.8eV, at 150 shock waves the bandgap increased to 2.9 eV 
and at 200 shock waves the bandgap of ZnCo2O4 further 
increased to 3.1 eV. VSM analysis the measurement of 
magnetic behavior of magnetic materials, it results that the 
control ZnCo2O4 nanoparticles exhibits super paramagnetic 
behavior. When the prepared samples exposed to 100, 150 
and 200 shock the change in magnetic changed into 
paramagnetic behavior was observed. From the Raman 
spectroscopy of ZnCo2o4, Zn-o and Co-o vibration only 
obtained hence the prepared sample was pure and it is 
noted that for 100 shocks. 
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The autoclave was kept in hot air oven at 180˚C for 5 
hours, and then cooled to the room temperature. After the 
reaction time Green color precipitate was obtained.  Then 
the precipitate was washed with deionized water and 
ethanol for several times. The sample was dried at 80˚C 
for12 hours. Then the dried powder was annealed at 600˚C 
for 5hours. And name as ZC control. 

 

Shock wave Treatment : 

 

3 Results and Discussion 

X-Ray diffraction has been analyzed by the 
powder X-ray diffractomer with Cu-Kα radiation for the 
identification of structural properties. The control sample 
had diffraction at 18.950, 31.090, 36.660, 44.440, 58.980, 
64.760 2θ values for corresponding (111), (220), (311), 
(400), (511), (440) hkl values respectively. All the 
diffraction peaks are belongs to the zinc cobaltite well 
suited with the JCPDS card number 81-2299 having  Cubic 
crystal structure  and lattice parameters Face -Centered 
and space group Fd3m(227) is show in figure [1].  In (111) 
plane the peak intensity increases by the effect of shock 
wave due to the degree of crystalline nature increase. The 
plane 220 peaks for 100 and 150 the peak intensity 
decreases and at (200) the peak increases Due to the 
continuous re-orientation of the planes. For (311) and 
(400) plane the peak does not have any variation in peak,  
peak intensity changes due to the  unit cell compression it 
plays the role in conductivity of atoms[12]. For (511) 
plane the peak decrease at 100 shocks , increase  at 
150mshocks broaden at 200 shocks and  the changes are 
done by the continues arrangement of high strain in 
crystalline planes. For (440) the peak decrease due to the 
surface termination of atomic planes. Due to the atomic 
planes arrangement of grain boundaries the crystalline 
sizes are varied. The size of the crystalline size is 25nm. 
The crystalline sizes are calculated using debyes scherrer 
formula. 

D=Kλ/ βCOS θ. 
 

 

Fig 1 X-Ray diffraction pattern of ZnCo2O4 under 
different shock wave conditions 
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3.1 Morphological analysis:  

The scanning electron microscopy (SEM) analysis 
of control and shock wave loaded zinc cobaltite NPs are 
show in the below figure. The control obtained zinc 
cobaltite NPs reveals dense spherical morphology with the 
average particle size 32nm. When we apply the shock 
wave the particle size was found to be varied for 
100,150,and 200 shocks respectively. From the above 
statement we confirm that the zinc cobaltite morphology 
under shock wave pulses there is a slight change in each 
size of the SEM images. 

        

3.2 UV-visible analysis: 

UV – visible spectrum of ZnCo2O4 is shown below. 
The UV-visible absorption spectra are mainly described for 
the nanoparticles formation analysis the material 
stabilization. Fig (2) shows the UV-visible absorption 
analysis of prepared ZnCo2O4 NPs using hydrothermal 
method.  

     The band gap of the ZnCo2O4 nanoparticles can be 
calculated by Taue’s formula, 

                               (αhν) n = c (hν-Eg)  

Eg – band gap energy 
α -absorption coefficient 
hν- photo energy 
c- constant 
                                                                                                                                                          

Sample Band gap (eV) 

ZnCo2O4 control 3.0 

ZnCo2O4 100 shock 2.8 

ZnCo2O4 150 shock 2.9 
ZnCo2O4 200 shock  3.1 

 

Fig 2 optical absorption spectra of ZnCo2O4 under 
different shock wave conditions 

3.3 VSM Analysis  

The VSM technique is highly adopted to 
understand magnetic behaviour of the cobaltite sample 
with respect to various pressures. The hysteresis loop of 
the control and shock wave loaded sample is shown in the 
below figure. The control sample exhibits the super 
paramagnetic behavior having no retentivity, because the 
magnetic loop passes through the origin co-ordinates with 
minimum coercivity .When the shock wave is loaded both 
magnetic saturation and corresivity increases. the shock 
wave loaded sample changes from superparamagnetic to 
paramagnetic behavior. The magnetization(×10−3emu), 
corresivity (Oe), retentivity (×10−6 emu) values of control 
and the shock wave loaded sample is represented in the 
below table. Hence, we conclude that the zinc cobalitle 
nanoparticles have magnetic phase transition on 
increasing the shock wave loaded conditions . Thus the 
zinc cobaltitle have minimum stability at different shock 
waves. 

Experimental 
condition 

magnetization(×10
−3emu) 

corresivi
ty (Oe) 

retenti
vity 

(×10−6 
emu) 

Control 
Znco204NPs 

-3.94481 0.00274 - 

100 shocks 
Znco204NPs 

0.002939 -7.09765 0.0029 

150 shocks 
Znco204NPs 

0.002566 1.42287 
-

0.0119
0 

200 shocks 
Znco204NPs 

0.00274 6.81475 
-

0.0253
0 
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3.4 Raman spectrum  

The Raman spectroscopy was used to analyze the 
vibration modes, defect and the crystallographic phases as 
well as phase purity. The below figure, shows the Raman 
spectrum of control ZnCo2O4 NPs , figure b,c,d, represent 
the Raman spectra of zinc cobaltite after the shock loaded 
experiment of 100,150,and 200 shocks respectively . The 
spectra has three Raman bands located at 476,516,682  
cm-1 and they are corresponds to Eg , F2g and A1g modes. 
Based on the Raman vibration modes, the test sample 
belongs to the cubic structure. 

The bond between co-O vibration contributes to 
A1g Raman mode. The F2g mode is due to the Zn-o 
stretching in ZnCo2O4. Eg Raman modes is mainly due to 
the oxygen vibration, A1g and Eg are active Raman bands 
.From the Raman spectroscopy of  ZnCo2O4 , Zn-O and Co-O 
vibration only obtained hence the prepared sample was 
pure and it is noted that for 100 shocks the intensity of the 
peaks are increased. For 150 shocks there is widening of 
the peak again the intensity of the peaks are increased in 
the case of 200 shocks. These changes may be due to the 
surface deflects and particle size effect which are caused 
by the effect of shock wave. On comparison with the 
control and shocked ZnCo2O4 , no major notable peak shift 
occurred in the Raman bands.  
           

 

   4 Conclusions 

ZnCo2O4 nanoparticles were successfully prepared 
by hydrothermal method. The synthesized Zinc cobaltite 
nanoparticles was subjected to different shock wave 
conditions (100, 150 and 200 shocks). Its structural 
changes and the properties was analyzed by X-ray 
diffractional study. The SEM studies shows the ZnCo2O4 
are densed sphere-like particles. The change of phase 
occurred in Zinc cobaltite nanoparticles under different 
shock wave conditions.  Further, ZnCo2O4 NPs was 
characterized by means of UV analyses, which shows that 
the synthesized nanoparticles are pure and changes in 
bandgap under shocked condition.  From VSM analysis The 
effect of shock waves can be seen in magnetization after 
100 shock pulse. From the Raman spectroscopy of  
ZnCo2o4, Zn-O and Co- vibroation obtained hence the 
prepared sample was pure. 
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