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1. Introduction 
             Nanoscience is the study of condensed materials, 
properties and behaviors at the nanoscale, optical, 
chemical, electrical, etc. that are very different from those 
of bulk materials as well as the fascinating world of bio 
systems and other natural nanoscale phenomena [1]. In 
nanoparticles research, the present research activities is 
mainly focused on metal elements. In that Mn3O4 is one of 
the most useful inorganic oxide materials and it has wide 
range of applications as well as physical and chemical 
properties [2-6]. Mn based catalysts particularly Mn3O4 is 
used as a catalyst for the oxidation of methane, carbon 
monoxide and decomposition of Manganese and it has 
several oxidation states such as (+2, +3, +4) also have 
many phases as namely MnO, MnO2, Mn2O3, Mn3O4 and 
Mn5O8. Manganese oxides are attractive non-toxic and 
inexpensive [7]. Mn3O4 is the stable one with variety of 
applications such as MRI (Magnetic resonance imaging), 
Lithium-ion battery and super capacitors applications due 
to its theoretical specific capacitance [8-10]. Manganese 
oxides have been synthesized by using the following 
methods like sol-gel method, Hydrothermal method, co- 

precipitation method and micro-emulsion method etc. 
Various methods have been there for the synthesis of 
Mn3O4 among them hydrothermal technique is very useful 
to control the particle size, shape, surface area and 
structure and this technique does not involve any 
hazardous element but it produces various morphologies 
and sizes [11-13].  

Shock wave is generated by the abrupt release of 
energy like in explosion or volcanic eruptions, earthquake 
and bodies moving at supersonic speeds. It moves faster 
than the speed of the sound in medium. In recent years, 
the impact of shock waves on both micro and nano 
materials shown considerable changes in phase 
transformation, optical, electrical and magnetic properties. 
Utilizing all these changes caused by the shock waves, it 
very possible to tune the structural properties of the 
materials [14-19].                                                                                                                                               

                This work represents the preparation of Mn3O4 
nanoparticles by Hydrothermal method. Then the 
prepared sample was subjected to shock pulses. Further 
the prepared sample was characterized by XRD technique 
to confirm the material. The functional groups of the 
prepared sample were observed by FTIR. The energy gap 
was find out by using UV-Vis spectroscopy and the surface 
morphology was carried out by using SEM analysis [20]. 

Materials and Methods: 
All chemicals, such as Manganese sulphate 

Monohydrate (MnSO4.H2O), Potassium Permanganate 
(KMnO4), Ethanol and Double distilled water were 
procured from Sigma Aldrich. 

Synthesis of Mn3O4 Nanoparticles: 
               For the synthesis of Mn3O4 nanoparticles,0.15 M of 
potassium permanganate and 0.07 M of manganese 
sulphate were prepared separately in double distilled 
water under magnetic stirring. Manganese sulphate 
solution was slowly added into potassium permanganate 

solution and stirred for half an hour. The mixture was 
transferred into a Teflon-Lined stainless steel autoclave 
with 80 ml capacity. The autoclave was sealed and kept in 
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 an electric oven for 24hrs at 160°C. The precipitate was 
then collected after being cooled to room temperature. The 
precipitate was washed with deionized water and 
anhydrous ethanol for multiple times. Then, the 
hydrothermally synthesized precipitate was dried at 70°C 
for 12 hr. Finally, the dried precipitate was ground with 
mortar and pestle and it was calcinated at 900°C for 5hr in  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the muffle furnace. Finally, the dark brown powder was 
obtained and named as Mn3O4 nanoparticles. 
 The un calcinated sample was then subjected to 
300 shocks.  The comparative study was carried out 
between control and shock wave loaded Mn3O4 
nanoparticles. The pictorial representation for the 
synthesis of Mn3O4 nanoparticles is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.15 M (0.94824g) of Potassium 
Permanganate was dissolved in 
40ml of distilled water 

0.07 M (0.473256g) of 
Manganese sulphate was 
dissolved in 40ml of distilled 
water 

Manganese sulphate solution was added slowly into potassium 
permanganate solution 

Transferred into an autoclave 

 

Washed with distilled water and anhydrous 
ethanol 

Dried at 70°C for 12 hours 

Calcinated at 900°C for 5 hours 

Mn3O4 nanoparticles 

at   Heated at 180°C for 4 hours 

Stirred for 30 minutes  
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Results and Discussion 
Powder X-ray diffraction: 
 
 

 
 

Fig: 3. 1 Powder XRD pattern of pure and shock 
Induced Mn3O4 nanoparticle 

 
 

         Figure: 3.1 shows that the X-Ray Diffraction pattern of 
pure and shock induced Mn3O4 nanoparticles. The 
diffraction peaks are matched with JCPDS card No:24-
0734. The obtained peak positions for pure Mn3O4 is 2θ = 
18.08°, 28.89°, 32.32°, 36.08°, 44.43°, 50.72°, 58.45°, 
59.79°, 64.57°, 74.04° similarly for shock loaded sample is 
2θ = 18.60°, 29.69°, 39.05°, 43.34°, 51.66° and 
corresponding crystal planes for pure Mn3O4 (101), (112), 
(103), (211), (220), (105), (321), (224), (400), (413) and 
for shock induced Mn3O4 (031), (132), (014), (104), (280), 
(093). The results shows that the synthesized Mn3O4 NPs 
are in tetragonal structure [21]. The high phase purity of 
the prepared Mn3O4 sample is because there is no evidence 
for the presence of any other oxidation states of 
Manganese and the prepared Mn3O4 particle size should be 
small, because the resulting diffraction peaks are quite 
broad and of low intensity [22]. The as-synthesized sample 
was then subjected to 300 shock pulses. The XRD pattern 
of shock loaded sample reveals that there is a phase 
transition from Mn3O4 to Mn2O7 (i.e.,) tetragonal to 
monoclinic due to impact of 300 shocks with Mach number 
2.2. The XRD patterns of shock loaded sample well 
matches with the JCPDS card no: 79-0083.  The average 
crystallite size of Mn3O4 NPs and shock loaded sample was 
found to be 7.3 nm and 4.9 nm respectively. 

 
The above figure shows graph versus crystalline size 

and Micro strain. 
From the plot, it is clear that the crystalline size decreases, 
micro strain decreases. 

 
The above figure shows the plot versus Dislocation 

density and stacking fault 
From the plot, it is clear that as the Dislocation density 
increases, stacking fault also increases. 

FTIR Analysis: 

              Figure: 3.2 shows that the FTIR spectra for pure 
Mn3O4 and Shock loaded Mn3O4 nanoparticles. For pure 
Mn3O4, the absorption band at 3315 cm-1 is attributed to O-
H stretching mode and the absorption peak exists near 
around 1634, 1511, and 1321 cm-1 could be attributed to 
O-H bending vibration combined with Mn atoms. The peak 
located at 597 and 511cm-1 were associated with the 
coupling mode between the Mn-O vibration mode of 
tetrahedral site and peaks at 472, 406 cm-1 correspond to 
octahedral sites.  For 300 Shock loaded sample, the 
intensity of these peaks have almost vanished and this 
effect shows that the properties of Mn3O4 nanoparticles 
changes gradually. The characteristic narrow band 
situated at 1622 cm-1 correspond to the hydroxy (OH), 
should be absorbed by the samples or KBr. The peak at 
1271 cm-1 indicates N-O stretching mode, peak at 695cm-1 

corresponds to Mn-O stretching mode, peaks at 549 and 
503 cm-1 associated to the Mn-O distortion vibration [23]. 

Sample 

Average Crystallite Size 

(D) 

(nm) 

Pure Mn3O4 7.3 

Shock Induced Mn3O4 4.9 
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Fig: 3.2 FTIR Spectra of Mn3O4 and Shock Induced 

Mn3O4 

UV-Vis Analysis: 

 
Fig 3.3 shows that the UV-Vis Spectrum for pure and 

shock loaded Mn3O4 
For control Mn3O4, the value of band gap is found 

to be 2.5 eV and for shock loaded Mn3O4, the band gap is 
found to be 3.2 eV. The change in band gap is due to the 
reduction of KMnO4 by ethanol to manganese and the 
oxidation state decreases from Mn7+to Mn3+. As Mn3+ is a 
much stable state of manganese, very small amount of Mn 
gets further reduced to Mn2+ states and these changes may 
be due to the changes in the structural properties of the 
sample. 
SEM ANALYSIS: 
 

 

 
Fig 3.4: SEM images of (a) control Mn3O4 (b) shock 

wave loaded Mn3O4 

  The surface morphology of control and shock 
wave loaded Mn3O4 nanoparticles were analyzed using 
SEM analysis. Fig. (a), show the aggregated Mn3O4 
nanoparticles are in the form of spherical morphology. The 
size of the control Mn3O4 nanoparticles are in the range of 
40-50nm and it is in good agreement with the XRD results. 
But in the case of shock loaded sample, there is a change of 
morphology from spherical to rod like morphology with 
less agglomeration. The change in morphology may be due 
to the propagation of shock wave in the sample. 
Conclusion: 
         We conclude that the pure Mn3O4 NPs and shock 
Induced Mn3O4 NPs was successfully prepared by 
hydrothermal method. The Pure and shock induced Mn3O4 
NPs were characterized by XRD, FTIR, UV-Vis and SEM 
Analysis. The XRD pattern reveals that there is a phase 
transition from tetragonal to monoclinic structure is due 
to the impact of shock pulses and there is a change in 
crystallite size. FTIR spectra reveals that for 300 shock 
loaded sample the O-H stretching vanishes. In UV-Vis 
spectral analysis  the band gap  for pure Mn3O4 is found to 
be 2.5 eV ,for 300 shock loaded sample the band gap is 
increased and it is found to be 3.2e V. The SEM analysis 
shows that in case of shock loaded sample, there is a 
change in morphology from spherical to rod structure. 
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