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ABSTRACT 
MnO2 nanoparticles were synthesized using MnCl2 precursors with KMnO4 by hydrothermal 

method. The same method was repeated for the synthesis of Graphite/MnO2, Graphite/MnO2/PVA 

and Graphite/MnO2/PVP Nano composites. XRD, FE-SEM ,UV Visible, Raman and FTIR 

spectroscopic studies were carried out to characterize as synthesised MnO2 nanoparticles and Nano 

composites. From XRD pattern it was confirmed that the presence of alpha-MnO2  nanoparticles  and 

UV -Visible studies revealed that the band gap energy drastically reduced when PVA and PVP added 

in to the Graphite/ MnO2 nanoparticles, this was due to the conductance performance of the PVA and 

PVP polymers. Cyclic Volta metric study confirmed the shifting of potential to more cathodic for 

PVA and PVP assisted Graphite/ MnO2 nanoparticles.  The MnO2 nanoparticles usually used as  a 

anodic active materials for many primary batteries but we find in our CV study the Graphite / 

MnO2/PVA and Graphite/ MnO2/PVP Nano composite materials can be used as cathodic active 

materials. 
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1. INTRODUCTION 
In recent years power and energy industries demands more efficient and effective portable 

electronic devices such as roll-up displays, photovoltaic cells, and wearable devices1–4 etc. Currently, 

cathode electrodes materials were more  attracted than the development anodic electrode materials5. 

Manganese oxides are used most widely as electrode material for design of batteries 6, 

electrochemical pseudocapacitors7,8 and electrochemical cells9. Among the attractive anode 

materials, manganese dioxide has emerged as an effective alternative to graphite anodes because it 

offers an extremely high theoretical specific capacity of 1230 mAh·g−1 and excellent electrochemical 

behavior, alongside its low price, natural abundance and environmental friendliness10,11,12 but it 

suffers from significant capacity loss and poor cyclic stability due to the large volume expansion 

during cycling, which limit its widespread application13,14. To meet out such challenges, tremendous 

work has been focused on the most popular method of building nanostructured materials based on 

Manganese oxide nanomaterial’s . 

The capacitances of manganese oxide electrodes are limited because of its poor electrical 

conductivity15. To enhance the electrical conductivity and charge-storage capability of manganese 

oxide electrodes, modifications have to be carried out—for instance, adding to the electrode other 

transition metal elements such as Ni, Cu and Fe or metallic elements such as Al or Sn16,17,18. Another 

method of electrode modification is the deposition of manganese oxides on porous and high-surface-

area materials with an electronically conducting structure. Carbon nanofoams, Nano graphite and 

template mesoporous carbon are especially used for this process19. Manganese oxides are used most 

widely as electro design batteries20, electrochemical pseudo capacitors 21,22 and electrochemical 

cells23. Among the attractive anode materials, manganese dioxide has emerged as an effective 

alternative to graphite anodes because it offers an extremely high theoretical specific capacity of 

1230 mAh·g−1 and excellent electrochemical behavior, alongside its low price, natural abundance 

and environmental friendliness 24,25,26, but it suffers from significant capacity loss and poor cyclic 

stability due to the large volume expansion during cycling, which limit its widespread 

application27,28. To meet such challenges, tremendous work has been focused on the most popular 

method of building nanostructured materials. 

The capacitance of manganese oxide electrodes is limited because of its poor electrical 

conductivity 29. To enhance the electrical conductivity and charge-storage capability of manganese 

oxide electrodes, modifications have to be carried out—for instance, adding to the electrode other 

transition metal elements such as Ni, Cu and Fe or metallic elements such as Al or Sn 30,31,32. Another 

method of electrode modification is the deposition of manganese oxides on porous and high-surface-
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area materials with an electronically conducting structure. Carbon nanofoams, Nano graphite and 

template mesoporous carbon are especially used for this process 33. 

In this work, steps have been taken to enhance the conductivity of the MnO2 nanoparticles 

which  are assisted on natural graphite  through the hydrothermal method. In addition to that 

Graphite/MnO2 nanoparticles are embedded with  polyvinyl alcohol and polyvinyl pyrrolodine  

polymers separately. Recently in one study, for the fabrication of super capacitor a cathodic layer of 

graphite was made34. Based on the above considerations, in this study, we develop a Graphite/MnO2, 

graphite/MnO2/PVA and  Graphite/MnO2 /PVP Nano composites by hydrothermal method. 

Accordingly the natural graphite  PVA and PVP  layers can obviously enhance the conductivity  of 

MnO2 nanoparticles and it will provide electron “super highways” for charge storage and delivery 

because of its excellent electrical conductivity, which will overcome the key weakness (the limited 

electric conductivity) of MnO2 and further enhance the conductivity of electrode MnO2 nanoparticles 

has been recognized as the most promising electrode material for SCs35–39. The MnO2  can provide a   

greatly enhance the electro active surface area. Recent work shows that SCs based on MnO2 films 

grown on conductive substrates exhibit high performance40–43. Electrochemical measurements show 

that the designed graphite/MnO2/PVA and graphite/MnO2/PVP Nano composites exhibit high 

performance. Manganese oxides are characterized as nontoxic and efficient catalytic materials that 

are easy to synthesize 44. 

2. MATERIALS AND METHODS 

2.1 Materials used 
All the chemicals used in the experiments were of analytical grade without further 

purification. Natural graphite fine powder (98%) was purchased from Lobe Chem. KMnO4(≥99%)  

from Sigma Aldrich. MnCl2, PVA, PVP (K-30) and ethanol solutions were purchased from Merck 

Ltd. 

2.2. Synthesis of Graphite oxide 
A mixture of 0.34 gram of MnCl2 and 0.2gram of KMnO4 were dissolved into the 50 ml of 

ethanol. These solution were subjected to reflux process under 780C  for a period of 8 hrs. During the 

process after half an hour a small amount of natural graphite flake was added to the solution. 

Similarly the same procedure was repeated while the preparation of graphite/MnO2/PVA and PVP 

and it was left in the stirrer for several hours. Then the obtained filtrate is then washed with HCl. 

Then the dark yellow colour suspension was obtained. The obtained solution was dried under 

vacuum at 500 C for 24 hours. Thus, the dried mixture of graphite rods were collected finally. 
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3. RESULTS AND DISSCUSSION 

3.1. X-ray Diffraction (XRD) 
The X-ray diffraction of the synthesized Graphite/MnO2  Nano composite , Graphite/MnO2 

with PVA, PVP Nano composite were  recorded on XPERT-PRO diffract meter system equipped 

with a Cu (kα ) radiation source(λ=1.5406Å) as shown in the figure(3.1). 

Average crystallite size was calculated using Debye-Scherer formula, 

D =    

Where, 

D - Average crystallite domain size (m), 

λ- Wavelength of X – rays (1.54060x10-10 m) 

β -Full width half maximum (radian) 

θ - Diffraction angle (degree) 

K -0.94 

 
Fig-1. X-ray diffraction pattern of Graphite, Graphite/MnO2, Graphite/MnO2/PVA and Graphite/MnO2/PVP 

The phase purity and the crystalline structure of the as-prepared graphite/MnO2, 

graphite/MnO2/PVA and graphite/MnO2/PVP nanoparticles were examined by the XRD pattern as 

shown in fig(3.1). Hence the presence of graphite was observed to be (002) planes of graphite in the 

range of 22-280 for every prepared samples of Graphite, Graphite/MnO2 Graphite/MnO2/PVA, 

Graphite/MnO2/PVP[45],the small peaks of MnO2 was observed at 40.54,corresponds to(301) plane. 

This plane strongly attributes the presence of MnO2 nanoparticles in Graphite nanocomposites46,47. 

The Average crystal size of the synthesized Graphite, Graphite/MnO2, Graphite/MnO2/PVA and 

Graphite/MnO2/PVP were of 20nm, 231nm, 525nm and 651nm respectively 48. 
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3.2 UV-Visible absorption spectral analysis 
The UV-Visible absorption of synthesized samples were recorded by perking-Elmer lambda 

35 spectrometer with a variable radiation wavelength between 200 to 1200nm as shown in the Fig 

(3.2). It depicts the optical spectra of the synthesized Graphite, Graphite/MnO2, Graphite/MnO2/PVA 

and Graphite/MnO2/PVP  Nano composite. The absorption peak at UV region was used to study the 

shifting in optical band gap energy for the synthesized materials. 

The optical energy band gap Eg was calculated from the Tauc’s  relation 

αhν = A (hν-Eg)n 

where, 

A-constant 

α-Absorbtion co efficient of the material 

Eg-band gap energy (eV) 

n-the power factor and that take 1/2, 2, 3/2 and 3 allowed direct, allowed  indirect  forbidden direct 

and forbidden indirect transitions respectively. 

The optical band gap were found to be 2.33, 1.90, 1.80,and 1.77 eV  for Graphite, 

Graphite/MnO2, Graphite/MnO2/PVA and  Graphite/MnO2/PVP respectively49,50 The optical band 

gap decreases as shown in fig-2.  
 

 
Fig-2. UV-Vis spectra for Graphite, Graphite/ MnO2, Graphite/MnO2/PVA and Graphite/MnO2/PVP 

nanocomposite. 
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3.3. Raman spectroscopy analysis 
Raman spectroscopy is a non destructive technique. Raman spectrum helps to determine the 

vibration of phonons in the lattice structures. The frequency of vibrations of the material depends on 

the atomic masses and its bond strength. This Raman Effect is due to the interaction of 

electromagnetic field of the incident beam with the given sample material. If the laser light falls on 

the sample it may interact in different forms such as absorption, scattering or reflection 51. Heavy 

atoms and weak bonds contain low raman vibrations, light atoms and strong bonds contains high 

raman vibrations. 

The inelastic scattering of photon known as Raman Effect. Thus the higher energy 

wavelength referred as Anti stokes lines and lower wavelength referred as stokes scattering 52. Due to 

instability returns to its initial state and it emits photons of same energy, it is termed to be Rayleigh’s 

scattering. The size of sp2 ring clusters in a sp3 hybrid network of carbon atom can be determined by 

the intensity of ratio of the D and G band (ID/IG)53.The D-band is related to degree of disorder in 

graphite and while G-band is related to C-C vibrational mode. 
 

 
Fig-3. Raman spectra for Graphite, Graphite/MnO2, Graphite/MnO2/PVA Graphite/MnO2/PVP Nano composite. 

The Raman spectra of all Graphite  Nano composites contain both D and G bands. The above 

graph displays the raman spectra of Graphite reveals that presence of very strong D peak at (1350-

1360)cm-1 which shows that disorder of the sample and also displays the G-band around (1650-

1750)cm-1,the peak around                   (650-1000)cm1 Shows the presence of MnO2 nanoparticles. 

The intensity values of I(D)/I(G) of synthesized Graphite, Graphite/MnO2, Graphite/MnO2/PVA and 

Graphite/MnO2/PVP are 0.18, 0.25, 0.25, 0.25. I(D)/I(G), rationalize reciprocally with the size of 

crystalline grains 54. If the number of layers is smaller than five then the peak becomes more intense 
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than G peak. Therefore the Raman effect is due to interaction of electromagnetic field of incident 

beam with sample materials. 

3.4. Fourier Transform infra-red spectroscopy (FTIR) 
The FT-IR spectrum of Graphite, Graphite/ MnO2, Graphite/MnO2/PVA and 

Graphite/MnO2/PVP was shown in fig-4. 

                         
Fig-4. FT-IR spectrum of Graphite, Graphite/ MnO2, Graphite/MnO2/PVA and Graphite/MnO2/PVP 

nanocomposite 

From the above fig-4, the typical broad absorption in the wave length ranges above 3400 cm-1 

are allocated for  O-H stretching, Which denotes the peaks corresponding to the wave number above 

1570cm-1 denoting the presence of functional groups such as  O-C-O,C=C respectively. The number 

of oxygen containing functional groups is comparatively low in graphite. As such, it can be 

implicated that the Graphite contains very less amount of O-H groups, which are yet corresponding 

to structural OH groups or physically absorbed water from the atmosphere during the analysis or 

completely reduced carboxylic groups to alcohols. However, the water absorption did not takes place 

significantly due to the non-polar nature of graphite, The appearance of a new peak in the region of  

1560-1581 cm−1 attributes to the skeletal vibrations from un-oxidized graphitic domains (aromatic 

regions of GO) or graphite 55. 

3.5. Scanning Electron Microscope (SEM) 
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Fig-5. FE-SEM of Graphite, Graphite/ MnO2, Graphite/MnO2/PVA and Graphite/MnO2/PVP. 

Fig-[5a&b] shows that FESEM images of the  

Graphite,  Graphite/MnO2, which reveals that MnO2 nanoparticles were  decorated and dispersed on 

the Graphite sheets. The morphology of the synthesized materials were entirely changed. 

Graphite/MnO2/PVA and Graphite/MnO2/PVP nanocomposite appears like MnO2  nano-needle 

structure on the graphite sheets. In addition to that, it can be observed that most of the 

Graphite/MnO2 Nano composites have a triangular shape, that MnO2 triangular nanoparticles were 

decorated as the petals of rose flower of graphite sheets. 

3.6. Cyclic voltammetry 

 
 

Fig-6. Cyclic Voltammeter  of  Graphite, Graphite/ MnO2, Graphite/ MnO2/PVA and Graphite/MnO2/PVP Nano 

composite. 

(a) Graphite (b) Graphite/MnO2 

(c) Graphite/MnO2/PVA (d) Graphite/MnO2/PVP 
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The Cyclic Voltammeter was recorded by Princeton applied research   (2 channels) frequency 

ranges from 1Hz to 1MHz. The Cyclic voltammetry is the most widely used technique for acquiring 

qualitative information about electrochemical reactions. The power of cyclic voltammetry results 

from its ability to provide considerable information on redox processes and the kinetics of 

heterogeneous electron-transfer reactions, and on coupled chemical reactions or adsorption 

processes. Cyclic voltammetry is often the first experiment performed in an electro analytical study.  

In particular, it offers a rapid location of redox potentials of the electro active species. The anodic 

and cathodic peak of cv are arranged parallel to each other. Here, positive current shows the 

oxidation and negative current shows the reduction behaviors. Hence different areas and reduction 

behavior of graphite samples depends upon shape, size and thickness of film, which leads to 

reduction current of the electrode materials. The peaks of cv broadens as compared to graphite and 

graphite/MnO2. Thus the shape of cv curve gives the reversible charge-discharge behavior 56. It is 

evident that all CV scans recorded from -1.5 to 2.5V. The cathodic potential of synthesized Graphite, 

Graphite/MnO2, Graphite/MnO2/PVA and Graphite/MnO2/PVP were analyzed  1V, 0.2V, -0.8V,-

0.9V respectively, which indicates cathodic potential were dramatically tuning from +1V to -0.9V. 

This changes were obtained from nature of the polymers. 

CONCLUSION 

Graphite/MnO2 Nano composite without and with assisted by PVA and PVP nan composites 

were successfully synthesized by hydrothermal method. The XRD patterns revealed that 

graphite/MnO2 present in our synthesized Nano composites. Raman spectrum confirmed the presence 

of graphite/MnO2 nanoparticles, when graphite/MnO2 embedded on PVA and PVP the interfacial 

peak intensity was decreased. The optical band gap energy and catholic potential of graphite/MnO2 

were tuned for PVA, PVP assisted Nano composite which leads to enhance electronic properties of 

the nan composite. 
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