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ABSTRACT 

 

Polyaniline-graphene oxide (PANI-GO) composites were obtained through 

in-situ chemical polymerization of aniline in a suspension of graphene oxide with 

different weight percentage. The synthesised nano composite materials were thin 

layer coated on glass and Al foil substrate. The PANI-GO nano composite thin films 

were studied by characterization of structural, functional groups analysis by XRD, 

FTIR spectroscopes. The optical absorption characterization of nano composite thin 

films by UV-Vis spectroscopy and supercapacitor performances of electrochemical 

analysis by using cyclic voltamatric (CV) technique. The result showed that structural 

study of XRD analysis showing as a synthesised nano composite as a amorphous 

nature and two small peaks present in spectral line, the optical absorption as a very 

small absorption in UV-Vis spectral regions of PANI-GO thin films, the 

electrochemical cyclic voltamatric analysis calculated specific capacitance value of 

PANI-GO nano composite thin film as 470.87 Fg-1. 
 

Keywords: Thin film, Supercapacitor, Conducting polymer, Polyaniline, Graphene, 

Graphene oxide. 

 

1.  INTRODUCTION 
  

Supercapacitors have attracted interest in both industrial and researcher side because 

of it’s an intermediate system between dielectric capacitors and batteries, the mainly materials 

studied for the Supercapacitor electrode are carbons, metal oxides, and conducting polymers1. 

In recent researchers have been mainly focused on electrode materials of carbon based 

conducting polymers like polyaniline (PANI), polypyrrole (PPy) polythiophene (PTh) and 

graphene, graphene oxide (GO) and graphene based composites. This new type of conducting 
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polymer graphene composite materials show many advantages such as low production cost 

and mass production2,3, high surface area, excellent conductivity4. These encouraging 

characteristics provide such new materials a wide range of potential applications and have 

attracted great interests in developing multifunctional conducting polymer with graphene 

composites5. However few reports are related to the application of graphene or graphene oxide 

(single layer or graphene oxide) based materials in supercapacitors.in resend year ordered 

nanostructured three-dimensional arrays PANI-Graphene composites have an high 

electrochemical capacitance of 1295 Fg-1 at 1Ag-1 that’s the excellent rate capability of 

Supercapacitors electrodes6.  

Polyaniline (PANI) is one of the most promising conductive polymers because of its 

environmental stability, low cost, controllable electrical conductivity and interesting redox 

properties7. PANI has four redox states, which are leucoemeraldine base (LB), emeraldine salt 

(ES), emeraldine base (EB) and pernigraniline base (PB). The EB form of PANI can be 

conveniently doped into the conductive and electrochemically active ES form with positive 

charge at low pH values (pH<3)8,9. However PANI is susceptible to rapid degradation in 

performance upon repetitive cycles because of its swelling and shrinkage. In order to alleviate 

this limitation, the combination of PANI with graphene material10 such material provide to 

reinforce the stability of PANI as well as maximize the capacitance value11,12. Graphene is a 

two-dimensional form of graphite that has attracted great interest because of its high surface 

area, excellent mechanical properties, and conductivity13,14. 

The combination of PANI with graphene remarkably enhances the conductivity and 

mechanical strength, which exhibits excellent performance as electrode material for 

supercapacitors. The pure  graphene  cannot  be  dissolved  or  dispersed  even  after  the lasting  

ultrasonic  treatment15,16, so  graphene  oxide (GO) has been widely  used  in  material  chemistry  

and  basic  research.  GO is  a  functionalized  graphene,  which  is  a  one atom  planar  crystal 

with  aromatic  regions  and  aliphatic  regions.  There  are  a  large  number  of  hydrophilic  

functional  groups  on  the  surface  of  GO,  which makes  it  accessible  to  combine  with  

PANI.  The  oxygen  atoms  in GO  destruct  its  conjugate  structure  and  decrease  largely  

its  conductivity,  therefore  it  is  necessary  to  convert  GO  to  conductive graphene  by  a  

reduction  reaction.  Hydrazine is generally used as a reducing agent.  However,  Zhang17  

pointed  out  previously that  hydrazine  reduction  procedure  of  polyaniline–graphene  oxide 

(PANI–GO)  composites  can  reduce  not  only  GO  but  partially  PANI as  well,  which  

would  lead  to  decrement  in  the  level  of  crystallinity of  associated  PANI.  So  the  

composites  after  hydrazine  reduction were  reoxidized  or  even  reprotonated  to  bring  back  

the  PANI  crystallinity.   
 

In this research paper investigate with preparation of PANI-GO nano composite 

material by in-situ polymerization of aniline in presence of graphene oxide and coated with 

these material form a thin film of in Al substrate. The structural characteristic of composites 

was analyzed by Fourier-transform infrared (FTIR) spectroscopy, Ultraviolet-visible (UV-Vis) 

spectroscopy, X-ray diffraction (XRD) and Electrochemical performance of composite thin 

film was characterized by cyclic voltametry  (CV). 

http://www.physics-journal.org/
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2.  EXPERIMENTAL SECTIONS  

 

2.1 Synthesis of Polyaniline (PANI) 

 

The conductive polymer of PANI was synthesis by the chemical In-situ 

polymerisation technique. In this technique contain three step process Step 1. prepare the 

monomer solution aniline (C6H5NH2), and hydrochloric acid 0.1M of aniline was distilled with 

diluted Hcl solution for 15ml this is the monomer solution. Stop 2 is preparation of oxidant 

solution same for monomer preparation technique using oxidant as a ammonium per sulphate 

((NH4)2S2O8 M=228.20g/mol (APS) and acid medium as Hcl 0.1M concentration was taken 

as a 15ml of diluted Hcl solution. Both solutions separately stirred for 15 minute each of these 

solutions would help to complete mixing of monomer acids and oxidant acids. The Step 3 as 

a mixing both monomer and oxidant solution, in which oxidant solution added into monomer 

solutions is very slowly drop by drop of addition at constant stirring. The complete addition of 

oxidant to the monomer solution the mixed solution kept on stirring for one hour this time for 

taking polyaniline formation at on conducting emeradine base formation blue colour to green 

emeradine salt polyaniline formation in bottom of beaker. After that precipitated PANI salt 

filtrated and washed with several time in methanol, distilled water. The purified PANI salt kept 

in dried in vacuum chamber at 600c at five hours.      
 

2.2  Nano Composite of PANI-GO 
  

The PANI – GO nano composite were prepared by directive In-situ chemical 

polymerization technique. Firstly natural graphite was grained to get nano size fine-graphite 

powder in this modified by graphene oxide (GO) by Hummers method [18]. The nano 

composite PANI-GO preparation in three different weighed percentage 1g, 1.5g and 2.0g of 

GO powder.  The three weighed percentage of GO powder was added in the Aniline+Hcl 

monomer solution of three differed solution baths, the concentration of monomer and oxidant 

as 1:1 M.. The oxidant were added in GO dispersed monomer baths oxidant of APS solution 

in slow mixing process for completed polymerization. Finally precipitated nano composite 

PANI-GO powders were filtrated and washed with the methanol and distilled water for several 

time and dried with vacuum.        
 

2.3 Preparation of PANI-GO Thin film  
 

The prepared three different nano composite PANI-GO powder we have used as a thin 

film preparation. The nono composite PANI-GO powders were dissolved in DMF 

(Dimethylformamide H.CON(CH3)2)  and coated on per cleaned glass and Aluminium foil 

substrates by dip costing method.  

The prepared PANI salt, GO and PANI-GO thin films are used to characterization 

study of structural analysis of XRD, Functional analysing of FTIR, Optical characterization of 

UV-vis spectroscopy spectral line analysis. The electrochemical supercapacitor performances 

were studied by using Cyclic Voltamatric (CV) technique. 

http://www.physics-journal.org/
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3.  RESULTS AND DISCUSSION 

 

3.1 FTIR Analysis  
  

FTIR spectral analysis of GO, synthesised PANI powder and PANI-GO Thin film as 

shown in figure 3.1 the spectral line (a) is indicating the fine GO nano powder, (b) indicating 

the line of synthesised PANI powder and (c) indicating as a spectral line of nano composite 

PANI-GO thin film. In line a) for graphene oxide are attributed to OH, C=O in COOH and C-

O in COH/COC functional groups at presenting in the line of 3390, 1629 and 1495-1057         

cm-1, 19. The spectrum of PANI shown in figure 1 (b) transmittance beaks centring at 813, 1122, 

1250, 1483 cm-1 and 1567 cm-1 are attributed to the flexural vibration inside and outside 

aromatic C-H plane, C-N in PANI the aromatic C=C stretching vibration of the benzenoid ring 

and quinonoid ring in PANI respectively among which locate at 1154 cm-1 is the characteristic 

peak of conductive PANI20,21. The nano composite of PANI-GO thin film shown in figure 3 

(c) here all companied main spectral peaks present at the spectral ling in exact positions this 

indicating GO over coated with PANI polymer formations. 
 

 
Figure 3.1 FTIR Spectral line of (a) Fine GO powder (b) Synthesised PANI powder (c) PANI-GO Thin film  
 

3.2  UV-Vis Spectral Analysis  
  

The UV-Vis absorption spectral line of different weight percentage of GO composite 

PANI-GO thin films as shown in figure 3.2 The prepared PANI-GO nano composite materials 

were dissolved in the DMF (Dimethylformamide H.CON(CH3)2) organic solvent and coated 

by glass substrate forming the thin film in drop casting method. The three different weight 

percentage of GO powder material thin films indicating the simple of a, b and c the sample (a) 

is the 1.0g of graphene oxide mixed PANI-GO nano composite thin film, (b) as a 1.5g of 

graphene oxide mixed PANI-GO nano composite thin film and (c) as a 2.0g of GO mixed 

PANI-GO nano composite thin film in this thin films sample were used by optical 

characterization study of UV-Vis spectroscopy. The all three spectral lines show two 

absorption peaks at around 460 and 890nm attributed to -π* polaron transition and –π polaron 

transition respectively. The comparison of three absorption spectral lines absorption level 

spectrum is degreasing with increasing of GO percentage22. 

http://www.physics-journal.org/
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Figure 3.2 UV-Vis Spectral ling of (a) PANI-GO (1.0g) (b) PANI-GO (1.5g) (c) PANI-GO (2.0g) Thin films 
 

3.3 X-ray Spectroscopy Analysis  

  

The XRD spectral line of fine graphene oxide, synthesised PANI and PANI-GO(1.0g) 

thin film as shown in figure 3.3. The figure 3.3 (a) as a grphene oxide fine powder diffracted 

XRD spectrum the only one diffracted peak presenting at angle 100. The second figure 3.3 (b) 

as a XRD spectrum of synthesised PANI showing a amorphous nature of polymer so any 

diffracted peaks not presenting in the spectral lines. The third one of figure 3.3 (c) indicating 

Thin film of nano composite PANI-GO diffracted spectrum this showing some diffracted 

peaks and main GO peak at present at the same position of 100 for GO spectrum. The 

comparative XRD spectrums clearly showing combinational characteristics of conducting 

polymer PANI and conductive GO nano composite thin film23-25. 

 
Figure 3.3 XRD Spectral line of (a) fine Grphene Oxide (GO) powder (b) Synthesised PANI and (c) PANI-

GO Thin film   
 

3.4 Electrochemical performance Analysis  
  

The cyclic voltammertry curves of pure synthesised PANI and PANI-GO different 

weight percentage thin films as shown in figure 3.4. The hole curve there are two couple of 

redox peaks (0.28 V/0 V, 0.65 V/0.44 V) appear  in the CV curve, which are caused by the 

redox transitions of leucoemeraldine/polarinic emeraldine form and faradic transitions of  

http://www.physics-journal.org/
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emeradine/pernigraniline. The shape of CV curve of three weight percentage of GO composite 

thin film substrate of aluminium (Al) thin films is similar shape in the electrolyte in 1M H2SO4 

solution and pure graphene rot as a reference electrode. The comparative current density of 

CV curve indicating that the pure PANI thin film as a less current density then PANI-GO 

composite thin film. The Current density curves of composite thin films gradually increasing 

by increasing a weight percentage of GO material. So here large current response and CV 

curve area are obtained with the increasing graphene ratio in PANI-GO composites, showing 

specific capacitance generally increasing. The specific capacitance of the electrode can be 

calculated according to the following equation from CV curves26. 

C = (
ʃ𝐼𝑑𝑉

ʋ𝑚𝑉
) 

Where C is the specific capacitance based on the mass of Electroactive materials (F/g), I is the 

response current density (A/g), ʋ is the potential scan rate (mv/s), m is the mass of the 

Electroactive materials in the electrodes (g) and V is the potential (V).  

The calculated specific capacitance of pure PANI coated thin film electrode is 70.42 

F/g, PANI-GO(1.0g) composite coated electrode is 206.08 F/g, PANI-GO(1.5g) composite 

coated electrode is 250.16 F/g and PANI-GO(2.0g) composite coated electrode is 470.87 F/g. 
 

 
Figure 3.4 CV curves of Thin films (a) PANI thin film (b) PANI-GO(1.0g) Thin film (b) PANI-GO(1.5g) Thin 

film (c) PANI-GO(2.0g) Thin film   
 

4. CONCLUSION  

 

 The PANI-GO nano composite thin films were prepared successfully by in-situ 

chemical oxidative polymerization by using modified graphite powder. The synthesised PANI 

was studied by functional groups analysis by FTIR spectroscopy spectral lines showing major 

peaks all are presented. The nano composite of PANI-GO thin film main spectral peaks present 

at the spectral ling in exact positions indicated GO over coated with PANI polymer formations. 

The UV-Vis absorption spectral line of different weight percentage of GO composite PANI-

GO thin films is studied in UV-Vis analysis spectroscopy. The all three spectral lines show 

two absorption peaks at around 460 and 890nm attributed to -π* polaron transition and –π 

polaron transition respectively. The comparison of three absorption spectral lines absorption 

http://www.physics-journal.org/
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level spectrum is degreasing with increasing of GO percentage. The structural characterisation 

of XRD spectroscopy study indicating and conformed the synthesised polymer as amorphous 

and conductive nature of polymer and composites film are a presenting the GO differentiated 

at presence in the composite material. The cyclic voltammertry study clearly showing the 

current density values of different PANI and PANI-GO composite material coated thin film 

electros as increasing GO material depends upon the specific capacitance. The calculated 

specific capacitance values of thin film electrodes are pure PANI electrode is 70.42 F/g, PANI-

GO(1.0g) composite coated electrode is 206.08 F/g, PANI-GO(1.5g) composite coated 

electrode is 250.16 F/g and PANI-GO(2.0g) composite coated electrode is 470.87 F/g. 
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