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Direct Exfoliation of Graphene using Poly(styrenesulfonic acid graft 

aniline)as a Surfactant and Its Application to Supercapacitor Electrode 

Poly(styrenesulfonic acid graft aniline) (PSSA g PANI)/graphene composites were prepared 

through direct exfoliation of graphite using PSSA g PANI as a surfactant. Compared with 

other fabrication methods of PANI/graphene composites such as in situ polymerization and 

electrodeposition, the direct exfoliation method provides high quality of graphene because 

graphite is directly used as a precursor without chemical treatment and minimizes the 

fabrication step by mixing graphite and the surfactant. In a three-electrode setup, 

PSSA g PANI/graphene composite has a specific capacitance of 767 F/g at 0.5 A/g, which 

is among the highest value of supercapacitor electrodes based on PANI/graphene composites. 

This high value is attributed to its hierarchical structure taking advantage of high specific area 

of graphene and high pseudo-capacitance of PANI. Furthermore, PSSA g PANI/graphene

composite retains 82% of its initial capacitance after 1000 cycles, indicating high 

electrochemical cyclic stability. 
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Objectives

Results

Introduction

Direct exfoliation methods of of graphene

To fabricate  graphene/polymer composite using poly(styrenesulfonic acid graft 

aniline) (PSSA g PANI) as a surfactant.

To investigate electrochemical properties of the composites as a supercapacitor

electrode.

p-p interaction with graphene sheet

Soluble in ethanol due to water-soluble 
moiety

interaction of PANI with graphene 

soluble in ethanol

PSSA-g-PANI as a surfactant for graphene exfoliation

Chem. Commun. 2003, 22, 2768

Microscopic images

Electrochemical properties

Common fabrication methods of of graphenene/polymer composite for or supercapacitorCommon faC
electrode

transparent
electrode

MEMS device

Production of high quality graphene Simple and easy fabrication

Solvents for graphene exfoliation 

Low cost 

Chem. Soc. Rev. 2014, 43, 381

In-situ polymerizationElectropolymerization

Macromol. Rapid Commun. 2012, 33, 1780

Dalton Trans. 2013, 42, 7854

Complicated experimental steps Long time for fabrication of composites

Disadvantages

Using graphene oxide containing many defects as a precursor

Surfactant for exfoliation of graphene

Fabrication of of graphenene/PSSAA-A-g-g-gg--PANI composite e viaa direct exfoliation

1. 100 mg of graphite and 100 mg of PSSA g PANI are dispersed in 10 ml ethanol via
bath-type sonicator for 8 hours.

2. The dispersed solution is centrifuged for 60 min at 2000 rpm and decanted.
3. The composite is obtained by evaporation of solvent in supernatant.
4. The composite is dried at 30 C under vacuum for 24 h.

Sample preparation

Raman spectra

Conclusions

The maximum specific capacitance of graphene/PSSA-g-PANI composite:
767 F g 1 at 0.5 A g 1 based on galvanostatic charge/discharge test and 82% retention   
of the specific capacitance after 1000 cycles.

graphene/PSSA g PANI composite is fabricated via direct exfoliation method. 

The composite exhibits the excellent specific capacitance of 767 F g 1 at 0.5 A g 1 . 

The composite retains 82% of its initial capacitance after 1000 cycles indicating 
high electrochemical cyclic stability.

Surfactant for graphene exfoliation 

Advantages

SEM images TEM images

(a)  Confirmation of vibrational bands    
of the composite (GP), graphite 
and PSSA-g-PANI

(b)  Single broad peak of 2D band 
in GP    

Indicating existence of 
single and bilayer graphene 

SEM and TEM images 
of fully exfoliated 
single layer graphene
covered with 
PSSA g PANI

PSSA g PANI 
on graphene sheet 


