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The performance of the poly(2, 2’-bithiophene-co-pyrene) copolymer doped with bis(2-ethyl hexyl) 

sulfosuccinate sodium (AOT) anions (PBTh-Py)
+
AOT

-
 and its composite with single-walled carbon 

nanotubes (SWNTs) (PBTh-Py)
+
AOT

-
/SWNTs as active materials for the electrodes of symmetrical 

supercapacitors is demonstrated in this work. Using cyclic voltammetry, the influence of the 

electrolyte concentration and the different cations on the oxidation and reduction processes at the 

electrolyte/electrode interface is reported. Using charge-discharge galvanostatic measurements in the 

case of the symmetrical-supercapacitors having as electrode active materials, the (PBTh-Py)
+
AOT

-
 

copolymer and the (PBTh-Py)
+
AOT

-
/SWNTs composite, values of the specific capacitance equal with 

11.5 and 59 F g
-1

, respectively, for current densities of 100 mA g
-1

, were reported. 
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1. INTRODUCTION 

The interest for the composites based on poly(2, 2’-bithiophene-co-pyrene) (PBTh-Py) 

copolymer and single-walled carbon nanotubes (SWNTs) dates from 2014. 1 Until now, two methods 

were used to synthesis of this composite material, i.e. electrochemical 2 and chemical 

polymerization. 1 Using surface enhanced Raman scattering and FTIR spectroscopy, it was 

demonstrated that the chemical polymerization of 2, 2’-bithiophene and pyrene in the presence of 

SWNTs results in a covalent functionalization of SWNTs with PBTh-Py copolymer in doped state. 1 

In the case of the electrochemical polymerization of 2, 2’-bithiophene and pyrene in the presence of 

SWNTs, the reaction product resulted corresponds SWNTs covalently functionalized with PBTh-Py 

copolymer in a partially doped state. 2 Several properties of these composite materials reported until 

http://www.electrochemsci.org/
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now were: i) the quenching process of the PBTh-Py photoluminescence in the presence of SWNTs, 

which was explained to have origin both from an energy transfer and a charge collecting mechanism; 

1 ii) the preferential orientation of the PBTh-Py/SWNTs composite onto Au support assess from the 

change of the FTIR spectra under s- and p-polarized light; 1,2 and iii) an abnormal anti-Stokes 

Raman scattering process highlighted on the PBTh-Py copolymer and the PBTh-Py/SWNTs 

composite, which has been explained as resulting from non-linear optical properties induced of 

macromolecular compound under resonant optical excitation. 2  

Despite significant effort devoted to use of conducting polymers and their composites with 

various carbon nanoparticles in the energy storage, a little attention has been given to use of 

composites of the type copolymers/carbon particles in the supercapacitor field. In fact, the interest in 

the use of copolymers in the supercapacitors field is dated 2009, when were reported values of specific 

capacitance of electrodes based on poly(pyrrole-co-aniline) equal with 827 F g
-1

 at the currents of 8 

mA cm
-2

 in the electrolytes of the type 1 mol l
-1

 Na2SO4. 3  Other copolymers used as active material 

in the supercapacitors field were those having repeating units based on pyrrole and 3-(4-tert-

butylphenyl)thiophene 4 and pyrrole formyl pyrrole. 5 Beginning with 2015, a special attention was 

given to composite materials based on copolymers and carbon particles as electrode materials for 

supercapacitors. 5,6 Several examples concerning the progress recorded in this field are: i) Liang’s 

work which reports the values of the specific capacitance of electrodes based on reduced graphene 

oxide and poly(aniline-co-pyrrole) equal with 541 F g
-1

 at the scan rate of 1 mV s
-1

 in Na2SO4 

electrolyte; 5 and ii) the Gholami’s paper, when the best specific capacitance was reported to be 

equal with 220.3 mF cm
-2

 for pyrrole formyl pyrrole copolymer coated on carbon microfibers at 

discharge charge of 3 x 10
-4

 A. 6 After the best knowledge of the authors, at present there is not an 

article which to invoke the use of composite material based on the (PBTh-Py) copolymer and SWNTs 

in the energy storage field. Therefore, in this work, we will show that the composite based on the 

PBTh-Py copolymer and SWNTs can be used as active material for the electrodes of symmetrical 

supercapacitors. 

 

 

 

2. EXPERIMENTAL 

Chemical compounds used in this work, i.e. 2, 2’-bithiophene (BTh), pyrene (Py), bis(2-ethyl 

hexyl) sulfosuccinate sodium (AOT), LiClO4, CH3CN, NaClO4,  KClO4, LiPF6, SWNTs, 

poly(vinylidencefluoride) (PVDF), dibutyl phtalate (DBP), ethylene carbonate (EC), dimethyl 

carbonate (DMC) and acetone were purchased from Sigma-Aldrich company. Super P conductive 

carbon black was purchased from TIMCAL-UK. 

The electrochemical synthesis of the PBTh-Py copolymer and the PBTh-Py/SWNTs composite 

has been performed by cyclic voltammetry in the potential range (-1; +1.6) V vs. Ag/AgCl, with a 

sweep rate of 100 mV s
-1

 applied on the Au plate or Au support covered with a SWNT film. 2 The 

synthesis solution of the PBTh-Py copolymer or the PBTh-Py/SWNTs composite has consisted of 10
-2 

M BTh, 10
-2 

M Py and 10
-3 

M AOT in CH3CN. All cyclic voltammograms were stopped at the 

potential of +1.6 V vs. Ag/AgCl, the reaction products in the absence and in the presence SWNTs 
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being the PBTh-Py copolymer doped with AOT anions (abbreviated as (PBTh-Py)
+
AOT

-
) and SWNTs 

covalently functionalized with PBTh-Py doped with AOT anions (abbreviated as (PBTh-Py)
+
AOT

-

/SWNTs). 2 In order to prepare films with the thickness of 33 nm, i) 25 cyclic voltammograms were 

recorded onto the blank Au electrode  in the case of the electrosynthesis of the (PBTh-Py)
+
AOT

- 
film  

and ii) 15 cyclic voltammograms were recorded onto the Au electrode covered with a SWNTs layer 

having the thickness of 12 nm. The cyclic voltammetry was performed using an electrochemical cell 

with a single-compartment endowed with three electrodes consisting in a working electrode based on a 

Au plate covered with films of (PBTh-Py)
+
AOT

-
 or (PBTh-Py)

+
AOT

-
/SWNTs, a Pt wire as counter 

electrode and a reference electrode of the type the Ag/AgCl electrode.  

To assess of the performance of the (PBTh-Py)
+
AOT

- 
copolymer or the (PBTh-Py)

+
AOT

-

/SWNTs composite as active materials for symmetrical-supercapacitor cells, films electrochemical 

prepared as noted above were peeled off in order to prepare a mixture having 80 wt.% active material, 

5 wt.% PVDF as binding, 15 wt.% super-P conductive carbon  black, 2 drops of DBP and 1 ml 

acetone. The protocol for the preparation of electrodes was described in Ref. 7. The electrolyte used 

was a 1M LiPF6 solution in a 50:50 mixture in volume of EC and DMC. The assembled symmetrical 

supercapacitor cells were cycled between -1.6 and +1.6 V. The assessing of the performance of the 

(PBTh-Py)
+
AOT

- 
copolymer or the (PBTh-Py)

+
AOT

-
/SWNTs composite as active materials for 

symmetrical-supercapacitor cells was carried out by cyclic voltammetry and charge-discharge 

galvanostatic measurements. 

 

 

 

3. RESULTS AND DISCUSSION 

Figures 1 and 2 show cyclic voltammograms of the (PBTh-Py)
+
AOT

- 
copolymer and the 

(PBTh-Py)
+
AOT

-
/SWNTs composite, when working electrodes were immersed in the different 

electrolytes as LiClO4, NaClO4, KClO4 with the concentration of 0.05 M. Depending on the electrolyte 

type, in the case of the Au electrode covered with a (PBTh-Py)
+
AOT

- 
film one observes that the cyclic 

voltammogram recorded in the presence of the solution of: i) LiClO4 shows two oxidation maxima 

peaked at +0.57 and +1.24 V vs. Ag/AgCl and two reduction maxima situated at -0.17 and -0.72 V vs. 

V vs. Ag/AgCl; ii) NaClO4, an oxidation peak at +1.41 V vs. Ag/AgCl and a reduction peak at -0.67 V 

vs. Ag/AgCl and iii) KClO4, an oxidation peak at +0.14 V vs. Ag/AgCl and a reduction peak at -0.63 

V vs. Ag/AgCl. These changes can be explained by analogy with the studies reported in the case of 

other conducting polymers. 8-12 In the potential range (+1.6; -1) V vs. Ag/AgCl the copolymer is 

reduced and the AOT anions are expulsed. In the potential range (-1; +1.6) V, the re-oxidation of the 

copolymer when the insertion of the anions of electrolyte takes place. The total reaction which 

characterizes the oxidation and reduction processes that take place at the interface of the electrode Au 

covered with the copolymer (PBTh-PY)
+
AOT

-
 and perchlorate salts solution, can be written as 

follows: 

(PBTh-Py)
+
AOT

-
 + e

-
 + X

+
  (PBTh-Py)AOT

-
X

+
     (1) 

where X
+
=Li

+
, Na

+
, K

+
; (PBTh–Py) is the copolymer in the undoped state and (PBTh-Py)

+ 

corresponds to
 
the copolymer in the doped state. 
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Figure 1. Cyclic voltammograms of the (PBTh-Py)
+
AOT

- 
electrode immersed in the solution of 0.05 

M LiClO4, 0.05 M NaClO4 and 0.05 M KClO4 recorded in the potential range (-1; +1.6) V vs. 

Ag/AgCl with a sweep rate of 100 mV s
-1

. All figures show the fifth cycle. 

 

Taking into account that AOT anions have a large size, the migration  of these anions from and 

in the copolymer matrix one occurs with difficulty. This fact facilitates the migration of the cations and 

anions electrolyte with smaller sizes to and from the copolymer matrix. By analogy with the studies 

reported in Refs. [8-12], the oxidation and reduction reactions in this case, can be written as follows: 

(PBTh-Py)
+
AOT

-
X

+
 - e

-
 + Y

-  oxidation
  (PBTh-Py)

+
AOT

-
X

+
Y

-
   (2) 

(PBTh-Py)
+
AOT

-
X

+
Y

-
 + e

-  reduction
  (PBTh-Py)AOT

-
X

+ 
 + Y

-
   (3) 

where Y
-
 is ClO4

-
, (PBTh-Py)

+
AOT

-
X

+
Y

- 
is the copolymer in re-oxidized state of the and 

(PBTh-Py)AOT
-
X

+ 
is the copolymer in reduced state. 
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Figure 2. Cyclic voltammograms of the (PBTh-Py)

+
AOT

- 
/SWNTs electrode immersed in the 

solutions of 0.05 M LiClO4, 0.05 M NaClO4 and 0.05 M KClO4,  recorded in the potential 

range (-1; +1.6) V vs Ag/AgCl with a sweep rate of 100 mV s
-1

. All figures show the fifth 

cycle. 

 

In the case of the (PBTh-Py)
+
AOT

-
/SWNTs composite, the cyclic voltammograms (Fig. 2) 

show a rectangular profile and higher current densities in comparison with those recorded in the case 

of the (PBTh-Py)
+
AOT

-
 copolymer (Fig. 1). This fact indicates that the conducting properties of the 

composite are superior to those reported in the case of copolymer. A similar behavior was reported for 

a large range of the composites as polypyrrole/ SWNTs 13, polythiophene/multi-walled carbon 

nanotubes (MWNTs) 14, poly(o-toluidine)/MWNTs 15, poly(vinylferrocene)/MWNTs 16 and not 

least polyindole/carbon nanotubes 17. According to Refs. 13-17, these features originate in the 

generation of the more active sites on carbon nanotubes surface, as a result of the functionalization of 

SWNTs with conjugated polymers, and large surface area of carbon nanotubes. 
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Figure 3. Cyclic voltammograms of the (PBTh-Py)
+
AOT

- 
electrode immersed in the  LiClO4 solutions 

with the concentration of 0.05 M,  0.1 M and 0.2 M, recorded in the potential range (-1;+1.6) V 

vs Ag/AgCl with sweep rate of 100 mV s
-1

. All figures show the fifth cycle. 

 

Figs. 3 and 4 show the influence of electrolyte concentration on the oxidation and reduction 

processes at the interfaces electrolyte with electrodes of the type of the (PBTh-Py)
+
AOT

- 
copolymer 

and the (PBTh-Py)
+
AOT

-
/SWNTs composite. According to Fig. 3, in the case of the (PBTh-Py)

+
AOT

- 

copolymer, the increase of the LiClO4 concentration from 0.05 to 0.2 M leads to: i) an up-shift of 

oxidation potential from +0.57 to +0.72 V vs. Ag/AgCl simultaneously with a down-shift of the 

reduction potential from -0.16 to -0.27 V vs. Ag/AgCl and ii) higher anodic/cathodic currents 

densities, whose values in the case of the working electrode immersed in the LiClO4 solutions with the 

concentrations of 0.05 and 0.2 M are 0.017 /0.012 mA cm
-2

 and 0.055 /0.039 mA cm
-2

, respectively 

These changes indicate an improvement of the conducting properties of the (PBTh-Py)
+
AOT

-
 

copolymer as increasing the LiClO4 solution concentration.. 
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Figure 4. Cyclic voltammograms of the (PBTh-Py)
+
AOT

- 
/SWNTs electrode immersed in the LiClO4 

solutions with the concentration of 0.05 M, 0.1 M and 0.2 M, recorded in the potential range (-

1; +1.6) V vs. Ag/AgCl with a sweep rate of 100 mV s
-1

. All figures show the fifth cycle. 

 

Regardless the electrolyte concentration, an increase with one order in magnitude of the anodic 

and cathode current densities is observed in the case of the cyclic voltammograms recorded when Au 

electrode covered with the (PBTh-Py)
+
AOT

-
/SWNTs film is immersed in LiClO4 solution (Fig. 4).  

The behavior of the electrodes of Au covered with the films of the (PBTh-Py)
+
AOT

-
 copolymer 

and the (PBTh-Py)
+
AOT

-
/SWNTs composites immersed in 0.05 M LiClO4 solution during recording 

of  100 cyclic voltammograms is shown in Figs. 5 and 6.  
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Figure 5. Cyclic voltammograms of the (PBTh-Py)
+
AOT

- 
electrode immersed in the solution 0.05 M 

LiClO4, recorded in the potential range (-1; +1.6) V vs Ag/AgCl with a sweep rate of 100 mV 

s
-1

. The black, red, green, blue and magenta curves correspond to 5th, 10th, 25th, 50th and 

100th cyclic voltammograms. 
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Figure 6. Cyclic voltammograms of the (PBTh-Py)
+
AOT

- 
/SWNTs electrode immersed in the solution 

0.05 M LiClO4, recorded in the potential range (-1; +1.6) V vs Ag/AgCl with a sweep rate of 

100 mV s
-1

. The black, red, green, blue and magenta curves correspond to 5th, 10th, 25th, 50th 

and 100th cyclic voltammograms 

 

The gradual recording of 100 cyclic voltammograms onto the Au electrodes covered with films 

of the (PBTh-Py)
+
AOT

-
 copolymer (Fig. 5) and the (PBTh-Py)

+
AOT

-
/SWNTs composites (Fig. 6) 

immersed in 0.5M LiClO4 solution induces: i) an increase in the current density of the anodic and 

cathodic maxima situated in the potential range (+0.5; +1) V and (-1; 0) V in the case of the (PBTh-

Py)
+
AOT

-
 copolymer (Fig. 5); a similar behavior is highlighted in the case of the Au electrode covered 

with a film of the (PBTh-Py)
+
AOT

-
/SWNTs composites (Fig. 6);  and ii) an up-shift of the anodic peak 

from +0.63 V to +0.74 V that is accompanied of a down-shift of the cathodic peaks from -0.14 and -
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0.56 V to -0.28 and -0.62 V vs. Ag/AgCl, respectively  is remarked in the case of the (PBTh-Py)
+
AOT

-
 

copolymer (Fig. 5); an up-shift of the anodic peak from +0.1 to +0.35 V vs. Ag/AgCl is also observed 

in the case of the Au electrode covered with a film of the (PBTh-Py)
+
AOT

-
/SWNTs composites (Fig. 

6). In our opinion, these changes indicate an irreversible character in terms of insertion and expulsion 

of ClO4
- 

anions in the matrix of the (PBTh-Py)
+
AOT

-
 copolymer and the (PBTh-Py)

+
AOT

-
/SWNTs 

composites. According to above results, the conducting properties of the Au electrodes covered with 

films of the (PBTh-Py)
+
AOT

- 
copolymer and the (PBTh-Py)

+
AOT

-
/SWNTs composite increase when: 

i) the electrolyte contains cations with large ionic radius; an increase in the current densities was 

evidenced in the case of cyclic voltammograms recorded on the electrodes immersed in the electrolyte 

solutions contains K
+
 ions in comparison with the Na

+
 and Li

+ 
ions and ii) the concentration of the 

electrolyte solution increases. The oxidation and reduction reactions which take place at the interface 

of electrode/electrolyte, in the case of the (PBTh-Py)
+
AOT

-
 copolymer and the (PBTh-Py)

+
AOT

-

/SWNTs composite can be described by the following equations: 

SWNTs/(PBTh-Py)
+
AOT

-
 +2e

-
 +2X

+
  SWNTs

-
X

+
/(PBTh-Py)AOT

-
X

+   
(4) 

SWNTs
-
X

+
/(PBTh-Py)

+
AOT

-
X

+
-2e

-
+2Y

-  oxidation
 SWNTsX

+
Y

-
/(PBTh-Py)

+
AOT

-
X

+
Y

- 
(5) 

SWNTsX
+
Y

-
/(PBTh-Py)

+
AOT

-
X

+
Y

-
+2e

-  reduction
 SWNTs

-
X

+
/(PBTh-Py)AOT

-
X

+
+2Y

-
  (6) 

where X
+
 = Li

+
, Na

+
, K

+
 and Y

-
 = ClO4

-
. 

With all these in the mind, the assessing of the performances of supercapacitor cells having the 

(PBTh-Py)
+
AOT

-
 copolymer and the (PBTh-Py)

+
AOT

-
/SWNTs composite as electrode active 

materials and the 1M LiPF6 solution as electrolyte were carried out by cyclic voltammetry studies and 

the charge-discharge galvanostatic tests.  According to Fig. 7, cyclic voltammograms recorded using 

cells assembled with electrodes containing as active material the (PBTh-Py)
+
AOT

-
 copolymer and an 

electrolyte of the type the 1M LiPF6 solution are characterized after the 200
th

 cycle by the anodic and 

cathodic peaks situated  at the potentials of +0.04 V and -0.09 V, respectively.  
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Figure 7. Cyclic voltammograms of symmetric supercapacitors having as active material of the 

(PBTh-Py)
+
AOT

- 
copolymer, recorded after 5, 10, 25, 50, 100, 150 and 200 cycles performed 

in the potential range (-1.6; +1.6) V with a sweep rate 100 mV s
-1

. 
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Figure 8. Cyclic voltammograms of symmetric supercapacitors having as active material of the 

(PBTh-Py)
+
AOT

- 
/SWNTs composite, recorded after 5, 10, 25, 50, 100, 150 and 200 cycles 

performed in the potential range (-1.6; +1.6) V with a sweep rate 100 mV s
-1

. 

 

The profile of the cyclic voltammetry, shown in Fig. 7, indicates an additional double-layer 

contribution to the faradaic process. In the case of the (PBTh-Py)
+
AOT

-
/SWNTs composite, the cyclic 

voltammograms shown in Fig. 8 have a rectangular profile which is characteristic of electrical double 

layer which is not accompanied by a faradaic process. In addition, the current densities in the case of 

the cyclic voltammograms recorded using electrodes based on the (PBTh-Py)
+
AOT

-
/SWNTs 

composite are superior to those recorded when electrodes contain the (PBTh-Py)
+
AOT

-
 copolymer as 

active material. This fact is a consequence of the formation of an electrical network as a result of 

SWNTs presence in the composite mass. 13 These results allow to anticipate higher values of 

capacitance for the electrodes that contains the (PBTh-Py)
+
AOT

-
/SWNTs composite in comparison 

with the electrodes having the (PBTh-Py)
+
AOT

-
 copolymer as active material. Fig. 9 confirms this 

foresight.  

In this stage of our studies, it is important to notice a decrease of capacitance in the first 150 

charge-discharge cycles when supercapacitor cells have the (PBTh-Py)
+
AOT

-
 copolymer as the 

electrode active material (Fig. 9a). A decrease of capacitance in the first 110 charge-discharge cycles is 

also noted in the case of the supercapacitor cells which have the (PBTh-Py)
+
AOT

-
/SWNTs composite 

as the electrode active material (Fig. 9b). These decreases in the specific capacitance are often 

correlated in supercapacitors field with the porous structure of the active material, the diffusion being 

the determinant stage at high values of current densities when the formation of electric double-layer on 

the electrode surface takes place. By analogy with Ref. 9, these changes can be explained considering 

expansion and contraction the electrode volume due of the ions insertion and expulsion when it is 

induced a stress of active material of electrode and its interface. These processes can be described by 

the following reactions: 

(PBTh-Py)
+
AOT

-
/SWNT + e

-
  (PBTh-Py)/SWNTs + AOT

-
  Discharge stage  (7) 

(PBTh-Py)/SWNTs + AOT
- 
 (PBTh-Py)

+
AOT

-
/SWNTs + e

-
  Charge stage       (8) 



Int. J. Electrochem. Sci., Vol. 12, 2017 

  

2023 

(PBTh-Py)/SWNTs + PF6
- 
 (PBTh-Py)

+
PF6

-
/SWNTs + e

-
   Charge stage       (9) 

(PBTh-Py)
+
PF6

-
/SWNTs + e

-
  (PBTh-Py)/SWNTs + PF6

-
   Discharge stage (10) 
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Figure 9. The evolution of the capacitance of symmetrical supercapacitors having the (PBTh-

Py)
+
AOT

- 
copolymer (a) and the (PBTh-Py)

+
AOT

- 
/SWNTs composite (b) as electrode active 

material during the successive 300 charge-discharge cycles, recorded at the current density of 

100 mA g
-1

.  

 

The above reactions show that in the first discharge half-cycle, the AOT
- 
ions leave the (PBTh-

Py)
+
AOT

-
/SWNT composite matrix while in the first charge half-cycle the interaction of the (PBTh-

Py)/SWNTs composite both with the AOT
- 
and PF6

-
 ions occurs. Taking into account that the volume 

of PF6
-
 ions is smaller than the volume of AOT

-
 ions, as increasing of the charge-discharge cycles 

number a progressive replacement of AOT
-
 ions with the PF6

- 
ions takes place. This fact is illustrated 

in Figs. 9a and 9b by a significant decrease of the capacitance in the two cases. After the 150th charge-

discharge cycle, only small variations are observed in Figs. 9a and 9b; after the recording of the 300th 

charge-discharge cycle, at the current density of 100 mA g
-1

 in the case of symmetrical supercapacitors 

having the (PBTh-Py)
+
AOT

-
 copolymer and the (PBTh-Py)

+
AOT

-
/SWNTs composite, the capacitance 
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values of 11.5 and 59 F g
-1

, respectively, are reported. These results demonstrate clearly that the 

(PBTh-Py)
+
AOT

-
/SWNTs composite can be used successfully as electrode active materials in 

symmetrical supercapacitor cells. However, a careful analysis of the capacitance values reported in the 

case of galvanostatic charge-discharge measurements of the symmetrical or non-symmetrical 

supercapacitors assembled using the conjugated polymers/carbon nanotubes composites as electrodes 

active materials and Li salts as electrolytes (Table 1) indicates that an improvement of the 

performances of supercapacitors having the (PBTh-Py)
+
AOT

-
/SWNTs composite based electrodes, by 

the changing the active material weight in the electrode mass as well as electrolyte, is necessary to be 

carried out in the next period. Taking into account that as increasing current density, a decrease in the 

capacitance value of supercapacitors takes place, we conclude that the capacitance values of the 

symmetrical supercapacitors having electrodes based on the (PBTh-Py)
+
AOT

-
/SWNTs composite are 

higher to those reported in the case of the non-symmetrical supercapacitors shown in Table 1 18 and 

smaller to those of symmetrical supercapacitors having the PVK/SWNTs and  PEDOT-MWNTs 

composites as electrode active materials. 19, 20 

  

Table 1. The value of the capacitance of the symmetrical or non-symmetrical supercapacitors 

 

Electrodes with different 

active materials* 

Electrolyte 

concentration 

Current density 

(mA g
-1

) 

Capacitance 

(F g
-1

) 

Reference 

MWNTs-PPY/MWNTs-PMeT 1M LiClO4 in 

CH3CN 

1 87 18 

MWNTs/MWNTs-PMeT 1M LiClO4 in 

CH3CN 

1 45 18 

MWNTs/MWNTs-PPY 1M LiClO4 in 

CH3CN 

1 72 18 

PVK-SWNTs/PVK-SWNTs 1M LiPF6 in 

EC:DMC 

100 92.27 19 

PEDOT-MWNTs/PEDOT-

MWNTs 

1M LiClO4 in 

CH3CN 

500 81 20 

*MWNTs = multi-walled carbon nanotubes, PPY = polypyrrole, PMeT = poly(3-methylthiophene), 

PVK = poly(N-vinylcarbazole), PEDOT = poly(3, 4-ethylenedioxythiophene). 

 

4. CONCLUSIONS 

In this work, new electrochemical properties of the (PBTh-Py)
+
AOT

-
 copolymer and the 

(PBTh-Py)
+
AOT

-
/SWNTs composite are reported.  

Using cyclic voltammetry we have shown that the dependence of electrochemical properties of  

the (PBTh-Py)
+
AOT

-
 copolymer and the (PBTh-Py)

+
AOT

-
/SWNTs composite, as function of the 

concentration and the cations type of the electrolyte solution, on the oxidation and reduction reactions 

at the electrolyte/electrode interface can be explained taking into account the diffusion processes of the 

cations and anions from and into the copolymer or composite matrix. 
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The charge-discharge galvanostatic measurements have indicated that in the case of the 

symmetrical-supercapacitors having as electrode active materials, the (PBTh-Py)
+
AOT

-
 copolymer and 

the (PBTh-Py)
+
AOT

-
/SWNTs composite, values of the specific capacitance equal with 11.5 and 59 F 

g
-1

, respectively, for current densities of 100 mA g
-1

 after 300 charge-discharge cycles were obtained. 
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