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The electrochemical polymerization of the functionalized 3,4-propylenedioxythiophene derivative 

ProDOT-EtO-BZA 1 bearing an oligoether spacer with aromatic carboxylic group was achieved on 

platinum (Pt) wire and screen printed carbon electrode (SPCE), respectively. The structure, 

morphology and electrochemical properties of the PProDOT-EtO-BZA films were analyzed by FT-IR, 

SEM, AFM and electrochemical impedance spectroscopy (EIS), respectively. Furthermore, poly(3,4-

propylenedioxythiophene) (PProDOT), the 2,2-dibenzyl derivative (PDBProDOT) and the 2,2-diethyl 

derivative (PProDOT-Et2) were electrodeposited onto SPCE via cyclic voltammetry (CV) for com-

parison of the capacitance performance of these PProDOTs in organic electrolytes to the corresponding 

data of PProDOT-EtO-BZA. CV and EIS measurements of the PProDOT-EtO-BZA revealed pseudo-

capacitive behavior with faradaic reactions. Specific and low frequency capacitance (20.8 mF/cm2 and 

8.5 mF/cm2, respectively) of the PProDOT-EtO-BZA were almost two times higher than those of the 

other PProDOTs. These results suggest that PProDOT-EtO-BZA films can be utilized as electrode 

material for supercapacitors. 

 

 

Keywords: ProDOT, Supercapacitor, Electrochemical Impedance Spectroscopy, Equivalent-Circuit 

Model, Screen Printed Electrode.  

 

 

1. INTRODUCTION 

Electrically conductive polymers (CPs) have gained increasing attention due to their unique 

physicochemical properties exploited in various types of devices and applications like electrochromic 

displays [1], solar cells [2], supercapacitors [3,4], tissue engineering [5], fuel cells [6], ion-selective 

electrodes [7] and biosensors [8]. 

Recently, supercapacitors which are characterized by high power density, long term stability 

and fast charge/discharge capability has become a remarkable alternative and complementary device to 
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lithium based conventional batteries [9]. In fact, supercapacitors for different sectors have been 

successfully commercialized (i.e. power management, consumer electronics, health industry, and 

transportation) [10–14]. CPs were firstly utilized in supercapacitors in the middle of the 1990s [15] and 

there is much evidence that these materials operate most efficiently as electrodes for asymmetric 

supercapacitors [16]. Among the CPs, polythiophene derivatives were widely investigated for 

supercapacitor application [17]. However, n-doped polythiophene exhibits low stability against oxygen 

and moisture and is further characterized by its lower conductivity compared to the p-doped polymer 

[18]. In order to cope with easy oxidation and short cycle life in devices the band-gap has been reduced 

by introduction of phenyl, methyl and alkoxy substituents in 3-position of the thiophene ring [19-21]. 

Poly(3,4-alkylenedioxythiophene)s show several advantages over conventional polythiophenes 

like low oxidation potential, good conductivity, reversibility of optical switching between oxidized and 

reduced state and high environmental stability [22]. Due to blocking of the 3- and 4- position of the 

thiophene ring no α-β and β-β coupling during the electropolymerization occurs, so that structurally 

ordered polymers of high conjugation lengths were obtained. 3,4-Dioxythiophene based polymers were 

elaborated in order to stabilize the oxidized state and for ensuring solubility and processability of the 

polymeric material [23]. 

In this communication, we report on the electropolymerization of the monomeric oligoether 

carboxyl functionalized ProDOT derivative 1 on platinum wire and SPCE and the investigation of its 

supercapacitor behavior compared to other PProDOTs electrochemically deposited onto SPCE. 

 

2. EXPERIMENTAL 

2.1. Materials 

3,4-Propylenedioxythiophene (ProDOT) and 3,4-(2′,2′-diethylpropylene)dioxythiophene 

(ProDOT-Et2) were obtained from Sigma-Aldrich and used as received. 3,4-(2’,2’-Dibenzyl-

propylenedioxy)thiophene (DBProDOT) and ProDOT-EtO-BZA 1 (Figure 1) were synthesized at the 

Institute of Thin Film and Microsensoric Technology (IDM), Teltow, Germany according to published 

procedures [24,25]. Acetonitrile (ACN) (Merck) and tetrabutylammonium hexafluorophosphate 

(Bu4NPF6) (Sigma-Aldrich) were used without further purification. SPCEs were purchased from 

DropSens. The working electrode in SPCEs had a diameter of 0.4 cm resulting in a geometric area of 

0.126 cm2 and a calculated area of 0.109 cm2 [26]. 

 

 

 
1 

 

 

Figure 1. Molecular structure of ProDOT-EtO-BZA 1 
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2.2. Polymerization and Characterization  

Electropolymerizations were performed by CV using a Princeton Research Potentiostat (model 

2263) potentiostat/galvanostat interfaced to a computer with Power Suite software package. The 

potentiostat was also connected to a Faraday cage (BASi C3 Cell Stand). Syntheses of polymer films 

were performed by CV on SPCE and Pt wire electrode at ambient conditions. Pt wire of 0.8 cm length 

was dipped into ~5 ml of electrolyte using a standard three electrode cell (the working electrode had a 

surface area of 0.171 cm2). Platinum and silver wire electrodes were used as counter and pseudo 

reference electrodes, respectively and each was placed at a distance of ~1 cm from the other. 

SPCE consisted of the carbon working electrode, the carbon counter electrode, and the silver 

paste reference electrode. 

The modified working electrodes were removed from the cell and then washed thoroughly with 

ACN to remove traces of the monomer. The electrodes were characterized in monomer-free solution to 

investigate the redox behavior at different scan rates between 20 mVs-1 and 250 mVs-1 by CV. 

EIS measurements were conducted at room temperature in the same monomer-free electrolyte 

using a conventional three electrode cell configuration in monomer-free electrolyte in a frequency 

range between 10 MHz and 100 kHz with an AC signal amplitude of 10 mV. The electrochemical cell 

was combined with a potentiostat (PAR 2263) connected to a PC. The EIS data of the system were 

analyzed using different equivalent circuit models (ECM) and evaluated with the help of ZSimpWin 

(version 3.30) software from Princeton Applied Research. 

 

 

 

3. RESULTS AND DISCUSSION 

3.1. Electropolymerization of ProDOT-EtO-BZA on Platinum and SPCE at Different Scan Rates 

Electrodepositions were carried out in order to determine the optimum conditions in 0.1 M 

Bu4NPF6/ACN at scan rates of 20, 50 and 100 mVs-1
 

for 10 cycles using 5 mM ProDOT-EtO-BZA 1 

as monomer concentration for deposition onto Pt and SPCE, respectively. 

Figure 2 shows the electropolymerization of ProDOT-EtO-BZA 1 at a  scan rate of 20 mVs-1 

in 0.1 M Bu4NPF6/ACN onto Pt wire and SCPE, respectively as the working electrode by CV. The 

linear increase in current density values for anodic and cathodic peak indicates the formation of the 

electroactive film on the Pt electrode with each cycle. After washing of the coated working electrode 

with ACN the redox behavior was investigated in 0.1 M Bu4NPF6/ACN by CV. The insets of Figure 2 

present the CVs of PProDOT-EtO-BZA films in monomer-free solution at different scan rates. CV 

curves of the electropolymerization illustrate a regular growth and exhibit a linear increase in current 

and reversible, well-defined oxidation and reduction peaks as well. 
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Figure 2. Cyclic voltammograms of the electrogrowth of 5 mM ProDOT-EtO-BZA 1 in 0.1 M 

Bu4NPF6/ACN at 20 mVs-1, 10 cycles. Insets: CV of monomer-free PProDOT-EtO-BZA film 

in 0.1 M Bu4NPF6/ACN at different scan rates between 20 and 250 mVs-1 on a) Pt, b) SPCE 

 

During polymer growth, cathodic shifting rate of the reduction peak potential with increasing 

scan number is more significant on SPCE than on platinum wire electrode what seems to be associated 

with the formation of a long polymer chain on the SPCE surface due to the chemical structure of the 

monomer [3]. 

Monomer-free CV studies of the PProDOT-EtO-BZA on SPCE revealed that the shape of the 

curves represents pseudocapacitance behavior with faradaic reactions on the electrode surface [27]. In 

addition, direct proportionality between scan rate (monomer-free) and voltammetry current of the CV 

and inverse proportionality between capacitance and scan rate (monomer-free) can be interpreted as 

indicators of an ideally capacitive behavior [28,29]. 

On the other hand, the platinum electrode coated with polymer film illustrates behavior typical 

for supercabattery [30] devices at monomer-free CV measurements. 

Figure 5 shows the scan rate dependency on current density, for oxidation and reduction peaks 

of the polymer film coated on SPCE and Pt wire, respectively current density was plotted against the 

scan rate. 

The scan rate dependency of the anodic and cathodic peak currents illustrates a linear 

relationship to the scan rate and to the square root of the scan rate. As evidenced by the linearity of the 

plot, R-squared values are approximately 1, this result demonstrates that the electrochemical processes 

were diffusion-controlled and entirely reversible even at high scan rates [31]. 
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Figure 3. Plots of anodic and cathodic peak current density vs. square root of scan rates for the 

polymer films in monomer-free solution (in 0.1M Bu4NPF6/ACN) of a) Pt wire and b) SPCE.  

 

3.2. EIS investigation and electrical ECM of PProDOT-EtO-BZA 

The Nyquist plot of polymer coated Pt wire and SPCE respectively presents a curve typical of a 

capacitor, without a semi-circle at high frequency region which indicates low interfacial resistances in 

the system. However, polymer coated Pt wire exhibits a 45° slope at high frequencies with distorted 

shape associated with semi-infinite diffusion and vertical rise at low frequency indicating an ideal 

capacitor [32] when electrodeposited at 20 mVs-1 scan rate (Figure 3). 

 

 
Figure 4. Nyquist plot of PProDOT-EtO-BZA coated at different scan rates on Pt wire in the presence 

of 0.1M Bu4NPF6/ACN, Insets: CLF and CSP (in monomer-free solution, for 20 mVs-1) as a 

function of polymerization charge (Qp) of coated films with different scan rates. 
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The low frequency capacitance (CLF) values from impedance spectroscopy were obtained from 

the slope of a plot of the imaginary component (ZIM) of the impedance at low frequencies versus the 

inverse of the reciprocal frequency (f) where (f = 0.01 Hz) using eq. (1) [33] 

 

CLF = (2π.f.ZIM)-1                                                                                                                                                     (1) 

 

PProDOT-EtO-BZA films coated at different scan rates on SPCE showed dominance of the 

capacitive line, close to 90o, which is extended down to low frequencies (Figure 4). The length 

differences of the steep slope which are associated with the capacitance of electrodes at low frequency 

region [34,35] may be due to the film thickness, correlated with the polymerization charge as shown in 

the inset of Figure 4. Although there is no semicircle in the high frequency region, slight deviations 

indicate fast charge transport from the polymer bulk as well as fast charge transfer to metal between 

polymer and solution interface. 

Specific areal capacitance (CSP) was calculated from CV curves of the polymer films in 

monomer-free solution based on earlier reports [36,37], the highest values were obtained at low scan 

rate (20 mVs-1) coherently to pseudocapacitor theory [38]. 

As can be seen from Figure 4 and 5 insets, capacitances from CV and EIS have been correlated 

with polymer charge and scan rate of the polymerization which are proportional to the film thickness 

[39]. 

The electrochemical characteristics of the PProDOT-EtO-BZA films formed by CV can be 

clearly observed from the EIS results of the two very different substrates Pt and SPCE, respectively. 

Moreover, the capacitance values, both CSP and CLF, of PProDOT-EtO-BZA coated on SPCE 

are at least two times higher than those of the polymer coated on the Pt electrode probably due to the 

nanostructured surface of SPCE [40,41]. 

 

 
Figure 5. Nyquist plot of PProDOT-EtO-BZA coated at different scan rates on SPCE in the presence 

of 0.1M Bu4NPF6/ACN, Insets: CLF and CSP (in monomer-free solution, for 20 mVs-1) as a 

function of polymerization charge (Qp) of coated films with different scan rates.  
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ProDOT-EtO-BZA 1 was electrochemically polymerized onto SPCE at 20 mVs-1 scan rate with 

20 cycles for spectroscopic and morphological characterization of the PProDOT-EtO-BZA. Figure 6 

shows the FTIR-ATR spectrum of the PProDOT-EtO-BZA film deposited from Bu4NPF6/ACN 

electrolyte system. The band at 1514 cm-1 is assigned to the stretching vibration of the C=C bond of 

the thiophene ring. The bands at 1166 cm-1 and 1043 cm-1 arise from the C-O stretching vibration of 

the C-O-C unit of the alkylenedioxy group and of the ether side chain, respectively. Due to the 

presence of the PF6
– ion in the polymer film the band at 832 cm-1 is corresponding to the P-F stretching 

vibration. Further vibrations from the C-S bond of the thiophene ring appear around 872 cm-1 [42]. The 

C=O stretching vibration of the carboxylic acid functional group occurs at 1682–1705 cm-1. The broad 

signal in the region of 3000–2500 cm-1 corresponds to the benzoic acid O-H stretching vibration. 

 

 
 

Figure 6. ATR-FTIR absorption bands and peak assignment of the PProDOT-EtO-BZA electro-

deposited from Bu4NPF6/ACN. 

 

SEM and AFM measurements were conducted in order to investigate the surface morphology 

and topography of the polymer film. Figure 7 shows the SEM images of bare and PProDOT-EtO-BZA 

coated SPCE. It is visible that the polymer film was distributed uniformly across the surface area of the 

electrode and images of higher magnification (inset) reveal clusters of densely packed nanofiber-like 

structures, similar to those of PProDOT derivatives functionalized by ethylenedioxy, alkoxy or thio-

alkyl side chains electrodeposited onto carbon fiber microelectrode [43], gold [44] and ITO glass [45], 

respectively. For bare SPCE a large grain structure had been observed [46]. 
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Figure 7. SEM images of bare SPCE (left) and PProDOT-EtO-BZA (right) film which was coated in 

the presence of 0.1M Bu4NPF6/ACN at 20 mVs-1 on SPCE. Insets: magnified SEM images and 

3D topographic images from AFM. 

 

The root mean square (RMS) values describing the surface roughness of bare and coated SPCE 

(topographic images as insets of Figure 7) are given in Table 1. AFM measurements demonstrate that 

due to the microporous structure of the polymer film its surface roughness factor is approximately two 

times higher than that of bare SPCE. The RMS value of the unmodified SPCE [46] and the roughness 

factor increase observed for the polymer coated SPCE are comparable to earlier results obtained for 

PProDOT derivatives electrodeposited on different substrates [41]. 

 

Table 1. Surface roughness of bare PProDOT-EO-BZA coated SPCE 

 

Sample RMS Surface roughness (nm) 

Bare SPCE  21.59 

PProDOT-EtO-BZA 50.71 

 

3.3. Comparative Study of the PProDOT derivatives on SPCE for Supercapacitor Application 

PProDOT, PProDOT-EtO-BZA, PDBProDOT and PProDOT-Et2 films were deposited onto 

SPCE from monomeric solution in 0.1 M Bu4NPF6/ACN via potentiodynamic electropolymerization 

at 50 mVs-1 scan rate during 10 cycles (Figure 8). These conditions had been optimized for comparison 

of the different ProDOT derivatives. 

The linear increase in current during polymer growth on the SPCE indicates electroactive film 

formation on the SPCE surface (Figure 8a-8d).  

Similar to the results obtained for PProDOT-EtO-BZA, all PProDOT derivatives in this study 

showed linear relationship between current density (oxidation and reduction peaks of the polymer film) 

and square root of the scan rate, thus each polymer exhibits diffusional-controlled electrochemical 

processes on SPCE which is of critical importance for future applications of these materials. 
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Figure 8. Potentiodynamic electropolymerization of a) ProDOT b) ProDOT-EtO-BZA c) ProDOT-Et2 

d) DBProDOT in 0.1 M Bu4NPF6/ACN on SPCE electrode at 50 mVs-1. Insets: Monomer free 

measurement of polymer films with CV in 0.1 M Bu4NPF6/ACN at different scan rates between 

20 and 250 mVs-1 

 

The oxidation onset potentials (Eonset) of the ProDOTs are shown in Table 2. The values in the 

range from 1.0 V to 1.3 V indicate the facile polymerizability of each monomer [47]. The value of 

DBProDOT (1.26 V) is higher than those of ProDOT (1.07 V), ProDOT-EtO-BZA 1 (1.06 V) and 

ProDOT-Et2 (0.97 V), respectively which may be due to the rigid and bulky nature of the substituents 

[48] less stabilizing the radical cation intermediate and the electron withdrawing effect of the phenyl 

groups [41]. However, introduction of two electron donating alkyl groups into the ether bridge forming 

ProDOT-Et2 [49] led to further decrease of the oxidation potential in comparison to ProDOT. The 

DBProDOT and ProDOT exhibit lower Eonset values on SPCE than on other substrates [41], revealing 

SPCE as an efficient substrate for electrochemical deposition of PProDOT derivatives. 
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Table 2. Values of Eonset of ProDOT monomers in 0.1 M Bu4NPF6/ACN. 

 

 ProDOT ProDOT-EtO-BZA ProDOT-Et2  DBProDOT 

Eonset(V) 1.07 1.06 0.97  1.26 

 

EIS measurements were conducted for investigation of the capacitive behavior in order to 

compare and correlate supercapacitor performance of PProDOT, PProDOT-EtO-BZA, PProDOT-Et2 

and PDBProDOT, respectively using SPCE as three electrode system in 0.1 M Bu4NPF6/ACN. 

PProDOT and PProDOT-Et2 were used for the fabrication of different types of supercapacitors 

[50-52,33] and PBPProDOT showed capacitive behavior on single carbon fiber microelectrode [24]. 

 

 
Figure 9. Nyquist plot of polymer films PProDOT, PProDOT-EtO-BZA, PProDOT-Et2 and 

PDBProDOT in 0.1 M Bu4NPF6/ACN on SPCE prepared under the same conditions Insets: 

Bode Phase plot (calculated and measured results) of PProDOT derivatives in 0.1 M Bu4NPF6/ 

ACN on SPCE prepared under the same conditions and ECM of PProDOT and its derivatives 

coated on SPCE. 

 

Figure 9 illustrates Nyquist plots of films of PProDOT and PProDOT derivatives, respectively 

wherein the complex plane impedance curves displayed a nearly vertical straight line except for a 

slight knee in the low and high frequency region without semi-circle which refer to the properties of an 

ideal electrochemical capacitor and also low charge transfer resistance is consistent with ECM fitting 

results [53]. The insets of Figure 9 obtained from EIS measurements exhibit an ideal capacitive line 

(Bode phase angles close to 90°), indicating fast charge transfer at the interfaces of the SPCE to the 

polymer film and of the polymer film to the solution, respectively, as well as fast charge transport in 

the polymer bulk. The polymer films reach the maximum peak at 0.01 Hz with phase angles of 81.4° 
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for PDBProDOT, 83.6° for PProDOT-Et2, 82.7° for PProDOT, and of 81.5° for PProDOT-EtO-BZA, 

respectively. 

The ECM used for simulation is shown in the inset of Figure 9. In this simulation, experimental 

impedance data were used for the development of the circuit model R(Q(R(C)) which was built up by 

the help of series components describing bulk solution and pore resistance of the polymer film and the 

electrolyte. Therein Rs means the polymer film capacitance and CLF represents the charge transfer 

resistance at the interface between polymer film and electrolyte. Rct, and CPE correspond to modelling 

of the double layer capacitance [41] associated with surface roughness [54]. The values of the circuit 

elements are given in Table 3 wherein n varies from 0 to 1. In general, a resistant reaching the value 0 

or 1 exhibits pure capacitive behavior [55]. 

 

 

  
  

 

 

Figure 10. SEM images of PDBProDOT (left top), PProDOT-Et2 (right top) and PProDOT (bottom) 

on SPCE. 

 

The morphology of the PProDOT derivatives electrodeposited onto SPCE was investigated 

comparatively by SEM (Figure 10). The PProDOT-Et2 film has a more ordered structure which is 

highly porous compared to PProDOT film due to the influence of the ethyl groups positioned above 
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and below the plane of the π-conjugated backbone suppressing π-stacking [56]. Agglomerated and 

separated structures were reported for DBPProDOT on ITO glass [41,57] owing to the rigid dibenzyl 

group which prevents interference of the polymer chains [48]. However packed nanofibers with small 

grain structure is seen more often on graphitic carbon like substrates (Figure 10, left top) [24]. It is also 

known that the polymerization charge has a significant effect on the aggregation [58]. Based upon the 

presence of intermolecular hydrogen bonding and “fusion” which is induced by increase of the length 

of the side chain, PProDOT-EtO-BZA showed a well packed fiber structure compared to PProDOT 

[59]. 

 

Table 3. Data calculated from ECM for PProDOTs of this study compared to PProDOT-EtO-BZA 

 

 PProDOT PProDOT-EtO-BZA PProDOT-Et2 DBPProDOT 

R
S 

(ohm.cm2) 15.8 96.51 106 134.1 

Cf (mF.cm-2)
 

0.76 1.23 0.94 0.96 

CPE (S.s-n.cm-2) 2.65E-3 6.04E-3 3.4E-3 3.1E-3 

Freq. Power (n) 0.85 0.94 0.95 0.93 

R
ct 

(ohm.cm2) 77.24 54.88 57.86 71.44 

Chi squared (x2) 3.65E-3 2.05E-3 1.4E-3 2.26E-3 

 

Figure 11 represents calculated and cited [24,33,41] capacitance values of the ProDOT 

derivatives considered wherein CLF, low frequency capacitance was obtained from EIS (eq. 1), CSP, 

areal specific capacitance was determined from monomer free CV curves, Cf, film capacitance was 

estimated from ECM fitted values, and CPSC, pseudo-capacitance was deduced from ECM fitted values 

which were calculated by ZSimpWin (3.30) with theory of CPE [60].  

 

 

 
 

Figure 11. Variation of calculated and cited CLF, CSP, Cf, CPSC (pseudo-capacitance) of the PProDOT 

derivatives on SPCE. 
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Apart from the present work the investigation of the capacitive behavior of several PProDOTs 

bearing molecular units approximating the chemical structure of PProDOT-EtO-BZA and their 

application in supercapacitor devices is described in the literature (Table 4). 

 

Table 4. Capacitance values of PProDOTs structurally approximating PProDOT-EtO-BZA 

 

PProDOT-Me2 PProDOT-Bu2 PProDOT-III PProDOT-Co-IV PProDOT-Co-V 

C = 55 F/g 

q = 25 mC/cm2 

[61] 

q = 18.5 mC/cm2 

[62] 

CLF = 12.05mF/cm2 

[63] 

 

Cdl = 62 mF/cm2 

[64] 

 

CLF = 34.6 mF/cm2 

[43] 

 

C > 80 F/g 

[66] 

 

C = 54 F/g 

[67] 

 

 

The 2’,2’-dimethyl PProDOT derivative is a far-off approach to the structure of PProDOT-EtO-

BZA since oligoether or carboxy-functionalized molecular units are missing. PProDOT-Me2 coated 

onto gold/Kapton via potentiodynamic deposition from 0.1M LiBTI/ACN exhibited a specific 

capacitance of C = 55 F/g wherein during five deposition scans a charge of q = 25 mC/cm2 was 

exchanged. During the electrodeposition of PProDOT-Me2 onto single carbon fiber microelectrode 

(SCFME) from 0.1M Bu4NPF6/ACN using the same method an exchange of charge of q = 18.5 

mC/cm2 was measured [62] and a low frequency capacitance value of 12.05 mF/cm2 was calculated 

[63]. As a consequence of its capacitive properties PProDOT-Me2 was used for the fabrication of Type 

I supercapacitors [61]. 

In spite of the non-polar character of its substituents at the ether bridge the 2’,2’-dibutyl 

PProDOT derivative is mimicking the steric hindrance of the functionalized side chain of PProDOT-

EtO-BZA. For PProDOT-Bu2 electrodeposited onto SCFME from 0.1M NaClO4/ACN a double layer 

capacitance value of Cdl = 62 mF/cm2 was determined [64]. 

The hydroxyether-functionalized PProDOT-III bearing a part of an oligoether unit as side chain 

depicts a closer approach to the molecular structure of PProDOT-EtO-BZA. For the PProDOT-III 

electro-polymerized on SCFME from 0.1M Et4NPF6/ACN a low frequency capacitance value of CLF = 

34.6 mF/cm2 was calculated from EIS measurements [43]. 
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Recently, solution processable PProDOT copolymers bearing alkoxy groups have been 

developed for supercapacitor application and the capacitive behavior was evaluated for polymer films 

prepared by drop casting on glassy carbon electrodes [65]. 

PProDOT-Co-IV bearing dioxyethylene units at a chain length similar to PProDOT-EtO-BZA 

was synthesized by palladium-catalyzed copolymerization of the oligoether functionalized ProDOT 

and 2,5-dibromo-ProDOT-Me2. The gravimetric capacitance of PProDOT-Co-IV was calculated from 

CVs recorded on glassy carbon in NaCl/H2O and Bu4NPF6/PC, respectively to be C > 80 F/g [66]. 

PProDOT-Co-V carrying aromatic carboxylic groups as one element of the molecular structure 

of PProDOT-EtO-BZA can be processed from aqueous solution via carboxylate exhibiting a 

gravimetric capacitance of C = 54 F/g after restoring the carboxylic functional group. PProDOT-Co-V 

was coated onto nonwoven carbon nanotube textile and applied to the fabrication of symmetrical, 

flexible super-capacitors [67]. 

Since ProDOT-EtO-BZA 1 combines structural units of solution processable PProDOT 

copolymers it will be possible to design new copolymers from 1, which can be dissolved in organic 

solvents, by copolymerizing 1 in the presence of a ProDOT derivative functionalized appropriately. 

For the development of water processable copolymers from 1 the carboxylic functional group 

in 1 has to be protected as an ester in advance of the copolymerization in order to prepare the 

carboxylate [25] by alkaline saponification of the ester. 

 

 

4. CONCLUSION 

ProDOT-EtO-BZA 1 was electropolymerized on SPCE and Pt wire, respectively, via CV and 

the electrochemical and morphological properties of the corresponding PProDOT-EtO-BZA were 

explored. The results show that the chemical structure of 1 has a crucial effect on the electrochemistry 

and in particular, the capacitive behavior of the polymer film. ProDOT, DBProDOT and ProDOT-Et2 

and ProDOT-EtO-BZA were also homogeneously coated on SPCE via CV. It was observed that the 

oxidation potential of ProDOT-EtO-BZA is quite similar to that of ProDOT indicating the suitabililty 

of the polymer for various applications. It is evidenced that the structure of 1 has a significant effect on 

the capacitive behavior of the PProDOT-EtO-BZA. Moreover, comparison of given and cited results 

indicated that the capacitance values (CLF, CSP, Cf, CPSC) of PProDOT-EtO-BZA (8.5 mF/cm2, 20.8 

mF/cm2, 1.23 mF/cm2 and 5.7 mF/cm2, respectively) are approximately two times higher than those of 

the other PProDOT derivatives investigated in this study. In addition, correlation between calculated 

Rct and different capacitance values obtained by electrochemical methods was observed as well as the 

coherence of the data. Due to the molecular structure of 1 new PProDOT copolymers processable from 

organic solvents and water can be designed. These results demonstrate that ProDOT-EtO-BZA 1 is a 

powerful candidate for supercapacitor application. 
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