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Abstract 

The increasing demand for sustainable energy is one of the major challenges facing the industrial sector in recent times, which 

results in a constant need to search for new, simple, low-cost, and effective materials.  In this prospective, homogeneous and 

stable electrode materials based on PPy/TiO2 films on ITO glass substrate were electrochemically synthesized from aqueous 

medium. The electrodeposited films are structurally characterized and morphologically scanned using different spectroscopic 

and micro-spectroscopic techniques including X-ray diffraction (XRD), Fourier Transform Infra-Red (FTIR), and Field 

Emission Scanning Electron Microscope (FESEM), respectively. The light absorbance and photocurrent-potential 

measurements confirmed the synergistic effect of the oxide@conductive-polymer combination. The electronic conduction 

properties of TiO2/PPy deposited films were also studied; the best specific capacitance values of PPy films were achieved after 

50 cycles of voltammetric deposition at 50 mV.s-1 with an oxidation current response of 4.75 mA and specific capacitance ~ 

180 F.g-1. A remarkable increase in specific capacity was obtained as a result of the incorporation of 10% anatase nanoparticles 

into the PPy matrix up to 250 F.g-1. Faster charge-discharge rates lead to the reduction of adsorbed ions on the electrode surface, 

causing lower specific capacitance. Asymmetric supercapacitive cells of PPy@ITO and TiO2/PPy@ITO demonstrated 

excellent stability and capacity retention, reaching up to 85% and 97.1%, respectively, after 1000 multiple cycles. The 

impedance measurements performed in the domain of 10 kHz to 10 mHz indicated that TiO2/PPy@ITO composite (~ ratio 0.1) 

has the lowest values of electrochemical resistance parameters in terms of the electrolyte, charge transfer, and ions diffusion 

from the electrolyte into the electrode surface. 

Keywords: Electropolymerization; Galvanostatic Cycling; Polypyrrole/TiO2; Specific Capacitance. 

1. Introduction 

In recent years, the development of novel materials for 

sustainable energy has emerged as a major focus for 

many research groups [1-4]. Consequently, much 

attention has been paid to energy sources, especially 

electrochemical   capacitors and  supercapacitors, as  a  

 

 

potential energy storing technology due to their large 

power density, fast charge/discharge rates, and 

exceptional cycling stability [5-8]. These unique 

characteristics can be achieved when an electrode 

material with a high specific surface area is paired with 
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a substance capable of undergoing reversible oxidation 

and reduction across a broad potential range [9].  

Therefore, the quality of a supercapacitor can be 

established if the electrode material is (i) 

voltammetrically stable at abroad range of sweep rates; 

(ii) capable of producing high power densities and (iii) 

has the lowest equivalent series resistance (ESR) [10, 

11]. Carbon-based materials were among the first to be 

employed in industrial supercapacitors because of their 

excellent cycle stability, their large specific surface 

area, and their high adsorptive capacity in the 

concentration of charges at the interface between the 

electrode and the electrolyte [12]. However, these 

materials display several drawbacks, such as high 

internal resistance due to the contact between the 

carbon particles, high micro-porosity, and that their 

surface area is inaccessible for large-sized of 

electrolytic ions, which reduces their electrochemical 

performance [13]. Previous studies have focused on the 

polypyrrole (PPy) as a robust foundation for 

supercapacitive electrodes owing to its good redox 

activity and excellent electrical conductivity [14, 15]. 

However, the lifespan of PPy as a conductive polymer 

is still limited due to the volumetric changes in the 

structure (swelling) during redox reactions, which lead 

to evolution or even degradation of these active 

materials [16]. Accordingly, the combination of 

conducting polymers and metal oxides has garnered 

significant attention for its synergistic effects, causing 

a significant enhancement in the overall 

electrochemical performance [17]. In particular, the 

polypyrrole/metal oxide hybrid system represents a 

compelling class of materials in the realm of 

supercapacitor technology [18, 19]. Clearly, the 

incorporation of ZnO, RuO2 and MnO2 nanomaterials 

with large faradic pseudocapacity into polypyrrole 

exhibited a unique set of electrochemical properties 

that exceeded those of individual components [20, 21]. 

They also contributed to improved charge storage 

capacity, electrical conductivity, and structural stability 

[22, 23].  

   In particular, the incorporation of TiO2 in the 

conducting polymer composite is more favorable for 

many reasons, including the non-toxicity, cost-

effectiveness, high mechanical stability, improved light 

absorptivity, high efficiency of e/h separation and 

suitable channels for hybrid electrochemical storage 

mechanisms [24-27]. However, there are many 

methods that have been used to manufacture these types 

of materials, among which the electrochemical process 

was chosen for this study because it has many 

advantages including ease of synthesis, adhesion 

strength, decoration, long-term conductive stability and 

low cost. [28-31]. 

Based on the above, the aim of this study is to improve 

the performance of electrochemically synthesized 

TiO2/polypyrrole films on glass plates containing a thin 

layer of indium tin oxide (ITO) sheets. The 

polymerization of pyrrole was electrochemically 

performed by cyclic voltammetry (CV) at different 

number of cycles and scanning speeds. The changes in 

the structure and morphology of different TiO2/PPy 

composites with addition of different loads of TiO2 

particles were inspected by X-ray diffraction (XRD), 

Friour transmission infra red (FTIR) and scanning 

electron microscopy (SEM).  

   The electronic/photoconduction and electrochemical 

properties of these hybrid systems were evaluated using 

several techniques of UV-Visible spectroscopy, CV, 

galvanostatic/constant-current charge-discharge testing 

(GCD) and electrochemical impedance analysis (EIS). 

2. Experimental part 

2.1. Materials and characterization 

   The pure chemicals of anatase type (TiO2, 99%), 

Pyrrole (99%), anhydrous ferric chloride (FeCl3, 99%) 

and sulphuric acid (H2SO4, 98%) were purchased from 

Sigma Aldrich. A high laboratory grade of deionized 

water was employed through the whole experiments. 

X-ray diffraction (XRD) measurements were 

performed using a PANalytical X'Pert Pro 

diffractometer equipped with a Cu Kα radiation source. 

FTIR spectrometer type 8400 SHIMADZU was 

utilized for studying the functional characteristics of 

raw materials and electrodeposited films. The 

electrochemical deposition and measurements were 

performed using an Autolab device PGSTAT302N 

MBA integrated with NOVA 1.7 software. A Field 

Emission Scanning Electron Microscope (FESEM, 

Phillips XL 30 model) was employed to examine the 

microstructure of both pure PPy and TiO₂/PPy 

composite films. The UV-Visible absorption spectra 

for pure PPy and TiO2/PPy films of different ratios 

(0.05-0.15) were recorded from SHIMADZU 1601 

UV-Visible Spectrophotometer. 

2.2. Electrodeposition and capacitive measurements 

   All electrochemical measurements were performed 

using an Autolab PGSTAT302N MBA instrument 

integrated with NOVA 1.7 software. The three-

electrode setup cell consists of ITO-glass as working 

electrode, platinum wire as counter electrode and 

reference calomel electrode Hg/Hg2Cl2 immersed in 

saturated KCl (SCE). The electrochemical synthesis 

was conducted in an aqueous solution containing 0.1M 

H2SO4 (9.81 g/L) and 0.01M Pyrrole (0.67 g/L), while 

the capacitance measurements were carried out in a 

solution of 0.1M H2SO4 (9.81 g/L) [32]. The 
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electrodeposition experiment consists of two steps: 

first, polymerization of polypyrrole only, and then 

formation of the conductive TiO2/PPy composite 

polymer films on the surface of the ITO-glass. The 

employed plates of ITO-glass were cleaned in an 

ultrasonic bath of acetone for 15 min, then dried out at 

60°C for 1 h. The active surface area was adjusted to 1 

cm2 using Teflon tape of the conductive side. The ITO-

glass plates were weighed before and after each 

electrochemical polymerization. The polymerization of 

pyrrole was electrochemically performed by repetitive 

cyclic voltammetry (CV) at different scanning speeds. 

The coated film for each sample was obtained after 50 

cycles at scanning speeds of 50 mV.s-1. For capacitance 

measurements, the CVs cycles for the fabricated films 

were conducted in the potential window from -0.6V to 

0.8V and at scanning speeds from 5 to 200 mV.s-1. A 

series of experiments were performed in order to 

determine the best mass ratio of TiO2/PPy required to 

obtain a better reinforcement / polymer matrix deposit 

with high capacitance, which will in turn be used as 

high introductions in supercapacitors. 

The specific capacitance was determined using the 

following relation: 

Specific capacitance (Cs) =  
1

Sr(Vc−Va).S
∫ I(V)dV

Vc

Va

                 

                                                    …………………….  (Eq. 1) [17] 

where Sr denotes to the scan rate (mV. S-1); Vc – Va 

(potential range); I (V) the current density response 

(A.cm-2), and S to the area of the ITO plate. 

   After the optimization of the synthesis conditions of 

the polypyrrole deposition, a second optimization was 

performed for the synthesis of the conductive polymer 

composite films based on TiO2/PPy. For this purpose, 

various experiments were conducted in order to 

determine the best mass ratio of TiO2/PPy required to 

obtain a better reinforcement / polymer matrix deposit 

with high capacitance, which will in turn be used as 

high introductions in supercapacitors. 

3. Results and discussions 

3.1. Electrochemical manufacturing of films 

   CV is an effective method for rational engineering of 

PPy and TiO2/PPy conductive coatings on ITO 

substrate through electrochemical polymerization 

process. Fig. 1a and b display the effect of repetitive 

CVs for ITO electrodes in the existence of pyrrole and 

(b) TiO2/ pyrrole in 0.1 M H2SO4 at 50 mV.s-1, 

respectively. The CVs curves of these systems show the 

appearance of anodic/cathode electron transfer only in 

the first cycles. As the number of sweeps increases, 

these peaks are fully vanished.  This trend is interpreted 

as the first step of oxidation of the pyrrole monomer 

was slow, hence the formation of a cation radical 

followed by the formation of a dimer as a result of the 

addition reaction which can be observed as 

anodic/cathode peaks [33]. After the formation of the 

dimers, and as the CVs continue, the anode/cathode 

peaks completely disappear. This is due to the fact that 

the oxidation potentials of the dimers are lower than 

that of the monomers, resulting in faster polymer 

growth.  It is worth noting that no significant changes 

were detected when anatase was added to the system, 

which may be due to the dominance of the electro -

polymerization process over the co-deposition reaction. 

 

 

Fig. 1 Cyclic voltammograms (CVs)  of ITO electrodes 

in the presence of (a) PPy, and (b) TiO2/PPy in 0.1 M 

H2SO4 for 50 cycles at 50 mV.s-1. 

3.2. Structural characterization 

   To investigate the crystallinity and structure of the 

electropolymerized films, the XRD patterns of pure 

PPy/ITO and co-deposited TiO2-PPy/ITO samples 

were compared with powdered TiO2, as shown in Fig. 

2a. The XRD data profile of bulk TiO2 exhibits five 

sharp peaks at 2Ɵ angles around 25.25 °; 37.95 °; 48.11 

°; 53.88 ° and 55.10 ° which correspond to (101), (004), 

(200), (105) and (211) diffraction planes of the anatase 

phase. The diffraction curve of PPy indicates a broad 

peak in the 20-30° range because the formed PPy 

deposit is amorphous [34]. In addition, the XRD profile 

of TiO2/PPy composite film demonstrates overlapping 

between the main peaks of anatase and the broad 

diffraction peak of PPy, confirming the successful 

deposition of TiO2/PPy film on the surface of ITO 

substrate [35]. In order to ensure the smooth running of 
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the polymerization process, we characterized the 

electro-synthesized polymer by FTIR spectroscopy. 

The characteristic transmission bands of the 

polypyrrole structure are shown in Fig. 2b. The broad 

band that appeared at 1700 cm-1 is attributed to the 

adsorbed water [36]. The absence of bands around 1550 

and 1467 cm-1 is evidence for the non-vibration of 

bond. The band at 1287 cm-1 indicates the vibration in 

the bonding plane of CH bond. The band appearing at 

1191 cm-1 is related to the vibration of the NC bonds. 

The vibrational mode at 1106 cm-1 is attributed to HSO2 
- or the anion SO2

2- linked to the doped state of PPy. The 

deformation vibration in the plane of the NH bonds 

appeared at 1044 cm-1. The weak absorption peaks of 

polypyrrole that appeared at 962, 912 and 786 cm-1 are 

related to the deformation vibrations of C = C, C-H and 

N-H bonds in the pyrrole ring outside the plane [36, 

37]. The infrared spectra of pure anatase sample show 

a wide and strong absorption band between 1200 cm−1 

and 500 cm−1 which are attributed the vibration of Ti-

O and Ti-O-Ti bonds [38]. The peak at 1622 cm−1 is 

attributed to the bending of the OH groups of adsorbed 

H2O molecules on the surface of TiO2 [39]. The middle 

FTIR spectra shows the weakness of TiO2 bands which 

confirms the success of the electrochemical 

polymerization reaction of pyrrole molecules and the 

formation of PPy around the TiO2 particles.  

 

 

Fig. 2 XRD patterns (a) and FTIR spectra (b) of bulk 

TiO2 and the fabricated PPy/ITO and TiO2/PPy/ITO 

films (0.1 molar ratio). 

   Figures 3 a and b indicate the SEM images of the 

electrodeposited PPy film, showing the homogeneous 

bended sheets of the polymer at different 

magnifications. Meanwhile, Fig. 3c and d shows the 

homogenous distribution of TiO2 particles in the PPy 

matrix. Figure 4a displays the UV-Visible spectra for 

the electrodeposited films with several TiO2/PPy mass 

ratios, namely 0.05 - 0.08 - 0.1 and 0.15 prepared after 

50 voltammetric cycles under a scanning speed of 50 

mV.s-1 in a 0.1 M H2SO4 medium. 

 

Fig. 3 SEM micrographs of the electrochemically 

engineered films (a, b) PPy/ITO and (c, d) 

PPy/TiO2/ITO at different magnifications                                                                                                                           

50 voltammetric cycles under a scanning speed of 50 

mV.s-1 in a 0.1 M H2SO4 medium. The optical 

absorption of the PPy indicates the appearance of a 

characteristic band of PPy between 200 and 300 nm 

which is due to the electron transition (π →π*) from the 

highest occupied molecular orbital (HOMO) to the 

lowest unoccupied molecular orbital (LUMO) in the 

case of short conjugated PPy [40]. Another absorption 

band was observed between 300 and 500 nm, which 

was attributed to the polaron, which is confined to a 

specific number of rings [34]. The optical absorbance 

spectra of TiO2/PPy with mass ratio ~ 0.05 and 0.08, 

show better absorption than ITO but are still lower than 

pure PPy. However, with increasing TiO2 content up to 

the mass ratio of TiO2/PPy ~ 0.1, the absorptivity 

reaches the equilibrium state with pure PPy. The photo-

current response under visible light and darkness for 

these various deposited films is also studied as shown 

in Fig. 4b. It is obvious that a clear improvement in the 

faradic current value of the TiO2/PPy-based deposited 

films under the visible light irradiation reaching to 3.52 

µA.cm2 compared to its individual components of PPy 

(3.3 µA.cm2) and TiO2 (2.98 µA.cm2). Similar results 

are also observed in the dark conditions. Fig. 4b shows 

Photocurrent-potential responses of PPy/TiO2@ITO 

electrodes under visible light and dark conditions.  

   The results demonstrate that a peak appears when 

there is irradiation of visible light, and disappears when 

the irradiation is removed, which is due to the 

photoelectric properties of the materials. The current 

densities of TiO2/PPy@ITO, TiO2@ITO and 

PPy@ITO electrodes are 1.4, 0.2 and 0.4 μA.cm-2, 

respectively. It is noticeable that the current value of 

TiO2/PPy@ITO electrode is the highest, indicating that 

this electrode is the best in terms of the generation, 

separation, and transfer efficiency of electron–hole 
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pairs. These results can also indicate the synergistic 

effect of the oxide and the semiconductor for the 

enhancement of TiO2 photoelectrochemical properties. 

 

 
 

 

Fig. 4 (a) UV-Vis absorption spectra of PPy/TiO2/ITO 

deposited films with different weight ratio 0-0.15, and 

(b) Photocurrent-potential responses of 

PPy/TiO2@ITO electrode and its individual 

components under visible light and dark conditions.  

3.3. Capacitive measurements 

   Figure 5a depicts the CVs of the deposited 

polypyrrole films after 50 polarization cycles at various 

scan speeds (5-200 mV.s-1) in an aqueous electrolyte 

based on 0.1 M H2SO4 versus SCE and Pt wire as 

reference and auxiliary electrodes, respectively. It can 

be seen that the PPy films exhibit non-rectangular CV 

curves a distinct pair of redox peaks around 0.3/0.4 V, 

which are typical of the oxidation and reduction of PPy. 

The best electrochemical response is obtained with a 

scan speed of 5 mV.s-1 with an oxidation current 

response of 4.75 mA and specific capacitance ~ 180 

F.g-1 (30 mF.cm-2). Fig. 5b shows the relationship 

between the calculated specific capacitance and scan 

rates. The specific capacitance linearly decreases with 

increasing scan rate due to the reduction of adsorbed 

ions on the electrode surface.  

   Meanwhile, the corresponding CVs of the deposited  

TiO2/PPy (mole ratio ~ 0.1) at various scan speed 

ranges (5-200 mV.s-1) are illustrated in Fig. 6a. It can 

be noted that the oxidation peaks have weak offsets 

before the introduction of TiO2 nanoparticulate fillers. 

This higher polarization can be observed than in the 

films made of PPy alone because the formation of thick 

 

 

Fig. 5 (a) CVs of asymmetric supercapacitor of the 

electrochemically fabricated PPy@ITO films, and the 

corresponding (b) Specific capacitance at different 

scanning rates from 5 to 200 mV.s-1   

 

C-C layer which reduce the specific capacitance values, 

suggesting that the prepared composite films could be 

more suitable for the application in supercapacitors 

[41]. Fig. 6b illustrates the impact of faster charge-

discharge rates on the supercapacitive performance of 

TiO2/PPy composite films with different mole ratios 

(0.0, 0.05, 0.1, and 0.15).  

  The largest specific capacitance of about 250 F.g-1 (43 

mF.cm-2) is achieved with the mole ratio 0.1 of 

TiO2/PPy composite, which means that the divalent 

SO4
-2 and monovalent HSO4

-1 ions are highly adsorbed 

on the microporous surface of this composite ratio. 

However, the observed reduction in the specific 

capacitance by increasing the TiO2 up to 0.15 mole 

ratio could be ascribed to the increase in the electrode 

resistance, which causes a limitation to the ionic 

transport kinetics between the electrolytes and the 

electrode surface. In other words, the diffusion of 

sulphate ions through the TiO2/PPy composite is more 

favored than the case of PPy itself. The reason for this 

behavior is the polymer nanocomposite films' 

conductivity and rapid charge transfer between the 

hydrogen atoms of PPy and the oxygen atoms of TiO2 

nanoparticles via weak hydrogen bonds [42].  
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Fig. 6: (a) CVs of asymmetric supercapacitor of the 

electrochemically designed TiO2/PPy@ITO with ratio 

0.1, and (b) Comparison for the corresponding specific 

capacitance of TiO2/PPy@ITO electrodes with 

different ratio 0-0.15 at different scanning rates from 5 

to 200 mV.s-1 

    

   Figure 7 displays the successive CVs for the 

electrodeposition of TiO2/PPy in 0.1 M H2SO4 at 50 

mV.s-1 and the correspond CVs of asymmetric 

supercapacitor of the electrochemically designed 

TiO2/PPy@ITO at different scanning rates from 5 to 

200 mV.s-1 with TiO2/PPy mole ratio (a) 0.05 and (b) 

0.15, respectively. Results confirms that the sample 

with mole ratio 0.05 gives slightly higher capacitance 

than pure PPy film, while the sample 0.15 mole ratio 

has lower specific capacitance as previously depicted 

in Fig. 6.  

   Figure 8 compares the cyclability study of the 

prepared PPy@ITO and TiO2/PPy@ITO (mass ratio 

0.1) films prepared through multiple voltammetric 

deposition at 50 mV.s-1. Obviously, the cell of 

TiO2/PPy@ITO shows better capacitance retention, 

keeping  97% of its initial capacitance after 1000 

oxidation reduction cycles with 100 mV.s-1. On the 

other hand, the cell of prepared PPy@ITO preserves 

about 72% of its initial capacitance after 1000 cycles. 

This could be explained by the enhanced mechanical 

stability and good electronic conductivity of composite 

compared to the PPy alone. The obtained results show 

good agreement with physicochemical characterization 

findings. 

 

 

Fig. 7 Multiple CVs for the electrodeposition of 

TiO2/PPy in 0.1 M H2SO4 at 50 mV.s-1 and the 

corresponding CVs of asymmetric supercapacitor of 

the electrochemically designed TiO2/PPy@ITO at 

different scanning rates from 5 to 200 mV.s-1 with 

TiO2/PPy mole ratio (a) 0.05 and (b) 0.15, respectively 

   

 

Fig. 8 Cyclability of PPy@ITO and TiO2/PPy@ITO 

(mass ratio 0.1) at 100 mV.s -1 scan rate. 

   Figure 9a depicts the GCD profiles of PPy@ITO and 

TiO2/PPy@ITO (mass ratio 0.1) at 1 mA. The 

calculated values of specific capacitance for PPy@ITO 

and TiO2/PPy@ITO are equal to 120 and 160 F.g-1, 

respectively. The noticeable improvement in the 

capacitance of TiO2/PPy@ITO shows a good 

agreement with the capacitance results obtained by 

cyclic voltammetry graphs. It is also noticed that the 

TiO2/PPy@ITO has the longest voltage plateaus as 
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revealed in charge/discharge processes, which 

confirms the electrochemical activity of the composite 

electrode compared to the pure PPy electrode. Besides, 

the equal length of both oxidation and reduction curves 

in the composite indicate the stability and good 

adherence of ions compared to the adsorbed ions over 

PPy surface which oxidized faster than reduction, 

suggesting bad reversibility. Fig. 9b shows the GCD 

profiles of TiO2/PPy@ITO (mass ratio 0.1) at different 

current densities (0.2, 1.0, and 2 A.g-1). It is found that 

specific capacitance noticeably improved by 

decreasing the current density to reach about 350 F.g-1 

at 0.2 mA.  

 

 

 

Fig. 9 (a) Galvanostatic charge-discharge (GCD) 

profiles of PPy@ITO and TiO2/PPy@ITO (mass ratio 

0.1) at a current density of 1 A.g-1, and (b) GCD profiles 

of TiO2/PPy@ITO (mass ratio 0.1) at different current 

densities (0.2, 1.0, and 2 A.g-1).  

   Moreover, the galvanostatic cyclic performance of 

both electrodes up to 1000 successive cycles at 0.2 mA 

is represented in Fig. 10. Both PPy@ITO and 

TiO2/PPy@ITO cells demonstrates excellent stability 

and capacity retention reaching up to 85% and 97.1%, 

respectively after 1000 multiple cycles.  

   The reason for such improvement can be clearly 

justified by studying the values of EIS in the frequency 

range from 10 kHz to 10 mHz. It is worth to note that 

the prepared TiO2/PPy film achieved higher specific 

capacitance (350 F.g-1) than previously prepared 

TiO2/PPy (~ 150 F.g-1) by S. Ha et al [43]. Meanwhile, 

succeeded in preparing Moiré-like TiO2/PPy electrodes 

with very close electrocapacitive performance (~ 355 

F.g-1) [44]. 

 

 

Fig. 10 Cycle life performance of PPy@ITO and 

TiO2/PPy@ITO (mass ratio 0.1) at 0.2 A.g-1. 

    

    The impedance measurements are presented by the 

Nyquist plots in Fig. 11, and the fitted data used the 

inserted equivalent circuit. As depicted in Fig. 11, the 

cell of TiO2/PPy@ITO composite electrode has the 

lowest electrochemical resistance values for the 

electrolyte (R1), charge transfer (R2) and ionic 

diffusion from the electrolyte into the electrode surface 

(W2). Accordingly, the improved values of EIS 

parameters suggest the enhancement in the cyclic 

stability and charge carriers’ mobility by the inclusion 

of TiO2 particles. 

 

 

Fig. 11  EIS spectra of PPy@ITO and TiO2/PPy@ITO 

(mass ratio 0.1). 
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Conclusions 

   This work focuses on the electrochemical synthesis 

and characterization of conductive composite films on 

ITO sheets through encryption of anatase nanoparticles 

into PPy matrix to improve its capacitive performance 

in supercapacitors. XRD and FTIR results confirmed 

the successful deposition of TiO2/PPy film with 

different molar ratios on the surface of ITO substrate. 

SEM observation of the electrochemically synthesized 

TiO2/PPy composite revealed the encapsulation of TiO2 

spherical particles with PPy sheets forming a 

mesoporous and homogenous layer on ITO. The 

prepared TiO2/PPy films showed higher values of the 

photo-current response compared to their individual 

components under visible light irradiation. The film 

composite of TiO2/PPy with ratio ~ 0.1 indicated the 

best capacitive performance among all composite ratios 

due to the enhanced diffusion of electrolyte ions on the 

surface of the electrode material and the retardation of 

bulging phenomenon in PPy. The successive 

galvanostatic cycling tests for 1000 cycles tests 

indicated the excellent stability of the composite film 

in comparison to pure PPy. The lowest electrochemical 

resistance values for the electrolyte (R1), charge 

transfer (R2), and ion diffusion from the electrolyte into 

the electrode surface (W2) are found in the cell of the 

TiO2/PPy@ITO composite electrode. 
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