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Amorphous nanoparticles of cadmium sulfide (CdS), titanium oxide (TiO2), and 50/50 of TiO2-CdS 

mixtures were prepared and immobilized in poly 2,2-bithiophene (PBTh)  by occlusion electrodeposition 

method.  X-ray studies indicated that a heterogeneous crystal structure of CdS (cubical-hexagonal) was 

formed.  Optical studies indicated that occlusion of CdS or TiO2 or both into PBTh significantly 

decreased the intensity of the inter band transition as revealed by the values of (Ed) dispersion energy.   

Photoelectrochemical (PEC) studies revealed evidence of fast charge recombination due to the hole 

accumulations at the interfaces. Furthermore, PEC studies indicated that, regardless of the method of the 

preparation of CdS-TiO2 mixtures, CdS was the dominating factor in the photocurrent generation. . 

Electrochemical impedance spectroscopic studies (EIS) revealed that occluded assembly films possess 

a porous-type structure, with multiple phases as indicated by the generation of Nyquist plots with 

composite semi-circles. The study also shows that occlusion increased the frequencies of the dispersion 

and charge carrier hopping. The studied assemblies showed photostability for a long time of illumination. 

Photoelectrochemical, EIS, and optical outcomes did not follow monotonic properties of each 

component of these hybrid assemblies.  

 

 

Keywords: CdS-TiO2 mixtures, photoactive interfaces, optical, organic semiconductors, impedance  

 

 

1. INTRODUCTION 

Semiconductors (SC) with a large band gap have several advantages over those with a low band 

gap. Working at high temperature, performing in a harsh environment, stability, and possession of high 

switching frequencies are some of these advantages. However, the large band gap allows for absorption 

of only very narrow range of blue or UV energy, limiting its absorption activities.  Overcoming this low 

absorption activity was the subject of many investigations. Sensitization of a large band gap with a small 

band gap SC was studied intensively. To name but few, small bandgaps of some Cd chalcogenides were 
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used to sensitize large bandgap TiO2 that possesses a low-lying conduction band [1-5].  Some organic 

materials were also used to enhance the photoactivities of large band gap oxides. Dye-sensitized solar 

cells (DSSC) were first demonstrated in 1991[6] as example of sensitizing large band gap TiO2 with 

some dyes. Several investigations [7-12] were performed with a goal of enhancing the photo conversion 

efficacy of DSSC. Common findings in these studies were that charge injection from one semiconductor 

into another can lead to efficient and longer charge separation. The dye or low band gap SCs can 

effectively capture the visible light and quickly transfer the photogenerated electrons into the TiO2 

conduction band.  

Due to its diffuse nature of HOMO/LUMO, organic semiconductors are good candidates to 

couple with inorganic SC (native and/or modified) and widen the absorption range of solar radiation. 

This coupling will also achieve the construction of hybrid materials with an interface of large surface 

area. Success in sensitizing large bandgap inorganic SCs will lead to further development of hybrid 

functional materials. The sum of all properties of the hybrid materials is not a monotonic property 

outcome of individual components of the assembly, but it is an indication of strong synergy of sub-bands 

created within the hybrid interface [13-15]. Many applications have been reported for these hybrid 

materials in optics [16], electroactive materials [17] electrochromic materials [18] sensors [19], 

membranes [20] and biohybrid materials. [21, 22]. Further investigations were conducted in the field of 

creation of hybrid organic/organic [23-25] or organic /inorganic [26-27] interfaces. Characterization of 

the inorganic/organic/organic interface made of CdS/poly3-(2-thienyl) aniline (PThA)/poly 2,2 

bithiophene (PBTh) was previously performed [28] . The photoactivities outcome was explained on basis 

of creation of hybrid sub-bands. 

In this paper, we studied a hybrid assembly made of TiO2-CdS occluded into PBTh. TiO2 was 

sensitized by a low band gap CdS and further it was trapped into the low band gap photoactive organic 

polymer PBTh. The hybrid TiO2-CdS/PBTh assembly was subject to optical, photo-electrochemical, and 

impedance studies to investigate if the properties outcome exhibit monotonic properties of each 

component of this hybrid assembly or not. This required comparison of the TiO2-CdS/PBTh outcome 

with each of CdS/PBTh, and TiO2/PBTh. Furthermore, we investigated the effects that the method of 

preparation may cause on the outcome of these assemblies. 

 

2. EXPERIMENTAL  

2.1. Reagents  

The monomer 2,2- bithiophene (BTh), (Alfa Aesar) were used to prepare poly 2,2 bithiophene 

(PBTh). Other chemicals used in this study were of analytical grade.  Deionized (DI) water was used to 

prepare aqueous electrolytes.  

 

2.2 Preparations 

TiO2 nanoparticles were prepared as previously described [29]. TiO2 sensitized with CdS (Codep. 

TiO2/CdS) was prepared following a modified synthesis procedure previously published [30, 31].  CdS 
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was prepared as previously described [32].  A mechanical mixture of TiO2 and CdS (Mec.TiO2/CdS) 

was prepared as follows: 0.5 g of CdS nanoparticles were dispersed in Ti Iso-propoxide (in 80% ethanol) 

and stirred for 4 hours. The pale yellowish deposit was collected, washed and dried at 120 oC for 6 hours.  

The IOIs of each of TiO2-CdS, CdS and TiO2 occluded in PBTh were generated electrochemically using 

cyclic voltammetry (CV). This achieved through repetitive cycling of the FTO electrode potential 

between -0.5 and 1.7 V vs Ag/AgCl in an acetonitrile suspension (1 mg/mL) of the inorganic materials, 

5 mM of the BTh monomer and 0.5 M LiClO4.   

 

2.3. Instrumentation 

Electrochemical studies were performed in a 20 cm3 three-electrode cell, consisting of a Pt flag 

as a counter electrode, a Ag/AgCl as reference electrode, and FTO with a surface area of 2.0 cm2 as the 

working electrode. Photoelectrochemical studies of the thin solid films were performed using the 

experimental setup as described in previous work [28, 33]. A Solartron 2101A was used for the 

electrochemical impedance spectroscopy (EIS) studies. A BAS100W electrochemical analyzer 

(Bioanalytical Co. IN) was used to perform the electrochemical studies.  Optical parameters were 

calculated based on the steady-state reflectance spectra, measured by a Shimadzu UV-2101PC 

spectrophotometer. An Olympus BX-FL Irradiation was performed with a solar simulator 300-watt 

xenon lamp (Newport, NJ) with an IR filter. All measurements were performed at 298 K.  

 

3. RESULTS AND DISCUSSION 

3.1 Structural Characterization 

 
 

Figure 1. X-Ray studies of prepared samples, A) XRD patterns, B) XPS patterns.   



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

10732 

Compounds CdS, TiO2, and CdS-TiO2 prepared as described in experimental section were 

subject to X-ray analysis. The results are displayed in Figure 1 A and B. It can be noticed the 

codeposition of CdS with TiO2 generated a pattern that represents a mixture of both compounds. XRD 

analysis revealed that CdS showed hexagonal crystal structure, while the TiO2 pattern indicates a 

tetragonal structure.  

The pattern for the mixture of TiO2-CdS, made by the codeposition method indicates that TiO2 

remained in the tetragonal crystal structure, while CdS gave a mixture of cubical and hexagonal crystal 

structures. On the other hand, a pattern of the CdS-TiO2 mixture prepared by mechanical mixing of TiO2 

and CdS reveals only a hexagonal structure for CdS and tetragonal structure for TiO2. This indicates that 

under the codeposition method conditions, a heterogeneous crystal structure of CdS (cubical-hexagonal) 

was formed.       

 

3.2. Optical studies 

Optical parameters such as α (absorption coefficient), n (refractive index), ε (dielectric constant), 

and σ opt (optical conductivity) have been calculated and plotted as a function of photon energy. The 

results are displayed in Figures 2, 3 and 4.  

 

3.2.1. Optical band gap studies 

The absorption spectra of the assemblies TiO2-CdS/PBTh, CdS/PBTh, and of TiO2/PBTh are 

displayed in Figure 2, and indicate that occlusion of TiO2 or CdS, or both, shifts the absorption peak to 

photon energies greater than that of the host polymer PBTh. Furthermore, the number of photons 

absorbed by the TiO2-CdS/PBTh, CdS/PBTh, and TiO2/PBTh is greater than that absorbed by PBTh as 

evident by area under the peak in Figure 2. The treatment of the absorption data for all studied assemblies 

were listed as described in previous study [34].  The data listed in Table 1, were generated from the 

resultant plots of α ½ vs photon energy (hυ) and (α*hυ)2 vs hυ, respectively.  The quantities listed in 

Table 1 indicate that the absorption behavior of the host film was dominating the assembly’s behavior. 

Both the host polymer, PBTh, and the assembly showed direct and indirect band gaps. This may be 

attributed to fact that the diffusive highest occupied molecular orbitals (HOMO) and lowest unoccupied 

molecular orbitals (LUMO) for PBTh bridged the energy levels (VB, CB, E fermi) for the occluded CdS, 

TiO2 or the mixtures of both.  This is because the occlusion of TiO2 modified with PBTh, created hybrid 

sub-bands with a smaller band gap between the highest occupied molecular orbitals (HOMO) and lowest 

unoccupied molecular orbitals (LUMO) of the host polymer. Table 1 also indicates that the occlusion of 

CdS and or TiO2 reduces absorption band tails attributed to energy band tail or Urbach energy [35] in 

the host polymer PBTh. The Urbach energy values listed for the IOI CdS/PBTh assemblies still greater 

than that recoded for thin films of CdS [36], while that of TiO2/PBTh is much smaller than that reported 

for TiO2 thin films [37] at room temperature. Furthermore, the Urbach energy listed for the TiO2-

CdS/PBTh (codeposition) is smaller than that of pure TiO2 thin film and greater than that of pure CdS. 
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It is important to mention that the methods of preparations of the referenced assemblies are totally 

different from the occlusion method used in this study. 

    

 
 

Figure 2. Absorption spectra of 1-PBTh, 2- PBTH/TiO2, 3- PBTh/CdS, 4- PBTh/CdS-TiO2 (mech.), and   

5- PBTh/Cds-TiO2 (codeposition).  

 

Table 1. Optical band gap for the studied assemblies.  

 

Assembly ≈ band gap at λ 

max, eV 

Direct band gap, 

eV 

Indirect band 

gap, eV 

Urbach energy, 

eV 

PBTh 2.4 2.0 1.1 0.76 

PBTh/TiO2-CdS 

(Mech) 

2.8 2.2 1.9 0.07 

PBTh/TiO2-CdS 

(Codepos.) 

2.8 2.25 1.9 0.125 

PBTh/CdS 2.6 2.2 1.9 0.07 

PBTh/TiO2 2.8 2.2 1.9 0.08 

 

3.2.2. Optical parameters 

3.2.2.1 Refractive index, n 

The plot of refractive index (n) vs wavelength is displayed in Figure 3. While PBTh did not 

exhibit a large increase in n over all the studied wavelengths, the values of n for PBTH/TiO2, PBTh/CdS, 

PBTh/CdS-TiO2 (mech.) and PBTh /Cds-TiO2 (codeposition) show a sharp increase at wavelengths 

shorter than 620 nm (2 eV) and reached maximum values at a photon energy around 2.5 eV. No tangible 

change was observed at photon energies greater than 2.5 eV.  
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Figure 3. Refractive index vs photon energy A) n vs hν, B) n2 vs (hν)2, 1-PBTh  2- PBTH/TiO2  3- 

PBTh/CdS, 4- PBTh/CdS-TiO2 (mech.)  5- PBTh/Cds-TiO2 (codeposition)  

 

Dependence of the complex refractive component on the wavelength can be linked to the optical 

properties of solid materials. The following equation [38] describe such dependence  

[𝑛2(ℎ𝜈) − 1]−1 = −(𝐸𝑜𝐸𝑑)−1(ℎ𝜈)2 + 
𝐸𝑜

𝐸𝑑
⁄                                                         1 

The plot of [𝑛2(ℎ𝜈) − 1]−1 vs (ℎ𝜈)2  should give a slope = (EoEd) -1 and intercept =Eo/Ed. where 

Eo and Ed refer to oscillator energy, and dispersion energy respectively. Furthermore the relation of the 

refractive index to the lattice dielectric constant 𝜀𝐿 can be seen in the following equation [39]: 

𝑛2 = 𝜀𝐿 − [
𝑒2

𝛱𝐶2] [ 
𝑁

𝑚∗]𝜆2                                                                                             2 

Figure 3B indicates that the plot of n2 vs 𝜆2  generates a straight line with intercept equal 𝜀𝐿.Eo, 

Ed  and 𝜀𝐿 for all studied assemblies are listed in Table 2 

 

Table 2. Some optical parameters for the studied assemblies. 

 

 Assembly  Ed, eV Eo, eV Lattice 

Dielectric 

constant 𝜺𝑳 

Optical band 

gap, eV 

PBTh 8.20 2.14 15.093 2.4 

PBTh/CdS 1.73 2.54 24.715 2.8 

PBTh/TiO2 0.84 2.18 29.07 2.8 

PBTh/CdS-TiO2 

(Codepsited)  

1.88 2.13 20.975 2.6 

PBTh/CdS-TiO2 (mechanical 

mix.) 

0.82 2.26 28.507 2.8 
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The data in Table 2 clearly show that Ed, as a measure of the intensity of inter-band optical 

transition, is independent of a band gap. Occlusion of CdS or TiO2 or both into PBTh significantly 

decreased the intensity of inter-band transition. No tangible change in the values of Eo was observed. 

Furthermore, the value of 𝜀𝐿  in Table 2 , listed for mechanical mix of TiO2 and CdS  is closer to that of 

PBTh/TiO2 which indicates that TiO2 was  a greater contributor than CdS in this mixture. When PBTh 

polymer serves as the matrix polymer, the CdS and TiO2 or their mixtures serve inorganic fillers to 

increase the effective dielectric constant, the studied assemblies can be potential materials for energy 

storage.  

 

3.2.2.2 Dielectric constants 

The plot of the εr (real component of dielectric constant) vs photon energy in Figure 4 clearly 

shows a sudden rise in the εr at photon energy around 2.1 eV and mild decrease in  εr values around 2.7 

eV. Further, the values of εr for PBTh/TiO2 were very close to those of PBTh/TiO2-CdS (mechanical 

mixture), which indicate that the TiO2 component in the mixture was the dominant factor. The variation 

of εr around the 2.1-2.9 eV of photon energy range indicates that the photon/electron interaction took 

place within this range. The polarizability of materials generates their dielectric properties at a given 

frequency [40].  Electron exchange between Cd or Ti atoms in CdS or TiO2 respectively, and S atoms 

of PBTh, can cause local displacement of electrons and induces interfacial polarization.  Figure 4 shows 

that CdS-TiO2 has some effect on PBTh polarizability within photon energy range between 2.4 and 3.1 

eV.  

 

 

 

 

Figure 4.   Real εr, components of dielectric constant for 1-PBTh, 2-PBTH/TiO2, 3-PBTh/CdS, 4-   

PBTh/CdS-TiO2 (mech.), and 5- PBTh/Cds-TiO2 (codeposition)  
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3.2.2.3 Optical conductivity σopt and Electrical conductivity σele 

 Both σopt and σ ele.  were calculated using the following formulas [41-42]:  

 

 𝜎𝑜𝑝𝑡 =
𝛼𝑛𝑐

4𝛱
                                                                                3                  

and                                        

 𝜎𝑒𝑙𝑒 =
2𝜆 𝜎𝑜𝑝𝑡

𝛼
                                                                             4      

Figure 5 clearly shows that 1) σopt increases with increasing photon energy up to 2.9 eV after 

which starts to decrease, 2) both PBTH/TiO2 and PBTh/CdS-TiO2 (mech.) has a greater conductivity 

than all studied assemblies, 3) the fact that σopt of PBTh/TiO2 is equal to that of PBTh/CdS-TiO2 (mech.) 

indicates that TiO2 is the dominant factor in the mechanical mixture with CdS. And 4) the sharp rise 

around the band gap of each assembly can be attributed to the electron excitation at range of photon 

energy. At a photon energy greater than 3 eV, the optical conductivity decreases. Such behavior can be 

attributed to the dopant‘s inability to provide the host polymer with an additional charge transfer [38]. 

Figure 5B indicates that optical conductivity is much greater than electrical conductivity. Such behavior 

can be explained on the basis of the Drude model [43]. 

 

 

 
 

Figure 5. Conductivity (optical σopt.& electrical σ ele) vs photon energy plots of A) σopt and B) Log of 

σopt and log σ ele. vs photon energy for 1-PBTh,  2- PBTH/TiO2, 3- PBTh/CdS,  4- PBTh/CdS-

TiO2 (mech.), and 5- PBTh/Cds-TiO2 (codeposition), C) log σ ele. vs photon energy  

 

In the absence of alternating frequency, optical conductivity can be considered as electrical 

conductivity.  
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3.3. Photoelectrochemical behavior 

The electrochemical studies on FTO/PBTh occluded with TiO2, with CdS, and with CdS-TiO2 

were achieved by cycling the potential of FTO modified with each these assembly in acetate electrolyte 

(pH 7.6). The studies were performed in dark and under illumination, with scan rate 0.10V/s, between, 

unless otherwise stated, -1.0 to 1.0 V vs Ag/AgCl. The results are displayed in Figures 6,7, 8, 9 and 10.  

 

3.3.1 Electrochemical behavior of FTO/PBTh in Acetate electrolyte 

The results displayed in Figure 6 show that a great photocurrent was produced in the cathodic 

scan in a range between ≈0.3 V -1.1 V. In the anodic scan, the current under illumination (photocurrent) 

exceeded the current reported in dark (dark current) at 0.2 V vs Ag/AgCl.  This indicated the approximate 

position of Efb (flat band potential). This corresponds to 5.0 eV vs vacuum scale.  

 

 

 
 

Figure 6. CV of FTO /PBTh in 0.2 M acetate electrolyte (pH 8) at 0.10V/s: a) dark, and b) under 

illumination  

 

3.3.2 Electrochemical behavior of FTO/CdS/PBTh in acetate electrolyte 

Figure 7 displays the CV behavior of this assembly in an acetate electrolyte. The magnitude of 

the generated photocurrent was less than that generated from FTO/PBTh (Figure 6). However, there is 

no tangible changes in the potential where the photocurrent exceeded the dark current, as shown in Figure 
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7. The photocurrent generated in this assembly is greater than that reported for CdS modified by poly 3-

(2-thienyl) aniline and occluded in PBTh [28]. 

 

 
 

Figure 7.  CV of FTO/CdS/PBTh in 0.2 acetate electrolyte a) dark, and b) under illumination  

 

3.3.3 Electrochemical behavior of FTO/TiO2/PBTh in Acetate electrolyte 

 
 

Figure 8.  CV of FTO/ TiO2/PBTh in 0.2 acetate electrolyte a) dark, and b) under illumination. 

 

The electrochemical behavior of the FTO/TiO2/PBTh assembly in acetate electrolyte is displayed 

in Figure 8. The photo current generated by this assembly is less than that recorded for the PBTh (Figure 

6) and less than that of CdS/PBTh (Figure 7). The photocurrent generated in this assembly is greater 

than that reported for TiO2 modified by poly 3-(2-thienyl) aniline and occluded in PBTh [44]. However, 

no tangible changes in the Efb potential occurred. The low photocurrent can be attributed to a greater 
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band gap of TiO2/PBTh than those of PBTh or CdS/PBTh. This greater band gap allows for only photons 

with corresponding energy to be absorbed.     

 

3.3.4 Electrochemical behavior of FTO/CdS-TiO2/PBTh in acetate electrolyte 

Figures 9 and 10 display the CV behavior of FTO/ CdS-TiO2 (mech.)/PBTh, and that of FTO/CdS 

TiO2 (codeposition)/PBTh in acetate electrolyte, respectively. The photocurrent generated in the 

cathodic scan is greater than those generated for all other assemblies. This was also observed in Figure 

11. This indicate indicates that both CdS/TiO2 mixture occluded in PBTh contributed to such increase 

regardless of preparation method. The greater number of photons absorbed by the FTO/CdS-TiO2 

(mech.)/PBTh, and by FTO/CdS-TiO2 (codeposition)/PBTh as indicated from Figure 2 may cause this 

increase in the photocurrent.  

  

 
 

Figure 9. CV of FTO/ CdS-TiO2 (mech.)/PBTh in 0.2 acetate electrolyte; a) dark, and b) under 

illumination. 

 

 
 

Figure 10. CV of FTO/ CdS-TiO2 (Codeposition)/PBTh in 0.2 acetate electrolyte a) dark, and b) under 

illumination. 



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

10740 

Figure 11A shows the photocurrent-time plot for all studied assemblies. It is worth notice that 

illumination of any of the occluded assemblies causes a sharp anodic current spike. Such behavior was 

reproducible. This is evidence of the fast charge recombination due to the hole accumulations [45] at the 

outermost layers of the assembly electrolyte interface. Such behavior was not observed for FTO/PBTh 

in an acetate electrolyte (Figure10B). Furthermore, in the dark, no backflow of electrons from the 

substrate FTO to the assembly body took place as is evident from the lack of cathodic current (reversed 

transient current). 

Figures 11A and B also show that PBTh occluded and non-occluded showed photostability as 

the magnitude of the recorded photocurrent in each trial were similar.   

 

 

 

Figure 11.  Photocurrent-Time plot at -0.5 V vs Ag/AgCl in acetate electrolyte for A) 1-

FTO/PBTh/TiO2, 2- FTO/PBTh/CdS, 3- FTO/PBTh/TiO2-CdS (Mech.), and 4- 

FTO/PBTh/TiO2-CdS (Codeposit.). B) For FTO/ PBTh only, on = illumination, off = dark  

 

3.4. Electrochemical impedance spectroscopic studies  

Impedance spectra of the studied assemblies were measured and analyzed between 105 -10-2 Hz 

in a three-electrode cell containing acetate electrolytes. Figure 12 display Nyquist plot obtained for 

FTO/PBTh-CdS and that of FTO/PBTh.  Figure 12Aa shows. Both kinetic control at high frequency and 

diffusional control at low frequency were observed for FTO/PBTh only (Figure 12Aa).  The shape of 

un-concentered semicircle at high frequencies (Figure 12Ab) is indication of the film porosity [46].  

While the Nyquist plots generated for other assemblies are not displayed, the EIS data such as Wm 

(Binding energy), s (temperature dependent parameter), relaxation frequency and τ(s) (Relaxation time) 

for all studied assemblies are listed in Table 3. Illuminated FTO/CdS/PBTh (Figure12Ab) shows 

composite shape semicircles. Such shapes show: 1- if the charge transfers in one or both semicircles are 

very fast, and/or 2-if the time constants for exchange reactions are similar. It is possible that the 

heterogeneity of inorganic (CdS)/organic (PBTh) interface, and the closer value of the band gap of CdS 

to that of PBTh lead to creation of two phases.  Upon illumination, these two phases responded with 

same time constant. Neither FTO/PBTh nor FTO/CdS/PBTh (in the dark) generated Nyquist plots with 

composite shapes (Figure 12Aa and 12Ac).  Generation of composite shape semicircles was observed 



Int. J. Electrochem. Sci., Vol. 14, 2019 

  

10741 

with FTO/CdS-TiO2 /PBTh assemblies but was not observed with the FTO/TiO2/PBTh assembly. This 

will lead us to believe that the presence of CdS contributed in generation of these composite shape 

semicircles.    

AC conductivity σac. 

The σac was calculated using the following equation [47].  

𝜎𝑎𝑐 =
𝐿

𝐴
∗  

𝑍′

𝑍′2+𝑍"2                                                5 

According to the following equation [48]: 

σac   = σdc     + AωS                                                             6
 where A is the strength of polarizability, s is temperature-dependent parameter which can be 

determined from the slope of line of the plot of log σac vs log ω. 

log σac   = log σdc  + log A + S log ω       7 

The plot of log σac vs log ω is displayed in Figure 12C. This figure shows that in this low 

frequency region, the conductivity is almost independent of frequency, while at high frequencies, the 

conductivity increases.  This can be attributed to increased dispersion and charge carrier hopping [47]. 

The crossing of the positively sloped line with the base line at high frequencies represents the hopping 

frequency. Figure 12C shows that occlusion of PBTh with CdS caused increasing in the hopping 

frequency.  

The energy required to remove one electron from one site to another within the film structure 

(Wm) or binding energy, can be calculated from the following relation [49]: 

   𝑊𝑚 =
6𝑘𝐵𝑇

1−𝑠
                                     8                                   

 

 

    
 

Figure 12.  A) Nyquist plot in 0.2 M acetate electrolytes (pH 6) at -0.5V vs Ag/AgCl , B) Bode’s plot 

for a- FTO/PBTh-CdS (In dark), b) FTO/PBTh-CdS (illumination), and c) FTO/ PBTh , and C) 

log σ (Conductivity) vs log frequency. 
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Table 3 shows that occlusion of CdS, TiO2, or CdS-TiO2 in PBTh increases the Wm, and 

decreases the relaxation time calculated from log ω at maximums in figure 12B. Wm is inversely 

proportional to the charge carrier hopping distance [47]. The greater the Wm, the smaller the hopping 

distance. The data listed in Table 3 indicate that occlusion of CdS, TiO2 or both in PBTh increased the 

Wm, consequently decreasing the carrier hopping distances.  

 

 

Table 3. Electrochemical impedance data for the studied assemblies  

 

Property  PBTh PBTh-CdS PBTh-TiO2 PBTh-TiO2/CdS 

(codeposition) 

PBTh-TiO2/CdS 

(mechanical) 

D L D L D L D L 

 

S 

 

0.495 

 

0.432 

 

0.765 

  

0.825 

 

0.949 

  

0.750 

 

0.776 

  

0.799 

 

0.641 

Wm(eV) 0.301 0.268 0.648  0.880 3.02  0.688 0.616  0.766 0.429 

ω (Hz) 0.126 3.981 
 

  
 

 1.0 
 

 4.986 
 

τ(s)  1.26 0.04 
 

  
 

0.159 
 

 0.200 
 

 

 

 

4. CONCLUSION 

The occlusion of  CdS, TiO2 , and mixtures of  CdS-TiO2 in PBTh, allowed absorption of broad 

wavelengths in the blue zone which makes both materials and their I/O/O/I assemblies potentially useful 

in solar energy harvesting systems. Photoelectrochemical and EIS, and optical outcome did not follow 

monotonic properties of each component of these hybrid assemblies. No tangible changes were observed 

because of the method of preparation of CdS-TiO2 mixtures.  
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