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Abstract 

 

PPy-CdS nanocomposite and multilayer thin film was deposited on Al substrate using electrodeposition technique. The presence 

of CdS particle in the composite film was proved using XRD and Micro-Raman spectroscopy. The roughness of the composite 

film was very low and it to be 4.96 nm. The fractal self-similarity of the composite films was estimated as 1.06. The resistance of 

PPy film along the polymer chain (sheet resistance) was 92.2 Ω and the resistance across the polymer chain (volume resistance) 

was 9.7 KΩ. However, the value of sheet resistance was 19.3 KΩ and the volume resistance was 43.6 KΩ for PPy-CdS 

nanocomposites film. Polymers acted as a corrosion protection layer for CdS nanoparticles. The rise and decay time constant of 

PPy-CdS nanocomposites film were obtained as 150s and 200s respectively and PPy-CdS multilayer films with bridge 

configuration were 203 s and 480 s respectively. 
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I. INTRODUCTION 

Nanostructured cadmium sulfide (CdS) thin film may also be applied in photovoltaic devices due to their useful optical and 

electronic properties. Polymer-semiconductor nanoparticles composites have been increasingly studied because of their enhanced 

optical and electronic properties. Polymer-semiconductor nanocomposites offer the promise of new generation of hybrid 

materials with numerous possibilities of applications such as in optical limiting, optical data storage, optical computing, optical 

displays, catalysis, photovoltaics, sensors, etc. The composite material should be processable into thick films or thin films, 

coatings, and fibers to be of any practical use1. Polypyrrole (PPy) coatings have been used to inhibit photocorrosion of 

narrowband - gap semiconductors such as CdS. Polypyrrole is a black, porous, stable, electrically conducting polymer.  

The electrochemically synthesized conducting polymer polypyrrole is good hole conductor2. Electrical conductivity in PPy 

involves the movement of positively charged carriers and/or electrons along polymer chains and the hopping of these carriers 

between chains. The polymer chains in electrochemically synthesized PPy lie parallel to the substrate electrode surface. The 

intrachain hopping resistance is much greater than the interchain transport resistance3. However, this anisotropy is lost with 

thicker films. PPy have a very large π-π*(valence-conduction) band gap of 3.2eV. When one electron is removed to form a 

polaron (radical cation), two polaronic levels appears in the band gap. Further electron removal results in the formation of a spin-

less bipolaron. These electronic states coalesce into bipolaron bands with further doping. Conductivity of PPy depends on the 

functionality and substitution pattern of the monomer and the nature of the counter ion or dopant4.   

II. EXPERIMENTAL WORK  

Electrodeposition of PPy films was carrier out on aluminum electrodes. Required quantity of pyrrole was diluted with distilled 

water and ammonium molybdate was dissolved in this solution to act as electrolytes. The electrode was dipped in the suspension 

at a distance of 2 cm. For electrodeposition a potential difference was applied between the electrodes using a voltage source. A 

black film appeared at the anode after few minutes. Deposition was continued for 1h. Then anode with the film was washed 

using distilled water and air dried.  

S2- rich CdS nanoparticles were synthesized through Sol-Gel method. Required amount of cadmium acetate and sodium 

sulfide dissolved in 10 ml of distilled water respectively, were dropped simultaneously in to distilled water mixed with 1M 

Triethanolamine (TEA) as capping agent kept stirred using a magnetic stirrer in a conical flask. The surface of CdS nanoparticles 

formed adsorbed the excess S2- anions. The nanoparticles of CdS were separated by centrifugation, washed repeatedly using 

distilled water and then in acetone. The sample was then dried. 

Electrodeposition of PPy-CdS nanocomposite film was similar to electrodeposition of PPy film. In pyrrole-ammonium 

molybdate solution add negatively charged CdS nanoparticles were dispersed using ultrasonic disintegrator. After 

electrodeposition the film deposited on the anode was washed using distilled water and then air dried. The concentration of CdS 

nanoparticles incorporated in the PPy matrix was increased using higher concentration of CdS.  
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Electropolymerized PPy films deposited on aluminum substrate were used for deposition of multilayer films with two 

different configurations. In the first configuration of multilayer films, the anode and cathode were interchange after electro 

deposition of PPy and electrophoretic deposition of CdS film on the PPy film was performed using Cd2+ rich CdS nanoparticle. 

Then the film was washed with distilled water and then air dried. In the second configuration (bridge configuration) of multilayer 

films, after electrodeposition of film PPy, silver electrodes were deposited on the PPy film using silver pastes. The size of the 

electrodes was 5mm length and 5mm breadth with a separation of 5mm. Then the film was heated at 900C for 10 minutes using a 

furnace. Then electrophoretic deposition of CdS film experiment was performed using Cd2+ rich CdS nanoparticles. Then the 

film was washed with distilled water and then air dried.  

X-ray powder diffraction (XRD) of the PPy-CdS nanocomposite films were performed using XPERT-PRO diffractometer 

with Cu Kα radiation (λ = 1.5406 Å), employing a scanning rate of 0.05o s-1 in the 2θ range from 10o to 80o. The micro-Raman 

spectrum of a sample was recorded using a Renishaw Ramascope Olympus DHZ-UMA spectrometer using a 488 nm excitation 

line. Atomic force microscopy (AFM) measurements were carried out on the film samples using a NANOSCOPE-E in contact 

mode. Thickness of the film samples were measured using profilometer with resolution of 0.513 µm and scan range of 2000 µm. 

DC conductivity measurements carried out by press Aluminum or Indium plates of 3 mm2 as electrodes and KEITHLEY 2400 

source meter as voltage source. Dark and photo current measurements were carried out using with the help of PHILPS 100 W 

bulb. The rise and decay of photocurrent was recoded using 714 operational amplifiers (OP-Amp), TEKTRONICX TDS 1012B 

storage oscilloscope, KEITHLEY 2400 source meter and a computer.  

III. RESULTS AND DISCUSSION 

XRD pattern of CdS-PPy composite film is shown in figure 1. The sharp intense peaks correspond to the Al substrate. The broad 

peaks at 2θ values of 26.63, 44.02 and 52.190 could be attributed to reflections from the (111), (220) and (311) planes of cubic 

phase of CdS nanoparticles in comparison with ICDD (file No: 06-0314) values of cubic CdS. The peak at 25° is assigned to the 

interlayer distance, from the pyrrole to the pyrrole ring in the polymer5. In the case of films with higher concentration of CdS, 

this peak is masked by the strong reflection from (111) plane of the CdS nanoparticles.  

 
Fig. 1: XRD pattern of PPy/CdS nanocomposite films with different amount of CdS concentration used in electrodeposition (a) 50mg of CdS 

nanoparticle and (b) 100mg of CdS nanoparticles. 

Figure 2 shows the micro-Raman spectra of PPy-CdS nanocomposite films deposited on aluminum substrate. The 1 LO 

phonon frequency for a single crystal of CdS as 305 cm–16. In the present study the value obtained is around 303 cm–1. This 

frequency shifts of the 1 LO Raman peak in CdS nanoparticles has been studied before and is mainly ascribed to the grain size 

effect7.  The C-H out-of-plane deformations (900- 1000 cm-1) of PPy are very sensitive to the experimental conditions. 

Electrodeposition of pyrrole with the help of ammonium molybdate as electrolyte, CdS nanoparticle as doppent and 3 mA/cm2 as 

the current density will generate a deformation peak around 969cm-1. The high instanced and broad peak around 1372 cm-1 is due 

to the C=C stretching8. 
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Fig. 2 Micro-Raman spectra of PPy-CdS nanocomposites film 

Figure 3 shows (a) the AFM images and (b) 3D image of PPy-CdS nanocomposite films deposited on Al substrate. Electro 

deposited PPy-CdS nanocomposite films was more uniform films compare with electrodeposited CdS films. The polymer growth 

on the substrate is nanostructured with average grain size of 50 nm.  The roughness of the PPy-CdS nanocomposite films was 

determined using WSXM software and the value of Rrms was 4.96nm. 

 
Fig. 3: (a) AFM images and (b) 3D image of PPy/CdS nanocomposite films 

Fractal analysis will get information about the autosimilarity of the shapes of the different objects in the image. The slope of 

the fit line of the plot Log(Perimeter) versus Log(Area), gives the power of the area related to the perimeter. The area of the 

circumference is A = πR2, its perimeter is P = 2πR, therefore, P = (constant) A1/2. Thus, if created a plot of Log(Perimeter) versus 

Log(Area) of several circles, the slope of the fit line would be 0.5.  

P=µAα 

where α is the fractal dimension, at the graph. D stands for the autosimilarity, which is the parameter usually used for fractals. 

In fact, the circumference maximices the area for a given perimeter, therefore this slope is the lowest that can get for any shape. 

The highest α that could get would be 1. This makes D = 2 the highest possible autosimilarity. Figure 4 shows (a) the 3D view of 

the flooded all hills of PPy/CdS nanocomposite film and (b) it’s Log(Perimeter) versus Log(Area) plot. From the plot the values 

to be determined as α = 0.53, auto similarity D = α x 2 = 1.06 and µ = 2.69. 

 
Fig. 4: (a) 3D view of the flooded all hills and (b) Log Perimeter versus Log Area plot 
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Figure 5 (a) and (b) show the I-V characteristic of PPy thin film deposited on Al substrate. the I-V characteristics of PPy was 

linear, that means the material was purely ohimic contact with electrodes. The resistance along the polymer chain (sheet 

resistance) was 92.2 Ω and the resistance across the polymer chain (volume resistance) was 9.7 KΩ. 

 
Fig. 5: I-V characteristic of polypyrrole film (a) Sheet resistance and (b) Volume resistance 

Figure 6 (a) and (b) show the I-V characteristics of PPy-CdS nanocomposite thin film deposited on Al substrate. The value of 

sheet resistance was 19.3 KΩ and the volume resistance was 43.6 KΩ. The increase of resistance of PPy-CdS thin film from the 

PPy film was due to the incorporation of CdS particle into the polymer chain, reduces the hopping conduction. Figure 6 (c) 

shows the I-V characteristics of PPy/CdS multilayer thin film deposited on Al substrate in volume resistance mode. The 

exponential increase of current reveals that the n type CdS semiconductor thin film together with the hole conducting PPy thin 

film act as a diode. For a model with an ideal diode in series with a resistance R the current is expected to follow 

I =  I0 {exp [
e(V − RI)

kT
] − 1} 

where I0 is the saturation current, V is the applied voltage, k is the Boltzmann’s constant and T is the temperature2. From the 

experimental data the saturation current was 0.22 μA.  

 
Fig. 6: I-V characteristic of PPy/CdS nanocomposite thin film (a) sheet resistance, (b) volume resistance (c) PPy-CdS multilayer and (d) PPy-

CdS multilayer film in bridge configuration 
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Figure 6 (d) shows the I-V characteristic of PPy-CdS multilayer film in bridge configuration in sheet resistance mode.  The 

linear nature of the graph indicates to the Ohmic behavior of multilayer film. The sheet resistance of bridge multilayer film is 

slightly greater than that of sheet resistance of pure PPy film. Because the parallel combination of small resistance (PPy) and 

high resistance (CdS and increase the effective resistance.  

The electrical conductivity (σ) of the sample film can be calculated using the equationss 

 
where I is the applied current between the electrodes, V is the output voltage between the electrodes, c is the sample thickness, 

b is the distance between the electrodes and d is the sample width9. Thickness of the samples was measured using profilometer. 

The conductivity of the samples was calculated using the above equation and the values are given in table 1. 
Table – 1 

Conductivity of film samples 

Sample Conductivity σ  (Ω-1cm-1) 

PPy 8.18 

PPy-CdS composites 0.25 

PPy-CdS multilayer 1.43 E-9 

PPy-CdS bridge multilayer 6.77 

When light is incident on the PPy-CdS nanocomposite film, CdS nanoparticles generate electron-hole pairs. Under an applied 

electric field holes will move to the PPy matrix, because PPy is a good hole conductor while electron will move through CdS. 

Hence the photo conductivity of PPy-CdS nanocomposites film will be higher than that of CdS thin films. Figure 7 shows the 

dark and photo current variation with the applied voltage of PPy-CdS nanocomposite films deposited on Al substrate. 

 
Fig. 7: variations of current with applied voltage of PPy-CdS nanocomposites film deposited on Al substrate (a) dark current and (b) 

photocurrent 

Figure 8 show the rise and decay of photo current characteristics under white light illumination for (a) PPy-CdS 

nanocomposite thin film with an applied voltage of 0.7 V and (b) PPy-CdS multilayer films with bridge configuration with 

applied voltage of 20 mV. The slow rise and decay of photo current indicate the existence of defects density in the film. The 

defect act as deep trap states at different energy depths with in the forbidden gap and thereby influences largely the photo 

response performance. In multilayer films with bridge configuration, the photo generated holes are captured by the PPy and the 

hole transport takes place though the PPy layer. The photo generated electrons moves through the CdS layer. 

  
Fig. 8: Photocurrent response for (a) PPy-CdS nanocomposites films and (b) PPy-CdS multilayer films with bridge configuration 
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The initial fast rise of photocurrent is due to the increase of number of charge carriers. After equilibrium, a slow retrapping 

process starts where the holes from valance band are trapped at hole centers. Therefore, an equivalent number of electrons are 

added to the conduction band that results in a slow rise of current on further illumination. When the light is switched off, the 

photocurrent initially falls sharply because of usual recombination of excess electrons and holes. Thereafter a slow decay is 

attributed to the ionization of shallow as well as deep hole traps which withdraw a corresponding number of electrons from the 

conduction band10,11. 

The exponential time dependence of rising curve is given by 

I = I0 [1 − exp (
−t

τr

)] 

And the decay curve may be represented by 

I = I0exp (
−t

τd

) 

where I0 is the dark current and τr and τd are the rise and decay time constant12,13. From the experimental data, the rise and 

decay time constant of PPy-CdS nanocomposites film were obtained as 150s and 200 s respectively. Polymer gives a corrosion 

protection layer to the nanoparticle, so the CdS nanoparticles in the PPy matrix do not have direct contact with atmosphere. 

Therefore, the oxidation of CdS nanoparticles cannot takes place in PPy-CdS nanocomposites film.  The defect energy states 

present in the CdS layer very much affect the electron conduction. All the photo generated holes are conducted by the PPy layer, 

so that photo corrosion of CdS does not take places in PPy-CdS multilayer films with bridge configuration. From the 

experimental data the rise and decay time constant of PPy-CdS multilayer films with bridge configuration were estimated to be 

203 s and 480 s respectively. 

 
Fig. 9: Photocurrent response for PPy-CdS multilayer films for white light illumination 

Figure 9 show the time response of PPy-CdS multilayer films for an applied voltage of 0.6 V. In multilayer films, the 

thickness of the CdS layer was higher than that in PPy-CdS multilayer films with bridge configuration. So some of the photo 

generated holes remain in the CdS layer, which cause photo corrosion of CdS. The corrosion of CdS increased with time and 

hence the photo current decreases. When light was switched off the photocurrent decreased to a level lower than the dark current 

in the beginning of the experiment. After a saturation of dark current attain, switched on the light, then the photocurrent 

increases. But the second time the photocurrent saturates a level of lower than the previous photocurrent. The rise and decay time 

constant of each cycle decreases are also an evidence of decrease of defect level energy states, i.e. decreases the CdS content.  

IV. CONCLUSION 

PPy-CdS nanocomposite thin film was deposited on Al substrate using electrodeposition technique. The presence of CdS particle 

in the composite film was proved using XRD and Micro Raman spectroscopy. The roughness of the composite film was very 

low compared with nanostructured CdS thin films and it to be 4.96 nm. The fractal self-similarity of the composite films was 

estimated as 1.06. PPy-CdS multilayer films act as a diode and its I-V characteristic shows the diode behavior. Polymers acted as 

a corrosion protection layer for CdS nanoparticles. So the PPy-CdS nanocomposites film can be used as a solar cell.  
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