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ABSTRACT 
 
Nanocomposites of conducting polyaniline with ZnS nanoparticles (PAni/ZnS) have been synthesized by in- situ 
polymerization of aniline monomer using ammonium persulphate as oxidizing agent. The weight percentage of ZnS 
is varied from 1% to 28%. The formation of PAni/ZnS composites was assessed by X-Ray Diffraction (XRD), Field 
Emission Scanning Electron Microscope (FESEM) and UV-Vis spectroscopy. The broadening sharp peaks in the 
XRD patterns indicated the formation of nanocrystalline phase of ZnS with crystallite size of ~5.3 nm. The FESEM 
image shows a nanoparticular structure of ZnS and it is also seen that the ZnS nanoparticles are well dispersed in 
the polyaniline matrix. UV-Vis spectrum of composites shows two peaks at 340 nm and a broad peak in the range 
~580 nm to 790 nm. The peak around ~340 nm corresponds to excitation of electron from valence to conduction 
band, is used to determine the nature and value of the optical band gap of composites. Photoluminescence studies 
were carried out by exciting the samples with an excitation wavelength of 320 nm. Two peaks are observed at a 
wavelength of ~365nm and 520 nm. The 365 nm emission is due to recombination of electrons at the sulphur 
vacancy donor level with holes trapped at the zinc acceptor level. The Peak at ~520 nm with less intensity could be 
due to some self activated defect centres related to Zn vacancies. Thermal stability of the sample was analysed by 
Differential Scanning Calorimetry. DSC thermogram shows 2 endothermic peaks at 125° C and 260 °C. DC 
conductivity of PAni and its composites have been measured in the temperature range from 25°C to 205°C. It is 
found that conductivity increases with the increase of ZnS concentration.  
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INTRODUCTION 
 

Polymer nanocomposites are the materials in which nanoscale inorganic particles are dispersed in an organic 
polymer matrix. When these particles are impregnated into a polymer matrix it enhances the stability of polymer 
while retaining its processing flexibility [1 – 5]. Polymeric nanomaterials are multicomponent system, where the 
primary component is polymer. Filler in these multicomponent systemsis of lesser quantity and has atleast one of the 
dimensions below 100 nm [6]. The properties of nanocomposite materials depend not only on the properties of the 
individual components but also on the microstructure and interfacial characteristics [7]. In some nanocomposites the 
predominant properties are due to interfacial interactions and in others property enhancements are mostly due to the 
quantum effects associated with nano dimensional structures [8].Conjugated polymers are suitable for the formation 
of large area devices, and their energy gap and ionization potential can be tuned by chemical modification in the 
polymer chain. Conjugated polymer/ nanocrystal composites can be used for photovoltaic devices as charge 
separation. Charge separation in conjugated polymers has been found to be enhanced when the material at the 
interface is a material of higher electron affinity, which is energetically favourable for the electron to transfer 
[9].Among the conjugated polymers Polyaniline (PAni) has got much importance due to its unique electrical, 
electrochemical properties, high environmental stability, easy polarization and low cost of monomer [10]. Since the 
conductivity of PAni depends on both theoxidation states of the main polymer chain as well as the degree of 
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protonation of the imine sites [11].Any interaction with PAni that alters either of these processes will affect its 
conductivity. Polyaniline/inorganic particle nanocomposites have been studied for applications like electro-
rheological fluids and in high density information storage devices [12]. 
 
Zinc sulphide (ZnS) an II-VI compound semiconductor is a very promising material for wide applications in 
electroluminescent and optoelectronic devices. The introduction of surface states with miniaturization of sample size 
affect the electronic energy states of wide band gap semiconductor. The optical properties of ZnS nanoparticles can 
be tuned by passivating surfaces with different organic molecules [13].Luminescence measurements are one of the 
most important techniques to reveal the energy structure and surface state of these particles [14]and in determining 
the luminescence characteristics of the ZnS quantum dots [15]. It is reported that PAni shows photoluminescence 
indicating existence of multiple electronic states including polaron bands, defect bands and conduction bands 
[16].Composite of PAni with ZnS had six times higher conductivity than pure PAni. The enhancement is due to the 
interfacial interaction with ZnS matrix and enhancement in the crystallinity [17, 18]. 
 
In the present work the structural, optical, thermal and electrical characteristics of PAni/ZnS nanocomposites are 
studied by varying the concentration of ZnS in PAni. 
 

MATERIALS AND METHODS 
 

Nanoparticles of ZnS were prepared by chemical co-precipitation method. All the chemicals were of AR grade and 
were used without further purification. Freshly prepared aqueous solutions of the chemicals were used for the 
synthesis of nanoparticles. ZnS nanoparticles were prepared at room temperature by dropping simultaneously 0.4M 
Zinc Sulphate solution and 0.5M Sodium Sulphide solution dissolvedin distilled water containing 0.1M EDTA 
solution. It was vigorously stirred using magnetic stirrer.  The role of EDTA is to stabilize the particles against 
aggregation. The prepared reaction mixture was kept for stirring for two hours at constant rate of stirring. The 
mixture was then left overnight. The precipitate was then separated from the reaction mixture, washed twice with 
distilled water to remove the impurities. The wet precipitate was dried and thoroughly grinded to get fine powder. 
The yield was calculated. 
 
Polyaniline is prepared by dropping, 2M of APS dissolved in 500ml of 3M HCl to aniline dissolved in 500mlof 3M 
HCl with continuous stirring at 2oC.A dark green colour was seen indicating the formation of polyaniline. ZnS in 
PAni is obtained by mixing freshly prepared ZnS precipitate in PAni solution. The stirring was continued for48 
hours, so that the particles are completely dispersed into the PAni solution. The solution was then dialyzed against 
distilled water for 48 hrs to remove unreacted oxidants and other impurities. The final solution was poured into a 
Petri dish and kept for drying at room temperature.Dried samples were grinded to get fine powder. Nanocomposites 
of various wt% of ZnS in PAni (3%-PZ3, 5%-PZ5, 10%-PZ10 and 28%-PZ28) were prepared by a similar 
procedure. 
 
CHARACTERIZATION TECHNIQUE 
The phase and structure of the nanocomposites were studied in a Bruker X ray diffractometer using CuKα radiation. 
The size and morphology of the ZnS nanoparticles were observed by FESEM in NEON 40 cross beam Carl Zeiss 
instrument. Optical absorption was measured in Schimadzu 1800 UV – Vis spectrophotometer. Room temperature 
photoluminescence (PL) of the samples were measured using JY Fluorolog-3-11 Spectroflurometer. DC 
conductivity was measured using two probe setup. Differential Scanning Calorimetry is carried out in Mettler-
Toledo DSC 1 instrument. 
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RESULTS AND DISCUSSION 
X-RAY DIFFRACTION 
 

 
 

Figure 1: XRD pattern of thePAni / ZnSnanocomposites and PAni in the inset 
 
XRD pattern of pure PAni, PAni/ZnS nanocomposites are shown in figure 1. The XRD pattern of PAni shows peaks 
around, 20° and 25° with (111) and (110) plane respectively [19].In the nanocomposites there are four prominent 
peaks at 26°, 34°, 48° and 53.5° corresponding to hexagonal wurtzite phase of ZnS [JCPDS No.36-1451].There is an 
obvious broadening of the XRD pattern which indicates the formation of nano sized ZnS. A single broad peak at 26° 
is obtained in the scan range 2θ=23°-32˚ which is the result of the overlap of three wurtzite peaks (100), (002) and 
(101), at 2θ positions 26.91˚, 28.49˚ and 30.54˚ respectively [20, 21]. 
 
The benzenoid and quinonoid units are more orderly arranged in PAni/ZnS nanocomposites compared to pure PAni. 
The low intensity peak at 11° indicates that the PAni has amorphous nature. The peak at 15˚ indicates that the 
nanoparticles promote the formation (010) plane of PAni during the polymerization process [22, 23].It is observed 
that Peaks at 34°, 48° and 53.5° shifts to the lower 2θ value as the concentration of ZnS increases. The degree of 
crystallinity is increased in PAni/ZnS nanocomposites with increasing concentration of ZnS compared to pure PAni, 
indicating the homogeneous distribution of nanoparticles in the polymer matrix. The size of ZnS nanoparticles was 
determined from the full width at half maxima (FWHM) of the peaks, using Scherrer formula. The average particle 
size of PAni/Zns is found to be 5.3 nm. 
 
FESEM 
FESEM images of PAni, ZnS, PZ5 and PZ28 are shown in figure2. It is an efficient tool to determine nano 
dispersion in the polymer matrix. It is found that theZnS nanoparticles are well dispersed in PAni and are spherical. 
The FESEM image confirms the formation of hybrid material of PAni/ZnS nanocomposites. PAni is seen as an 
interconnected region. This support the fact that, ZnS particles had a nucleation effect on the PAni [18].The 
presence of spherical ZnS can be seen very clearly in PAni/28% ZnS compared to 5%. A good dispersion of 
nanoparticles in the polymer matrix is seen in the images which are necessary to achieve an enhancement in optical 
and electrical properties. 
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PAni                                                                                ZnS 

 

 
PZ5                                                                     PZ28 

 
Figure 2.SEM images of PAni, ZnS, PZ5 and PZ28 

 
UV-Vis Spectroscopy  
UV-Vis absorption characteristics of the samples are shown in figure3.The UV-Vis spectra of ZnS nanoparticles 
consist of a peak around 325 nm which corresponds to a band gap of 3.4 eV. A strong absorption peak found around 
325 nm is blue Shifted compared to the absorption peak of the bulk ZnS (345 nm) [24]. 
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Figure 3: UV-Vis absorption spectra of nanocomposites 
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Pure PAni shows absorption peak at 340 nm and a broad band at 600 nm-800 nm. On forming composites with ZnS 
the 600-800 bands are shifted to the lower wavelength side with increasing concentration of ZnS. This indicates that 
ZnS nanoparticles have an effect on the absorption of PAni and it owes to an interaction at the interface of PAni and 
nano ZnS. Peak at 340 nm is due to Π- Π* transition in the benzoid ring and peak at 620 nm is attributed to benzoid 
to quinoid excitonic transition in PAni [25].The shape of UV-Vis spectra of PAni/ ZnS nanocomposite is similar to 
that of pure PAni. However a decrease at polaron band absorption implies that doping state of the nanocomposites 
has been improved. This can be attributed to greater number of charges on the polymer backbone by introducing 
nanocrystalline ZnS into polymer matrix. As a result the compacted coil structure would transform to an expanded 
coil structure [26]. 
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Figure 4: Determination of band gap energy for PAni and PAni/ZnSnanocomposite with various concentrations of ZnS 
 
The observed band gaps for PAni, ZnS, PZ1, PZ3, PZ5, PZ10 and PZ 28 are 3.7, 5.0, 3.0, 2.9, 2.9, 3.2 and 
2.5respectively. It is found that optical band gap of composites decreases compared to bulk ZnS and PAni as shown 
in figure 4. 
 
Photoluminescence 
For measuring the photoluminescence the samples were excited at 320 nm wavelength radiations. 
Photoluminescence spectrum of PAni, ZnS and PAni/ZnS are shown in figure 5. 
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Figure 5: Photoluminescence spectrum of ZnS and PAni/ ZnS composites with PAni in inset 
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A broad PL emission peaked at 465 nm is obtained from donor-acceptor pairs in undoped ZnS [27].The 365 nm 
emissionis due to recombination of electrons at the sulphur vacancy donor level with holes trapped at the zinc 
acceptor level [28]. Peak at ~520 nm with less intensity could be due to some self activated defect centres related to 
Zn vacancies, reported in wurtzite ZnS [20]. In pure PAni there is a very low intensityphotoluminescence 
peakobserved at 567 nm. This is found to be enhanced in the nanocomposites. The intensity of this greenish yellow 
emission increases with increasing concentration of ZnS up to 10wt%, and is found to be completely quenched on 
addition of28 wt% of ZnS in PAni. There are electron donating groups such as =NH in PAni and the electron 
withdrawing groups such as C=O of EDTA. This combination enhances the electron mobility in the compositesand 
in turn favours the formation of singlet excitons. The singlet exciton states so formed decay radiatively to the ground 
state resulting in enhanced photoluminescence [17, 29], that is excitons are dissociated at the polymer/ nanocrystal 
interface, leaving the electron on the nanocrystal and hole on the polymer. A large fraction of excitons produced are 
dissociated at the interface, at low nanocrystal concentrations. Higher concentration of nanocrystal leads to the 
formation of separated electron - hole pairs that subsequently recombine nonradiatively at the interface leading to 
quenching.At higher concentration aggregation of the nanocrystals occurs and since the exciton diffusion ranges in 
conjugated polymers are in the 5-15 nm, any exciton which reaches a polymer/nanocrystal interface will be 
quenched [9].Quenching is complete at higher concentration since the nanocrystals are randomly dispersed 
throughout the sample. Quenching in PAni/ ZnS nanocomposites indicates that charge transfer occurs at the 
polymer/nanocrystal interface. 
 
Differential Scanning Calorimetry 
Figure 6 shows DSC thermogram of the samples. All the samples exhibit a broad endothermic peak below 1250C, 
which is related to the release of moisture and other small molecules [22].The endothermic peak around ~2600C is 
due to micro structural changes, that is cross linking and reorientation of PAni chain [18].Structural decomposition 
and/or partial degradation of the PAni and nanocomposites occur at temperatures above 300oC [30]. The position of 
all the peaks in the nano composites shifts to the higher temperature with the increase in the ZnS concentration 
indicating the thermal stability and strengthening of the bonds.Shift of peak in the composites compared to PAni 
shows the interaction between ZnS nanoparticle and polyaniline matrix. 
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Figure 6: DSC of PAni, ZnS and Nanocomposites 

 
DC conductivity  
The temperature dependence of D.C. conductivity for PAni/ ZnS nanocomposites are studied with two probe set up 
and is shown in figure 7. 
 
It is observed that conductivity is found to increase with increase in temperature. This increase in conductivity with 
temperature is the characteristic of “thermal activated behaviour”. The increase in conductivity could be due to 
increase of efficiency of charge transfer between the polymer chains and the dopant with increase in temperature 
[26].  It is also possible that the thermal curing affects the chain alignment of polymer, which leads to the increase of 
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conjugation length and that brings about increase in conductivity .The conductivity of the composites is found to 
increase with increase in concentration of ZnS. At higher concentration (PZ28), conductivity of PAni/ ZnS 
nanocomposite is greater than that of pure PAni [31, 32]. 
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Figure 7: Log conductivity Vs Temperature graph ofPAni, ZnS& PZ nanocomposites 

 
Due to introduction of ZnS, electronic density of states increases in the polaronic band between the π– π* HOMO–
LUMO structure of PAni at the PAni/ZnS interface. This increases the conductivity by increasing carrier 
concentration and the mobility and hence renders the interchain charge transport more efficient [33].The 
enhancement in PL emission intensity is complimented by the enhancement in DC electrical conductivity. The 
increased crystallinity of PAni in the composites also supports the increased conductivity [34]. 

 
CONCLUSION 

 
Different concentrations of PAni/ ZnS polymer nanocomposites have been prepared and their structural, optical and 
electrical properties are studied. XRD study shows that ZnS has wurtzite hexagonal structure in PAni 
/ZnSnanocomposites and the crystallinity of PAni Increases with increase in content of ZnS in the composites. 
FESEM image shows the uniform dispersion in PAni. UV –Vis spectra show no additional peaks in the composites. 
An intense greenish yellow emission is obtained from PL spectra, whose intensity initially increases with increase in 
concentration, and later it is completely quenched at higher concentrations of ZnS in PAni. DC conductivity is seen 
to be in the semiconducting region.It is also found that the dc conductivity increases with concentration of ZnS in 
the composites. These results complement photoluminescence results. Increase in photoluminescence and quenching 
indicates the charge separation and transport at the interface of PAni/ZnSnanocomposites. DSC results show the 
structural changes in the polymer on heating. All these results indicate the formation of a stable and 
photoluminescentnanocomposites using this method. The photoluminescence in the sample makes them an 
interesting candidate for the construction of polymer light emitting diodes. 
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