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ABSTRACT

Nanocomposites of conducting polyaniline with Z@®aparticles (PAni/ZnS) have been synthesized bygitn
polymerization of aniline monomer using ammoniumsylphate as oxidizing agent. The weight percentafgénS
is varied from 1% to 28%. The formation of PAni/Zid®nposites was assessed by X-Ray Diffraction (XRBId
Emission Scanning Electron Microscope (FESEM) antWk spectroscopy. The broadening sharp peakfen t
XRD patterns indicated the formation of nanocrystalphase of ZnS with crystallite size of ~5.3 filme FESEM
image shows a nanoparticular structure of ZnS arid also seen that the ZnS nanoparticles are disfpersed in
the polyaniline matrix. UV-Vis spectrum of compesishows two peaks at 340 nm and a broad pealeinatige
~580 nm to 790 nm. The peak around ~340 nm cornelspto excitation of electron from valence to cantidun
band, is used to determine the nature and valubebptical band gap of composites. Photolumineseetudies
were carried out by exciting the samples with acitakon wavelength of 320 nm. Two peaks are oleskat a
wavelength of ~365nm and 520 nm. The 365 nm emissidue to recombination of electrons at the suitph
vacancy donor level with holes trapped at the zioceptor level. The Peak at ~520 nm with less sitgicould be
due to some self activated defect centres relaiethtvacancies. Thermal stability of the sample amalysed by
Differential Scanning Calorimetry. DSC thermogramows 2 endothermic peaks at 125° C and 260 °C. DC
conductivity of PAni and its composites have beeasured in the temperature range from 25°C to 209¢@G
found that conductivity increases with the increabgnS concentration.
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INTRODUCTION

Polymer nanocomposites are the materials in whighoscale inorganic particles are dispersed in @anic
polymer matrix. When these particles are impreghatéo a polymer matrix it enhances the stabilifypolymer
while retaining its processing flexibility [1 — SPRolymeric nanomaterials are multicomponent systehere the
primary component is polymer. Filler in these nadthponent systemsis of lesser quantity and hassatime of the
dimensions below 100 nm [6]. The properties of mamaposite materials depend not only on the progeuf the
individual components but also on the microstruetamd interfacial characteristics [7]. In some ramoposites the
predominant properties are due to interfacial attons and in others property enhancements ardynthe to the
guantum effects associated with nano dimensionattstres [8].Conjugated polymers are suitable lerformation
of large area devices, and their energy gap andation potential can be tuned by chemical modifozain the
polymer chain. Conjugated polymer/ nanocrystal cositps can be used for photovoltaic devices asgehar
separation. Charge separation in conjugated polyrhas been found to be enhanced when the matértaka
interface is a material of higher electron affinityhich is energetically favourable for the elentrm transfer
[9].Among the conjugated polymers Polyaniline (PAhas got much importance due to its unique elsadiri
electrochemical properties, high environmentalifitpbeasy polarization and low cost of monome@][1Since the
conductivity of PAni depends on both theoxidatidates of the main polymer chain as well as the eegf
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protonation of the imine sites [11].Any interactisdith PAni that alters either of these processds affect its
conductivity. Polyaniline/inorganic particle nanocomposites haween studied for applications like electro-
rheological fluids and in high density informatistorage devices [12].

Zinc sulphide (ZnS) an 1I-VI compound semiconduci®ra very promising material for wide applicatioims
electroluminescent and optoelectronic devices.ifitteduction of surface states with miniaturizatimirsample size
affect the electronic energy states of wide barglggmiconductor. The optical properties of ZnS panticles can
be tuned by passivating surfaces with differentaarg molecules [13].Luminescence measurements ra@eobthe
most important techniques to reveal the energytire and surface state of these particles [14jamtdtermining
the luminescence characteristics of the ZnS quamtots [15].1t is reported that PAni shows photoluminescence
indicating existence of multiple electronic stataesluding polaron bands, defect bands and condudbiands
[16].Composite of PANi with ZnS had six times higher dactivity than pure PAni. The enhancement is duth¢o
interfacial interaction with ZnS matrix and enhameait in the crystallinity [17, 18].

In the present work the structural, optical, thdranad electrical characteristics of PAni/ZnS nanuoposites are
studied by varying the concentration of ZnS in PAni

MATERIALSAND METHODS

Nanoparticles of ZnS were prepared by chemicalreaipitation method. All the chemicals were of ARde and
were used without further purification. Freshly paeed aqueous solutions of the chemicals were tmethe

synthesis of nanoparticles. ZnS nanoparticles \wegpared at room temperature by dropping simultasigd.4M

Zinc Sulphate solution and 0.5M Sodium Sulphideutsoh dissolvedin distilled water containing 0.1MDEA

solution. It was vigorously stirred using magnettarer. The role of EDTA is to stabilize the peldgs against
aggregation. The prepared reaction mixture was kapstirring for two hours at constant rate ofrritig. The
mixture was then left overnight. The precipitateswthen separated from the reaction mixture, waswexk with

distilled water to remove the impurities. The wetgpitate was dried and thoroughly grinded to fget powder.
The yield was calculated.

Polyaniline is prepared by dropping, 2M of APS diged in 500ml of 3M HCI to aniline dissolved in @tlof 3M

HCI with continuous stirring at°Z.A dark green colour was seen indicating the feiwnaof polyaniline. ZnS in
PAni is obtained by mixing freshly prepared ZnSqgj#ate in PAni solution. The stirring was contélifor48
hours, so that the particles are completely digmensto the PAni solution. The solution was thealydied against
distilled water for 48 hrs to remove unreacted ari$ and other impurities. The final solution wasined into a
Petri dish and kept for drying at room temperafried samples were grinded to get fine powder. Mangosites

of various wt% of ZnS in PAni (3%-PZ3, 5%-PZ5, 16810 and 28%-PZ28) were prepared by a similar
procedure.

CHARACTERIZATION TECHNIQUE

The phase and structure of the hanocomposites stedéed in a Bruker X ray diffractometer using Gu&diation.
The size and morphology of the ZnS nanoparticlesewbdserved by FESEM in NEON 40 cross beam Cad<Zei
instrument. Optical absorption was measured inr8atizu 1800 UV — Vis spectrophotometer. Room tentpera
photoluminescence (PL) of the samples were measwsdg JY Fluorolog-3-11 Spectroflurometer. DC
conductivity was measured using two probe setuffef@intial Scanning Calorimetry is carried out irettler-
Toledo DSC 1 instrument.
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RESULTSAND DISCUSSION
X-RAY DIFFRACTION
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Figure 1: XRD pattern of thePAni / ZnSnanocomposites and PAni in the inset

XRD pattern of pure PAni, PAni/ZnS nanocompositesshown in figure 1. The XRD pattern of PAni shqvesks
around, 20° and 25° with (111) and (110) plane eespely [19].In the nanocomposites there are foraminent
peaks at 26°, 34°, 48° and 53.5° correspondingiafional wurtzite phase of ZnS [JCPDS No.36-14%#f @ is an
obvious broadening of the XRD pattern which indésathe formation of nano sized ZnS. A single bnoeak at 26°
is obtained in the scan rang@=23°-32° which is the result of the overlap of threurtzite peaks (100), (002) and
(101), at @ positions 26.91°, 28.49° and 30.54° respectivad R1].

The benzenoid and quinonoid units are more orderignged in PANni/ZnS nanocomposites compared te pAni.
The low intensity peak at 11° indicates that thenPBas amorphous nature. The peak at 15° indidhtatsthe
nanoparticles promote the formation (010) plan®ahi during the polymerization process [22, 23Flbbserved
that Peaks at 34°, 48° and 53.5° shifts to the ifaevalue as the concentration of ZnS increases. Eoeeg of
crystallinity is increased in PAni/ZnS nanocompesitvith increasing concentration of ZnS compareguie PAni,
indicating the homogeneous distribution of nandplad in the polymer matrix. The size of ZnS nantipkes was
determined from the full width at half maxima (FWHiMf the peaks, using Scherrer formula. The avepagtcle
size of PAni/Zns is found to be 5.3 nm.

FESEM

FESEM images of PAni, ZnS, PZ5 and PZ28 are shawfigure2. It is an efficient tool to determine wan
dispersion in the polymer matrix. It is found thia¢ZnS nanoparticles are well dispersed in PAniaedspherical.
The FESEM image confirms the formation of hybridtensl of PAni/ZnS nanocomposites. PAni is seeraas
interconnected region. This support the fact tZatS particles had a nucleation effect on the PA@].The
presence of spherical ZnS can be seen very cléarBAni/28% ZnS compared to 5%. A good dispersién o
nanoparticles in the polymer matrix is seen inithages which are necessary to achieve an enhantémeptical
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 strown in figureIhe UV-Vis spectra of ZnS nanoparticles
consist of a peak around 325 nm which correspamdsbiand gap of 3.4 eV. A strong absorption peakdoaround
325 nm is blue Shifted compared to the absorpteakmf the bulk ZnS (345 nm) [24].
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Figure 3: UV-Visabsor ption spectra of nanocomposites

41
Scholars Research Library



PriyalL.etal Arch. Appl. Sci. Res., 2016, 8 (3):38-45

Pure PAni shows absorption peak at 340 nm and @&ldvsand at 600 nm-800 nm. On forming compositels itS
the 600-800 bands are shifted to the lower wavékesigle with increasing concentration of ZnS. Tihdicates that
ZnS nanoparticles have an effect on the absorptidtAni and it owes to an interaction at the irded of PAni and
nano ZnS. Peak at 340 nm is dudItol1* transition in the benzoid ring and peak at 620iarattributed to benzoid
to quinoid excitonic transition in PAni [25].Theagie of UV-Vis spectra of PAni/ ZnS nanocompositsiisilar to
that of pure PAni. However a decrease at polarord lzdsorption implies that doping state of the cangosites
has been improved. This can be attributed to greatmber of charges on the polymer backbone bydintring

nanocrystalline ZnS into polymer matrix. As a résbé compacted coil structure would transform ioeapanded
coil structure [26].
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Figure 4: Deter mination of band gap energy for PAni and PAni/ZnSnanocomposite with various concentrations of ZnS

The observed band gaps for PAni, ZnS, PZ1, PZ3, PZ30 and PZ 28 are 3.7, 5.0, 3.0, 2.9, 2.9, 32 a

2.5respectively. It is found that optical band ghgomposites decreases compared to bulk ZnS amil &Ashown
in figure 4.

Photoluminescence

For measuring the photoluminescence the samplese wecited at 320 nm wavelength radiations.
Photoluminescence spectrum of PAni, ZnS and PAS/dre shown in figure 5.
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Figure 5: Photoluminescence spectrum of ZnS and PAni/ ZnS compositeswith PAni in inset
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A broad PL emission peaked at 465 nm is obtaineth fdonor-acceptor pairs in undoped ZnS [27].The 365
emissionis due to recombination of electrons atshhur vacancy donor level with holes trappedhat zinc
acceptor level [28]. Peak at ~520 nm with lessnisity could be due to some self activated defestres related to
Zn vacancies, reported in wurtzite ZnS [20]. In @UPANi there is a very low intengiigotoluminescence
peakobserved at 567 nm. This is found to be enlthimcthe nanocomposites. The intensity of this gigreyellow
emission increases with increasing concentratioAns up to 10wt%, and is found to be completelynghed on
addition of28 wt% of ZnS in PAni. There are elentrdonating groups such as =NH in PAni and the edact
withdrawing groups such as C=0 of EDTA. This comaltion enhances the electron mobility in the contesand
in turn favours the formation of singlet excitof$e singlet exciton states so formed decay raditito the ground
state resulting in enhanced photoluminescencedQqJ,that is excitons are dissociated at the potymanocrystal
interface, leaving the electron on the nanocryatal hole on the polymer. A large fraction of exc#igroduced are
dissociated at the interface, at low nanocrystaiceatrations. Higher concentration of nanocrystalds to the
formation of separated electron - hole pairs thétsequently recombine nonradiatively at the intarfeeading to
guenching.At higher concentration aggregation efrinocrystals occurs and since the exciton ddfusanges in
conjugated polymers are in the 5-15 nm, any excitdnich reaches a polymer/nanocrystal interface Wwél
guenched [9].Quenching is complete at higher comagon since the nanocrystals are randomly digakers
throughout the sampleQuenching in PAni/ ZnS nanocomposites indicates terge transfer occurs at the
polymer/nanocrystal interface.

Differential Scanning Calorimetry

Figure 6 shows DSC thermogram of the samples.h&llsamples exhibit a broad endothermic peak beR&CL
which is related to the release of moisture aneosmall molecules [22].The endothermic peak arot@80C is
due to micro structural changes, that is crosdrmland reorientation of PAni chain [18].Structudglcomposition
and/or partial degradation of the PAni and nanoamsitps occur at temperatures above®@0@30]. The position of
all the peaks in the nano composites shifts tohilgher temperature with the increase in the ZnScentmation
indicating the thermal stability and strengthenofghe bonds.Shift of peak in the composites comgdao PAni
shows the interaction between ZnS nanoparticlepmhghniline matrix.

— P AN|
— 7NS
— 71
— 73
— 25
— 1710
— 1728

[mWw]

T T T T T T T T T T T T T
0 50 100 150 200 250 300 350
T©)

Figure 6: DSC of PAni, ZnS and Nanocomposites

DC conductivity
The temperature dependence of D.C. conductivityPfani/ ZnS nanocomposites are studied with two preét up
and is shown in figure 7.

It is observed that conductivity is found to ingeawith increase in temperature. This increaseiactivity with

temperature is the characteristic of “thermal atéd behaviour”. The increase in conductivity cobkl due to
increase of efficiency of charge transfer betwden golymer chains and the dopant with increasenimperature
[26]. Itis also possible that the thermal curaffgcts the chain alignment of polymer, which letaithe increase of
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conjugation length and that brings about increaseonductivity The conductivity of the composites is found to
increase with increase in concentration of ZnS.higher concentration (PZ28), conductivity of PAZNS
nanocomposite is greater than that of pure PAni 321
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Figure 7: Log conductivity Vs Temperature graph of PAni, ZnS& PZ nanocomposites

Due to introduction of ZnS, electronic density tdtes increases in the polaronic band between-th& HOMO-
LUMO structure of PAni at the PAni/ZnS interfacehid increases the conductivity by increasing carrie
concentration and the mobility and hence rendess ititerchain charge transport more efficient [3BgT
enhancement in PL emission intensity is complimeérig the enhancement in DC electrical conductivitire
increased crystallinity of PAni in the compositésoasupports the increased conductivity [34].

CONCLUSION

Different concentrations of PAni/ ZnS polymer naomposites have been prepared and their structptital and
electrical properties are studied. XRD study shothat ZnS has wurtzite hexagonal structure in PAni
/ZnSnanocomposites and the crystallinity of PArgréases with increase in content of ZnS in the cmitgs.
FESEM image shows the uniform dispersion in PAN. Vis spectra show no additional peaks in the cositps.

An intense greenish yellow emission is obtainednflL spectra, whose intensity initially increasethwncrease in
concentration, and later it is completely quencaetdigher concentrations of ZnS in PAni. DC condlist is seen

to be in the semiconducting region.It is also fotimat the dc conductivity increases with concerrabf ZnS in

the composites. These results complement photoksoance results. Increase in photoluminescencequetthing
indicates the charge separation and transporteaintierface of PAni/ZnSnanocomposites. DSC reslitsv the
structural changes in the polymer on heating. Alese results indicate the formation of a stable and
photoluminescentnanocomposites using this methdwe photoluminescence in the sample makes them an
interesting candidate for the construction of padyiight emitting diodes.
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