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This paper reports on the synthesis and physical properties of conducting composites based on polyaniline and polystyrene. Polyaniline composite powders are synthesized by oxidative polymerization in an acidic medium. Thermal properties are characterized by thermo gravimetric analysis and differential scanning calorimetry. UV-Visible absorption spectroscopy is also used to study the optical properties of the deposited films. The optical gap decreases from 4.6 eV to 2.7 eV with increasing polyaniline content from 0.5 to 5 wt. % confirming the improvement of the semi-conductive properties. Due to the absorption properties in near infrared of the thin composite layers they can be promising materials for optoelectronic and photovoltaic applications.

INTRODUCTION

Organic electronics has emerged as a new frontier area for flexible printable electronics. Intensive studies have been conducted on conjugated materials due to their relatively rapid photo-induced charge separation and slow charges recombination [1]. Besides brightness and weight features of electroluminescent polymers [2], tuning the emission wavelength is also possible [3]. Due to their ability to emit colours throughout the visible spectrum with high luminous efficiency, organic electroluminescent devices have attracted a growing interest for display applications.

Small molecules or polymers are the main constituting materials of organic light emitting diodes (OLEDs) [2,4]. Polymers generally have lower purity than small molecules but can access larger display sizes and full color at much lower costs via solution-based deposition techniques [5]. Among the conjugated conducting polymers, Polyaniline (PANI) has attracted considerable interest as an air-stable conducting polymer for several reasons; monomer is inexpensive and polymerization reaction is simple. It has also unique reversible proton doping, high electrical conductivity and environmental stability [6]. Emeraldine base that is protonated with different acids has been investigated as a photoactive layer in Schottky diodes [7,8] as well as hole injection layer and anode in light emitting diodes (LED). However, PANI is mechanically weak and its processability is poor, degrades before melting, and also limitedly soluble in organic solvents. In order to circumvent these problems, many research groups [9,10] have utilized the approach of synthesizing composites and copolymers.

Flexible, tough and melt processible PANI could be obtained by keeping its composition less than 16 % in weight (wt %) of the blend [11]. Several thermoplastic polymers such as polystyrene (PS) [12], polyvinyl chloride (PVC) [13], polyamides (PA) [START_REF] Mezdour | 3rd International Advances in Applied Physics and Materials Science Congress-2013[END_REF], polyvinyl alcohol (PVA) [START_REF] Rao | [END_REF] were combined with PANI salt to obtain conductive blends. In this study, an "inert" polymer-polystyrene, was chosen as the matrix polymer to form blends with.

EXPERIMENTAL PART

Preparation of PS/PANI powders consists in a chemical oxidative polymerization of aniline using ammonium per sulphate (APS) as initiator, in the presence of dodecyl benzene sulphonic acid (DBSA) and polystyrene. The polymerization is carried out for about 24 h at room temperature. The powder is then filtered, washed and dried in oven (at 60 °C for 2 days). Different concentrations of PS/PANI composites, 0.1%, 0.5%, 1%, 5% and 15% in weight are prepared using the above procedure. Powders were then transformed into films by solution casting.

RESULTS AND DISCUSSION

Thermal Properties

The thermo gravimetric profiles of PANI and PS/PANI polymer composite are shown in Fig. 1. Slight modifications of the total weight loss curves are observed for the composites with the increasing PS content (Fig. 1b). The first loss of about 2% at 250 °C is related to water removal. The second process lying between 250 °C and 400 °C is due to the degradation of doping agent. Finally the last step corresponds to the beginning of degradation of the two polymers chains. Compared to PANI alone (Fig. 1-a), the major loss is delayed until 400 °C for the composite films which proves that the mixing of PANI in PS improves the thermal stability (about 150°C are gained). This feature allows using these materials in hot environment (PV cells). Indeed, temperatures of a PV cell can reach 70 °C [START_REF] Labouret | Energie solaire photovoltaïque 4[END_REF] which is far bellow 200 °C registered for a thermally stable powder.

Differential scanning calorimetry (DSC) measurements of PANI and PS/PANI composites are shown in Fig. 2. No significant change has been noticed in the glass transition of PS/PANI composites according to the PANI fraction compared to the known PS glass transition [17]. It is estimated to be about 110 °C. The second peak observed at 225 °C is attributed to melting point of polystyrene. Indeed, in the literature the melting point is expected between 240-270 °C [18]. 

Optical absorption spectroscopy

Optical properties are deduced from the UV-vis measurements. The UV-vis absorption spectra of PANI-PS composites are shown in Fig. 3. Two small absorption bands are observed in the 300-450 nm wavelength region and a broad band centered at 800 nm and are assigned respectively to the -* transition of the benzenoid rings located at 340 nm, the polaron-* transition at ~ 440 nm and polaron-transition due to charge transfer excitations of the quinoid structure around 800 nm [START_REF] Sathiyanarayanan | [END_REF]20]. This indicates that the in situ synthesized polyaniline have been effectively doped by the protonic acid. It is also observed that most of the absorption peaks appear above the concentration of 0.5 wt.% and intensify with the increase in PANI concentration indicating an uniform doping ratio. This can be also explained by the fact that films become less transparent and absorb in the near infrared domain corresponding to wavelengths λ IR > 700 nm. Indeed films take a light green colour at low concentrations. This colour becomes more darkened at high concentrations.

The absorption peaks are clearly visible in Fig. 4 illustrating the derivative of the absorbance versus energy (eV). For low PANI concentration composites, we notice the presence of a strong absorption band corresponding to the optical gap of the matrix. Indeed for the pure polystyrene, the optical gap is estimated to be of 4.47 eV corresponding to the insulating state of the transparent polystyrene. At 5% of PANI, no perceptible change is observed for the high gap (except a slight decrease in intensity), but we notice the presence of another absorption energy located at 2.68 eV probably due to the presence of PANI. Indeed, the known band gap energy of PANI lays in the visible region 2.7 eV [21]. Introducing PANI in the polystyrene matrix shifts its gap energy backward visible region and enhances its conductivity while electroluminescence of the composite is enhanced by polystyrene [22] that could be interesting for optoelectronic applications. 

CONCLUSIONS

The study of thermal and optical properties of PS/PANI layers with various concentrations of PANI led to the following observations: Electronic absorption results support the formation of polyaniline salts. The UV-Visible spectra indicate that there is a single broad polaronic band deep in the band gap of the PS/PANI layers. Films absorb in the near infrared region and the optical gap of the PS decreases when incorporating PANI. The composites are thermally stable up to 200 °C allowing their use in hot environments.

Our results show that such composite may be promising materials for potential application in photovoltaic technology including ease of synthesis, low cost, good thermal stability and good film-forming.
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 1 FIGURE 1. Total weight loss of (a) PANI and (b) PS/PANI polymer composite.
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 2 FIGURE 2. DSC measurements of (a) PANI and (b) PS/PANI polymer composite.
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 3 FIGURE 3. UV-vis absorbance of PS films containingdifferent concentrations of PANI.
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