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ABSTRACT

Conducting polymers have received much attention due to their unique thermal, electrical, optical,
conducting, magnetic properties, easy to synthesis process and significant environmental stability. The wide
range of electrochemical and optical properties of polyaniline (PANI) along with its excellent stability makes it
useful for various applications like super capacitors, sensors, light emitting diodes, solar cells and rechargeable
battery etc. In the present study, Its mainly focused to synthesis the conducting polymers of PANI by suitable
chemical oxidation method i.e., the oxidation of aniline monomer using ammonium peroxy disulphide (oxidizing
agent) along with three different organic acids dopant namely salicylic acid, benzoic acid and oxalic acid
respectively. The synthesized PANI doped organic acids compound were structurally characterized by
electrochemical and optical studies. The electrochemical characterization was performed by cyclic voltammetry
and the optical properties were investigated by UV-vis., spectroscopy analysis. From the cyclic voltammetry
analysis, the PANI compounds show well resolved oxidation and reduction peaks which indicate that the
synthesized PANI was emeraldine salt form in nature. Moreover the UV-vis., absorption spectra show that the
well defined absorption bands in three different organic acids doped PANI samples. Moreover, the obtained
spectral studies indicate that the PANI compounds show significant applications in the field of electronic device
fabrication.
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1. INTRODUCTION

For recent years, the conducting polymer have been widely employed in multidisciplinary areas like
solar cells, batteries, electromechanical actuators, manufacture of sensors, nanowires, nanofibers, indicators and
electrodes, diode and FET fabrications, Drug delivery in medicine, super capacitors, anti—noise devices,
biocompatible wires, gas separation membranes, photodiodes [1-3] etc., due to its unique properties such as
corrosion, stability, mechanical strength and high electrical conductivity. Among these, polyaniline (PANI) have
been considered as one of the best conducting polymer because PANI possesses high electrical conductivity,
mechanical and thermal stability, ease of synthesis process and better environmental stability, low cost synthesis
and better productive coating against corrosions [4-6]. Also, PANI shows the wide range of electrical and
electrochemical properties which makes it useful for electronic material for various applications like organic
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light emitting diodes, low power rechargeable batteries, fabricate integrated circuit, electromagnetic interference
(EMI) shielding, smart window, conductive adhesives, electrochromic devices, gas sensors, supercapacitors,
photovoltaic cells, liquid crystal displays and Schottky devices [7-13]. Generally PANI shows potential
dependent changeable oxidation states namely pernigraniline (violet color, fully oxidized form),
leucoemeraldine (white color, fully reduced form) and emeraldine (dark green or blue color, half oxidized form)
[14]. Ammonium peroxy disulphide (APS) has been used as the oxidizing agent for the polymerization of
polymer. For the synthesis of conducting PANI polymer, the chemical polymerization method is widely
employed because it gives high yields and the obtained product is more stable than any other methods. In the
synthesis process, the surface morphology, electrical as well as physical properties of conducting polymer are
mainly depends on the type of acid dopant used in it. In this work, the three different organic acid dopants were
used namely salicylic acid, benzoic acid and oxalic acid respectively because it shows more conductive and
uniform adherent nature than inorganic acids [15]. However, the literature studies shows that little amount of
attention has been paid to synthesis and applications of organic acids doped PANI compounds in various fields.
In the present work, the synthesized Emeraldine salt form of PANI compounds by chemical oxidation method
doped with different organic acid dopants (oxalic acid, Benzoic acid, and salicylic acid) and it was structurally
characterized by electrochemical and optical studies and the results were also discussed.

2. EXPERIMENTAL METHODS

2.1 Materials and Analytical Measurements

The aniline and organic acids (oxalic, benzoic acid and salicylic acids) used in this work were extra
pure analytical grade and purchased from Sigma—-Aldrich and Fluka (Puriss) products without further
purification. Triply distilled CO,—free water with specific conductance equal to (1.80 + 0.1 A" cm™) was used
for the preparation of all solutions. The synthesized organic acids doped PANI compounds were structurally
characterized by various spectral analyses. The electronic (UV-visible) spectra were measured on a Schimadzu
1800 UV — VIS — NIR spectrophotometer (cell length, 1 cm) in the range of 200-1100 nm at 310 K in DMF
solvent. Cyclic voltammetric studies of organic acids doped PANI compounds were carried out at room
temperature with a AUT 85670 electrochemical analyzer in DMF and NMP (N-methyl-2—pyrrolidone)
solutions containing 0.1M NaClO, using a glassy carbon electrode at 100 mVs* scan rate. A Pt wire and
saturated Hg,Cl, electrode were used as counter and reference electrodes, respectively. Before each
investigation, the electrolyte was purged with nitrogen for 8 min. Before each experiment the working electrode
was cleaned perfectly by polishing with alumina and rinsed thoroughly with distilled water and acetone.

2.2 Polymerization Process

In the chemical oxidative synthesis route, 0.30 g of organic acids (salicylic, benzoic and oxalic acids in
50 ml water) was thoroughly mixed with 0.30 g of aniline (dissolved in 190 ml deionized water) and the
resulting solution was stirred continuously at room temperature for 30 min. Afterword’s, 10 ml of aqueous
ammonium peroxy disulphate (1 mol / L) solution was added to the above mixed solution and the resulting
solution was stirred for another 10-20 min for complete mixing. During this process, the solution color was
noted, initially a golden color was observed and then dark brown color was observed after five min and finally
the solution became as deep green in color. The reaction was then allowed to proceed without agitation for 24
hour at room temperature. Finally, the products were washed with deionized water and ethanol until the filtrate
became colorless and then dried in air at room temperature. The compounds were obtained as powders, dried in
air, and stored in vacuo over anhydrous CaCl, at room temperature (Yield: 70-85 %).

3. RESULTS AND DISCUSSIONS

3.1 Cyclic Voltammetry Analysis

The cyclic voltammetric studies were carried out for the organic acids doped PANI compounds at room
temperature in DMF and NMP solutions containing 0.1 M NaClO, using a glassy carbon electrode in the
potential range —3.5 to 3.5 V with a scan rate of 100 mv/s and its graphical representation is given in the Figure
1. From the figure 1, all the compounds show well defined oxidation—reduction responses which indicate that
the organic acids doped PANI have electro active in nature [16]. The oxidation peak (Ep,) for PANI doped with
salicylic acid compound (Fig. 1a) shows at 0.1 V and the reduction peak (Ep.) at 1.2 V which indicate that the
appearance of conducting form of PANI (Emeraldine salt form) and also confirms the formation of fully doped
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form of PANI. Fig. 1b shows that the PANI doped with benzoic acid compound, the oxidation peak (Ep,) was
observed at 0.1 V and the reduction peak (Ep.) at 1.5 V which indicate that the synthesised conducting PANI
polymer compound behave as electro active in nature [17]. The PANI doped with oxalic acid compound (Fig.
1c) exhibits the anodic oxidation peak (Ep,) at 0.3 V and the cathodic reduction peak (Ep.) at 1.5 V which
indicate that the formation of conducting PANI as Emeraldine salt form and also the obtained values are very
similar to other reported values [18,19]. The oxalic acid doped PANI polymer show the low current and high
voltage peak value which causes the decreasing resistance value and increasing conductivity than other
compounds. The studies indicate that oxalic acid doped PANI Emeraldine salt compounds show appreciable
electrochemical behavior in nature.

(a)PANI/Salicylic acid (b)PANI/Benzoic acid
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Figure 1: Electrochemical curves of PANI doped with (a) Salicylic, (b) Benzoic and (c) Oxalic acids
respectively.

3.2 Electronic Absorption Spectra

The optical properties of the synthesized organic acids doped PANI compounds were determined from
electronic absorption measurement in the range 200-1100 nm at 310 K in DMF solvent medium and their
spectrum was depicted in Figure 2. The optical absorption spectra of PANI doped with salicylic, benzoic and
oxalic acids show the absorption peak at 370, 375, 372 nm respectively, which indicates that the mt—=* transition
and this transitions was attributed to the electron transfer from the highest occupied molecular orbital (HOMO)
to the lowest unoccupied molecular orbital (LUMO) [20-24] i.e., the blue region shift was observed in all the
compounds. Moreover, the additional one more absorption peak was observed in all the compounds around in
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the region between 550-558 nm which indicate that the =—n* transitions of quinone—imine groups present in the
conducting emeraldine salt in the polymeric compounds [25, 26].From the optical absorption coefficients (o)
and incident photon energy (hv) can be correlated to the following equation as
a=A(hv-E,))"/hv

Direct band gap (E,) of the sample is evaluated by plotting (civ)® against 4v and then extrapolating the
straight portion of the curve on Av axis. The calculated band gap values are listed in Table 1. From Table 1,
PANI doped with oxalic acid compound show low energy band gap value than other compounds. The energy
band gap decreases with increasing doping agent because doping increases the conductivity of PANI. The
similar band gap observations were made by H. S. Abdulla et al [27].

Table 1: Energy band gap values of organic acids doped PANI compounds

Compounds Energy band gap value (eV)

Salicylic acid 2.54
Benzoic cid 2.01
Oxalic acid 1.62

Absorbance

300 500 700 900 1100
Wavelength (nm)

Figure 2: Electronic absorption spectra for PANI doped with (a) Oxalic, (b) Benzoic and (c) Salicylic acids
respectively.

4. CONCLUSIONS

In this work, the Emeraldine salt form of PANI were synthesized from aniline (monomer) with three
organic acids like salicylic, benzoic and oxalic acids (dopent) by chemical oxidative polymerization method in
the presence of ammonium peroxydisulphate (oxidant). The synthesized polymeric compounds were structurally
characterized by cyclic voltammetric and UV-visible spectral techniques. From the CV analysis, all the
compounds show well resolved oxidation and reduction peaks which indicates low resistive and high electro
conducting nature. Furthermore, the PANI doped with oxalic acid shows low energy band gap values which
indicate high electrical conductivity than other compounds. From these spectral studies, It is conclude that the
synthesized PANI doped with oxalic acid emeraldine salt can act as a significant role in electronic device
fabrication.
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