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a b s t r a c t

Recently, the applications of conducting polymers are widely used in vast areas, due to their low cost,
light weight, flexibility and the ability to deposit on various substrates. Among these, polyaniline
(PANI) is the most important conducting polymers because of its environmental stability, easy way to
fabricate and its cost-effectivity. In this paper, synthesis of conducting material namely, polyaniline thin
film was carried out with different organic acids as dopents viz oxalic, benzoic and salicylic acids by dip
coating method on a glass substrate with various dipping time (3, 6, 12 and 24 h) in the presence of
ammonium peroxydisulphate (oxidant). The synthesized PANI thin films were structurally characterized
by various physico–chemical and spectral methods (UV–visible spectra, Photoluminescence, XRD and
SEM). Oxalic acid doped PANI thin film compounds show better transparency with low band gap value
than other compounds and also the observed band gap energy values decrease with rise in dipping time.
The superior photoluminescence emission wavelengths were observed in oxalic acid doped PANI thin
film at 24 h that illustrates that the thin films have good photoluminescence as well as electrolumines-
cence in nature. The conductivity nature of oxalic acid doped PANI thin film shows higher values at 24 h
dipping time than other compounds. Further, the XRD and SEM analyses reports show that the oxalic acid
doped PANI thin film compounds have high crystalline nature with homogeneous surface morphology.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Now-a-days the conducting polymers play a vital role in many
areas due to their unique properties such as light weight, easy to
fabricate and low fabrication cost, eco-friendly, better environ-
mental stability and flexibility (Saini et al., 2009). The backbone
of conducting polymers have high delocalized p-electron systems
with substituted single and double bond present in the polymeric
chain, which generates oxidized (HOMO) and reduced (LUMO)
forms. The formation of highly conjugated p-bond systems in the
conducting polymers show a significant physico-chemical, elec-
tronic and optical properties in vast areas such as rechargeable
light weight secondary batteries, electro-chromic devices, light
emitting diodes, electro chemical actuators, redox capacitors, thin
film sensors, indicators, electromagnetic shielding, field effect
transistor (FET) fabrications, modern drug delivery systems, anti-
noise devices, electroluminescent displays, bio-compatible wires,
gas separation membranes, solar cells and diode fabrication
(Marcel and Tarascon, 2001, Lu et al., 2007, Obaid et al., 2014).
Among these conducting polymers, polyaniline (PANI) shows fasci-
nating properties than other conducting polymers and it can be
easily coated to any other substrate in the presence of acidic (pH
< 7) medium because of its tunable and controllable electrical con-
ductivity, easy to synthesis from any low cost or cheaper materials
and high thermal and chemical stability under different environ-
mental conditions (Akbarinezhad et al., 2012, Bhadra et al., 2006,
Bhadra et al., 2009, Nesher et al., 2009, Ryu and Park, 2009). More-
over, it exhibits significant biological affinity in medicinal and clin-
ical fields (Belmonte et al., 2003). It also exists in base as well as
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protonated salt forms like leucoemeraldine base (completely
reduced), pernigraniline base (completely oxidized) and proto-
nated emeraldine salt (half oxidized) forms. The conducting PANI
polymer can be easily synthesized by chemical and electrochemi-
cal polymerization process (Oh and Kim, 2012, Niziol et al., 2011)
in the presence of different dopents. In extension of our recent
reports (Tarachiwin et al., 2002, Gemeay et al., 2005, Narayan
et al., 2012, Ghani and Young, 2010, Vilela et al., 2007), the major
goal of the present work is to synthesize the conducting PANI thin
films with three different organic acids as dopent namely oxalic,
benzoic and salicylic acids by dip coating method on glass sub-
strate with various dipping periods (3, 6, 12 and 24 h) in the pres-
ence of ammonium peroxydisulphate (oxidant). The synthesised
conducting PANI thin films were structurally characterized by var-
ious analysis and the results are also discussed in details.
2. Experimental and methods

2.1. Chemicals and analytical measurements

Aniline and the dopent like oxalic, benzoic acid and salicylic
acids used in this work were extra pure analytical grade and pur-
chased from Sigma Aldrich and Fluka (Puriss) products without
further purification. Triply distilled CO2-free water with specific
conductance equal to (1.80 ± 0.1K�1 cm�1) was used for the
preparation of all solutions in the entire work. The synthesized
organic acids doped conducting PANI thin films were structurally
characterized by various spectral as well as analytical techniques.
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. The photolumines-
cence emission spectra were recorded on a Cary Eclipse instrument
with fluorescence lamp as the light source at room temperature.
The electrical conductivity analysis was measured on a Hioki
3522-50 LCR meter in 20 kHz to 1 MHz frequency range at room
temperature. The powder X-ray diffraction (XRD) patterns were
recorded with X’PERT PRO X-ray diffractometer (X-ray source:
Cu, Wavelength 1.5406 A�, operated at 40 kV) and the scanning
electron microscopy (SEM) was used for morphological evaluation
on a VEGA 3 TESCAN microscopy.
Scheme 1. General procedure for synthesis
2.2. Substrate cleaning process

For preparing the conducting PANI thin films, the transparent
microscopic glass slides (2.5 � 2.5 � 2.5 cm2) were used as sub-
strates. Initially, the glass substrates were washed with detergent
and rinsed several times with tap water and finally rinsed with
deionized CO2-free water. The glass plates were soaked with hot
chromic acid at 60–90 �C for 15 min then washed with several
times deionized CO2-free water and kept in ultrasonic water bath
for 15 min. Finally, it was wiped with acetone solvent and dried
at 100–110 �C for half an hour in muffle furnace.
2.3. Preparation of conducting PANI thin films

In the chemical oxidative polymerization route, 0.50 g of
organic acids (salicylic, benzoic and oxalic acids in 50 ml water)
were thoroughly mixed with 0.50 g of aniline (dissolved in 50 ml
deionized water) and the resulting solutions were stirred continu-
ously at room temperature for 30 min. Then 0.5 g of ammonium
peroxydisulphate (APS: Oxidant in 10 ml H2O) solution was added
to the above solution and the resulting solutions were 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 followed by a dark brown, after five min and finally the
solution became as deep green which indicates the formation of
PANI Emeraldine salt form solution (Scheme 1). The cleaned glass
substrate was dipped with above prepared solutions with various
dipping time (3, 6, 12 and 24 h) at room temperature and finally
the prepared conducting PANI thin films were annealed at 100–
110 �C for 1 h, dried in air and stored in vacuo over anhydrous
CaCl2 at room temperature.
3. Results and discussion

All the conducting PANI thin films have been found to
be characteristic color with good yield, air and moisture free stable
and non-hygroscopic in nature. The conductance of the title
compounds was measured in DMF (� 10�3 mol) solution at room
temperature and the observed moderate molar conductance
of conducting PANI emeraldine salts.
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(30–45 mho cm2 mol�1) values suggest that all the compounds
behave as 1:1 electrolytic in nature (Geary, 1971).
3.1. Ultra violet – visible spectra

The determination of the optical properties for the synthesized
conducting PANI thin films have been studied with the help of the
electronic spectra of the compounds and were recorded in DMF
medium at ambient temperature, in the range 200–1100 nm. Their
respective UV–visible optical transmittance spectra for all the thin
films with different dipping time are shown in Fig. 1. The spectra
(Fig. 1) clearly indicates that the optical transmittance value
increases with increasing dipping time and also the conducting
PANI thin films with different organic acids dopent show remark-
able transmittance values at 24 h when compared to other dipping
periods. Moreover, oxalic acid doped PANI thin film has significant
transparency in comparison to other thin film dopents.

From the Optical transmittance spectra, the energy band gap
values of organic acids doped PANI thin films have been deter-
mined by using the Tauc’s relation as:

ðahvÞ2 ¼ A ðhv � EgÞ ð1Þ
The energy band gap values were calculated by plotting the

graph between (ahm)2 vs. hm and their diagram was depicted in
Fig. 1. UV–visible optical transmittance spectra of (a) salicylic and (b) oxalic acids
doped PANI thin films at different dipping times respectively.

Fig. 2. Optical energy band gap of (a) salicylic and (b) oxalic acids doped PANI thin
films at different dipping times respectively.
the Fig. 2. Moreover, the direct energy gap values were found by
extrapolating the straight-line portion of the curve to intercept of
the energy axis. At different dipping period of time, the energy
band gap values of different organic acids doped PANI thin films
found in the range of 1.7–1.92 eV (for salicylic acid), 1.62–1.85
eV (for benzoic acid) and 1.45–1.65 eV (for oxalic acid) respec-
tively. The observed energy band gap values clearly demonstrate
that the band gap values decrease with increasing dipping time.
Moreover, the oxalic acid doped PANI thin film shows low energy
band gap value than other organic acids doped PANI thin films
(Fig. 3) and this similar type of band gap values were also found
in the literature (Abdulla and Abbo, 2012, Mamma et al., 2013,
Sudha and Mitsumasa, 1978).
3.2. Photoluminescence emission spectra

The photoluminescence emission spectra of the synthesized dif-
ferent organic acids like oxalic, salicylic and benzoic acids doped
with PANI thin films were recorded on a Cary Eclipse instrument
at room temperature and their respective spectra is illustrated in
Fig. 4. The Fig. 4a indicates that the spectra of salicylic acid doped
PANI thin film at different dipping time (3, 6, 12 and 24 h) show
that four well resolved emission peaks were observed. At 24 h dip-
ping time, the salicylic acid doped PANI thin film shows three
emission peaks at 480, 503 and 548 nm. The peaks at 480 and
548 nm are shifted to higher wavelength from 483 and 554 nm



Fig. 3. Energy band gap values of (a) salicylic, (b) benzoic and (c) oxalic acids doped
PANI thin films at different dipping times (3, 6, 12 and 24 h) respectively.

Fig. 4. Photoluminescence emission spectra of (a) salicylic acid doped PANI thin
film at different dipping times and (b) different organic acids doped PANI thin films
at 24 h dipping time respectively.
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which indicate the green and blue regions shift respectively (Singh
et al., 2014) as well as decreasing the peak intensity with increas-
ing the dipping times. This kind of decrease in the intensity of
emission peaks are due to the interchain species of emission pro-
cess of PANI polymers and also the organic acid dopent forming
aggregation in the polymer chain. Similarly, the benzoic acid doped
PANI thin films show three peaks at 483, 527 and 572 nm respec-
tively. The first and second peaks (483 and 527 nm) were shifted to
higher wavelength (487 and 529 nm) with increase in the dipping
time (3, 6 and 12 h), indicate that the peaks intensity values
decreases with increase in the dipping time. Moreover, the oxalic
acid doped PANI thin film at 24 h dipping time displays three high-
est emission peaks at 483, 507 and 528 nm respectively. The first
and second peaks decreased with increasing in the wavelength val-
ues and also the intensity values decreases with different dipping
time (3, 6 and 12 h). Furthermore, the oxalic acid doped PANI thin
films show the highest peak intensity values than the other doped
acids (Fig. 4b). From Fig. 4b, we have come to know that at 24 h
dipping time of different organic acids doped PANI thin film shows
highest peak intensity than other dipping times and also the height
of intensity peak values are reduced with increasing the wave-
length of the emission peaks due to the addition of organic acid
dopents.
3.3. XRD analysis

The X-ray diffraction method was used to measure the sample
purity and also to determine the synthesized PANI thin films par-
ticle size, present in the phase materials (Estermann and David,
2002, Klug and Alexander, 1974, Goldstein et al., 2003, Wu et al.,
2005). The X-ray diffractograms of oxalic, salicylic and benzoic
acids doped conducting PANI thin films at various dipping times
(3, 6, 12 and 24 h) were recorded in 0–80� (2h) range and their
respective X-ray diffraction patterns are shown in Fig. 5. From
Fig. 5, a number of well resolved sharp peaks with maximum
intensity and some feeble peaks with low intensity were observed
and these peaks suggest that the synthesized organic acids doped
PANI thin films have significant microcrystalline nature with uni-
form phase respectively (Estermann and David, 2002, Klug and
Alexander, 1974, Goldstein et al., 2003, Wu et al., 2005). All the
doped PANI thin films at different dipping times (except 24 h),
show a number of weak peaks with reasonable intensity and indi-
cates that the formed PANI thin films (dipping time at 3, 6 and 12
h) are amorphous or semi-micro crystalline nature. But at 24 h dip-
ping time show well defined sharp peaks (2 h) with high intensity
were observed at 17.1�, 24.6�, 34.2�, 48.3� and 52.4� for salicylic
acid, 18.6�, 35.2� and 53.6� for benzoic acid and 11.9�,16.7�,
23.9�, 33.6�, 36.2�, 47.9� and 52.1� for oxalic acid respectively
which shows the regular monomeric unit of aniline present in
the films with closely packed phenyl ring moieties in planar con-
formation (Chaudhari and Kelkar, 1997, Singh et al., 2014).

In order to calculate the crystalline size (D) from the
observed values of Bragg diffraction angle (h) and FWHM (full
width half maximum; b) by the Debye–Scherer’s equation
½D ¼ 0:9k=b cos h� and also observed the crystalline size (D) val-
ues from Williamson Hall ½D ð2hÞ cos ho ¼ k=Dþ 4e sin ho� method.
The calculated crystalline size (D) values from Debye–Scherer’s
and Williamson Hall equations of different organic acids doped
PANI thin films at 24 h dipping time is shown in Table 1. The cal-
culated crystallite size of oxalic, benzoic and salicylic acids is found
to be in the range of 12–74 nm respectively. Furthermore, the cal-
culated crystalline size (D) values from Williamson Hall method



Fig. 5. Powder XRD pattern of (a) Salicylic acid doped PANI thin films at 3, 6, 12 and 24 h dipping times and b) different organic acids doped PANI thin films at 24 h dipping
time respectively.

Table 1
Various XRD parameters of PANI thin film compounds doped three different organic acids at 24 h dipping time.

Compound 2 h Thickness
(lm)

Grain size (nm) Grain size (nm) Dislocation density
(1/D2) � 1015 m/m3

Micro strain
Williamson Hall
Method

Debye–Scherrer’s
Method

Salicylic acid doped PANI thin film

17.1 0.62 22 23 35.8 0.6453
24.6 0.74 34 35 22.02 0.4078
34.2 0.86 42 44 6.34 0.1487
48.3 0.98 51 53 4.63 0.1323
52.4 1.06 64 66 3.27 0.1139

Benzoic acid doped PANI thin film
18.6 0.79 24 26 32.3 0.4325
35.2 0.92 47 48 4.23 0.1329
53.6 1.13 72 74 2.19 0.1118

Oxalic acid doped PANI thin film

11.9 0.48 12 13 51.1 1.1254
16.7 0.76 21 22 36.3 0.8635
23.9 0.98 32 33 20.1 0.6321
33.6 1.03 41 42 7.53 0.1624
36.2 1.12 49 51 5.99 0.1287
47.9 1.34 53 54 4.98 0.1196
52.1 1.29 74 75 2.76 0.1127
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are somewhat lower than Debye–Scherer’s method. The disloca-
tion density ðd ¼ 1=D2 Þ values andmicro strain values were calcu-
lated by identifying the defects or imperfections presented in the
organic acid doped PANI thin film compounds. The thickness and
the calculated dislocation density values are summarized in Table 1
at different dipping times. From Table 1, the thickness and particle
size value increases with increase in the dipping time and decreas-
ing dislocation density and micro strain values, these all indicate
that the lower degree of dislocation density and micro strain
causes high degree of crystalline nature present in the PANI thin
films.
3.4. Scanning electron microscope (SEM) analysis

Morphology and the particle size of the synthesised different
organic acids doped PANI thin films with various dipping time
(3, 6, 12 and 24 h with annealed at 100–110 �C) have been inves-
tigated from scanning electron micrograph (SEM) analysis from
10.00 to 25.00 Kx magnification separation of the images along
with the accelerating voltage of 20 kV and its respective SEM
photographs have been depicted in Fig. 6. From the SEM analysis,
all the synthesized thin films show uniform matrix with
homogeneous phase separation (Wu et al., 2005) with different
morphology at different dipping time. A regularly diffused
massive layer by layer spider shells-like shape morphology
(Fig. 6a) with particle size 12 lm, an irregularly busted small
sturdy piece of ice-rock resembling structure (Fig. 6b) with parti-
cle size 15 lm, the collection of coral reef-like surface morphol-
ogy (Fig. 6c) with particle size 20 lm and an irregularly broken
massive fissure resembling with tiny mist like structure morphol-
ogy (Fig. 6d) in deep water with particle size 26 lm is observed in
oxalic acid doped PANI thin film at 3, 6, 12 and 24 h dipping time
respectively which indicates that the observed SEM morphology
of oxalic acid doped PANI thin film at different dipping time illus-
trate entirely different surface structures and also the particle size
was increased with increase in dipping time. Similarly, the sali-
cylic and benzoic acids doped PANI thin films show the same
results at different dipping time. At 24 h dipping time, the parti-
cle size of salicylic acid doped PANI thin film (Fig. 6e) is found to



Fig. 6. SEM photograph of (a–d) oxalic acid doped PANI thin film at 3, 6, 12 and 24 h dipping times, (e) salicylic acid doped PANI thin film at 24 h and (f) benzoic acid doped
PANI thin film at 24 h respectively.
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be 35 lm with colossal dense crumb like structure of irregularly
broken ice-rock like surface morphology. Moreover, the benzoic
acid doped PANI at 24 h shows the collection of layer by layer
twisted fiber morphologies having small tiny particles of the par-
ticle size 30 lm is illustrated in Fig. 6f.

3.5. Conductivity study

The variations of alternating current (AC) conductivity (r) nat-
ure of conducting PANI thin films doped with different organic
acids at different dipping time (3, 6, 12 and 24 h) have been stud-
ied from 20 kHz to 1 MHz and their graphical representation was
shown in Fig. 7. From Fig. 7, the conductivity values increase with
increasing the dipping time. Among these, the dipping time at 24 h
shows the better conductivity nature than other dipping time. The
increase in the conductivity ðr ¼ G d

AÞ values may cause due to the
charge transport property between the organic acids dopant and
the polymer chain backbone (Harun et al., 2008). The nature of
conductivity property of thin films mainly depends on the oxida-
tion state of PANI and the organic acids dopant present in it. The
Fig. 7 clearly indicates that the oxalic acid doped PANI thin film
shows superior conductivity nature than other compounds.
4. Conclusions

In the present work, we have synthesized a series of three dif-
ferent organic acids like oxalic, salicylic and benzoic acids doped
PANI thin films at different dipping time (3, 6, 12 and 24 h) using
dip coating method in the presence of ammonium peroxy disul-
phide (oxidant). The observed optical transmittance value
increases with increase in dipping time and decreasing energy
band gap values indicate that the PANI thin film doped oxalic acid
(at 24 h dipping time) shows high transmittance and lower band
gap value than other PANI thin films. The superior photolumines-
cence emission wavelengths were observed in oxalic acid doped
PANI thin film at 24 h dipping time which illustrates that these
thin films have good photoluminescence as well as electrolumines-



Fig. 7. Electrical conductivity of (a) oxalic acid and (b) salicylic acid doped
conducting PANI thin films at different dipping times respectively.
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cence in nature. From the XRD studies, all the synthesised PANI
thin films show sharp intense peak with microcrystalline nature
and also increasing grain size with decreasing dislocation density
values. The SEM studies indicate that all the thin film compounds
have uniform surface morphology with different particle size at
different dipping time. Moreover, the superior conductivity nature
was observed in the oxalic acid doped PANI thin film at 24 h dip-
ping time than other compounds. From these spectral studies, we
conclude that the synthesized oxalic acid doped PANI thin film
can act as a major part for the manufacture of opto-electronic
devices.
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