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a b s t r a c t

Oxidative electropolymerization of aniline (Ani) in phosphoric acid (H3PO4) on composite 2B pencil
graphite was accomplished using selected inorganic salts as supporting electrolytes. These salts de-
termined the degree of conductivity of polyaniline (PAni) formed. The conductivity was in the order of
CaCl2> KCl> ZnCl2> ZnSO4> Ca3(PO4)2. The three pairs of redox peaks in the voltammogram of PAni
formed in the presence of 0.06 M Ca3(PO4)2 and 0.2 M ZnSO4 have shifted 300 mV to the negative po-
tential. The shifting of peaks is strongly influenced by type of anions’ presence in the salts. However, the
nature of the available cations had no significant effect. The negative shifts of redox peaks were exploited
to facilitate the electrocopolymerization of Ani and ortho-phenylenediamine (oPD). The formation of the
poly(Ani-co-oPD) was confirmed by the FTIR spectra.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Although polyaniline (PAni) is one of the most important con-
ducting polymers around, detailed study on its structure and
properties only begun in the 1980s [1–7]. Generally, it is accepted
that PAni is a redox polymer. Fig. 1a shows this blend where PAni
has both the reduced benzenoid (B) unit (y) and the oxidized
quinoid (Q) unit (1� y) [8]. PAni may exist in several oxidation
states, i.e. from the completely reduced leucoemeraldine (LE) state
(Fig. 1b), where 1� y¼ 0, to the completely oxidized pernigraniline
(PN) state, where 1� y¼ 1. The half-oxidized emeraldine base (EB)
state, where 1� y¼ 0.5, is composed of an alternating sequence of
two B units and one Q unit [9,10]. Even though each of these three
states of PAni possesses quite interesting physical and chemical
properties, they, actually, are insulators. However, the insulator
blue EB may be conducting if it is doped with protic acids and
become green protonated emeraldine (PE) or emeraldine salt (ES)
with dc conductivity in the metallic region (ca. 1–5 S/cm) [11]. The
later may also be obtained via a redox doping process of either its
corresponding reduced LE or oxidized PN, by either a chemical or an
electrochemical step in acid conditions (Fig. 1b). The deprotonation
of ES revert this to EB.

PAni has a relatively good stability in air, even at elevated
temperature, much better than that of other conducting polymers,
e.g. polyacetylene [12]. But its intractable nature, such as
þ60 4 657 4854.
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insolubility, high brittleness, conductivity and electrochemical ac-
tivity depend on medium’s pH, acid-catalyzed oxidative degrada-
tion, etc. limits its application. Therefore, efforts have been made to
modify PAni structurally to counter these problems. Among these,
the copolymerization with some monomers is considered as the
important method to improvise the properties of PAni [13–19]. The
most significant aspect of copolymerization is that its properties
can be regulated by adjusting the ratio of the monomers used
[20,21].

The electrocopolymerization of Ani with other monomers
is always difficult. In some cases it is impossible. This is due to
the big difference of redox peak potentials (Ep) between Ani and
the other monomers. The nearer the Ep of PAni to the Ep of the
other monomer the better it is for the copolymerization to
happen. Another equally important factor governing the quality
of the copolymer obtained is the solvent used [22–27]. The
solvent’s physical and chemical properties can influence the
redox coupled chemical reactions. The physical properties of
solvent may affect both the rate and the equilibrium constants
[28].

This work intends to investigate the characteristics of solvent
H3PO4 and the corresponding supporting electrolytes, e.g. calcium
chloride, potassium chloride, zinc chloride, calcium phosphate and
zinc sulphate in the electrochemical synthesis of PAni on the sur-
face of composite 2B pencil graphite. We have also reported on the
influence of negative shifts of redox peaks on the electro-
copolymerization of Ani with oPD. The morphology and structural
analysis of this copolymer is examined using a scanning electron
microscope (SEM) and FTIR.
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Fig. 1. (a) The general chemical structure of PAni that shows the average oxidation state (1� y), (b) The chemical structures of the three normally found oxidation states of PAni and
their transitions to the corresponding salt form (ES) either through a redox doping process or a non-redox doping process.
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2. Experimental

2.1. Materials

Aniline (Sigma Chemicals, USA) was purified by distillation
under a nitrogen atmosphere at reduced pressure. The resulting
colorless liquid was kept in the dark at 5 �C. ortho-Phenylenedi-
amine (oPD) and phosphoric acid (Sigma Chemicals, USA) were
used as received. Inorganic salts, i.e. calcium chloride, potassium
chloride, zinc chloride, calcium phosphate and zinc sulphate (Fluka
Chemicals, Switzerland) were all of analytical grade. The N,N-
dimethylformamide (DMF) (BDH Chemicals, UK) was used as re-
ceived. Oxygen-free nitrogen (OFN) was obtained from Nissan-IOI
(Malaysia). All aqueous solutions were freshly prepared using ultra-
pure water fro Milli Q plus (Millipore Corp., USA).

2.2. Equipment

Cyclic voltammetry was carried out over two different applied
potential (Eap vs. Ag/AgCl) ranges, i.e.�0.2 V toþ1.0 V and�0.4 V to
þ1.0 V, using an electrochemical workstation Epsilon E2 (Bio-
analytical System, USA) with scanning up to 21 cycles and rate
100 mV s�1. A custom-made three-electrode cell was employed
during synthesis and characterization of PAni. The composite 2B
pencil graphite (Staedtler Lumograph, Germany) was used as
working and counter electrodes against pseudo Ag/AgCl reference
electrode. The conductivity was determined at room temperature
using a custom-made four-probe kit in phase with a multimeter
197A (Keithley, USA). The structure of copolymer was determined
by FTIR spectroscopy System 2000 (Perkin–Elmer, USA). The ab-
sorption spectra of PAni solution (in DMF) in the region of 400–
2000 cm�1 were obtained using a UV–vis spectrophotometery
V-500 (JASCO, Japan). The scanning electron microscopy (SEM)
equipped with an Oxford INCA 400 energy dispersive X-ray (EDX)
using a Leo Supra 50 VP field emission microanalysis system (Bucks,
UK) was used to elucidate the morphology of the copolymer of Ani
and oPD.

2.3. Procedure

The electrochemical syntheses were performed using 25 ml
solution containing 50 mM monomer, 1 M H3PO4 and 0.5 M in-
organic salts by sequentially sweeping the potential between the
Eap ranges mentioned at a scan rate 100 mV s�1 and under OFN
atmosphere at 25� 2 �C.
3. Results and discussion

3.1. Electrochemical synthesis

Fig. 2 shows that for most cyclic voltammograms (CVs) during
the first forward scan anodic peak O of the radical cation monomer
is observed. However, on the reverse scan the cathodic peak is not
always observed. This indicates that in the time-scale of the ex-
periment (the sweep rate) the radical cation is rapidly consumed in
a subsequent chemical reaction. Hence, it is an irreversible elec-
trode process. Besides diminishing progressively the anodic peak
shifts to a higher potential in the following scans. This indicates
that the monomer is rapidly depleted in the vicinity of the elec-
trode by changing to radical cation. The oxidation is limited to the
diffusion of monomer from bulk solution [29]. It is also observed
that current response at peak potential, þ1.0 V, decreases as the
cycles increase. This is due to the adsorption of PAni on the elec-
trode. The PAni modified graphite is less conducting than the 2B
pencil graphite [30].

However, with extended scanning the electrode process be-
comes more of quasi-reversible with increasing in oxidation and
reduction currents [2]. Three pairs of redox peaks [31] are observed
in the Eap range of �0.4 V to þ1.0 V. The first pair of redox peaks is
in the potential range of �0.2 V to þ0.3 V (denoted as O3/R3) that
corresponds to the interconversion of LE to EB [32–34]. The second
pair of redox peaks at potentials above þ0.6 V (denoted as O1/R1) is
due to oxidation of EB to PN (fully oxidized form) and vice-versa
[32,33]. Those in the potential range from þ0.3 V to þ0.6 V
(denoted as O2/R2) are attributed to oxidation of segments of PAni
chain to benzoquinone (Bq) species, whose peak potentials are very
close to one another and tend to disappear after several successive
scans [6]. The pairs of O3/R3 and O1/R1 in 1 M H3PO4 containing
inorganic salts are relatively sharper than those in 1 M H3PO4

without inorganic salts (Fig. 2a). The supporting electrolytes help in
the mobility of radical cations to electrode surface for the formation
of PAni. The green film of PAni appears soon after initiation of the
polymerization. However, in solution without inorganic salt, the
green film is not observed on the working electrode. Large shifting
(w300 mV) of three pairs of redox peaks in the negative direction
in Eap ranges of�0.4 V toþ0.8 V is observed in Fig. 2b and c, but not
in Fig. 2d–f. This shows that the shifting of the redox peaks depends
strongly on the electrolyte composition. In Fig. 3 the redox peaks of
PAni oxidation states in 1 M H3PO4 medium containing supporting
electrolyte of Ca3(PO4)2 (a) have shifted about 300 mV towards the
negative direction compared to the CaCl2 electrolyte (b).



Fig. 2. The cyclic voltammograms obtained during electropolymerization of Ani in (a) 1 M H3PO4 and 1 M H3PO4 containing (b) 0.06 M Ca3(PO4)2; (c) 0.2 M ZnSO4; (d) 0.5 M ZnCl2;
(e) 0.5 M CaCl2; and (f) 0.5 M KCl. The potential is cycled between �0.4 V and þ1.0 V (vs. Ag/AgCl) at a scan rate of 100 mV s�1 for the 1st–21st cycle.
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Exchanging the cations in the salts, regardless of their oxidation
states, do not produce negative shifting. However, by exchanging
the anions the negative shifts are observed. It is concluded that the
shift depends on the anions present. This clearly shows that the
solution’s properties can influence the shift of redox peaks. Usually,
solutions with good mass transport and limited ion pairing are
used. This can be achieved if solvents have three major character-
istics viz. (i) low donor number, (ii) low viscosity and (iii) high di-
electric constant. The solvent polarity is usually expressed in terms
of dielectric constant. Hence, solvents with low dielectric constants
are non-polar, whilst those with high dielectric constants are polar.
Therefore, a highly polar solvent is capable of enhancing the mass
transport. The solvent medium may affect the monomer species in
that it can become either as its donor or acceptor and also its
electron transfer kinetics [28].
Fig. 3. The cyclic voltammograms obtained during electropolymerization of Ani in 1 M
H3PO4 containing (a) 0.06 M Ca3(PO4)2 and (b) 0.5 M CaCl2.
3.2. Electrochemical response

In Fig. 4 the CVs at two different Eap ranges (�0.2 V toþ1.0 V and
�0.3 V to þ1.0 V) are scanned at 100 mV s�1 in a monomer-free
H3PO4 solution (a) containing the inorganic salts (b–f). The first
redox peaks O3/R3 correspond to the charge transfer from/to the
PAni film [35,36]. The inorganic salt anion doping/dedoping of the
PAni film compensate this charge transfer. The second redox peaks
O1/R1 correspond to the protonation/deprotonation processes.
During deprotonation the anion is expelled from the PAni film [37].
The small redox peaks of O2/R2 are probably due to degradation of
quinoneimines structures [29].

3.3. Conductivity of PAni

Table 1 shows the list of conductivities of PAni formed in dif-
ferent supporting electrolytes. The conductivity of PAni is de-
pendent on pH. It decreases significantly at pH higher than 3. The
gradual increase of hydroxyl ion tends to initiate the formation of
less soluble hydroxides of the electrolytes. Thus, this hinders the
migration of cationic radicals to electrode surface. The conductivity
is even lower in the medium without supporting. This study has
illustrated that CaCl2 as supporting electrolyte gives the best con-
ductivity of PAni film. The conductivity of the polymer films de-
creases in the order of CaCl2> KCl> ZnCl2> ZnSO4> Ca3(PO4)2.
The influence of these salts on the electrical conductivity depends
strongly on the anion present.

3.4. Structural analysis

The exact frequencies of FTIR assignments of PAni electro-
synthesized in all media are shown in Table 2. The FTIR band
spectra of PAni films are shown in Fig. 5. The absorption peaks at
1603 cm�1 and 1497 cm�1 can be attributed to the Q and B rings,
respectively [38–40]. It has been reported [41] that the ratio of the



Fig. 4. Cyclic voltammetric responses of deposited PAni films in monomer-free solu-
tion at two different Eap ranges (�0.2 V to þ1.0 V and �0.3 V to þ1.0 V) at a scan rate of
100 mV s�1 in (a) 1 M H3PO4, and 1 M H3PO4 containing (b) 0.06 M Ca3(PO4)2, (c) 0.2 M
ZnSO4, (d) 0.5 M ZnCl2, (e) 0.5 M CaCl2, and (f) 0.5 M KCl.

Table 2
The FTIR absorption bands

Media

1 M H3PO4þ 0.5 M 1 M H3PO4
þ

1 M H3PO4 CaCl2 KCl ZnCl2 0.06 M
Ca3(PO4)2

0.2 M ZnSO4

Quinoid(Q) 1614 1603 1618 1618 1619 1640
Benzenoid(B) 1491 1497 1501 1498 1498 1498
CN Stretching 1240 1237 1257 1248 1238 1227

1308 1314 1306 1311 1311 1311
CH in plan

bending
1149 1158 1155 1155 1155 1158

CH out-of-plan
bending

818 819 818 818 816 820

Ratio Q/B w1.5 w1 w1 w1 w1 w1
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intensity of bands of Q and B is a measure of the degree of oxidation
of the PAni film. The ratio is 0 for the fully reduced form, 0.5–1 for
the protoemeraldine form, 1 for the partially oxidized form and >1
for the fully oxidized form. Table 2 shows that the medium without
inorganic salt has PAni in the oxidized form. Whereas, medium
containing inorganic salts (Q/B w 1) has the partially oxidized PAni
which, probably, is B as its most stable form. The infrared bands in
the 1319 cm�1 and 1180 cm�1 are attributed to B and Q rings C–N
stretching of emeraldine base (EB) [42]. However, in the present
Table 1
The conductivities of PAni formed in different media

Media Conductivity S/cm

a 1 M H3PO4 w10–6
b 1 M H3PO4þ 0.5 M CaCl2 w3
c 1 M H3PO4þ 0.5 M KCl w2.7
d 1 M H3PO4þ 0.5 M ZnCl2 w2.05
e 1 M H3PO4þ 0.06 M Ca3(PO4)2 w0.08
f 1 M H3PO4þ 0.2 M ZnSO4 w0.18
study the bands at 1314 cm�1 and 1237 cm�1 are for emeraldine
salt (ES) [43,44]. The bands at 1158 cm�1 and 819 cm�1 are assigned
to in-plane and out-of-plane C–H bending motions of the aromatic
rings, respectively [43]. The characteristic band of the conducting
protonated form of PAni is reported to occur at 1252 cm�1 [45]. In
the current study it is, however, observed that this band occurs at
about 1310 cm�1. Thus, these IR absorption spectra show that the
obtained PAni is actually in the ES form. The intensity of the Q-ring
stretching vibration is higher than that of the B band (Fig. 5a).
Hence, the existence of a higher percentage of Q structure units in
the polymeric chain is expected. This also means that in ionic liquid
Fig. 5. Baseline corrected FTIR spectra (2000–400 cm�1 region) of PAni electro-
polymerized from (a) 1 M H3PO4, and 1 M H3PO4 containing (b) 0.5 M CaCl2, (c) 0.5 M
KCl, (d) 0.5 M ZnCl2, (e) 0.06 M Ca3(PO4)2 and (f) 0.2 M ZnSO4.



Fig. 6. UV–vis spectra of PAni solution in DMF. The polymers were deposited from
50 mM Ani in (a) 1 M H3PO4 and 1 M H3PO4 containing (b) 0.5 M CaCl2, (c) 0.5 M KCl,
(d) 0.5 M ZnCl2, (e) 0.2 M ZnSO4 and (f) 0.06 M Ca3(PO4)2.

Fig. 7. The CVs for the growth of PoPD from a 50 mM oPD solution in 1 M H3PO4

containing (a) 0.5 M CaCl2 and (c) 0.06 M Ca3(PO4)2. The voltammogram is cycled
between Eap �0.7 V and þ0.9 V (vs. Ag/AgCl), scan rate of 100 mV s�1 and up to 10
cycles. The (b) and (d) are CVs for the growth of PAni from a 50 mM Ani solution in 1 M
H3PO4 containing 0.5 M CaCl2 and 0.06 M Ca3(PO4)2, respectively. The voltammogram
is cycled between Eap �0.4 V and þ1.0 V (vs. Ag/AgCl), scan rate 100 mV s�1 and up to
10 cycles.
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media, PAni may have a small amount of non-conducting EB and/or
PN formed, i.e. more Q structures in the polymer backbone. A broad
band at 1000 cm�1 corresponds to the phosphate anion [46,47]. The
vibrational bands located in the range of 1050–960 cm�1 and at
604 cm�1, 567 cm�1 and 490 cm�1 are associated with the (PO4)3�

groups. Also the band at 885 cm�1 is characteristic of (HPO4)2� [48].
The UV–vis absorption intensity of the polymeric solutions can

be used to study on the availability of mid-gap state caused by
charge transfer. In Fig. 6a, the spectrum of PAni (medium 1 M
H3PO4) solution in DMF is dominated by two absorption peaks,
300 nm and 600 nm [49]. These bands are attributed to p / p* and
n / p* electronic transitions in B and Q, respectively, in the EB
(middle oxidation state) of PAni [2,3,43]. In others (medium: 1 M
H3PO4 containing inorganic salts), three absorption peaks at
340 nm, 450 nm and 800 nm are prominent. The existence of these
peaks has also been reported elsewhere [34,50]. The broad peak at
340 nm is the p / p* transition in the B ring of the reduced, non-
conducting LE [40,51,52]. It has also been reported [53,54] that the
cationic radical of aromatic amines in aqueous solutions has
a characteristic absorption peak at 450 nm. The peaks at about
450 nm and 800 nm are for the ES phase of PAni and can be
assigned to the polaronic and bipolaronic transitions of the Ani unit
[55,56]. The transition of the excitonic (at 600 nm) to bipolaronic
(at 800 nm) characterizes an increase in the electronic mobility
[34]. It is reported that the absorbance at 800 nm may also be due
to localized polarons in PAni [54,57]. During electropolymerization
of Ani, the intensity of the absorption bands from the localized
polarons decreases. On the other hand, the intensity of free charge
carrier tail is associated with the delocalized polaron band (at
1000 nm) which increases steadily into the near-IR region
[54,55,58]. However, these absorption bands, i.e. at 450 nm and
800–1000 nm, diminish when conductivity decreases.
3.5. Electrocopolymerization of oPD and Ani

Fig. 7 shows the CVs (a) for the growth of poly ortho-phenyl-
enediamine (PoPD) from a 50 mM oPD solution in 1 M H3PO4

containing 0.5 M CaCl2. The voltammogram is cycled between Eap

range of �0.6 V and þ0.9 V (vs. Ag/AgCl) at a scan rate of
100 mV s�1 and up to 10 cycles. During the first positive sweep,
a large anodic current is observed and an oxidation peak (denoted
O) appears at aroundþ0.660 V. This is attributed to the oxidation of
the monomers on the electrode surface. However, on the reverse
scan, cathodic, the reduction peak is not always observed. Due to
the growth of polymer film on the electrode surface the oxidation
peak progressively diminishes and shifts to a lower potential on the
subsequent scans. In the following negative sweep, main reduction
peak, at around �0.200 V (denoted R1) is observed. Correspond-
ingly, there is an anodic peak at around �0.100 V (denoted, O1) in
the subsequent positive sweeps. During the electropolymerization
process, the electrolyte becomes light brown in color which is likely
due to formation of soluble oligomers during the oxidation process.
It is reported [59] that the oligomers are oxidized at a potential
lower than that of the monomers. The CVs (c) shows the first 10
cycles of electropolymerization of oPD in the Eap range between
�0.700 V and þ0.800 V in 1 M H3PO4 containing 0.06 M Ca3(PO4)2.
The pairs of redox peaks in the range from �0.7 V to þ0.8 V have
shifted in a negative direction (50–100 mV) in relation to CVs (a).
The CVs (b) and (d) show the growth of PAni from a 50 mM Ani
solution in 1 M H3PO4 containing 0.5 M CaCl2 and 0.06 M Ca3(PO4)2,
respectively. The voltammogram is cycled between Eap of �0.4 V
and þ1.0 V (vs. Ag/AgCl) at a scan rate 100 mV s�1 and up to 10
cycles. The formation of Ani radical cations in (b) proceeds at ca.
0.9 V in the first cycle (denoted as O*) indicating that the



Fig. 8. The CVs and SEM images of copolymerization of 50 mM Ani solution and 50 mM oPD solution in 1 M H3PO4 containing (a) 0.06 M Ca3(PO4)2 and (b) 0.5 M CaCl2. The
voltammogram is cycled between Eap �0.7 V and þ0.9 V (vs. Ag/AgCl), scan rate of 100 mV s�1 and up to 10 cycles.

Fig. 9. Baseline corrected FTIR spectra (2000–400 cm�1 region) of PoPD electro-
polymerized in 1 M H3PO4 containing (a) 0.06 M Ca3(PO4)2 and (b) 0.5 M CaCl2.
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electrodeposition of PAni has resulted on the electrode surface.
However, in the oPD case (a), the formation of oPD radical cations
has proceeded at a lesser potentials (0.66 V, denoted O) as com-
pared to Ani. Thus, the PoPD is more easily deposited on the elec-
trode surface. On the other hand, when CaCl2 is the supporting
electrolyte, redox peak couples of PAni and PoPD are far from each
other. In the electrocopolymerization of Ani and oPD using CaCl2 as
supporting electrolyte the deposition of PoPD should occur first on
the electrode surface. The resultant copolymers should then exhibit
more towards PoPD-like nature.

The CV and SEM image of copolymerization of Ani and oPD in
1 M H3PO4 containing 0.06 M Ca3(PO4)2 are shown in Fig. 8a. The
CVs and SEM image of copolymerization of Ani and oPD in 1 M
H3PO4 containing 0.5 M CaCl2 (Fig. 8b) show that the CVs are very
much similar to that in the oPD case, (a) in Fig. 7. Also the oxidation
current of Ani becomes almost inconspicuous and the SEM image
appears not quite homogeneous. However, when Ca3(PO4)2 is used
as supporting electrolyte, (c) and (d) in Fig. 7, the redox peak cou-
ples of PAni and PoPD are very near to each other. This implies that
the polymer deposit consists of similar moieties of PoPD and PAni.

Further evidence on the formation of the copolymer is obtained
with FTIR spectroscopy (Fig. 9). The spectra show absorption bands
of the PoPD in 1 M H3PO4 containing (a) Ca3(PO4)2 and (b) CaCl2.
The bands at 1640 cm�1 and 1406 cm�1 are assigned to C]C
stretching vibrations of Q and B rings. The bands at 1319 cm�1 and
1284 cm�1 are assigned to C–N stretching vibrations of the Q and B
rings. The band at 820 cm�1 is the C–H out-of-plane bending mo-
tion of the 1,2,4,5-tetrasubstituted benzene nuclei of phenazine
units. The bands at 1064 cm�1 and 930 cm�1 are due to in-plane
and out-of-plane bending motion of the C–H of the 1,2,4-tri
substituted benzene rings indicating the presence of open rings in
the phenazine units [60]. The bands at 1008 cm�1 and 578 cm�1 are
assigned to a C–H in-plane and out-of-plane bending vibration,
respectively [61].

Fig. 10 shows variations in the intensity FTIR spectra of the main
bands of the copolymers. The band at 1634–1618 cm�1 indicates
existence oPD in the copolymer. The appearance of the bands at
1068–1064 cm�1, 884 cm�1 and 850 cm�1 suggests the presence of
phenazine-like cyclic structures in the copolymer backbone. These
cyclic structures in the copolymer could either be due to the
presence of PoPD blocks or may result from the cyclic formation of
the adjacent oPD and Ani unit in the copolymeric chain. The



Fig. 10. Baseline corrected FTIR spectra (2000–400 cm�1 region) of copolymer of Ani
and oPD in 1 M H3PO4 containing (a) 0.06 M Ca3(PO4)2 and (b) 0.5 M CaCl2.
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presence of above bands in the copolymer synthesized in 1 M
H3PO4 containing Ca3(PO4)2 (a) is obvious from the one synthesized
in 1 M H3PO4 containing CaCl2 (b).

4. Conclusions

This study has illustrated that by using an H3PO4 (polar) me-
dium containing Ca3(PO4)2 a considerable shift of the PAni redox
peaks towards negative potentials is obtained. The nearer the redox
peaks of PAni to redox peaks of other monomers the easier it be-
comes to copolymerize. This is an indication that a more feasible
synthesis of various Ani copolymers can be obtained. This study
also indicates that the copolymerization depends on the anions
present in phosphoric acid medium.

Both FTIR and UV–vis spectra confirm that the resulting PAni is
in its conducting state. The FTIR band intensity ratio of Q/B in-
dicates that PAni film is in partially oxidized state. The ratio of Q/B
vibrations suggests that PAni is in emeraldine salt form. In the UV–
vis region a pure PAni, however, has a broad absorption peak be-
yond 750 nm which is associated with the oxidation of the polymer,
giving rise to the polaronic states within the band gap. The elec-
trosynthesis of poly(Ani-co-oPD) in 1 M H3PO4 containing
Ca3(PO4)2 is confirmed by the FTIR spectra and SEM image.
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