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Abstract

Copolymers of aniline and 2-aminobenzoic acid are prepared by chemical
copolymerization. The copolymers are soluble in basic media and thin films are
prepared, onto glassy carbon electrodes, by evaporation of the solutions. The modified
electrodes show a voltammetric response, with two peaks, similar to polyaniline with
two peaks. The dependence of both peak potentials on pH is similar to that of PANI,
suggesting that proton expulsion is the mechanism of charge compensation on
oxidation. The mechanism is confirmed by Probe Beam Deflection, which shows proton
expulsion on oxidation. However, while polyaniline films exchange mainly anions at
pH>0, poly(aniline-co-(2-aminobenzoic acid)) (p2ABA) film exchange protons up to
pH 4.
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Introduction
The copolimerization of substituted anilines with aniline allows to change the
properties of the homopolymer (polyaniline, PANI) by incorporation of

functional groups in the polymer backbone. By incorporation of anionic groups

(eg. —SO3™ ) [1] it has been possible to improve the solubility of the polymer in
aqueous solution [2], to increase the specific charge for battery applications [3]
and to alter the redox coupled ion exchange [4]. Copolymerization allows to
produce polymer from monomers unable to homopolymerize. Using that

synthetic method, aminobenzoic acids have been copolymerized chemically [5]
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and electrochemically [6] with aniline. Recently the electrochemical
polymerization of o, m and p-aminobenzoic acids was studied [7]. In the present
communication, the redox coupled ion exchange in copolymers of 2-
aminobenzoic acid and aniline is described. The copolymers are produced
chemically, to control the amount of aminobenzoic acid incorporated into the
polymer. The redox coupled ion exchange in aqueous media was studied by
cyclic voltammetry and Probe Beam Deflection. The latter is an optical technique
that has been extensively used to study redox coupled ion exchange in

electroactive polymers [8].

Experimental
All solutions were produced using ultrapure (Millipore) water and analytical
quality reagents. All potentials are reported against saturated calomel electrode

(SCE) as reference.

Copolymerization

Chemical copolymerization of aniline and aminobenzoic acids were carried out
in a stirred 1 L reactor at 0 °C (ice/water bath). The monomer mixture (0.1 M
total concentration) was dissolved in 1 M HCI and an equimolar amount of
ammonium persulfate is added. When the reaction finished, the suspended solid
is filtered off and washed with 1 M HCI and water. The copolymer is then dried
under dynamic vacuum.

In all the experiments described in this communication, the copolymer was

prepared with a ratio aniline/aminobenzoic acid of 1:1.

Film Formation

The copolymer powder was dissolved in 0.1 M NH3 water solution. A measured
amount of solution was deposited onto a glassy carbon electrode and the solvent
evaporated with the aid of an infrared lamp. The ammonium salt of the
copolymer decomposes and the acid form (insoluble in acid media) remains on

the electrode.
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Cyclic voltammetry

The electrochemical experiments were performed using a GAMRY PC4/750
potentiostat controlled by a personal computer. A conventional three electrode
cell was used with a Pt wire as counter electrode and a saturated calomel
electrode as reference. The working electrode materials were either GC or Pt.
The GC electrodes were GC disks made by pressing a 3 mm diameter glassy
carbon rod inside a Teflon tube (2.95 mm internal diameter). The electrode
surface was polished with alumina powder (down to 1 um). The pH was
maintained using universal buffers. A 2 M NaCl concentration of added salt was
used to maintain constant ion strength. The pH was measured using a glass

electrode and pH meter (Metrohm).

Probe Beam Deflection

Probe Beam Deflection experiments were carried out in an experimental set-up
similar to the one described previously [9]. The PBD signals were recorded with
an X-Y-Y' recorder (Yokogawa 3023) along with the voltammograms. The
electrochemical cell was a conventional optical glass cuvette (2x2x4 cm). A
glassy carbon plate (1 cm wide) was used as the working electrode. The back
side and edges were covered with an insulating lacquer (Lacomit). The plate was
polished with diamond pastes with particle sizes decreasing down to 1 mm. The

counter-electrode was a Pt wire. In aqueous solutions Pd-Hp was used as the

reference electrode. The distance between counter and working electrode was
large enough to exclude any interference with the laser beam of the reactions
occurring at the counter electrode. The PBD experiments were controlled by an
AMEL 2049 potentiostat connected to a PAR 175 programmer.

Probe Beam Deflection is a technique that measures the concentration gradient in
front of the electrode by monitoring the refractive index gradient with a light
beam [10]. The electrochemical oxidation-reduction process in an electroactive
film is accompanied by a counterion exchange with the bathing solution to

maintain film electroneutrality. The ion concentration in the solution changes,
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creating a gradient of refractive index normal to the electrode surface. A beam
travelling parallel to the surface suffers a deviation proportional to the
concentration gradient, therefore proportional to the extent and direction of ion
flux. Positive beam deflection (away from the electrode) corresponds to the
insertion of ions in the film while negative deflection (towards the electrode)

implies release of ions to the solution.

Results and Discussion

A typical cyclic voltammogram of a poly(aniline-co-(2-aminobenzoic acid))

(p2ABA) modified electrode can be seen in Fig. 1 (full black line).
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Figure 1. Cyclic voltammograms of GC electrodes modified with poly(aniline-co-(2-

aminobenzoic)) (1:1) (p2ABA11) thin films in buffered solution of different pH with 2
M NaCl of added salt. Scan rate = 50 mV/s, T = 25 °C.

Two voltammetric peaks are observed corresponding to the oxidation transition
from leucomeraldine to emeraldine and emeraldine to pernigraniline,
respectively.

The cyclic voltammograms are strongly affected by the pH of the solution (Fig.
1). Both the potentials for the first and second redox peaks became more positive

when the pH is increased. It is possible to write the Nernst equation for the

system as (1):
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B = go 4009 log( [Po.] J+ 0.059 1og[[A‘]”A [c*]”c j—0.059nHlog(H+) (1)
n
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If the concentration of ions: A, C* (other than H") is high and constant, and
assuming that, in the peak potential, the surface concentration of oxidized
polymer (Pox) is equal to that of the reduced polymer (Pred), equation (1)
reduces to:

n
E =E, - 0.059n—”pH )

where E;contains all terms not affected by the pH. From the slope of E, vs. pH
lines, it is possible to calculate the ratio: nH/ne.

The experimental points for p2ABA, obtained from Fig. 1, are shown in Fig. 2.
The data for PANI, from literature [11], are shown for comparison. As it can be
seen, both the first and second redox processes show similar behaviour in
p2ABA and PANI. However, the peak potential of p2ABA shifts with a slope of
0.037 V/pH up to pH 3.5 while in PANI the peak potential remains almost
constant while the pH is increased from 0 to 4.

In Table 1 are shown the slopes and ion exchange assignment, in each case.

The redox coupled ion exchange during the first redox peak is also tested using
PBD (Fig. 3). To the voltammetric oxidation peak corresponds a negative
deflection peak. Therefore, protons are expelled on oxidation during the first
redox process. The opposite behaviour was observed in the same solution (pH =
1), the PBD response of PANI only shows positive deflection, indicative of

dominant anion insertion [12].
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Table 1. Dependence of the peak potential on pH for both redox processes in p2ABA
and PANL

Polymer Peak Slope (V/pH) nH/ne Ions
exchanged
PANI First -0.062 1 2 H+ /9o
P2ABA First -0.037 0.5 1 H+ /76
PANI Second -0.118 2 H+ /2 e
P2ABA Second -0.101 4 H+ /e
B p2ABA 2nd
08 O p2ABA 1st
: A PANI 2nd
—A— PANI 1st

Peak Potential / Vsce

0.0 +—14+——r—7—"7—"+—1—+—1—%

Figure 2. Dependence of the peak potential on pH. Squares are experimental data of
p2ABAI1 films. Triangles are data for PANI films from Ref. 10. The values of the
slopes are beside the lines.
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Figure 3. Cyclic voltammogram (CV) and cyclic deflectogram (PBD) of a p2ABA
modified electrode in 0.1 M HCIO4. Scan rate = 50 mV/s.

The proposed redox coupled ion exchange mechanism of p2ABA is described in
Scheme 1.

While the carboxylic group is protonated in the reduced state (leucoemeraldine),
it is assumed that the carboxylic acid is deprotonated in the emeraldine state,

even at pH 1. The pKa value of 2-aminobenzoic acid is 2.17 [13], suggesting that

251



H.J. Salavagione et al. / Portugaliae Electrochimica Acta 21 (2003) 245-254

the carboxylic acid should be protonated at low pH. However, due to Donnan
effects, the pH inside the film could be higher than in solution [14].
Alternatively, the carboxylic group could form a cyclic species with the positive
charge, as it has been found in sulphonated polyaniline (SPAN) [15], making it
easier to deprotonate. Recent results, obtained using in-situ FTIR [16], support

the existence of free carboxilate in p2ZABA (emeraldine state) at low pH.
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Scheme 1. Ion exchange mechanism during oxidation of p2ABA in acid media.
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The data suggest that p2ABA is electroactive even at pH 5, making it an
interesting material for sensor building. Additionally, protons are expelled during

both redox processes making the material potentially useful for pH actuators

[17].

The present study will be extended to other compositions of p2ZABA and to a

related copolymer: poly(aniline-co-(3-aminobenzoic acid)).

Conclusions

The redox coupled ion exchange of poly(aniline-co-(2-aminobenzoic acid)) is
different to that of PANI due to the presence of the anionic group in the
copolymer. It seems that, even at low pH solution, the carboxylic group is
deprotonated and could compensate for the positive charge formed during
oxidation. Therefore, proton expulsion is the dominant ion exchange during the

first redox peak. The second redox process of p2ABA is similar to that of PANI.
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