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Characterization of polyaniline by cyclic
voltammetry and UV-Vis absorption spectroscopy
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Characterization of polyaniline (PANI) by electrochemical and spectroscopic techniques are
presented. The electrochemical investigation reveals the influence of the dopant acid on
the kinetic parameters of polyaniline films: exchange current density (/p) and the cathodic
transfer coefficient («.). UV-Vis spectra of thin films of polyaniline in N-metil pyrrolidine
solutions indicate the increase of the absorbance with the number of deposition cycles, N.
The inhibition of polymer degradation in thick films was confirmed by these spectra.
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1. Introduction electrode was a Pt disc (are®.005 cnf) and the
Polyaniline (PANI) is animportant conducting polymer counter electrode was a Pt foil (ared®.36 cnf). As
because of its good stability in air, both in the isolat-reference electrode we used a saturated calomel elec-
ing form (emeraldine base) and in the conducting formirode (SCE). Prior to each electrochemical synthesis,
(emeraldine salt). It can be electrochemically prepareghe working electrode was carefully polished with abra-
by polymerizing aniline in acidic aqueous solutions un-sive paper and then washed with distilled water. Aniline
der a constant voltage [1] or by cyclic voltammetry was used after distillation while other chemicals were
[2,3]. used as received. Potentiostatic control was provided
The formation of quality PANI films is strongly in- by a Radelkis potentiostat connected with the cell and
fluenced by the removal of unreacted oxidized speciea Kipp & Zonnen X-Y recorder.
[4]. These species can react with water, leading to poly- PANI films were deposited fra 1 M acidic aque-
mer degradation (hydrolysis). The deposition of PANIous media containing 0.2 M aniline, by voltammetric
by cyclic voltammetry has the advantage of a short exsweep betweer0.2 V and 0.9 V/SCE, at 160 mV'S.
posure time at anodic potential and the reduction of therhe sweep was stopped after 30 cycles-@i2 V/ISCE
unreacted oxidized species during the cathodic scamnd the working electrode covered by PANI film was
As aresult, the incorporation of hydrolysis products inremoved from the monomer solution and washed thor-
the PANI deposits decreases and a more conductive anslighly with distilled water.
thicker film can be produced. Voltammetric studies were performen 1 M acidic
In this paper we focused on the electrochemical anchqueous solutions, using different acids: perchloric
optical properties of polyaniline, prepared by cyclic acid (HCIQ;), trichloroacetic acid (§HCl;0,) and
voltammetry. We have determined the kinetic param-<chloroacetic acid (€H3CIO).
eters for PANI films, prepared with two organic acids The electronic structure of PANI films was deter-
(chloroacetic and trichloroacetic) and the results werenined from UV-Vis absorption spectra of PANI solu-
compared with those obtained with HGJO tions in N-metil pyrrolidine on a Ultrospect 3 LKB
UV-Vis absorption spectra of PANI solutions M- spectrophotometer.
metil pyrrolidine (NMP) evidence that the degradation
pf PANI is higher in the early stage of deposition. This
fact was characteristic for all the three dopant acid3. Results and discussion
used during the electropolymerization process. Fig. 1 shows cyclic voltammograms (CVs) of PANI-
HCIO, films, recorded at different sweep rate (from 10
to 200 mV st), in 1 M HCIO,4 aqueous solution. There
2. Experimental are three redox pairs, with oxidation peaks at 0.125
The electrochemical synthesis and characterization o¥ (A), 0.5V (B) and 0.7 V/SCE (C). For the first redox
polyaniline (PANI) were carried out at room tempera- pair AA’, the increase of the sweep rate doesn't influ-
ture, in a standard three electrode cell. The workingence the position of the two peak potentials. Instead,
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Figure 1 Cyclic voltammograms of PANI-HCI@film, recorded at different sweep rate (from 10 to 200 mW)sin 1 M HCIO4 aqueous solution.

for the third redox pair CC the anodic and cathodic peak (C) appears at about 0.55 V/SCE. The middle
peak potential are shifted towards lower potential, bypeak B is not distinct on the oxidation wave, only on
increasing the sweep rate. Also, the peak potential seghe reduction wave (B.
aration increases from 30 m\W(=10 mV s1) up to For the first redox pair AA the increase of the sweep
40 mV (V =200 mV sb). rate shifts the position of the two peak potentials to-
The second redox pair BBs almost undistinguish- wards higher potentials. The third redox pair 'GE
able at low sweep rate/(=10 mV s 1), but gradually ~ characterized by a constant value for the anodic peak
increases with it. According to the literature, the oxi- potential and by a gradually shift of the cathodic peak
dation peaks A and C correspond to the changes in thpotential towards lower potentials, with the sweep rate.
oxidation state of the PANI films. Snauwaettal.[5]  The third peak C exhibits a very broad oxidation wave
have evidenced, by X-ray photoelectron spectroscopy;omparing with the first peak, A. This indicates that the
that the ratio between the amine and imine contentharge transfer takes place more difficult for the sec-
is function of the electrochemical potential. At 0.15 ond step of oxidation of PANI than for the first step of
V/SCE the imine concentration is about 25% (proto-oxidation.
emeraldine) and gradually increases to 50% (emeral- Fig. 3 shows CVs of PANI in 1M chloroacetic acid,
dine) at 0.6 V/SCE and then up to 80% (nigraniline) atrecorded at different sweep rates. All voltammograms
0.8 VISCE. The amine concentration is higher at loware characterized by a single redox pair AA, with broad
potential (75% at 0.15 V/SCE) and decreases to 20%&nodic and cathodic waves.
at 0.8 V/SCE. The anodic peak potentials shifts towards higher po-
So, the first peak A corresponds to the first steptentials while the cathodic peak potentials shifts to-
of oxidation of neutral PANI, and the third peak C wards lower potentials, with the sweep rate.
corresponds to the further oxidation of PANI, from From the cyclic voltammograms represented in
emeraldine to nigraniline. The middle pair Biasbeen Figs 1-3 we can observe that the oxidation and reduc-
attributed either to the presence of ortho-coupled polytion potentials are different for each dopant acid. This
mers [6] or to the degradation of PANI (soluble speciesfact was attributed to the electrostatic interaction of the
such as benzoquinone and hydroquinone) [7]. dopant with the chemically flexible -NH- group of the
In Fig. 2 are shown voltammograms of PANIin 1 M polymer [8].
trichloroacetic acid, recorded at different sweep rates, The kinetic of the electron transfer process depends
from 10 to 200 mV s'. The first oxidation peak (A) on the exchange current densityp)(and the anodic
appears at about 0.18 V/SCE and the third oxidatiorand cathodic transfer coefficientsa( ac). The values
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Figure 2 Cyclic voltammograms of PANI-6HCI3O; film, recorded at different sweep rate (from 10 to 200 m¥)sin 1 M C;HCIl30, aqueous
solution.
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Figure 3 Cyclic voltammograms of PANI-§H3CIO; film, recorded at different sweep rate (from 10 to 200 mV¥)sin 1 M C,H3CIlO, aqueous
solution.
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of these parameters can be obtained from Tafel Equa- Tafel curves for PANI-GHCI3O, films are repre-

tions 1 and 2 [9]: sented in Fig. 5.
They are similar with those shown in Fig. 4, for PANI-
apnF HCIO4. The anodic plot rises abruptly (in the range of
log(l) = log(lo) + 23nF (E - Ee) 20 to 90 mV/SCE) while the cathodic plot rises slowly.
anodic process (1) S0, the first step of oxidation of PANIZICI30; also
acnF takes place very quickly. The kinetic parameters ob-
log(—1) = log(lp) — m(E — Ee) tained for the cathodic process are listed in Table I.

Tafel curves for PANI-GH3CIO, (Fig. 6) are differ-
ent comparing with those represented in Figs 4 and 5.
) ) ) Both the anodic and cathodic plots rise slowly and reach
whereE — Eg is the overpotential and is the number 5 plateau, fofE — E¢| > 80 mV.
of electrons involved in the redox process, in our case |, Table | are listed the values of the kinetic parame-
n=1. o ) terslp, ac for PANI films prepared with three different
The Tafel approximation is generally used for acigs: perchloric, HCIQ trichloroacetic, GHCI3O,
|E — Eel > 100/n mV. The exchange current denssly and chloroacetic, §43ClO,. The highest value ofy
value,lo, is obtained from the intercept of Ifig versus a5 obtained for PANI-HCI@and the lowest value for
E — Ee plots, while the values afa, ac are obtained  pAN|-C,HCI;0,. Since the cation was the same for all
from the slopes of these plots. ~ theelectrolytes used (H, these differences arise from
Tafel curves for PANI-HCIQ films are shown in tne gifferent structure and molecular weight of the an-

Fig. 4. We observed that for the anodic process, Tafejons. The higher the molecular weight of the anions,
plot rises abruptly and then reaches a plateau (in thghe smaller the value df,.

range of 60 mV to 80 mV/SCE).
This fact indicates that the first step of oxidation of

PANI is very fast and takes place very close to the

equilibrium potential [E — E¢| =60 mV). For the ca- .

thodic process, Tafel plot rises slowly and also reache4- Electronic structure .

a plateau (fot E — E¢| > 80 mV). The best organic solvent found for emeraldine base
Since Tafel equations apply qu_ Ee| ZlOOIh is N-metil pyl’.rolld!ne (NMP) PANI salts doped by

mV, we have determined the kinetic parameters onlyhe two organic acids (f3CIO; and GHCI30;) and

for the cathodic process and they are listed in Table I.HCIO4 are also soluble in NMP. Alarge excess of NMP
leads to the deprotonation of the salts to emeraldine

base. This is due to the=6D groups in NMP that
TABLE | Kinetic parameters derived from Tafel equations, for PANI fqrms hydrogen bonds with the dopant acid and in-
films prepared with various acids hibits the doping process[10]. The re-protonation of

cathodic process (2)

Sample lo (MA/C?) ac the emeraldine base can be obtained by adding an ex-
cess of the doping acid (acid/emeraldine monomer unit
PANI-HCIO, 0.048 009  ratio greater than 10) [11]. The colour of the solution
PANI-CoH,CIO, 0.036 91 " turns from blue to green, indicating the protonation of
PANI-C2HCI30; 0.03 0.29 : 9 ' 9
the emeraldine base.
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Figure 4 Tafel curves for PANI-HCIQ film.
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Figure 5 Tafel curves for PANI-GHCI305 film.
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Figure 6 Tafel curves for Pani-gH3CIO; film.

PANI-HCIO, electronic structure, for various film From these spectra we can observe that the ab-
thicknesses (expressed in terms of the number of depaorbance doesn't increase linearly with the number of
sition cycles,N) is represented in Fig. 7. deposition cyclesN (itis higher forN > 40). This fact

The spectra are characteristic for the emeraldine basadicates that the thickness of PANI-HCGJ@Im doesn’t
formed upon the deprotonation action of NMP on theincrease linearly witiN. These results are consistent
PANI salt. The spectra are dominated by two absorpwith those of Zhanget al.[10], who have studied the
tion peaks at 320 and 610 nm, respectively. The 320 nnextent of polymer degradation during electropolymer-
band is often assigned tora— 7 * transition in the ben-  ization process. They evidenced that the degardation of
zoid structure [12,13]. The absorption in the visible PANI-HCIOy, is higher in the early stage of deposition
range, at 610 nm, is ascribed to exciton formation in(N < 20 cycles) and then this process decreases and
the quinoid rings [14]. This absorption gives rise to areaches a steady state, fér> 40 cycles.
blue coloration of the PANI-NMP solution. The posi-  Since aniline is a stronger nucleophile than water,
tion of the 610 nm absorption band is a little shifted the growth of the PANI film dominates over hydrolysis
with film thickness. (degradation). This will lead to an autocatalytic growth
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ferent thicknesses, iN-metil pyrrolidine. The thickness is expressed in

Figure 7 UV-Vis absorption spectra of PANI-HCldeposits of differ- terms of the number of deposition cyclés,

ent thicknesses, itN-metil pyrrolidine. The thickness is expressed in
terms of the number of deposition cyclés,

for N > 40 cycles is consistent with the inhibition of

polymer degradation in thick films. The radical cations
140 responsible for both polymerization and degradation
g become more selective and facilitate the polymeriza-
é 120 tion process.
5 For PANI films deposited from £43CIO, at N < 30
3100 cycles (Fig. 9), the absorption band from the visible
< range appears around 570 nm. This band shifts towards
080 - 600 nm forN = 40 cycles.
In the ultraviolet region the absorption band is not
080 - well defined and appears as a shoulder. The strong ab-
sorption of the solvent (NMP) in this region makes
oo 4 difficult the appearance of this band. The pronounced
' degradation of PANI, that occurs in the early stage of
deposition < 30 cycles), diminishes after a higher
0420 7 number of deposition cycleN(> 40 cycles).
000

280 360 440 520 60 680 760

Wavelength / nm 5. Conclusions

The characteristics of polyaniline doped by two organic
Figure 8 UV-Vis absorption spectra of PANI4EICIsO, deposits of dif-  acids (chloroacetic and trichloroacetic) have been in-
ferent thicknesses, iN-metil pyrrolidine. The thickness is expressed in vestigated and compared with those of HZldbped
terms of the number of deposition cyclés, salt. The redox properties of PANI deposits are strongly
influenced by the dopant acid. The oxidation and reduc-
tion potentials are different for each acid and this fact
of the polymer. However, inthe early stage of depositioncan be attributed to the electrostatic interaction of the
of PANI (when is insufficient PANI for autocatalitic dopant with the chemically flexible -NH- group of the
growth) the cations formed react with water, Ieading t0p0|ymer_ The values of the kinetic paramdigsxc also
the degradation of PANI. This process diminishes aftedepends on the type of acid used during the electropoly-

a number of deposition cycles. merization process.

ShowninFig. 8 are the spectra of PANHECI;O0; in UV-Vis absorption spectra of thin solution film of
NMP solutions, for various film thicknesses (expressedpAN| in N-metil pyrrolidine indicate the inhibition of
in terms of the number of deposition cycles). polymer degradation in thick films and this fact was

Similar to the spectra obtained for PANI-HGIO  characteristic for all the three dopant acids.
there are spectral features at 330 and 630 nm, charac-
teristic for the emeraldine base. Note that, in this case,
the 330 nm absorption band is well defined and there iReferences
no shift in the position of the 630 nm absorptionband, 1. 5. . MOHILNER, R. N. ADAMS and W. J.
with the film thickness. The increase of the absorbance ARGERSINGER JR.,J. Amer. Chem. So84 (1962) 3618.
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