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ABSTRACT: Polyaniline(PANI) was prepared by adding three different quaternary ammonium salts to H2SO4

electrolyte and the effect of the cations on the electrochemical degradation of PANI film was researched. The electro-

polymerized films were characterized by cyclic voltammetry, UV–vis spectroscopy and scanning electron microscopy.

The result showed that quaternary cations hindered gradually the polymerization of aniline with increase of the size,

which made the porosity of the film smaller and the morphology more compact compared with pure PANI films. Al-

though the cations didn’t change the electrode reactive process of PANI, they affected the oxidation velocity of the

films and the degradation rate of PANI in the following order: Bu4N
þ > Et4N

þ > Me4N
þ, and the stability of the

films was enhanced. [DOI 10.1295/polymj.37.350]
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PANI is considered to be the most promising con-
ducting polymers due to its high electrical conductiv-
ity, excellent environmental stability, low-cost and
easy preparation.1 The electrochemical stability of
PANI and related materials is of great importance
for their possible use in various electrochemical sys-
tems and devices, such as rechargeable batteries, elec-
trochromic displays and sensors, etc.2–6 Therefore,
much attention has been paid to study the stability
and degradation of PANI.
Up to now, discussing the effect of the nature and

size of cations on PANI films is very significant for
the preparation of PANI with good properties and
extensive applications and many papers about simple
inorganic cations have been reported. Min et al.7 syn-
thesized PANI with high molecular weight by the
technique of adding inorganic salts. Boroleet et al.8

prepared PANI films doped by several inorganic salts
with various sizes of cations (Kþ, Naþ, Liþ, Mg2þ)
and found that the conductivity of the films was in-
creased. He et al.9 found that alkaline metal cations
obviously accelerated the growth rate of PANI films
in the following order: Kþ > Naþ > Liþ > Hþ by
employing ellipsometry and electrochemical methods.
Giovani et al.10 also prepared PANI films in aniline
solution containing different alkaline metal cations
and found that the variation of the scan rate for only
the first cycle affected the morphology, and therefore
the electrical properties of PANI films grown poten-
tiodynamically. However, only scarce information
was available in the effect of quaternary cations on
properties of PANI. The present work showed that
quaternary cations hindered the degradation of the

films, and the trends increased with the augment of
the cations.
In this paper we discussed the polymerization of

aniline in H2SO4 solution containing different quater-
nary cations (Me4N

þ, Et4N
þ, Bu4N

þ) and the effect
of cations on the degradation of PANI films in H2SO4

in detail by UV–vis absorption spectra and cyclic vol-
tammetry.

EXPERIMENTAL

All chemicals (aniline, H2SO4, Me4NBr, Et4NBr,
Bu4NBr) were of AR grade and used without further
purification. Doubly distilled water was employed to
prepare all solutions. The electrochemical synthesis
and characterization of PANI were carried out at room
temperature in a standard three-electrode cell. The cell
consisted of a platinum (Pt) wire (ca. 5mm length and
0.5mm diameter) or glassy carbon (GC) (ca. 3.0mm
diameter) working electrode, a platinum wire counter
electrode and a saturated calomel (SCE) reference
electrode. All potentials given were referred to the
SCE. Prior to each experiment, the Pt wire was care-
fully rinsed in distilled water and 5min immersion in
concentrated HNO3 before it was finally dried on
clean laboratory tissues.
The films were electropolymerized in a solution

containing 0.1mol/L aniline, 1mol/L H2SO4 as elec-
trolyte and 0.1mol/L quaternary ammonium salts by
potential cycling at 50mV/s between �0:2 and 1.0
V. The experiments on the electrochemical degrada-
tion of PANI films were performed by holding the
films in 1mol/L H2SO4 under the same potential
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range and scan rate for 30 cycles. An automated
LK98B II electrochemical measurement system pro-
vided the necessary potential and current control.
The optical absorption was carried out by UV–vis
spectrophotometer (UV-2401PC). All the spectra were
recorded in the wavelength range of 230–270 nm. The
morphology of PANI deposited on GC was examined
by a scanning electron microscopy (SEM, x-650).

RESULTS AND DISCUSSION

Figure 1 presented cyclic voltammogram during
PANI film growth on a Pt electrode. The film was
formed by cycling at 50mV/s between �0:2 and
1.0V vs. SCE in a solution of 0.1mol/L aniline and
1mol/L H2SO4. The electrochemical polymerization
characteristics of PANI in aqueous solution of H2SO4

as electrolyte in presence of salts were almost the
same compared with pure PANI, but the difference
of the values of peak currents were mainly attributed
to the quaternary cations in the forming electrolyte. It
also reflected the effect of quaternary cations on the
polymerization of aniline, which was more directly
found from the dependence of the current of the first
oxidation peak (IA) and time (t), as shown in Figure 2.
It could be seen that curve a showed the relationship
of IA and t of the polymerization of pure aniline solu-
tion. At the beginning, the polymerization was very
slow, and the change of current was unapparent. After
6min IA increased quickly with time due to the au-
toacceleration effect of the polymerization of aniline.
Curves b, c and d corresponded to the polymerization
of aniline in electrolyte containing quaternary ammo-
nium salts. Primarily the currents changed faintly,
they started to rise slowly until 8min, but none of
them exceeded that of curve a. This probably meant
that quaternary cations hindered the polymerization
of aniline, and the prohibitive degree was Me4N

þ <
Et4N

þ < Bu4N
þ, namely the larger the size of quater-

nary cations, the higher was its prohibitive effect on
the polymerization of aniline, and the smaller was
the peak current IA.
This possible reason was that the electropolymeri-

zation of aniline was initiated by aniline cation-radi-
cal, and three cations were positively charged. Be-
cause of repulsion each other with the same nature,
the cations hindered the polymerization of PANI to
a certain extent.11 The radius of the cations increased
with the increase of the number of carbon atoms in
alkyl, which resulted in the increase of the effect of
the cations on the reaction among aniline cation-radi-
cals in the polymerization solution. Namely the poly-
merization of aniline decreased gradually with the
increase of the radius. From SEM images of PANI
films (Figure 3), we could see that the granule on
the surface also became smaller accordingly with
increase the size of the cations, the porosity of PANI
films became smaller, and the films became more
compact, which reflected the effect of cations on the
microtopography and the stability of the films.
Figure 4 could be obtained by holding the PANI

films previously deposited in 1mol/L H2SO4 for 30
cycles. It could be seen that the currents of peaks a
and d descended and middle peaks ascended with
the cycle number increasing, which embodied the deg-
radation course of the PANI film. The oxidation peaks
a and d could be assigned to the leucoemeraldine/
emeraldine and emeraldine/pernigraniline redox tran-
sitions of PANI (eqs 1 and 2), respectively. The mid-
dle peaks b and c were associated with the products of
the PANI degradation, most probably benzoquinone/
hydroquinone (BQ/HQ) and p-aminophenol/p-quino-
neimine (PAP/QI) redox couples (eqs 4–6),12–17 and
these eqs 1–6 could be shown as follows:

Figure 1. Cyclic voltammograms of PANI films in 0.1mol/L

aniline + 1mol/L H2SO4 between �0:2 and 1.0V at a scan rate

of 50mV s�1.

Figure 2. Dependence of IA on t during the electropolymeri-

zation of solution containing (a) 0.1mol/L aniline + 1mol/L

H2SO4; (b) 0.1mol/L aniline + 1mol/L H2SO4 + 0.1mol/L

Me4NBr; (c) 0.1mol/L aniline + 1mol/L H2SO4 + 0.1mol/L

Et4NBr; (d) 0.1mol/L aniline + 1mol/L H2SO4 + 0.1mol/L

Bu4NBr.
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The relationships between the first oxidation peak
currents (Ia) and scan rate (v) were shown in Figure 5.
All the four curves displayed good linear relation-
ships, which demonstrated that four films had the
same reactive process of electrode. So it could be con-
cluded that the electron transfer reactions of the films
were probably the rate-determining steps. We also ob-
served that the height of the Ia–v curve slopes was dis-
criminative in the following order: base > Me4N

þ >
Et4N

þ > Bu4N
þ, although their reactive process were

similar. As we know, the results clearly reflected the
effect of cations on the oxidation velocity of the films.
Preparing four PANI films with various cations and

the same electric quantity (114mC) by the different of
the number of cycles and cycling the films in 1mol/L
H2SO4 solution for 30 cycles, we analyzed the degra-
dation solutions and thought that BQ was the major
soluble degradation product of PANI film in H2SO4,
which was also reported in the literature.18–21 Utilizing
the generative rate of the product QI and the absorp-
tion spectra of BQ in the degradation solution to
measure the extent of the films degradation in H2SO4,
the results were shown in Figures 6 and 7. In Figure 6,
the peak current of the third anodic wave (peak c) had
been plotted vs. cycle number at a constant scan rate.
It could be seen that the peak current Ic was the high-
est, when the film was prepared in pure aniline solu-
tion, and the increment was very big with the cycle
number increasing. However, the incremental rate of
Ic started to descend gradually in the presence of salts.
Table I listed the generative rate of the product QI,

Figure 4. Cyclic voltammograms of the PANI films in 1mol/

L H2SO4. The films are prepared in 0.1mol/L aniline + 1mol/L

H2SO4 between �0:2 and 1.0V at a scan rate of 50mV s�1 for 30

cycles.

Figure 5. Relationships between Ia and v during the degrada-

tion of the PANI films. The same quality films were prepared in

solution containing (a–d) as indicated in Figure 2.

Figure 3. SEM images of four PANI films. The polymeriza-

tion condition as indicated in Figure 2.
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which was monitored from the variation of anodic
peak current (Ic) vs. cycle number in H2SO4. It was
clear that the growth rate of product QI in the pres-
ence of salts decreased compared with pure PANI
film. This meant that they generated QI with the order:
base > Me4N

þ > Et4N
þ > Bu4N

þ. Obviously, this
relationship also reflected the degradation degree of
four PANI films.
Figure 7 showed the UV–vis absorption spectra of

BQ in the degradation solution. It was known that
there was a stronger absorption of BQ in the range
of 230–270 nm, and the absorption of BQ reached a
maximum value at 246 nm. The addition of salts had
resulted in a decrease in absorbency values of BQ
(Table II). The order of absorbency was base >
Me4N

þ > Et4N
þ > Bu4N

þ in turn. This also implied
that the content of BQ in the degradation solution was
degressive gently. In other words, the absorption of

degradation solution was in good agreement with the
results in Figure 6, which showed that the degradation
rate of PANI films dropped with the size of the cations
increasing.
From the experiment and eqs 3–6 of the degrada-

tion, we could presume that the restriction mechanism
of the cations was attributed to the prohibitive effect
of it on the polymerization of aniline. In general, there
was certain inside contact between polymerization
and degradation, namely the fast-polymerized rate
was in favor of loose film and accelerated the degra-
dation of the film, which could be confirmed by cyclic
voltammogram, SEM images and UV–vis absorption
spectra. The presence of the cations affected the poly-
merization mechanism and changed the chemical
physics properties of PANI films to a certain extent.
As a result, the porosity of PANI films became small,
and the structure of the films also became more com-
pact, which would be more resistant to polymer deg-
radation and enhance the electrochemical stability of
the films, because it imposed large restriction on the
access of the polymer interior by any solution constit-
uents. On the side, the number of electro-active point
was also one factor that affected the polymerization
rate and the degradation rate of PANI film.

CONCLUSIONS

In this paper we mainly investigated the effect of
quaternary cations on the polymerization rate and
the degradation of the films, when aniline was poly-
merized in electrolyte containing quaternary ammoni-
um salts. The results showed that after adding quater-
nary ammonium salts, both the polymerization of
aniline and the degradation of the films dropped,
and the trends increased with the augment of the cat-
ions, as compared to pure aniline. Meanwhile, the
addition of salts changed the physical structure, and
made PANI films more compact. The prohibitive ac-
tion of the cations had certain significance, for exam-
ple, they could raise the anti-oxidation of PANI so
that it could be even suitable to secondary batteries
and sensors etc.
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