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Abstract With the purpose of determining prospects of
possible applications of interpolymer complexes of polyani-
line (PANI) with poly(amidosulfonic acid)s, we have
performed a comparative study of polyaniline films
prepared by electrochemical polymerization of aniline in
the presence of the polyacids distinguished by different
rigidities of the polymer backbone: (1) poly(2-acrylamido-
2-methyl-1-propanosulfonic acid) (flexible backbone); (2)
poly-p,p′-(2,2′-disulfoacid)-diphenylen-iso-phthalamid
(semi-rigid backbone); (3) poly-p,p′-(2,2′-disulfoacid)-
diphelylen-tere-phthalamid (rigid backbone); and (4) a
copolymer of the latter two acids with monomer feed ratio
1:1 (co-PASA). Spectroelectrochemical studies in the UV–
vis–NIR range showed that PANI complexes with rigid-
chain polyacids far more effectively modulate absorbance
in the Vis–NIR range and can be considered as promising
candidates for “smart windows” development. Due to the
presence of bulky unmovable polyacid anion, PANI
interpolymer complexes (particularly those with the semi-
rigid-chain polyacids) possess much wider pH range of
electroactivity than common PANI, which is of great
importance for biosensor applications. The interpolymer
complexes with flexible-chain and semi-rigid-chain poly-
acids exhibit good optical response to ammonia vapors at
conditions of high humidity, which make them promising
materials for the development of ammonia optical sensors.
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Introduction

Main advantages of using sulfonic polyacids for aniline
matrix polymerization are the following: (1) fast polymer-
ization due to the preliminary association of aniline
monomer to the sulfonic groups of the polyacid [1, 2]; (2)
low content of by-products in the final polymer due to
preferential head-to-tail coupling of these associated mono-
mers; (2) improved film forming and mechanical properties
of the resulting polymer and good adherence to different
substrates; (3) possibility to modify the structure of the
polymer with the purpose of changing its optical and
electrical properties; (4) improved morphology and struc-
tural uniformity of the films; and (5) improved resource
characteristics of the films in various applications.

Recently, numerous papers were published devoted to
investigations of electrochromic phenomena in polyaniline
[3–6], ammonia sensing properties [7–10], and develop-
ment of potentiometric and amperometric biosensors [11–
13] on the basis of this conducting polymer. Among the
most important characteristics of polyaniline, as long as the
sensor and biosensor applications are concerned, is pH
dependence of electroactivity. In this respect, polyaniline
films doped with polymeric and low molecular sulfonic
acids possess unique properties, allowing one to expand
their application areas.

In this work, we present a comparative study of
operation characteristics in the above mentioned applica-
tions of polyaniline films prepared by electrochemical
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polymerization of aniline in the presence of the following four
poly(amidosulfonic acid)s: (1) poly(2-acrylamido-2-methyl-
1-propanosulfonic acid) (PAMPSA, flexible backbone); (2)
poly-p,p′-(2,2′-disulfoacid)-diphenylen-iso-phthalamid (i-
PASA, semi-rigid backbone); (3) poly-p,p′-(2,2′-disulfoacid)-
diphelylen-tere-phthalamid (t-PASA, rigid backbone); and
(4) a copolymer of the latter two acids with monomer
feed ratio 1:1 (co-PASA). Structures of the monomer
units of the studied polyacids are presented in Fig. 1.
Common PANI films electrochemically deposited in
the presence of inorganic acid (HCl) were used for a
comparison.

Recently [14], we have investigated peculiarities of the
electrochemical synthesis of polyaniline in the presence of
PAMPSA, i-PASA, and t-PASA and performed electro-
chemical, spectroelectrochemical, and morphological char-
acterization of the films obtained. It was shown that the
rigidity of polymer matrix backbone plays an important role
in the course of the synthesis and significantly influences
the electronic structure of the resulting interpolymer
complexes. On the basis of comparison of electrochemical
and spectroelectrochemical properties of the obtained
interpolymer films and conventional PANI, it was supposed
that flexible-chain polyacid can adapt its structure to the
rigid conjugated macromolecule of emeraldine form of
PANI, while in the interpolymer complex with rigid-chain
polyacid PANI, in its turn, has to adjust its conformation to
match the structure of polyacid. This results in the
hindrances in forming quinoid fragments of PANI, which
manifest themselves in the distortions of spectroelectro-
chemical properties of PANI in such complexes.

On the basis of experiments published in [14, 15], we
have made suppositions concerning the structures of inter-
polymer complexes of PANI with flexible-chain, semi-rigid-
chain, and rigid-chain polyacids. In full conformity with [16]
for the complexes of PANI with flexible-chain polyacids

(PAMPSA), we propose a double-strand structure. For other
objects discussed in this paper, our quantum chemical
calculations (semi-empirical PM3-method) showed that
semi-rigid-chain i-PASA has a slightly bent backbone.
Therefore, it can somehow adapt its structure to the structure
of polyaniline. In contrast to this, t-PASA is absolutely
straight and rigid. Therefore, the distance between sulfonic
groups is much longer in this case. Comparing the distances
between the sulfonic groups with the typical distances
between amine moieties in PANI (also obtained from the
results of molecular modeling), we may suppose that a
shorter distance between sulfonic groups allows i-PASA to
form with polyaniline both double-strand and brush-type
interpolymer complexes, as shown in Fig. 2.

On the contrary, t-PASA seems to be capable of forming
only brush-type complexes. Therefore, in this case, stan-
dard polyaniline fragments are attached as side chains to the
polyacid macromolecules. We believe that a mixed struc-
ture similar to that observed in the case of semi-rigid-chain
i-PASA can be applied for the interpolymer complex of
PANI with the co-polymer, co-PASA, because conforma-
tion of this polyacid in solution is close to i-PASA [17].

Judging from the differences in the structure, one can
reasonably expect that these interpolymer complexes may
possess significantly different functional characteristics in
the above discussed possible applications. In this work, our
goal was rather to screen briefly the operation character-
istics of these promising, in our opinion, materials than to
reveal the mechanisms responsible for the observed differ-
ences in their behavior.

Experimental

Potentiostatic electrochemical deposition of the films of
interpolymer complexes of PANI with PAMPSA (commer-
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cial by Aldrich, MW approx. 2,000,000), i-PASA, and t-
PASA (synthesized in laboratory, MW approx. 40,000) was
carried out according to the procedure described previously
in [14]. The synthesis in the presence of co-PASA
(synthesized in laboratory, MW approx. 40,000) is similar,
for the most part, to that in t-PASA, but while calculating
concentrations for the electrodeposition bath, we took into
account that the copolymer is a quadruple-base acid as
distinct from the double-base t-PASA. Conventional PANI–
HCl films used for comparison were deposited potentios-
tatically from an aqueous solution of 0.1 M freshly distilled
aniline in 1 M HCl. All the reagents were of analytical
grade or higher, and deionated water was used as a solvent.
The electrochemical synthesis of polyaniline was performed
in a specially designed three-electrode spectroelectrochem-
ical cell at the potential of 0.75 V relative to a saturated
silver–silver chloride electrode (s.s.c.e.). All the values of
potential in this paper are presented relative to this
electrode. The PANI films were deposited onto glass
substrates covered with a transparent conducting FTO layer
(SnO2:F) with the sheet resistance approx. 7 Ω/square. A
platinum sheet located outside of the light path served as a
counter electrode. The electrochemical parameters were
controlled and measured by a computer-driven combination
of HA-501G potentiostat/galvanostat (Hokuto Denko Ltd.)
and a digital storage oscilloscope Nicolet 2090 (Nicolet
Inc.). To ensure reproducibility of the film thickness, the
course of the synthesis was also monitored by UV–vis in
situ optical spectroscopy using an AvaSpec 2048 diode
array spectrophotometer (Avantes BV) equipped with
flexible light guides attached to the variable-length cuvette
holder for the aforementioned spectroelectrochemical cell.
According to interferometric data (MII-4 by LOMO with
CCD video camera), thicknesses of the films (if measured
ex situ in dry conditions) used in pH-dependent electro-
activity studies and ammonia sensing experiments ranged
within 50–60 nm and those of the films tested in the
electrochromic experiments within 80–90 nm. The films
were characterized by cyclic voltammetry (CV) in a 1 M
HCl using the same electrochemical equipment.

Comparative studies of electrochromic properties of the
films in the UV–vis–NIR range (350–1,700 nm) were
carried out using a Shimadzu UV-3101PC spectrophotom-
eter in the same spectroelectrochemical cell filled with a
propylene carbonate (PC) solution containing 0.1 M HClO4

and 0.9 M NaClO4. The spectroelectrochemical cell with
the SnO2-glass substrate and the electrolyte inside was used
as a background, which was arithmetically subtracted from
the experimental spectra. The use of non-aqueous electro-
lyte in this experiment was dictated by intensive absorption
of water in the NIR range of spectra, which makes it
practically impossible to subtract the background. Never-
theless, even while using PC as a solvent, the recording
range in our case is limited by 1,700 nm due to high
absorption of PC in the longer wavelength area and rather
long light path of the spectroelectrochemical cell (7 cm).
The above described electrochemical equipment was used
for controlling the potential.

CV experiments at different pH values were performed
using the same electrochemical equipment and the cell in an
aqueous solution of initially 1 M HClO4 neutralized step-
by-step by 30% aqueous ammonia to achieve desired pH.
The pH values were measured using an OP-208/1 digital
pH-meter (Radelkis). Perchlorate anion was chosen due to
the following reason. Earlier, it was shown [18–20] that
perchlorate anion practically does not participate in the
charge compensation process because of the low diffusion
coefficient. In this case, charge compensation after positive
charging of the polymer during its electrochemical oxida-
tion is achieved mainly by expulsion of protons instead of
entering of the anions into the film. Therefore, in this
respect, perchlorate anion is similar to unmovable polyacid
dopant. This is particularly important while comparing the
electrochemical response of common PANI with that of the
interpolymer complexes. The films were sequentially tested
in solutions with gradually increasing pH. For conditioning
of the films in each of the solutions, the first six cycles were
not taken into account. After cycling at the highest pH 5
used in this study, the films were returned into the bath with
the lowest pH 0.5 in order to try to reproduce initial CVs.

polymeric sulfoacid polyaniline

double-strand-type 

brush-type

a bFig. 2 Proposed structures of
the interpolymer complexes of
PANI: with semi-rigid-backbone
i-PASA (a), and with rigid-
backbone t-PASA (b)
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Testing of ammonia sensing properties of the films was
carried out in the same spectroelectrochemical cell contain-
ing a small amount of heavily diluted aqueous ammonia
solution on the bottom. In these conditions in the closed
cell, an equilibrium mixture of aqueous ammonia vapors
and the air is formed above the solution. The values of
partial pressure of ammonia in the cell were calculated by
means of extrapolation to the near-zero range of the
dependence built on the base of handbook tabular data
[21] on ammonia partial pressure above the solutions of
different concentrations. Thus, for the solution concentra-
tions of 0.25%, 0.05%, and 0.01%, the partial pressures of
ammonia above the solution were 2.4, 1.6 (∼2,100 ppm),
and 1.4 mmHg (∼1,850 ppm), correspondingly. Since our
goal was rather to compare the operation of different
interpolymer complexes in this application than to achieve
“record” sensitivities in ammonia sensing, such accuracy in
the determination of ammonia partial pressure is quite
enough. Samples of the films electrodeposited on FTO
substrates were fixed inside the closed spectroelectrochem-
ical cell, and their optical response to the ammonia vapors
vs. time was registered in the UV–visible spectral area
(350–1,050 nm) using the same AvaSpec 2048 spectropho-
tometer. Spectrum recording time was as low as 500 ms to
ensure proper registration of rapid color transitions.
Regeneration of the films after a single exposition to
ammonia vapors was carried out by immersing them into
1 M aqueous HCl for 10 min. Following the regeneration,
the films of interpolymer complexes were thoroughly rinsed
with deionated water and then dried on air. Thanks to bulky
unmovable acidic dopants, they successfully endured such
a treatment without noticeable deprotonation in contrast to
common PANI films, which were simply dried on air after
the regeneration.

Results and discussion

The results of electrochemical characterization of the films
by cyclic voltammetry presented in Fig. 3 show that PAn-
PAMPSA films demonstrate behavior similar to the film
prepared in hydrochloric acid. At the same time, in the case
of polyacids with more rigid backbone, the second peak of
current is much lower. Therefore, we may suppose that the
formation of quinoid structures is sterically hindered in this
case in full conformity with our suppositions about
different conformational adaptabilities of the polyacids with
different rigidities of the polymer backbone.

The results of CV experiments are summarized in
Table 1. Comparison of the half-wave potential values
(E1/2

1) shows that this value for the rigid-chain t-PASA is
much closer to common polyaniline than for other
polyacids. This is another evidence in favor of the brush-
type structure of the complex in this case. Close values of
the half-wave potential of the complexes with i-PASA and
co-PASA support our supposition about the similarity of
their structure. Higher values of the peak-to-peak width
(ΔE1) for the interpolymer complexes most possibly are
due to their lower conductivity because of the high volume
portion of non-conductive unmovable polyacid.

First of all, we have tested the interpolymer complexes
for their capability of modulating absorbance in the near-
infrared (NIR) spectral area. It is well known that about
47% of energy in the solar radiation spectrum falls on the
NIR range [22, 23]. Therefore, it would be advantageous
during the summer months to decrease the total amount of
solar energy entering a building and increase the total
amount of solar energy entering a building during the
winter months. This would provide a substantial energy
savings for interior space heating and air conditioning.
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Earlier [24], spectroelectrochemical studies were carried
out for ordinary PANI in aqueous medium in the range of
800–2,000 nm. However, the electrochromic response of
the film was quite low. In another publication [25], similar
studies in the range between 1,200 and 3,000 nm were
carried out in different aqueous acidic solutions. However,
significant response in the NIR range observed in this paper
cannot be compared with the response in visible area
because there is no information about the films’ thickness.
Figure 3 shows the results of spectroelectrochemical
experiments in non-aqueous medium for common PANI
and the interpolymer complex of PANI, with t-PASA being
the most rigid one among the polyacids studied. First of all,

Table 1 Results of electrochemical characterization of the films

Potential (V)

Ea
1 Ec

1 E1/2
1 ΔE1 Ea

2 Ec
2

HCl 0.268 0.026 0.147 0.242 0.882 0.694

PAMPSA 0.330 0.034 0.182 0.296 0.881 0.682

t-PASA 0.314 0.024 0.169 0.290 0.831 0.653

i-PASA 0.338 0.049 0.194 0.289 0.818 0.647

co-PASA 0.341 0.042 0.192 0.299 0.821 0.631

Lower index “a” denotes anodic peak, “c” cathodic peak, and “1/2”
half-wave potential. Upper index “1” indicates the first oxidation stage
and index “2” the second one
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it should be noted that SnO2-glass substrates used in this
study are transparent enough in the NIR range up to
2300 nm. The noise in the region near 1,400 nm is due to
an intense single absorption band of PC in this area. At the
same time, PC optical absorption in the range of 1,450–
1,700 nm is rather low, and the results obtained there are
quite reliable. We should emphasize that the results
presented here comprise only comparative spectroelectro-
chemical investigation of the electrochromic response in the
NIR range in the model solution, while in a real electro-
chromic window, the electrolyte layer can be quite thin
(several hundreds of microns), thus making no significant
contribution to the total absorbance of the system in this
spectral area.

It is obvious from Fig. 4 that more intense modulation of
the NIR absorption is achieved by the film prepared in the
rigid-chain polyacid. Moreover, ordinary PANI film
exhibited even a drop in the NIR absorbance at the
potentials above 0.6 V.

It is important that in the case of PANI-t-PASA film,
we observe a synchronous change of the visible and NIR
absorption (as distinct from PEDOT [26] for which the
increase of absorption in the NIR range is accompanied by
the decrease in the visible area). The evolution of spectra
with potential for PANI complexes with i-PASA and co-
PASA is similar to PANI–t-PASA complex except for
lower contribution of the NIR absorption and higher
contribution of localized polarons absorptions in the
former two cases. The evolution of spectra for PANI–
PAMPSA complex is similar to PANI–HCl film except for
a slightly higher absorption in the NIR range in the former
case.

To estimate the efficiency of NIR absorbance modulation
for different films, we have used the values normalized to
the absorbance of localized polarons (750 nm) [27] for each
of them. Figure 5 presents the changes of normalized
absorbance for standard polyaniline and the interpolymer
complexes of PANI with flexible-chain and rigid-chain
polyacids. As you can see, the most intense changes occur
in the range of potentials 0.3–0.6 V. This is the evidence
that the NIR-absorbing species probably have a radical
cation nature.

The results for all the films studied in this paper are
summarized in Table 2. The complexes with more rigid-
chain polymeric acids (co-PASA and t-PASA) provide more
intense modulation of absorbance in the NIR range.

Therefore, these materials may be considered as prom-
ising candidates for use in “smart windows” for thermal
radiation flow control in architectural glazing.

For some, for example biological applications, it is
important that the film remains electroactive at high pH of
the medium. Figure 6 presents the results of cyclic
voltammetry in NH4ClO4 solutions with different pH in

the range of potentials, corresponding to the first oxidation
stage.

Common polyaniline film exhibits “normal” cathodic
shift [28] of the peak position only within the pH range
0.5–2. Moreover, after cycling at pH 5, where this film still
exhibited some CV peaks, the film being transferred back
into the 1 M acid solution (pH 0.5) completely lost its
electroactivity. Similar phenomena were observed for
ordinary PANI earlier in [19, 29]. However, in [29], the
loss of electroactivity was not completely irreversible as in
our case, possibly due to higher film thickness.

On the contrary, the interpolymer complex of polyaniline
with, for example, co-PASA (Fig. 6b) exhibits “normal”
cathodic shift of the peak position within the pH range 0.5–
5. Probably, bulky unmovable acidic dopant adjusts the
concentration of protons inside and in the vicinity of the
film and serves as a “buffer” [30]. A similar widening of
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Fig. 5 Changes of normalized (to the absorbance of localized
polarons 750 nm) absorbance at 1,250 and 1,550 nm depending on
the potential for the films of ordinary PANI and different interpolymer
complexes

Table 2 Maximum values of normalized (to the absorbance of
localized polarons 750 nm) absorbance (Amax) and dynamical ranges
of absorbance modulation (ΔA) in the NIR range for the films of
different interpolymer complexes

1,250nm 1,550nm

ΔA Amax ΔA Amax

PANI-HCl 26.1 26.8 21.8 22.5

PANI-PAMPSA 64.3 85.8 57.8 82.9

PANI-i-PASA 84.4 108.8 77.4 113.4

PANI-co-PASA 99.8 121.1 92.6 119.9

PANI-t-PASA 94.3 126.6 88.4 131.4
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the electroactivity range, but only up to pH 3, was observed
in [19] for ordinary PANI in the electrolytes containing low
molecular sulfonic acids. Therefore, the nature of the acidic
group seems to play an important role in this case. It is
interesting that after cycling at pH 5, when returned into the
initial solution of pH 0.5, the interpolymer complex still
retains electroactivity, although with a lesser redox charge.
This fact deserves a special investigation, which will be the
subject of our future work. In [31], reversible electrochem-
ical behavior up to pH 4 was demonstrated for PANI films
prepared in the presence of poly(styrene sulfonic acid),
which also has flexible backbone.

Table 3 summarizes the results of cyclic voltammetry at
high pH. It is seen that if we take as a criterion cathodic
(negative) shift (ΔE1/2) of the half-wave potential (E1/2)
depending on pH, PANI–co-PASA interpolymer complexes
have the widest pH range of electroactivity, followed by
PANI–i-PASA, which also possesses close value of the

half-wave potential in HCl (Table 1). Most possibly, this
due to the mixed structure of the interpolymer complex in
this case. PANI–HCl films exhibited the worst results,
followed by PANI–t-PASA and PANI–PAMPSA, which, in
accordance with the above discussion on the structure of
interpolymer complexes and the results of electrochemical
characterization in HCl, resemble common PANI most of
all. Another interesting observation is the fact that when the
films were returned again into 1 M HClO4 (pH 0.5) after
cycling at pH 5, PANI–co-PASA and PANI–i-PASA
exhibited the smallest anodic shift of the half-wave
potential among the films tested, indicating that they
suffered the least damage.

At the same time, paper [32] reports that the range of
electrochemical activity for the films prepared from
chemically synthesized PANI–PAMPSA extends up to pH
9, which is much higher than for the electrodeposited
PANI–PAMPSA films in our case. This may be due to the
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Fig. 6 Dependence of electroactivity in the range of potentials of the first oxidation stage on pH of aqueous solutions of 1 M (HClO4 +
NH4ClO4) for different PANI films on SnO2 electrode: common PANI–HCl (a) and interpolymer complex PANI–co-PASA (b)

E1/2 (V)

pH 0.5 1.02 2.04 3.03 4.04 5.04 0.5

PANI–HCl

ΔE1/2

0.115 0.094 0.071 0.078 0.079 0.088 –

−0.021 −0.023 0.007 0.001 0.009 –

PANI–PAMPSA

ΔE1/2

0.165 0.159 0.079 0.038 0.027 0.065 0.212

−0.007 −0.080 −0.042 −0.011 0.038 0.047

PANI–t-PASA

ΔE1/2

0.171 0.143 0.078 0.023 0.032 0.028 0.226

−0.029 −0.065 −0.056 0.009 −0.004 0.055

PANI–i-PASA

ΔE1/2

0.202 0.164 0.108 0.069 0.006 −0.005 0.244

−0.038 −0.056 −0.039 −0.063 −0.011 0.042

PANI−co-PASA
ΔE1/2

0.199 0.156 0.091 0.040 0.012 −0.012 0.236

−0.043 −0.065 −0.051 −0.028 −0.024 0.039

Table 3 Values of the half-
wave potential (E1/2) deter-
mined from CV experiments at
different pH and shifts of the
half-wave potential (ΔE1/2) at
every pH step for common
PANI and PANI interpolymer
complexes studied

Values in italics indicate abnor-
mal (positive or zero) shift of E1/

2 with the increase of pH
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higher PANI/PAMPSA ratio in the chemically prepared
interpolymer complexes where this ratio is determined only
by the composition of initial solution, while in the electro-
deposited films, this ratio may depend on many other
parameters and may differ from the electrochemical bath
composition. However, it should be noted that the shape of
CVs at different pH presented in [32] look rather strange,
and no attempts were made to reproduce initial CV of the
film after cycling it at high pH. In any case, according to
our own experience, the electrodeposited PANI–PAMPSA
films possess much better adhesion to, for example, FTO
glass substrates than the solution-cast analogs, which is also
true for other interpolymer complexes studied in our paper.

Also, the films of interpolymer complexes were tested
for ammonia sensing by using their optical response.
Optical response sensor has one serious advantage before
the electrical response sensor: Its operation is practically
independent of the humidity [8].

The main drawback of common polyaniline film, which
contains hydrochloric acid, is the formation after exposition to
ammonia vapors of solid ammonium chloride, which increases
scattering in the film and reduces the accuracy. To eliminate a
scattering influence of solid ammonium chloride or aqueous
vapors, which sometimes formed dew on the samples during
the exposition, for each of the films, the values of optical
absorbance were normalized to the absorption at the red edge
of spectrum recording range (1,050 nm) taken as 50%. The
influence of scattering, which usually increases with the
decrease of the wavelength of light, is clearly seen for
PANI–HCl film in the higher energy part of Fig. 7a. On the
contrary, the films of interplymer complexes, which can be
completely washed off the hydrochloric acid without any
significant deprotonation, exhibit much more clear response
(Fig. 7b).

In Fig. 8, optical response curves (at 650 nm) are
presented for the films of ordinary polyaniline and the
interpolymer complex with i-PASA. Initial absorbance of the
film before the exposition was taken as zero. It is clear that
the interpolymer complex PANI–i-PASA outperforms ordi-
nary polyaniline in this application concerning the amplitude
of response, demonstrating comparable response rate.
Unfortunately, at the moment, we cannot give adequate
explanation for the decrease in the response curves at long
exposition times.

The values of optical response time (Δt) and amplitude
(ΔA) were determined at the end of a “rapid” stage of
response (as shown in Fig. 8), after which a slower relaxation
stage begins. Although PANI–HCl films exhibited fastest
response in this experiment, the response amplitude is
comparable with experimental error. If we analyze the
operation characteristics thus calculated for different inter-
polymer complexes in this application (Table 4), we can
notice that the complexes with flexible and semi-flexible
polyacids exhibit the best results. Surprisingly, PANI–i-
PASA complexes were a leader in this application also,
similarly to the previous CV tests at high pH.

If we are going to compare our results with those
published in the literature, we should take into account
several important points. First of all, this is humidity of the
atmosphere. In [33], films of ordinary HCl-doped chemi-
cally synthesized PANI were used for sensing NH3 content
in NH3/N2 mixture and demonstrated fast (up to 15 s) linear
optical response in the range of ammonia concentrations
from 180 to 18,000 ppm. However, the gas mixture used in
this paper seems to contain no water vapors at all. In our
case, the fast response observed for ordinary electro-
deposited PANI film is in rather good agreement with this
paper, but the above discussed scattering in the presence of
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Fig. 7 Evolution of normalized absorption spectra for the films of ordinary PANI–HCl (a) and interpolymer complex PANI–PAMPSA (b) during
exposition to aqueous ammonia vapors with ammonia partial pressure of 1.4 mmHg (∼1,850 ppm)
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water vapors significantly limits the applicability of
ordinary PANI in humid atmosphere. Similar results in
similar dry NH3/N2 atmosphere were obtained for PANI–
PMMA (polymethylmethacrylate) composite in [8] in the
range of concentrations of 10 to 4,000 ppm. But the
response time was much longer in this case (1 min and
more), which is due to the presence of inert PMMA in the
composite. In this respect, our interpolymer complexes
resemble the PANI–PMMA composite: The polyacids are
inert to the influence of ammonia, while the presence of
unmovable sulfonic groups may even interfere with the
detection. Nevertheless, some of our films for 1,850 ppm
concentration demonstrated faster response (42 s). PANI
doped with camphorsulfonic acid (CSA) is a closer analog
to our interpolymer complexes due to the presence of
sulfonic groups. In [8], PANI–CSA films were tested for
their NIR optical response to ammonia at conditions of
controlled (30–70% RH) humidity of the gas mixture.
However, the response times reported in this paper for
400 ppm concentration of ammonia are rather long—up to
5 min.

Therefore, the optical response characteristics demon-
strated by the interpolymer complexes of PANI with

flexible and semi-flexible polyacids studied in this paper
are quite comparable with those reported earlier notwith-
standing that we made no special attempts to optimize their
operation.

Conclusions

Thus, in this paper, we have analyzed some possible
applications of the films prepared from interpolymer
complexes of PANI with poly(amidosulfonic acids) distin-
guished by different rigidities of the polyacid matrix and
different distance between the sulfonic groups. We have
compared the operation characteristics of such interpolymer
complexes in electrochromic devices modulating absorption
in the near-infrared region in ammonia optical sensor as
well as tested their electroactivity at higher pH values in
view of biosensing applications.

Thanks to intensive potential-controlled absorption in
the near-infrared spectral range, PANI interpolymer com-
plexes with rigid-chain polyacids can be considered as
promising candidates for “smart” windows for thermal
radiation control.
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Fig. 8 Optical response at 650 nm of the films of PANI–HCl (a) and interpolymer complex PANI–i-PASA (b) after exposition to aqueous
ammonia vapors at different ammonia partial pressure

PANI acid 1.6mmHg (∼2,100ppm) 1.4mmHg (∼1,850ppm)

Δt (s) ΔA (%) Δt (s) ΔA (%)

PANI–HCl 18 21.8 18 7.8

PANI–t-PASA 38 15.4 87 15.3

PANI–co-PASA 34 19.0 106 20.3

PANI–PAMPSA 10 19.8 42 22.2

PANI–i-PASA 24 42.9 62 30.2

Table 4 Optical response times
(Δt) and normalized amplitudes
(ΔA) for the films of different
interpolymer complexes after
exposition to aqueous ammonia
vapors with different ammonia
partial pressure
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Due to the presence of bulky unmovable polyacid anion,
which can serve as a buffer of protons, the interpolymer
complexes of polyaniline with polymeric sulfonic acids
possess much wider pH range of electroactivity than
common PANI. In this application, the complexes with
semi-rigid-chain polyacids and flexible-chain polyacids
exhibited the best results.

The interpolymer complexes of PANI with semi-rigid-
chain polyacids and flexible-chain polyacids can be
considered as promising materials for the development of
optical sensors for ammonia.

At the same time, during this study, we have found many
interesting phenomena, each of them deserving a special
investigation. We purposely did not present here more
detailed studies on these phenomena because the volume of
a single paper is not at all enough for careful investigation
of the mechanisms leading to the described differences in
behavior of the interpolymer complexes of polyaniline.
This will be the subjects of our several future papers.
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