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ABSTRACT: We report the successful measurement of
the specific surface area of chemically synthesized and
treated polyaniline (PANI) and its composite PANI/silica
(Si0;). PANI was synthesized chemically from an aque-
ous solution of aniline and hydrochloric acid (HCI) in the
presence of an oxidant, ammonium peroxydisulfate
[(NH4)2S,05]. In the synthesis of PANI/SiO,, SiO, was
incorporated from its colloidal solution contained in the so-
lution for the polymerization of PANI. PANI and PANI/
Si0, thus synthesized were pretreated with double-distilled
water (pH = 6.95), aqueous HCl (pH = 1.09), and aqueous
ammonia (pH = 10.15) solutions to control their pH levels.
Surface morphologies of the treated PANI and PANI/SiO,
matrices were investigated with scanning electron micro-

scopy. The successful incorporation of SiO, into the PANI/
SiO, composite was conflrmed by the characteristic infrared
absorption band at 1096 cm ™~ '. The adsorption of methylene
blue, which was found to follow the Langmuir isotherm,
onto the prepared materials was probed to estimate the real
surface area. The base-treated PANI matrix showed a
higher surface area than the acidic and neutral ones. The
incorporation of SiO, into the PANI matrix yielded a larger
surface area. However, the treated PANI/SiO, showed the
same trend as the treated PANI matrices. © 2008 Wiley Peri-
odicals, Inc. ] Appl Polym Sci 109: 1764-1771, 2008
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INTRODUCTION

Over the past decades, a great deal of information
has been published about conducting polymers." Sci-
entific interest in polyaniline (PANI) originates from
the fact that this conjugated polymer is unique
among conducting polymers. Its electrical properties
are reversibly controlled both by changes in the oxi-
dation state of the main chain and by protonation of
the imine nitrogen atoms.” Its excellent environmen-
tal and thermal stability and low cost make PANI an
attractive material for applications in several areas
such as rechargeable batteries, light-emitting diodes,
antistatic packaging and coatings, photonics, and
chemical and biochemical sensors.”™®

Meanwhile, the synthesis and characterization of
various polymer/inorganic oxide composite materi-
als have also been reported in the literature.”'" Of
these, a composite made of PANI and silica (SiO5) is
worth mentioning. This composite can be success-
fully obtained by the surface-induced polymerization
of aniline in the presence of colloidal SiO, in an
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acidic medium. It is thought that the presence of
SiO, in the polymeric component could develop a
useful surface property (e.g., luminescence, effective
surface area, or surface hardness) for the matrix. !>

Among the many studies concerning conduct-
ing polymers and their composites, only a few
reports''>!7 are available that deal with the surface
phenomena of these materials. In our previous
work,'® organic dyes were successfully removed by
PANI matrices that were prepared at different proto-
nation levels. The adsorption capacity of different
matrices for dyes was found to differ, and this indi-
cated dissimilar effective surface areas. This result
made us interested in examining the surface area of
these matrices.

It is known that the protonation level, that is, dop-
ing, can be used to progressively transform the mor-
phology of PANL' and this protonation plays an
important role in its final properties and may have a
large impact on the possible applications. For some
conjugated polymers, doping occurs via oxidation-
reduction reactions. For PANI, protonation is usually
carried out by the exposure of the polymer to acidic
substances. PANI can present multiple oxidation
states and different degrees of protonation.'” The
interconversion of different oxidation states of PANI
is summarized in Scheme 1. As can be seen in
Scheme 1, there are three stable insulating forms of
PANI having three different oxidation states: fully
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Scheme 1 Interconversion of different forms of PANI depending on the variation of the pH of the solution.

reduced leucoemeraldine base, partially oxidized
emeraldine base, and fully oxidized pernigraniline.
Each oxidation state can exist in the protonated form
after treatment with an acid.

In this work, PANI and PANI/SiO, were prepared
chemically and pretreated with solutions of different
pHs. An attempt was made to investigate the varia-
tion in the specific surface areas of PANI and
PANI/SiO, matrices. The measurement of the spe-
cific surface area involved an adsorption process
using dye methylene blue (MB) as an adsorbate.
Meanwhile, the adsorption capacities of some dye-
stuff on clay materials have already been examined
by other workers.”® However, in this study, the
adsorption of MB was performed onto polymeric
matrices. MB, which is cationic in nature, was cho-
sen in this study because of its known strong
adsorption behavior onto different materials as well
as PANI matrices with a monolayer Langmuir-type
isotherm.'®*! The surface morphologies of the matri-
ces were characterized with scanning electron mi-
croscopy (SEM) and infrared (IR) spectroscopy.
Adsorption patterns of MB on different substrates
were monitored with ultraviolet-visible (UV-vis)
spectroscopy measurements, and the specific surface
areas of the prepared matrices were determined
with the Langmuir isotherm.

EXPERIMENTAL
Materials

Before use, aniline was distilled twice under a nitro-
gen atmosphere and stored in a bottle. The dye MB
was obtained from Fluka (Poole, England). All other

chemicals used in this work were purchased from E.
Merck (Darmstadt, Germany). All aqueous solutions
were prepared with double-distilled water.

Synthesis and pretreatment of PANI
and PANI/SiO, matrices

On the basis of a previously reported work,” PANI
was prepared by the chemical oxidative polymeriza-
tion of aniline with ammonium peroxydisulfate
[(NH4)25,05] as an oxidant in an aqueous solution of
hydrochloric acid (HCI). In brief, 2.5 mL of aniline,
5.0 mL of concentrated HCI (32%), and 3.0 g of
(NHy4),S,05 were added to water in a beaker, the
total volume of the mixture being maintained at 400
mL. The reaction mixture was turned into a deep
blue polymeric sediment instantaneously. The con-
tent was left overnight for the completion of poly-
merization. The deep blue sediment was then fil-
tered and washed several times. The obtained PANI
was treated separately with aqueous solutions hav-
ing pHs of 1.09, 6.95, and 10.15. The substrates were
then dried initially in air, and this was followed by
vacuum drying. The dried mass was ground and
then sieved with 100-mesh sieves and was stored in
a vacuum desiccator. The PANI matrices, treated
with aqueous solutions of pHs 1.09, 6.95, and 10.15,
are hereafter called acidic PANI, neutral PANI, and
basic PANI, respectively.

The synthetic procedure for the preparation of
PANI/SiO, composites was followed as described in
detail elsewhere.’ In this study, an aqueous colloi-
dal suspension of SiO, was prepared by the addition
of 2.0 g of SiO, powder (mesh size = 100) to water
followed by beating of the mixture for 2 h. The
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resultant dispersion was then allowed to settle for
2 h. During this span of time, bigger SiO, particles
were found to settle at the bottom of the container.
The smaller SiO, particles remained in the superna-
tant water as colloidal particles. The colloidal solu-
tion was then decanted and used for PANI/SiO,
composite preparation. Aniline (2.5 mL), 5.0 mL of
concentrated HCl (32%), and 3.0 g of (NH4)»5,0s
were added to 400 mL of the prepared aqueous
suspension of colloidal SiO,. The polymerization
was allowed to proceed overnight. The reaction mix-
ture was then centrifuged for 30 min, and the result-
ing deep blue sediment was redispersed in water.
The centrifugation-redispersion cycle was repeated
three times to completely remove the free SiO, par-
ticles from the PANI/SiO, composite. The PANI/
5i0, composite was then treated with water (pH =
6.95), an acid (pH = 1.09), and a base (pH = 10.15)
and was dried and sieved as described previously
for the PANI matrix. The obtained matrices are
termed hereafter acidic PANI/SiO,, neutral PANI/
Si0,, and basic PANI/SiO,.

Characterization of PANI and PANI/SiO,

The physical appearances of the synthesized and
pretreated PANI matrices were noted. The surface
morphologies of the PANI matrices thus prepared
were examined with an XL 30 scanning electron
microscope (Philips, Eindhoven, Holland). IR spectral
analysis was performed with an IR spectrophoto-
meter (IR-470, Shimadzu, Tokyo, Japan).

Adsorption of MB and determination of the
specific surface area

The adsorption of cationic MB onto all PANI and
PANI/SiO, composites was studied spectroscopi-
cally by the change in the concentration of the aque-
ous MB solutions with time. UV-vis spectral analysis
of MB was performed with a UV-vis spectrophoto-
meter (UV-1601 PC, Shimadzu). A stock solution of
MB was made separately in double-distilled water
(pH = 6.95), aqueous HCI (pH = 1.09), and aqueous
NH; (pH = 10.15) solutions having concentrations of
2.02 X 107* M each. Intermediate MB solutions of
1X107%,2x 1073 x107° 4 x 107°,5 x 107°,
6 X 107°, and 7 X 107> M were prepared with the
appropriate dilutions. The calibration curves of the
concentration of MB versus the absorbance were
determined for three solutions of pHs 1.09, 6.95, and
10.15, and the molar extinction coefficients were
0.110, 0.100, and 0.105, respectively.

The adsorption isotherm and specific surface area
were determined as follows. Typically, a dried PANI
sample was put in seven reaction vessels (0.133 g
each). Each vessel was charged with a 100-mL MB
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solution of a desired concentration (1 X 107>, 2 X
107°,3X10°° 4 X 10°5x 10> 6 X 10°°, and
7 X 107> M). Immediately after the addition of the
MB solution to the container, it was kept in a shak-
ing device, and mild shaking was allowed. The bot-
tles were taken from the shaker in turn after 15, 30,
60, 90, and 120 min. After the shaking, the solutions
were pipetted out for UV-vis measurements. The ab-
sorbance of the clear solution containing unadsorbed
MB was measured. In each case, the absorbance was
converted to the corresponding concentration of MB
with the calibration curve. This procedure was fol-
lowed for three matrices of acidic PANI, neutral
PANI, and basic PANI and three matrices of acidic
PANI/SiO,, neutral PANI/SiO,, and basic PANI/
5i0, with MB solutions with pH values of 1.09, 6.95,
and 10.15. The values of the concentration of MB
measured at any time subtracted from the initial
concentration of MB were considered the amounts of
MB adsorbed onto the PANI matrices at the corre-
sponding time.

RESULTS AND DISCUSSION
Preparation and doping of PANI

The prepared deep-blue PANI powders had slightly
different colors after the treatment with HCI (blue)
and aqueous NHj; (greenish yellow). Scheme 1
shows that the emeraldine base and leucoemeraldine
base forms of PANI can be converted into emeral-
dine and leucoemeraldine salts, respectively, by a
treatment with an aqueous solution of HCIl. These
two forms can be regenerated by a treatment with
an aqueous solution of ammonia. The base form of
the polymer in the emeraldine oxidation state (y =
0.5) contains equal numbers of alternating reduced
and oxidized repeat units, which can be protonated
by HCI to produce the corresponding salt. Such a
degree of color change of the matrices can be attrib-
uted to the structural change after the treatment.
When aniline was oxidized in the presence of col-
loidal SiO,, a colloidal PANI/SiO, composite was
produced. The sample color faded from blue (acidic
PANI) with the incorporation of white SiO,.
Through the chemical doping process of PANI, it is
possible to systematically vary the electrical conduc-
tivity of this material from the insulating state to the
conducting state. The electrically conductive forms
of the polymeric materials are best described as
p-type doped polymeric charge transfer salts.”> In
this synthesis,'' the precipitating PANI is adsorbed
as an insoluble, thin layer onto SiO, particles. This
outer layer of PANI is nonsolvated and acts as a
binder, effectively gluing the SiO, particles together.
The conjugated polymer supports positive charges
that are delocalized over relatively short segments of
the backbone, for example, over three to four repeat-
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Figure 1 Morphologies of PANI and PANI/SiO, composites by SEM: (a) acidic PANI, (b) neutral PANI, (c) basic PANI,

and (d) acidic PANI/SiO, (magnification, 100X).

ing units for a highly doped polymer. Charge neu-
trality is maintained by a negatively charged coun-
terion, which is usually derived from the electrolyte
anion. This variation in charge on the surface of the
polymer may cause differences in the adsorption
process. Most colloidal SiO, has a negative surface
charge.'”” Because PANI chains are polycations,*
the attractive electrostatic interaction may play a cer-
tain role in the formation of a stable PANI/SiO,
composite.

SEM characterization of the treated PANI and
PANI/SiO, matrices

Typical SEM micrographs of the samples are
depicted in Figure 1, which clearly presents different
morphologies with respect to the distribution, size,
and shape of the particles of the prepared matrices.
The acidic PANI consists of agglomerates stacked
over the surface to make a big deposit [Fig. 1(a)].
When PANI is treated with double-distilled water
(neutral PANI), the aggregates seem to exhibit a
granular morphology [Fig. 1(b)] in which grains
seem to be aggregated into a stonelike body and dis-

tributed nonuniformly over the substrate. The treat-
ment of PANI with a basic solution (basic PANI)
also appears to lead to a granular morphology [Fig.
1(c)], but the grains are collected into a coral-like
body with sharp edges. The surface morphology of
the acidic PANI/SiO, substrate [Fig. 1(d)] looks dif-
ferent from that of acidic PANI [cf. Fig. 1(a,d)] as
well as basic and neutral PANL In this case, pow-
dery and small stonelike, granular particles are
found. These granules may be SiO, particles embed-
ded in the PANI matrix. Modification of the PANI
surfaces has also been reported by various work-
ers'®*? by the variation of the synthesis conditions,
and similar morphological changes have been re-
ported. Thus, this SEM observation clearly suggests
that the PANI surface is modified by the postsynthe-
sis acid and base treatments and by the incorporation
of 5i0,. The presence of SiO, particles in PANI/SiO,
was further evidenced by the IR study (discussed
later). From the observed dissimilar morphological
features of the acidic, basic, and neutral PANI and
PANI/SIiO; studied in this work, it can be expected
that their surface behaviors with respect to adsorption
and the specific surface area will be different.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 2

IR spectral analysis

The IR spectra of PANI and PANI/SiO, presented
characteristic features of the samples. A typical IR
spectrum for PANI/SIO, is shown in Figure 2. The
principal absorptions are 3385 (vw), 3230 (vw), 3090
(vw), 2348 (m), 2180 (vw), 1991 (vw), 1896 (vw), 1761
(vw), 1696 (m), 1558 (vs), 1487 (vs), 1393 (s), 1296 (s),
1096 (vs), 876 (w), 821 (s), 707 (w), 630 (w), and 461
(s) em'. This spectrum is essentially identical to
that of bulk PANI reported elsewhere,””*® except for
the appearance of the peaks at 1096 and 461 cm .
The peak that appears at 1296 cm ™' for the acidic
PANI sample is found for the basic PANL on the
contrary, for the neutral one, the intensity of the
peak is reduced considerably. The absorption at 1296
cm ™' has been reported to be strengthened by the
acid treatment.” Therefore, the observed band can
be attributed to the —NH group appearing in the
skeleton of acidic PANI (Scheme 1). In addition,
when the PANI/SiO, composite is prepared, three
prominent and well-defined peaks appear around
1096 (asymmetric Si—O—Si stretching), 821 (sym-
metric Si—O—Si stretching), and 461 cm™'
(Si—O—Si bending) that clearly confirm the pres-
ence of SiO, particles in the composite. Thus, the
presence of SiO, in the PANI matrix may show dif-
ferent degrees of affinity for the adsorption of MB.

Adsorption study

Figure 3 shows the change in the absorbance of the
spectrum of 6 X 107> M MB (pH = 10.15) with time

Journal of Applied Polymer Science DOI 10.1002/app

IR spectra of (a) acidic PANI, (b) basic PANI, (c) neutral PANI, and (d) acidic PANI/SiOs.

soon after it is charged to the basic PANI matrix.
Figure 3(a) presents the initial absorbance of MB
before adsorption, whereas for the progress of
adsorption at 15, 30, 60, 90, and 120 min, the corre-
sponding absorption spectra are presented in Figure
3(b—f), respectively. As soon as the MB solution was
charged to the adsorbents, a decrease in its absorb-
ance started. The decrease in the absorbance of MB
gradually reached a constant value with the lapse of
time. Similar spectral studies with each concentra-
tion of MB (1 X 107°,2 X 107%,3 X 107°, 4 x 1077,
5% 10°° 6 X 10°° and 7 X 10°° M) gave the equi-
librium time (~ 2 h) at which the portion of MB

{a) 0 min,, (b) 15 min,

(© 30 min, "
06 | (de,1 60,90, 120
5 min.,

respecively

Absorbance (Au)
o

02

5

00 . ;

5 400 600 800
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Figure 3 UV-vis absorption spectra of an MB solution (a)
before adsorption and (b—f) during the course of adsorp-
tion [(b) 15, (c) 30, (d) 60, (e) 90, and (f) 120 min].
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Figure 4 Amount of MB adsorbed onto the treated PANI
matrices versus the time. The initial concentration of MB
before adsorption was 6 X 107> M.

adsorbed became saturated. This may indicate the
saturation of MB onto the PANI matrix. To ensure
complete adsorption onto each matrix, MB was
allowed to be adsorbed onto the matrix for 2 h. The
result shows that MB can be adsorbed efficiently
onto the treated PANI matrices under the experi-
mental conditions employed. The absorbance data
for all the matrices were converted to concentrations
as before with the calibration curve. The concentra-
tion at the saturation point is the equilibrium con-
centration of MB. These equilibrium concentration
data were used to calculate the amount of MB
adsorbed onto the PANI matrices as discussed previ-
ously. Figure 4 presents the amount of MB adsorbed
(mg/g) versus time. Here, an MB solution having an
initial concentration of 6 X 10~> M was used in each
case. In all cases, the progress of MB adsorption was
fast, and PANI was nearly saturated within 60 min.
The adsorption isotherms thus obtained were found
to follow the Langmuir isotherm'® (discussed later).
The extent of adsorption seems to be different for
different matrices. The cationic dye MB showed sig-
nificant adsorption on the base-treated PANI and
PANI/SiO,. The effect of the solution pH provided
the most dramatic evidence for the interaction of the
PANI matrix and MB in the adsorption process.
That the high pH conditions resulted in maximum
attraction between PANI and MB may have been
due to the net negative surface charge acquired by
PANI'® and the positive charge on MB. At a solution
of pH 1.09, the PANI matrix developed a net posi-
tive charge resulting in reduced attractive forces
with the cationic MB followed by a reduced rate of
adsorption of MB onto the PANI matrix. The nega-
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tive surface charge of SiO, likely enhanced the
attraction between PANI/SiO, and MB, and this
might have influenced the adsorption behavior.

Similarly, curves of the amount of MB versus time
were determined for all PANI matrices with seven
different MB solutions (1 X 107°, 2 X 107> 3 X
107°,4 X 107°, 5% 10° 6 X 10°°, and 7 X 10°°
M). From that, the amount of MB adsorbed onto
each matrix at the equilibrium time [x/m (mg/g)]
was calculated. Finally, the plot of x/m versus the
equilibrium concentration gave the monolayer
capacity, which was obtained from the plateau
region of each curve. The results are shown in
Figure 5.

Determination of the specific surface
area of the substrates

The specific surface areas of the various PANI sub-
strates studied were determined with the monolayer
capacity, which was obtained from the plateau of
each curve of Figure 5. The equation used for the
calculation is as follows™:

S = (x,,/M) X N X A, X 1072 (1)

where y,, is the monolayer capacity (g/g), M is the
molecular mass of MB (355.89 g/mol), N is Avoga-
dro’s constant (6.023 X 10*> mol '), A,, is the cross-
sectional area of MB (130 Az),sl and S is the specific
surface area (m?/ g).

With the relation shown in eq. (1), the areas of all
PANI and PANI/SiO, matrices were estimated from
the monolayer capacity, and the obtained results are
tabulated in Table I. The surface area measurements
showed higher areas for basic PANT (29 m?/g) than
for acidic (15 m*/g) and neutral PANI (11 m*/g)
substrates. On the other hand, the PANI/SiO, matrix
showed rather more surface area (basic PANI/SiO,,
33 m?/ g; acidic PANI/SiO,, 21 m2/ g; and neutral

Ao unt adsorbed (mg |:_I)

=T T T T T T
- = 3 " 5

g . PP
Equilibrium concentration (M 1077)

Figure 5 Amount of MB adsorbed onto the treated PANI
matrices versus the equilibrium concentration.
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TABLE I
Comparison of the Specific Surface Areas of PANI and PANI/SiO, Matrices
Monolayer Specific Adsorption
capacity surface coefficient
Substrate (X10° g/¢g) area (m*/g)® (X10° L/mol)
Neutral PANI 4.95 11 0.490
Acidic PANI 6.95 15 0.502
Basic PANI 13.00 29 1.390
Neutral PANI/SiO, 8.00 18 0.980
Acidic PANI/SiO, 9.50 21 1.070
Basic PANI/SiO, 15.00 33 5.300

2 Cross-sectional area of MB = 130 A2

PANI/SiO,, 18 m?/ g) than all PANI matrices. The
observed results directly reflect the presence of dif-
ferent active surfaces of different PANI or PANI/
S5i0, matrices. On the contrary, the larger surface
areas obtained in the case of PANI/SiO, versus
those of the corresponding PANI matrices can be
ascribed to SiO, incorporated into PANL This varia-
tion in the specific surface area is also supported by
the consideration of the adsorption equilibrium of
the MB dye onto the PANI and PANI/SiO, matrices
[Scheme 2(a)]. To investigate the adsorption capaci-
ties of MB onto all PANI and PANI/SiO, matrices,
the isotherms for the adsorption processes were
studied. The adsorption data were analyzed with the
following linearized equation'® for the Langmuir
adsorption isotherms:

Ce 1 Ce

m Kk Tk @

ME+H _—— MBH"

rr.“

Scheme 2 (a) Probable equilibrium and (b) adsorption
orientation of MB onto the PANI matrix.

Journal of Applied Polymer Science DOI 10.1002/app

where C, is the concentration of the dye (MB) after
the adsorption equilibrium is attained on the PANI
and PANI/SiO, matrices, x is the mass (g) of dye
adsorbed onto m grams of substrate, k; is the pro-
portionality constant, and K, is the adsorption coeffi-
cient (which should indicate the affinity of the dye
to the adsorbents).’®*? From the results, it was found
that the adsorption data of MB closely fit the Lang-
muir equation [eq. (2)].

K} was determined from the slopes and intercepts
of the Langmuir plots of C./(x/m) versus C, (Fig. 6).
For all the substrates, a linear nature (R* values were
in the range of 0.93-0.95 for all the substrates) of the
plots of C,/(x/m) versus C, was observed. The K
values thus predicted from the slope and intercept
of each straight line are listed in Table I. For basic
PANI and basic PANI/SiO,, the K; values were
evaluated to be 1.39 X 10° and 5.3 X 10° L/mol,
respectively, whereas its values were 0.50 X 10°, 0.49
X 10°, 1.07 x 10°, and 0.98 X 10° L/mol for acidic
PANI, neutral PANI, acidic PANI/SiO,, and neutral
PANI/SIO,, respectively. The values of K; showed a
trend (basic PANI and PANI/SiO, > acidic PANI

—8— Acidic-PANI

5 J =0— Nepural-PANI
—p— Baic-PANI

— Acidic-PANT 5‘40:
—m— Neuml-PANL S0,
—0— Bask-PANLSi0,

(Cedztm) {1072 (M)

T T T T T

0 1 2 2 & 5
Ce/10° VD

Figure 6 Langmuir plot of C./(x/m) versus C, for the
evaluation of K;.
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and PANI/SiO, > neutral PANI and PANI/SiO,)
similar to that of the surface areas of the substrates
investigated. Thus, the predicted K values clearly
demonstrate that both the basic PANI and PANI/
SiO, adsorbents have a considerably higher capacity
to bind dye, which could be the result of the higher
number of active sites for the adsorption in com-
parison with other PANI and PANI/SiO, matrices
studied.

The observed trend of specific surface areas of
PANI or PANI/SiO, matrices may be further under-
stood by the consideration of the adsorption equilib-
rium and orientation of MB molecules on the poly-
mer matrices. Scheme 2(a) shows the two possible
equilibriums that can be established during the
adsorption process of MB onto PANI matrices, one
between the PANI matrix and MB (equilibrium con-
stant K;) and the other between the protonated and
deprotonated MB (equilibrium constant K,). In this
study, the occurrence of protonation equilibrium of
MB may not have been possible in the experimental
pH range (1.09-10.15) because the pK, value of MB*
is very low (—0.258). Thus, the adsorption orienta-
tion of MB onto PANI matrices [Scheme 2(b)] would
be the same and is assumed to be vertical because
only one positive center of MB should be available
for the adsorption. A similar argument for the
adsorption orientation of MB containing a positive
charge on the side —N(CHs), group”' was also
made by Hahner et al.®* From Scheme 1, it can be
statistically calculated that when PANI is treated
with a basic solution (i.e., basic PANI), four N-cen-
ters in the unit structure of PANI become electron-
rich, and through this, MB can be adsorbed (as
shown in Scheme 2). This number is double that of
acidic PANI (where two sites possess a positive
charge). This analogy directly reflects the results
of the surface areas of basic and acidic PANI (29
mz/g : 15 mz/g = 2 : 1). On the other hand, the
incorporation of SiO,, which has a negative surface
charge, may provide more active sites for MB
adsorption, and this may influence the higher sur-
face area; for example, basic PANI/SiO; has a higher
surface area (33 m?/ g) than basic PANI (29 m?/ g).

CONCLUSIONS

This study demonstrates that the pretreatment of
PANI matrices results in excellent surface properties
with respect to the specific surface area. The adsorp-
tion of MB was successfully employed to determine
the specific surface area of PANI matrices. Surface
modification of PANI can be achieved by a postsyn-
thesis treatment with an acid and base. Surface mod-
ification by the incorporation of SiO, particles also
leads to a significant increase in the surface area of
PANL
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