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ABSTRACT: The chemical oxidation of aniline to form
polyaniline (PANI) films and powder samples was made
using Fenton reagent as an oxidizing agent in aqueous sul-
furic acid medium. The PANI films were monitored by
using the quartz crystal microbalance and the electronic
absorption techniques. The optimum concentration was
determined and the results were justified by measuring
the UV-vis absorption spectra for the in situ PANI films.
The conductivity for the PANI films and powder samples,
prepared in different conditions, was measured. Also, the

IR spectra, X-ray and the thermogravimetric analysis for
the PANI powder formed in the bulk were measured and
compared with the polymer prepared using ammonium
peroxydisulfate. A preliminary investigation to the dielec-
tric properties of the polymer powder was measured and
discussed. © 2008 Wiley Periodicals, Inc. ] Appl Polym Sci 110:
3410-3419, 2008
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INTRODUCTION

Polyaniline (PANI) is prepared by the chemical oxi-
dation of aniline using different oxidizing agents
such as ammonium peroxydisulfate (APS), K,Cr,Oy,
KIO;, and H,O,. It has been concluded that the re-
dox potential of the oxidants was not a determining
factor in the chemical polymerization of aniline."
However, it is generally prepared by the oxidative
polymerization of aniline by APS in 1M HCI. The
obtained PANI is often neither soluble nor fusible,
and, thus, its applications are limited. APS is a
strong oxidant, and the polymerization of aniline is
an exothermal reaction, so the reaction heat is diffi-
cult to control, leading to a wide molecular weight
distribution. Post-treatments become complicated
because the inorganic by-product (ammonium sul-
fate) exists in the product.®

H,O, is an important oxidant, which is used
widely in industry. Its reduction product is only
H,O, thus greatly simplifying the post-treatment.
Another advantage is the possibility of recycling the
reaction medium, because it does not contain any
harmful components to aniline polymerization.
Therefore, the HO, approach is easy to industrial-
ize. But when H,0, was used alone as an oxidant,
the reaction rate was found to be extremely low. To
increase the PANI yield, the reaction activity of
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H,O, must be improved.2 Samuelson and co-
workers® reported the enzyme-catalyzed polymeriza-
tion of aniline in the presence of H,O,. Also, Moon
et al.* have used H,O, in combination with Fe** to
afford PANI powder in high yields. The polymer
obtained has a high solubility in organic solvents.
On the other hand it shows similar chemical, physi-
cal, and spectral 4properties as previously prepared
PANI using APS.* Similarly, Sun et al.>* have stud-
ied the aniline polymerization in the bulk using
H,0, as an oxidizing agent and FeCl, as catalyst.
They have mentioned that if the polymerization of
aniline is carried out by using only H,O, as an oxi-
dant, little PANI is obtained, even after 24 h and
hence they have added the catalyst. The polymeriza-
tion conditions were achieved to give polymerization
powder yield of 60%. The polymer formed shows a
conductivity of 10 S/cm and a solubility of 50% in
THF, 95% in DMF and DMSO, and 100% in NMP.
The reaction medium may be reused for further po-
lymerization without special treatment. Therefore,
this approach may lower the cost of PANI and
makes it suitable for industrialization.” Tnoue et al.
reported the oxidation of aniline using H,O, in the
presence of Fe>" to prepare PANI powder; its con-
ductivity was 107%-10"? S/cm.® Such low conductiv-
ity was attributed to the deprotonation of PANI,
because PANI was treated using a boiling aqueous
solution of ammonium hydroxide before measure-
ment of conductivity.

The above reports imply that the addition of Fe**
into the system speeds up the decomposition
of H,O, and formation of the radical ions which
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accelerate the polymerization rate of aniline” accord-
ing to the following equation:

H,O, + Fet? — Fe™® + OH™ + OH®

It has been mentioned®® that the polymerization
of aniline in the H,O,-Fe®" system may follow a dif-
ferent mechanism from that of APS system.

Based on the above literatures, no work was done
to study the formation of thin PANI films using
H,0, which has an importance in the technological
applications. Therefore, the present work was
devoted to study the chemical oxidation of aniline to
form PANI films using Fenton reagent as an oxidiz-
ing agent in aqueous sulfuric acid medium. The
PANI films were monitored by using the quartz
crystal microbalance (QCM) technique. A wide vari-
ety of synthesis parameters were studied such as the
concentrations of aniline, H,O, and sulfuric on the
film formation and its conductivity. In addition,
these parameters were studied on the PANI powder
formation in the bulk solution. The deposited in situ
PANI films onto glass supports during polymeriza-
tion were also studied and investigated using elec-
tronic absorption spectroscopy. Finally, the IR spec-
tra, the X-ray diffraction and the thermogravimetric
analysis were measured for the polymer powder and
compared with the powder obtained using APS as
oxidant. A preliminary measurement of the dielectric
properties of the polymer powder was made and
discussed.

EXPERIMENTAL
Chemicals

Aniline (ADWIC, Egypt) was distilled twice under
atmospheric pressure. H,O, (ADWIC, Egypt), fer-
rous sulfate (FeSO,.7H,O) (Qualikems, India) and
sulfuric acid were used without further purification.
Freshly distilled water was used to prepare all
aqueous solutions.

Solution preparations

A series of solutions were made in which the molar
ratio (r) of H,O,/aniline was kept constant at 1
whereas the concentration of aniline and H,O, was
changed from 0.05M up to 0.5M in 0.3M sulfuric
acid solution.

The second series of solutions were made in which
the concentration of H,O, was varied from 0.025M
up to 0.5M whereas the aniline concentration was
kept constant at 0.1M, and hence r of H,O,/aniline
was varied from 0.25 up to 5. Both the aniline and
H,0, solutions were prepared in 0.3M sulfuric acid
solution.

The third series of solutions were made where the
concentration of aniline was varied from 0.025M up
to 0.5M and the H,O, concentration was kept con-
stant at 0.1M and hence r of H,O,/aniline was var-
ied from 4 up to 0.2. Both the aniline and H,O; solu-
tions were prepared in 0.3M sulfuric acid solution.

The fourth series of solutions were made in which
the concentration of sulfuric acid was changed from
0.15M up to 0.5M whereas the concentration of H,O,
and aniline were kept constant at 0.1 and 0.2M,
respectively. In all series, the ferrous sulfate concen-
tration was kept constant at 0.001M.

QCM measurements

A 5 MHz-cut quartz crystal was used. The resonance
frequency of the crystal was determined by using
the crystal as the frequency determining element of
an electronic oscillator, the measurements being
taken using a GW frequency counter, Model GFC-
8055G. Details of the apparatus design and the pro-
cedures were described in earlier studies.®'° The
mass per unit area of PANI film, m’ (g/cm?), grown
onto the gold electrode of QCM was determined
from the change in its resonance frequency. The rela-
tion between the frequency change Af (Hz) and m' is
well-established from the work of Sauerbrey'' and is
given by

Af = —(22/\/Poig)m’ 1)

where, f, (Hz) is the natural frequency of the quartz
crystal (unloaded resonator frequency), po is the
quartz density has the value (2.649 g/cm?), and po
is t2he shear modulus has the value (2.947 10" dyn/
cm”).

The solutions of the reactants were added to the
polypropylene bottle which serves as the reaction
vessel. As the polymerization proceeds, the polymer
is formed in the bulk as powder simultaneously
with in situ film deposition onto the gold electrode
of the QCM.

When QCM is used in an aqueous solution eq. (1)
cannot be simply adopted due to the effects of inter-
facial liquid properties such as viscosity, density,
and conductivity. It is however known that eq. (1)
can be used for the solution system under specific
conditions where the influence of the viscoelasticity
of the polymer is negligible.'> In our experiments, a
linear relationship was observed between the change
in mass and frequency shift of QCM both in air and
in aqueous solution. Thus, the Sauerbrey equation
can be applied to the aqueous solution system under
study. Also we are dealing with dilute reactant solu-
tions, the variation of viscosity and liquid density
was assumed to be negligible during the experiment,
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and hence the change in frequency due to this effect
can be considered constant.'?

In situ PANI films and powder preparation

In situ PANI films were deposited onto rectangular
glass supports during the polymerization of aniline.
These supports were stuck onto an adhesive tape and
introduced into the reaction vessel before the polymer-
ization starts. Once the reactants are introduced into the
vessel, the film grows simultaneously onto the gold elec-
trode of the QCM and the glass supports. After the poly-
merization process, the glass supports were removed
from the reaction mixture and rinsed with 0.1M sulfuric
and finally dried. These supports coated with PANI
films were used to measure the UV-vis absorption spec-
tra and the conductivity of the films.

The PANI powder precipitated in the bulk of the
solution was collected from the reaction medium—
after the polymerization process was terminated—by
filtration then washing it with 0.1M sulfuric solution,
and acetone.

UV-vis absorption spectra measurements

The UV-vis absorption spectra for the PANI films
deposited onto glass supports were measured using
Shimadzu UV-2101 DC Spectrophotometer. Un-
coated glass supports were used as a reference.

Conductivity measurements for PANI powder
and films

The conductivity of the PANI films was measured
using the four-probe technique. A Simpson 260
VOM multimeter and a Keithley 617 Programmable
Electrometer were used. The contacts in the sample
holder were made of gold. The thickness of the films
was estimated with four samples from the optical
absorption,'® whereas the conductivity of copolymer
powders was measured in the form of compressed
disk pellets of thickness 2-3 mm and surface area of
1.3 cm? using two-point probe technique.

IR measurements

The IR spectra of the PANI powder were measured
as KBr pellets using Perkin-Elmer 1430 Ratio Re-
cording Infrared Spectrophotometer.

X-ray analysis

Wide-angle X-ray diffractograms of the PANI pow-
der were recorded using PW 1729 X-ray generator,
PW 1840 diffractometer, PW 1840 diffractometer con-
trol and PM 8203A one line recorder with mono-
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chromatized CuKa (A = 0.1541 nm) radiation oper-
ated at 40 kV and 30 mA in a reflection mode.

Thermogravimetric analysis

The thermogravimetric analysis for the PANI pow-
der were carried out using a Shimadzu TGA-50H
thermogravimetric analyzer at a flow rate of 20 mL/
min and a heating rate of 10°C/min under nitrogen
atmosphere.

Dielectric measurements

The dielectric properties of PANI powder were
measured. PANI powder was placed in Teflon cell
which evacuated to 1072 torr to prevent humidity.
Dielectric constant (¢'), loss (¢”) and modulus (M’
and M") were measured as a function of frequency
at different temperatures using SR 510 Stanford
look-in amplifier in two-probe circuit.

RESULTS AND DISCUSSION

Effect of the initial aniline and H,0,
concentrations

The change of m’ of the film during the time course
of polymerization for different solutions of molar ra-
tio (r) of HyO,/aniline equals one at different con-
centrations of aniline and H,O, in 0.3M sulfuric acid
is shown in Figure 1(a). The concentrations of aniline
and H,O, were changed from 0.05M up to 0.5M.
In situ doping occurs due to the presence of sulfuric
acid. The polymer films were also deposited onto
glass supports that were immersed in the polymer-
ization media. The UV-vis absorption spectra of the
films were measured and shown in Figure 1(b). The
PANI powders precipitated in the bulk solution
were collected from the reaction media after 24 h.
The effect of H,O, and aniline concentrations on
m’ of the PANI films after 100 min of polymerization
and on the weight of the PANI powders formed in
the bulk after 24 h are shown in Figure 1(c,d),
respectively. It is clear that m’ of the film and the
weight of the powder increase as the concentrations
of aniline and H,O, increase up to 0.25M and then
decrease at higher concentrations. It is worth noting
that the PANI prepared at concentrations >0.25M,
the films and powder have a greenish brown color,
whereas at higher concentrations, the PANI changed
completely to brown color. This is attributed to the
formation of pernigraniline phase of PANI" as indi-
cated from the spectra shown in Figure 1(b). The
spectra show that at concentrations of aniline and
H,0, < 0.2M, the presence of a shoulder at 435 nm
that can be assigned to the localized polarons charac-
teristic of the protonated PANI, together with the
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Figure 1 (a) m’ during the time course of polymerization, (b) UV-vis absorption spectra of PANI films, (c) m’ obtained at
100 min of polymerization, (d) the weight of polymer powder after 24 h, (e) the conductivity of the PANI films, and (f)
the conductivity of powder. This is for different solutions of r = 1 at different concentrations of aniline and H,O, in 0.3M

sulfuric acid.

band at 786 nm representing the conducting emeral-
dine salt phase of PANL'"™ The absorption at 786
nm is blue shifted at higher concentrations of both
aniline and H,O,. This blue shift is a symbol of
decreasing the emeralidine salt and the formation of

pernigraniline phase. The formation of the latter
form is assigned by the absorption at ~ 550 nm."*
The conductivity of PANI depends on various fac-
tors like: (i) oxidizing agents, (ii) oxidant/aniline
molar ratio, (iii) concentration of protonic acid, (iv)

Journal of Applied Polymer Science DOI 10.1002/app



3414

o] @0028M (a) 0
1 v)oosm
(c) 0.075 M
(d) 0.4 M
0] (@10.2m '
(N0.3M
z (9)0.4M
[E]
2 20. o
E
d
10 4 €
b
a
0- -
H 20 4 80 80 100
Time (min)

AYAD AND ZAKI

(b)
0.215 o
o~ 0.20 4
E
(5]
9 .15 4
=
2
S o104
=
T
L]
S o084
" —
0.00
L] L) L]

T L) 1 L] L]
000 0085 040 013 020 025 0.3 033 o040
[Aniline] moliL

Figure 2 (a) m' against the polymerization time and (b) the conductivity of the films against aniline concentrations.

protonic acid, (v) reaction temperature, and (vi) the
time of the polymerization.'"® To explore the effect of
the initial molar concentration of aniline and H,0O,,
the conductivity was measured for the PANI films
and powders. The variation of the film conductivity
is too small and therefore five to eight samples at
each concentration were measured and the average
value was calculated. However, the variation in the
powder samples is more significant and the mea-
surements were carried only for one polymer disk at
each concentration. Figure 1(e,f) shows the relation
between the conductivity and concentration. The
film conductivity increases from 0.058 * 0.02 to
0.079 = 0.03 S/cm on increasing the concentration
from 0.05 to 0.1M then decreases at higher concen-
trations. The same behavior was observed in the
conductivity of the polymer powders which
increases from 0.62 X 107° to 4.2 X 107° S/cm. It is
observed also that the film conductivity values are
higher than that of the bulk. This can be attributed
to the difference in the polymerization time. The
films were removed from the polymerization me-
dium after 100 min; whereas the powder samples
were filtered after 24 h which may contain products
arose from the over oxidation process that occur at
high polymerization time.”

Effect of aniline concentration

A series of experiments were carried out in which
the concentration of H,O, and ferrous sulfate were
kept constant at 0.1M and 0.001M, respectively, and
the concentration of aniline was varied from 0.025
up to 0.5M. The concentration of sulfuric acid me-
dium was 0.3M. Figure 2(a) shows the relationship
between m’ of the PANI films obtained at different
concentrations of aniline against the polymerization
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time. It is clear that as the concentration of aniline
increases, m’ increases. However, the relation
between the weights of PANI powder with aniline
concentrations shows an optimum condition at
~ 0.3M of aniline and then slightly decreases (the
figure not shown). This behavior was interpreted by
the formation of PANI oligomers and pernigraniline
form of brown color on using concentrations higher
than 0.3M as observed during the washing pro-
cesses. These species escape during filtration.

The conductivity was measured for the polymer
films prepared using different concentrations of ani-
line. Figure 2(b) shows that the film conductivity
increases on increasing the aniline concentration up
to 0.2M then decreases at higher concentrations. This
is consistent with Sari et al.’s'® results. They have
mentioned that when sulfuric concentration was
kept constant, the conductivity of PANI powder
decreases with increasing aniline concentration. If
aniline concentration is higher than that of sulfuric,
there are not enough dopant anions in the medium
to provide electroneutrality with radical cations and
the number of dopant polymer segments decreases,
and consequently the conductivity decreases. This
conclusion was justified by Sun et al.> who have
reported that higher aniline concentration is not suit-
able, as it leads to more side reactions and thus to
more irregularity in PANI molecular chains.

The effect of H,O, concentration

The effect of H,O, on m’ was studied using solutions
in which the concentrations of aniline was kept con-
stant at 0.1M. The concentrations of H,O, were var-
ied from 0.025 up to 0.25M. The aqueous 0.3M sulfu-
ric media were used in all solutions. Figure 3(a)
shows the relationship between m’ after 100 min of
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Figure 3 (a) m’ obtained at 100 min of polymerization, (b) the weight of polymer powder after 24 h, (c) the conductivity
of the PANI films, and (d) the conductivity of the powder at different H,O, concentrations.

polymerization time and H,O, concentrations. It can
be shown that m’ increases with increasing the con-
centration of H,O, up to 0.06M then decreases at
higher concentrations. A similar trend was obtained
when the weight of the PANI powders relation with
the concentration of H,O, was considered. An opti-
mum yield was obtained at the concentration of
H,0,; equals 0.075M as shown in Figure 3(b). These
conclusions are justified by measuring the UV-vis
spectra of PANI films at different H,O, concentra-
tions (the figure not shown). The spectra show the
presence of two absorptions at 420 and 770 nm,
which are characteristic of the protonated PANIL?
There is an optimum condition at 0.075M when the
maxima absorptions at 770 nm were plotted against
the concentration of H,O,. This is consistent with
data obtained previously from the relation between
m’ of the film and the weight of the powder and the
concentration of H,O,.

The effect of H,O, concentration on the conductiv-
ity of the PANI films and powder are shown in Figure

3(c,d), respectively. The film conductivity increases as
the concentration of H,O, increases till 0.06M then
decreases at higher concentrations, while the powder
conductivity decreases as the concentration of H,O,
increases. The high concentrations of H,O, bring
about high concentration of free radicals and thus
degradation to the polymer chains and hence the con-
ductivity decreases. Also, when high concentrations
of H,O, are used, the possibility of hydrolysis and
crosslinking of PANI molecular chains would be
formed, leading to less conductivity. Similar behavior
was observed by Sun et al.” during the synthesis of
PANI powder using H,O,—FeCl..

The effect of sulfuric concentration

The effect of sulfuric acid on m’ and the conductivity
of the films was studied. A series of experiments
were carried out in which r of H,0O,/aniline was
kept constant at 0.5M and the concentration of ani-
line at 0.2M. The concentration of sulfuric was var-

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 4 (a) m’ at different polymerization time, (b) the conductivity of the polymer films, and (c) the conductivity of the

powder at different H,SO, concentrations.

ied from 0.15 up to 0.5M. m’ of the PANI films was
measured after 100 min of polymerization and plot-
ted against the acid concentrations as shown in Fig-
ure 4(a). It can be shown that as the concentration of
sulfuric increases, m’ decreases. This can be inter-
preted on the basis that stronger protonation pro-
duced at high acid concentration makes the oxida-
tion of aniline more difficult.” It is also noted that at
concentration <0.2M, the films show mixed color
from brown and green; whereas at concentration
larger than 0.2M, the film shows a green color. This
behavior of color change was justified from the UV—-
vis spectra of PANI films deposited using different
sulfuric acid concentrations.

The conductivity was measured for the polymer
films and powders and plotted against the acid con-
centration; Figure 4(b,c). At 0.15M sulfuric, the film
conductivity is too low to be measured. The conduc-
tivity of PANI films and powders shows approxi-
mately constant variation with the acid concentration
up to 0.35 and 0.3M, respectively, and then increases
as the acid concentration increases. This behavior
can be explained on the basis that the protonation of

Journal of Applied Polymer Science DOI 10.1002/app

aniline increases with increasing the acid concentra-
tion. It is worth noting that Sun et al.” have reported
that the conductivity and the yield of PANI powder

{b)

Transmittance (%)

L T 1 1
000 X0 000 20 200 mumwﬂ:{nw,l 00 50
Figure 5 (a) IR spectra of PANI using APS, and (b) using
Fenton reagent.
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Figure 6 (a) X-ray diffractograms of PANI using APS,
and (b) using Fenton reagent.

using H,O,—FeCl, in aqueous HCI media increases
up to 2M.

IR spectra analysis

Figure 5 shows the IR spectra of two PANI powder
samples; using APS (a) and Fenton reagent prepared
at 0.2M aniline and 0.1M H,0O, in 0.35M sulfuric
acid (b).

In case of using APS, the broad band at 3470 cm ™'
is attributed to the characteristic-free N—H stretching
vibration which indicates the presence of secondary
amino groups (—NH-—). The weak band at 2918
cm ™! arises from the aromatic C—H stretching vibra-
tion. The spectra exhibit main bands at 1482 cm ™' and
1562 cm™ ! corresponding to the benzenoid and qui-
noid ring stretching frequency, respectively.”'** The
absorption band at 1302 cm ' is related to C—N
stretching vibration of secondary aromatic amine.”
The band characteristic of the conducting protonated
form is observed at 1241 cm™ . Tt has been interpreted
as C—N*" stretching vibration in the polaron struc-
ture. The prominent 1122 cm™" band is assigned to a
vibration mode of the —NH*" = structure, which is
formed during protonation.*** The broad nature of
this peak is owing to the high degree of electron
delocalization®® which was expected because of the
greater degree of oxidation. The C—H out of plane
bending vibration band of 14-disubstituted benzene
ring appears at 808 cm ™%

The IR spectra of the PANI generated from Fenton
reagent are identical with that obtained in case of
using APS and are consistent with the reported ones
in the literature except for some marginal differen-
ces.””* Hence, the use of Fenton reagent was not
found to affect the chemical structure of PANL

3417

X-ray diffraction analysis

X-ray diffraction patterns of two PANI samples were
measured; the first was prepared using APS as an
oxidant, whereas the second was prepared using
Fenton reagent prepared by using 0.2M aniline and
0.1M H,0O, in 0.3M sulfuric and shown in Figure
6(a,b), respectively. Figure 6(a) reveals that PANI
has some degree of crystallinity. Two diffraction
peaks appear in the spectrum region of sample (a);
the first centered at 20 = 25° and is more prominent
than the other existed at 20 = 19°. However, in case
of using Fenton reagent, the peak at 25° becomes
broad whereas the other peak tends to disappear;
hence the crystallinity is less and an amorphous
region is the main body.*

Thermogravimetric analysis

Figure 7 shows the thermograms of two PANI sam-
ples; the first is obtained using APS (a) and the other
is obtained with Fenton reagent (b) taken between
the room temperature and 750°C.

There are three stages of weight losses. The first
weight loss before 120°C is attributed to the loss
water molecules from the sample. The amounts of
weight loss are 8.6% and 4.1% for samples (a) and
(b), respectively. The second stage observed within
the temperature range of 120-300°C is related to the
removal of dopant molecules from the polymer
structure.”® The amounts of weight loss are 8 and
12.1% for samples (a) and (b), respectively. The
weight loss observed between 300 and 700°C corre-
sponds to the degradation of the polymer chain.* It
is clear from the figure that sample (b) is less ther-
mally stable than sample (a) as the former is com-

100+
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=
=2
i

204

04

T T T T T T T
[} 100 200 300 400 500 600 TOO GO0
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Figure 7 (a) TGA curves of PANI using APS, and (b)
using Fenton reagent.
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Figure 8 The dependence of (a) dielectric constant, (b) dielectric loss, and (c) M"” and M’ (the inset curve) on frequency at
different temperatures for PANI sample prepared at ¥ = 1 and the concentration of aniline = 0.2M (double logarithmic scale).

pletely degradated at 520°C whereas the latter is
degradated at 670°C.

Dielectric measurements

Figure 8(a,b) shows the frequency dependence of the
dielectric constant (¢') and the dielectric loss (¢”) at
different temperatures of polymer sample prepared
at ¥ = 1 and the concentration of aniline equals 0.2M
in 0.3M sulfuric. The values of (¢/) are high at low
frequencies and at high temperature. The depend-
ence at high frequency is relatively small.>* How-
ever, (¢”) shows an inversely linear relation depend-
ence on the frequency changes. Such high values of
(¢) and (¢') may be due to the interfacial effects
within the bulk of the sample and the electrode
effects. When an electric field was applied to the
sample, the long-range drift of ions and barrier layer
formation on the electrode surface results in large
values of (¢) and (¢/).>"** At high frequencies, the
periodic reversal of the electric field occurs so fast
that there is no excess ion diffusion in the direction
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of the field. The polarization due to the charge accu-
mulation decreases, leading to the decrease in the
values of (¢) and (¢”).%*

The electric modulus M’ and M" representations
of dielectric process give us some idea of relaxation
of dipoles that exists in different energy environ-
ments, independent of the strong effect of dc con-
ductivity, which often mask the actual dielectric
relaxation processes. The real and imaginary parts of
the electric modulus (M’ and M”) can be calculated
from (¢/) and (¢") as follows®

M’ and M” were plotted against the frequency at
different temperature for PANI samples as shown in
Figure 8(c). The almost zero values of M' at low fre-
quency indicate the removal of electrode polariza-
tion.*® M’ and M” values increase as the frequency
increases but decrease as temperature increases.



SYNTHESIS AND CHARACTERIZATION OF POLYANILINE FILMS

CONCLUSIONS

The use of H,O,, as simple and industrially favor-
able chemical reagent, in combination with Fe*" as
catalyst affords PANI film formation. The optimum
conditions for the film formation were determined
and compared with the corresponding of the PANI
powder formation in the bulk. The results were justi-
fied by measuring the UV-vis absorption spectra for
the deposited in situ PANI films.

A comparison between the PANI prepared using
APS and Fenton reagent was made. It is concluded
that the chemical structures are the same; however,
the PANI obtained using Fenton reagent is less crys-
talline and thermal stability than the PANI prepared
using APS.

The optimum conductivity of the formed films was
determined. It is concluded that the film conductivity
values are higher than that of the polymer powder.
This was attributed to the difference in the polymer-
ization time of both samples. It is also concluded that
the conductivity of PANI prepared using Fenton rea-
gent is different from those of PANI synthesized nor-
mally. The dielectric properties [(¢'), (¢"), M" and M"]
were determined for PANI powder at different fre-
quencies and temperatures. It is concluded that the
large value of (¢') at low frequency originates mainly
from electrode polarization. A further study for the
dielectric properties for the polymer at different reac-
tion conditions is currently under investigation.
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