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ABSTRACT: Poly(2-fluroaniline) and poly(2-chloroani-
line) were synthesized by an electrochemical method in an
acetonitrile solution containing tetrabutylammonium per-
chlorate and perchloric acid. Also, the electrochemical copo-
lymerization of aniline with 2-fluroaniline and 2-chloroani-
line was carried out in the same medium. Cyclic voltammo-
grams of the deposited films were recorded in neutral,
acidic, and basic solutions. The electrochemical behavior of
the films showed the same characteristic results as conven-
tional polyaniline. The observed decrease in the dry electri-
cal conductivity of the copolymers with respect to polyani-
line was attributed to the incorporation of the fluoro- and

chloro-substituted anilines into the polyaniline chain. Fur-
ther characterization of the polymer and copolymer prod-
ucts was performed through dry electrical conductivity
measurements, ultraviolet-visible spectroscopy, and Fourier
transform infrared spectroscopy. The relative solubility of
the films was determined in various common organic sol-
vents. © 2003 Wiley Periodicals, Inc. ] Appl Polym Sci 91:
2302-2312, 2004
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INTRODUCTION

Conducting polymers in highly extended conjugated
electron systems in the main chain have recently at-
tracted much attention from both fundamental and
practical perspectives. Polyaniline (PANI) has been
studied extensively as a special member of the con-
ducting polymer family because of its stability and
potentially attractive economics. This polymer and its
derivatives can be used in rechargeable batteries, elec-
tromagnetic interference shielding, electrochromic
display devices, sensors, and electrocatalysis."> At-
tempts to overcome the associated difficulty of PANI
in applications due to its restricted solubility in com-
mon organic solvents have been made by many re-
searchers using different approaches. One of the meth-
ods used to improve the solubility of PANI is the use
of sulfonic acids as dopants. Introducing a —SO;H
group into the PANI chain affects the properties of the
parent PANI without substantial conductivity and is
of specific interest for several reasons, such as solubil-
ity, environmental stability, and processability.* '
Also, the polymers of substituted anilines have shown
better solubility. The substituent groups present in the
units of the polymer chain cause a decrease in the
stiffness of the polymer chain and result in better
solvation. Several substituted PANIs with electron-
donating groups (alkoxy, alkyl, etc.) have been re-
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ported in the literature;' '™ these polymers are soluble
in common solvents but exhibit lower electrical con-
ductivity values (107> to 10~! S/cm) than unsubsti-
tuted PANI. These results indicate that the side groups
may markedly affect the polymerizability of anilines."'
Borole et al.'® prepared PANI, poly(o-toluidine)
(POT), and polyaniline-co-poly(o-toluidine) (PANI-
POT) thin films doped by several organic salts with
cations of various sizes, using an aqueous solution of
H,SO, as an electrolyte. The conductivities of PANI,
POT, and PANI-POT films were determined in a so-
lution containing 0.1M monomer and 1M H,SO, to be
0.0972, 0.0563, and 0.0765 S/cm, respectively. PANI,
poly(2,5-dimethoxyaniline) (PDMA), and copolymers
of 2,5-dimethoxyaniline with aniline were prepared by
Huang et al.'"” The electrical conductivity values of
PANI, PDMA, and PANI-PDMA were measured to be
1.36,5.49 X 107°, and 0.34 S/cm, respectively. A lower
conductivity of the copolymer, with respect to PANI,
was expected to arise from the steric effect of the
substituent (—OCH;), which could provide torsional
twists in the polymer backbone, reducing the copla-
narity and average electron delocalization length.
When they changed the ratio of the monomers, differ-
ent conductivity values were observed, between 0.34
and 6.08 X 10~*S/cm for the copolymer. The synthe-
sis of different homopolymers and copolymers de-
rived from anilines bearing electron-withdrawing
groups has been reported. The electrochemical poly-
merization of halogen-substituted anilines was per-
formed potentiostatically in a single-compartment cell
equipped with a gold-coated ceramic plate as an an-
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Figure1 Cyclic voltammograms of an acetonitrile solution containing 75 mM aniline and 30 mM HClO,/0.1M TBAP: (a) the
five initial cyclic voltammograms, (b) the subsequent multisweep cyclic voltammograms, and (c) the electrochemical behavior
of the polymer film in a neutral blank solution (0.1M TBAP). The scanning rate was 100 mV/s.

ode, platinum as a cathode, and lithium perchlorate as
a supporting electrolyte by Snauwaert et al.'"® Neoh et
al." reported the chemical copolymerizations of ani-
line with mono-ortho-halogenated anilines (2-chloro-
aniline and 2-iodoaniline), and they showed that the
presence of Cl- or I-substituted groups in the ortho
position did not adversely affect the polymerization.
The measured electrical conductivity of the ho-
mopolymers, poly(2-chloroaniline) (PCIANI) and
poly(2-iodoaniline) (PIANI), was less than 107°S/cm,
and the electrical conductivity of the copolymers was
strongly dependent on the amount of the substituted
aniline incorporated. Recently, we investigated the

electrochemical polymerization of 2-iodoaniline® and
2-bromoaniline*' and their copolymerization with an-
iline in an acetonitrile solution. We obtained soluble
homopolymers and copolymers in common organic
solvents. Palaniappan® reported the synthesis of
poly(aniline-co-2-chloroaniline)-p-toluene-sulfonate
and poly(aniline-co-2-chloroaniline) [P(An-co-2-Cl1An)]
formate salts from an aqueous solution of aniline and
o-chloroaniline by chemical polymerization. The elec-
tropolymerization of aniline with o-chloroaniline was
synthesized with a pulse potentiostatic method in an
aqueous medium by Rajendran et al.** Poly(dichloro-
aniline-co-aniline) was synthesized by the chemical
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copolymerization of aniline with dichloroaniline in
1M aqueous hydrochloric acid with potassium dichro-
mate as an oxidizing agent by Diaz et al.** Mav and
Zigon®™ reported the chemical copolymerization of
2-methoxyaniline with 2- or 3-substituted anilines
(—SO;H, —COOH, —CI, —F, —NO, and —CHs;).
Sharma et al.*® reported the chemical synthesis and
characterization of poly(aniline-co-fluoroaniline).
Kang and Yun® carried out a polymerization study of
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Figure 2 Cyclic voltammograms of an acetonitrile solution
containing 75 mM 2-fluoroaniline and 30 mM HCIO,/0.1M
TBAP: (a) the five initial cyclic voltammograms, (b) the
subsequent multisweep cyclic voltammograms, and (c) the
electrochemical behavior of the polymer film in a neutral
blank solution (0.1M TBAP). The scanning rate was 100
mV/s.
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Figure 3 Cyclic voltammograms of an acetonitrile solution
containing 75 mM 2-chloroaniline and 30 mM HCIO,/0.1M
TBAP: (a) the five initial cyclic voltammograms, (b) the
subsequent multisweep cyclic voltammograms, and (c) the
electrochemical behavior of the polymer film in a neutral
blank solution (0.1M TBAP). The scanning rate was 100
mV/s.

2-fluoroaniline and 2-chloroaniline with chromic acid
at various pHs. Their results indicated that substitu-
tion by an electronegative group lowered the conduc-
tivity of a polymer. Thus, PCIANI had a conductivity
of 79 X 107> S em™', whereas poly(2-fluoroaniline)
(PFANI) had a conductivity of 8.3 X 107° S cm™".
Cihaner and Onal®® reported the synthesis of fluorine-
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Figure 4 Cyclic voltammograms of an acetonitrile solution
containing 75 mM 2-fluoroaniline, 150 mM aniline, and 30
mM HCIO,/0.1M TBAP: (a) the five initial cyclic voltammo-
grams, (b) the subsequent multisweep cyclic voltammo-
grams, and (c) the electrochemical behavior of the polymer
film in a neutral blank solution (0.1M TBAP). The scanning
rate was 100 mV/s.

substituted PANIs from 2-, 3-, and 4-fluoroaniline
monomers with K,Cr,0O, as an oxidizing agent. They
also investigated the electrochemical behavior and
electrochemical polymerization of fluoro-substituted
anilines.” Soluble polymers were obtained from an
acetonitrile-water solution containing NaClO, (as a
supporting electrolyte) by constant potential electrol-
ysis.

In this study, we used a cyclic voltammetry method
for the polymerization of 2-fluroaniline and 2-chloro-

2305

aniline and their copolymerization with aniline in an
acetonitrile solution containing tetrabutylammonium
perchlorate (IBAP) and perchloric acid. The structures
and properties of the polymers and copolymers were
elucidated with dry electrical conductivity measure-
ments, cyclic voltammetry, Fourier transform infrared
(FTIR), and ultraviolet—visible (UV—-vis) spectroscopy.
The relative solubility of the polymers and copoly-
mers was determined in various organic solvents.
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Figure 5 Cyclic voltammograms of an acetonitrile solution
containing 75 mM 2-chloroaniline, 150 mM aniline, and 30
mM HCIO,/0.1M TBAP: (a) the five initial cyclic voltammo-
grams, (b) the subsequent multisweep cyclic voltammo-
grams, and (c) the electrochemical behavior of the polymer
film in a neutral blank solution (0.1M TBAP). The scanning
rate was 100 mV/s.
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Figure 6 Electrochemical behavior of films obtained from (a) 75 mM 2-fluoroaniline and 30 mM HClO, /0.1M TBAP and (b)
75 mM 2-chloroaniline and 30 mM HCIO,/0.1M TBAP in a basic blank solution (pyridine/ TBAP). The scanning rate was 100

mV/s.

EXPERIMENTAL

Aniline (Aldrich, Milwaukee, WI), 2-fluroaniline (Al-
drich, Steinheim, Germany), and 2-chloroaniline (Al-
drich, Steinheim, Germany) were vacuum-distilled
and kept under a nitrogen atmosphere. Acetonitrile
(LiChrosolv, Merck, Darmstadt, Germany), perchloric
acid (70%; Aldrich, Steinheim, Germany), and TBAP
were used as a solvent, as an acid, and as a supporting
electrolyte, respectively. The preparation of TBAP was
described by Sahin et al.** All electrochemical experi-
ments were carried out under a nitrogen atmosphere.
The electrochemical cell used was the three-electrode
type with separate compartments for the reference
electrode (Ag/AgCl, saturated) and the counter elec-
trode (Pt spiral). The acetonitrile-containing 0.1M
TBAP solution in the reference electrode compartment
was saturated with AgCl. The working electrode for
the cyclic voltammetry studies was a Pt disc (area
= 0.0132 cm?). The working electrode was cleaned
through polishing with Al,Oz slurry. The macro-
samples of the polymer and copolymer films were
prepared on Pt foil (area = 1.0 cm®) cleaned by being
held in a flame for a few minutes. The electrodes were
rinsed with acetonitrile and dried before use.

Electrodeposition was performed by cyclic potential
sweeping in the potential range between —0.30 and
+1.90 V (vs Ag/AgCl, saturated) at a sweep rate of
100 mV/s. The films prepared electrochemically were
immersed in acetonitrile to remove TBAP and the
soluble oligomers and were dried in vacuo at room
temperature. Because of their porosity, the films were
pressed under a pressure of 490 MPa before the dry
electrical conductivity of the films was measured.

The dry electrical conductivity values, depending on
the film thickness, were measured with a four-probe
technique at room temperature. Gold-plated probes
were used to prevent any errors that might arise from
the ohmic contacts. At least 10 different current values
were used in the measurement of the potential drops.

The electrochemical instrumentation consisted of a
Bank Wenking POS 88 potentiostat (Bank Elektronic,
Germany) and a Bank Wenking EVI 95 Voltage Inte-
grator (Bank Elektronic). The current-voltage curves
were recorded with a universal software program.

UV-vis spectra of the polymer and copolymer solu-
tions in dimethyl sulfoxide (DMSO) were recorded on
a PerkinElmer spectrophotometer (Lambda 20;
PerkinElmer, CT). The polymer and copolymer struc-
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Figure 7 Electrochemical behavior of films obtained from (a) 75 mM 2-fluoroaniline and 30 mM HClO,/0.1M TBAP and (b)
75 mM 2-chloroaniline and 30 mM HCIO,/0.1M TBAP in an acidic blank solution (HCIO,/TBAP). The scanning rate was 100

mV/s.

tures were determined with an FTIR spectrophotom-
eter from PerkinElmer. The KBr pellet technique was
used to prepare the samples for the recording of the IR
spectra.

RESULTS AND DISCUSSION

Figure 1(a) shows the five initial cyclic voltammetry
sweeps taken during the oxidation of 75 mM aniline
and 30 mM HCIO, in a 0.1M TBAP/acetonitrile solu-
tion. The potential was scanned from —0.30 to +1.90 V
(vs Ag/AgCl) at scanning rate of 100 mV/s. The oxi-
dation of aniline was recorded at the peak potential of
+0.90 V (vs Ag/AgCl) in the same medium. The first
step in the development of a PANI-like structure is
often the oxidation of monomers to radical cations.
These species are reactive toward most nucleophiles.
When the potential scan was reversed toward the
cathodic direction, no reduction peak appeared. The
oxidation peak of the aniline shifts to higher anodic
potentials and gradually disappears. It shows the for-
mation of a film on the electrode surface and behaves
differently than that of a bare Pt working electrode.

Figure 1(b) demonstrates the subsequent sweeps ob-
tained in the same solution. The formation and growth
of the polymer film can easily be seen in this figure.
The oxidation and reduction peaks of the film increase
in intensity as the film grows. Two broad oxidation
and reduction peaks can be observed during the
growth of the film. The first oxidation peak at the
potential of +0.40 V belongs to the formation of the
leucoemeraldine cation radical from leucoemeraldine.
The reverse reduction process occurs with a peak po-
tential of +0.025 V. The leucoemeraldine cation radi-
cal is further oxidized to emeraldine at the peak po-
tential of +1.10 V, with a corresponding cathodic peak
at +0.70 V belonging to the reverse process. The elec-
trochemical behavior of the film in an acetonitrile so-
lution containing 0.1M TBAP (neutral blank solution)
is shown in Figure 1(c). The film exhibits two broad
oxidation peaks and two reduction peaks in the blank
solution. The electroactivity of the film is not lost in
the neutral blank solution.

Figures 2 and 3 show the electrochemical polymer-
ization of 2-fluoroaniline and 2-chloroaniline in an
acetonitrile solution. Figures 2(a) and 3(a) illustrate the
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Figure 8 Plot of the charge passed during the electrooxidation of polymer films of (a) PFANI and (b) PCIANI in 0.1M TBAP.

first five cyclic voltammograms during the electro-
chemical polymerization of 75 mM 2-fluoroaniline and
30 mM HCIO, and of 75 mM 2-chloroaniline and 30
mM HCIO,, respectively, in a 0.1M TBAP/acetonitrile
solution. The potential was scanned from —0.30 to
+1.90 V (vs Ag/AgCl) at a scanning rate of 100 mV/s.
The oxidation peaks were recorded at 1.08 and 1.20 V
for 2-fluoroaniline and 2-chloroaniline, respectively.
The intensity of the oxidation peaks of 2-fluoroaniline
and 2-chloroaniline decreases and shifts to higher an-
odic potentials. The formation and growth of the poly-
mer film can easily be seen in Figures 2(b) and 3(b).

Polymeric films were deposited onto the electrode
surface during the electrooxidation of 2-fluoroaniline
and 2-chloroaniline. The voltammogram of 2-fluoro-
aniline involves three oxidation peaks and one reduc-
tion peak [Fig. 2(b)]. The first oxidation peak at about
+0.40 V belongs to the formation of the leucoemeral-
dine cation radical from leucoemeraldine. The reverse
reduction process occurs with a peak potential of
+0.15 V. The leucoemeraldine cation radicals further
oxidize into emeraldine at the peak potential of +0.80
V. The third oxidation peak, which appears at +1.20
V, is due to the oxidation of emeraldine to emeraldine
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TABLE 1
Dry Electrical Conductivity of PANI, PFANI, PCIANI, P (An-co-2-FAn),
and P (An-co-2-ClAn)

Composition of the electropolymerization
solution

Conductivity of the

Obtained film deposited film (S/cm)

75 mM aniline + 30 mM HCIO,

75 mM 2-fluoroaniline + 30 mM HCIO,

75 mM 2-chloroaniline + 30 mM HCIO,

150 mM aniline + 75 mM 2-bromoaniline
+ 30 mM HCIO,

150 mM aniline + 75 mM 2-bromoaniline
+ 30 mM HCIO,

PANI 2.1

PFANI 24x10°8
PCIANI 72x1073
P(An-co-2-FAn) 39 X102
P(An-co-2-ClAn) 47 %X 1072

cation radical. The electrochemical behavior of the
film in the neutral blank solution can be seen in Figure
2(c). The film does not lose its electroactivity in this
medium. The growth voltammogram of 2-chloroani-
line involves two oxidation peaks and two reduction
peaks [Fig. 3(b)]. The first oxidation peak at about
+0.68 V belongs to the formation of the leucoemeral-
dine cation radical from leucoemeraldine. The reverse
reduction process occurs with a peak potential of
+0.40 V. The leucoemeraldine cation radicals further
oxidize into emeraldine at the peak potential of +1.16
V, a with corresponding cathodic peak at +0.80 V
belonging to the reverse process. The film does not
lose its electroactivity in this medium.

Figures 4 and 5 show the cyclic voltammetry sweeps
taken during the oxidation of 75 mM 2-fluoroaniline
and 150 mM aniline and of 75 mM 2-chloroaniline
+ 150 mM aniline, respectively, in an acetonitrile so-
lution containing 0.1M TBAP and 30 mM HCIO,. The
films were grown in aniline solutions in the range 25
of 200 mM by the cycling of the potential between
—0.30 and +1.90 V (vs Ag/AgCl) for the same period
of time (30 min) at a scanning rate of 100 mV/s. The
optimum aniline concentration was found to be 150
mM for both copolymerization processes. There was a
considerable decrease in the yield of copolymer for-
mation below and above this aniline concentration.

The electrochemical behavior of the films in basic and
acidic solutions is shown in Figures 6 and 7, respectively.
PANI,! poly(2-bromoaniline) (PBrANI),** and PIANI*
lose their electroactivities completely even after a few
cycles by the addition of small amounts of pyridine (5
mM) into the TBAP/acetonitrile solution. In the cyclic
voltammogram of PFANI and PCIANI films in a basic
blank solution containing 0.1M TBAP and 5 mM pyri-
dine, the oxidation and reduction peak of the films dis-
appear after a few potential scans [Fig. 6(a,b), respec-
tively], whereas they remain almost unchanged in a
neutral blank solution [Figs. 2(c) and 3(c), respectively].
Also, the electroactivity of the copolymers disappears in
the same basic medium. Pyridine causes a rapid loss of
electroactivity. However, the films do not lose their elec-
troactivities in an acidic blank solution containing an
excess amount of HCIO, [Figs. 7(a,b), respectively]. The

voltammetry of PEANI and PCIANI show characteristics
similar to those of PBrANI*' and PIANI?® in both basic
and acidic solutions.

The acid concentration is very effective, increasing
the amount and quality of the PANI films in acetoni-
trile solutions. In other words, the extent of the pro-
tonation of the film is the major factor in its autocat-
alytic growth. If no proton were present in the me-
dium, highly conducting polyemeraldine would be
further oxidized into the less conducting polyperni-
graline form. Protonation of the quinoid-type nitrogen
centers in the moderately acidic medium also prevents
the loss of the NH proton of the leucoemeraldine
nitrogen to the quinoid N centers, thus imparting
extra stability to the emeraldine. The presence of ex-
cess acid in the medium in which the PANI backbone
is growing also impedes polymer growth as a result of
the protonation of the end amino group.>* The pres-
ence of moderate amounts of acids not only improves
the stability of the aniline cation radicals but also
causes the preferred protonation of these species that
are primarily involved during the growth of highly
conducting PANI because efficient polymer growth
occurs in a moderately acidic medium in an acetoni-
trile solution. To determine the effect of the acid
(HCIO,) concentration on the growth of the polymer
film, films were grown at acid concentrations of 5-75
mM by the cycling of the potential between —0.30 and
+1.90 V (vs Ag/AgCl) at the same time interval (30
min). Then, the charge that passed during the first
oxidative cycle of the cyclic voltammograms of the
film in the blank solution was measured. The results
are shown as graphs for PFANI and PCIANI in Figure
8(a,b), respectively. The anodic charge, which should
be proportional to the thickness of the deposit, in-
creases as the acid concentration increases, up to 30
mM. It can be concluded that the optimum acid con-
centration under these conditions is about 30 mM.
There is a considerable decrease in the yield of the
polymer below and above this acid concentration.

The dry conductivity values of the deposited films
obtained from the acetonitrile solutions are listed in
Table I. The electron-withdrawing effect of fluorine
and chlorine can be seen in the conductivity of the
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Figure 9 Baseline-corrected FTIR spectra (2000—400-cm ! region) of (a) PANI, (b) PFANI, (c) PCIANI, (d) P(An-co-2-FAn),

and (e) P(An-co-2-ClAn).

homopolymer (PFANI and PCIANI) and copolymer
films. As the halogen content of electron-withdrawing
species increases, the conductivity of the film de-
creases. The observed decrease in the conductivity of
the copolymer with respect to PANI can be attributed
to the incorporation of the fluoroaniline and chloro-
aniline moieties into the PANI chain. The copolymers
exhibit higher dry electrical conductivity values than
the homopolymers and lower values than PANL

The FTIR spectra of electrochemically prepared
PANI, PFANI, PCIANI, poly(aniline-co-2-fluoroani-

line) [P(An-co-2-FAn)], and P(An-co-2-ClAn) were re-
corded; a broad N—H stretching peak was observed
around 3400 cm ™}, and a C—H vibration of the aro-
matic ring was observed at 3037 cm ™' (they are not
shown in Fig. 9). The absorption of IR radiation at a
wavelength below 2000 cm ™" is rich in molecular sig-
natory information. For this reason, the IR peaks in the
range of 2000—-400 cm ™' are shown in Figure 9, respec-
tively. The peak at about 1580 cm ™" is due to the C=C
double bond of quinoid rings, whereas the peak at
1500 cm ™! arises from the vibration of the C=C dou-
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Figure 10 UV-vis absorption spectra of (a) PANI, (b) PFANI, (c) PCIANI, (d) P(An-co-2-FAn), and (e) P(An-co-2-ClAn) in

DMSO.

ble bond associated with the benzenoid ring. The band
at about 1070-1170 cm ™', primarily due to C—H in-
plane deformation, was used by Chiang and MacDi-
armid™® as a measure of the extent of electron delocal-
ization in the polymer. The peak at 804-831 cm ™' is
due to aromatic C—H bending.** The peak observed
at 625 cm ™! has been attributed to the CIO, ion.** We
also investigated the IR spectra of pure fluoroaniline
and chloroaniline to determine the specific peaks of
fluoro and chloro groups (not shown here). The vibra-
tion peak of the quinoid and benzenoid units shifts to
higher wavelengths in halogen-substituted homopoly-
mers and copolymers. The vibration bands found
around 1309, 1184, and 680 cm ! [Fig. 9(b,d)] are
characteristic of fluoro groups.’® This confirms the
presence of the fluoro moieties in the PANI backbone.
Two new bands can be observed at 1300-1340 and 700
cm ™" (this peak can easily be seen in the copolymer
spectrum) in both PCIANI and P(An-co-2-ClAn) spec-

tra [Fig. 9(c,e)]. These peaks are associated with the
presence of chlorine groups in the halogen-substituted
homopolymer and copolymer structure. The synthe-
sized polymers are homopolymers of 2-fluoroaniline
and 2-chloroaniline. The others are copolymers of an-
iline with 2-fluoroaniline and 2-chloroaniline and are
not a mixture of the homopolymers.

The UV-vis spectra of PANI, PFANI, PCIANI,
P(An-co-2-FAn), and P(An-co-2-ClAn) solutions in
DMSO, recorded at room temperature, are shown in
Figure 10(a—e), respectively. The spectra are domi-
nated by two broad absorption bands at about 300 nm
(peak 1) and 560-640 nm (peak 2). According to the
general practice of peak assignment, peak 1 is attrib-
uted to the 77 transition of the benzenoid moieties
in the PANI linear structure or simply to the bandgap
of the polymer.*® Peak 2 closely resembles the benze-
noid—quinoid transition in the emeraldine form (mid-
dle oxidation state) of PANL>**” However, the actual
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band positions are blueshifted with respect to PANL
The blueshift was induced by the presence of fluorine
and chlorine units in the polymers and copolymers
[Fig. 10(b—e)]. The electron-withdrawing character of
fluorine and chlorine units restricts the effective dis-
persion of electrical charge in the conjugated poly-
meric system, and this results in more locally oxidized
polymeric units. The same effects were seen in iodo-
and bromo-PANIs***! because of the electron-with-
drawing effect of the sulfonate group. These spectra
also suggest that the synthesized materials are PEANI,
PCIANI, P(An-co-2-FAn), and P(An-co-2-ClAn).

The solubility of PANI, PFANI, PCIANI, P(An-co-2-
FAn), and P(An-co-2-CIAn) was tested in DMSO,
1-methyl 2-pyrrolidone (NMP), dimethylformamide
(DMF), and tetrahydrofuran (THF) at room tempera-
ture. The homopolymers (PFANI and PCIANI) and
copolymers showed improved solubility in those po-
lar solvents with respect to PANIL PANI was soluble
in DMSO. However, it was not soluble in THF, NMP,
or DMF. Unlike PANI, PFANI, PCIANI, P(An-co-2-
FAn), and P(An-co-2-ClAn) were soluble in NMP,
THF, DMF, and DMSO. We noticed that the presence
of a halogen atom in the ring of the aniline units could
produce polymers and copolymers with better solu-
bility in NMP, THF, DMF, and DMSO. Thus, it is
possible to cast films of the desired size of PFANI,
PCIANI, P(An-co-2-FAn), and P(An-co-2-ClAn).

CONCLUSIONS

Cyclic voltammetry was used to synthesize ho-
mopolymers and copolymers in acetonitrile solutions
containing TBAP and HCIO,. The films did not lose
their electroactivities in acidic or neutral blank solu-
tions. However, they lost their electroactivities in basic
blank solutions. The dry electrical conductivity values
of the copolymers was found to be lower than that of
PANI and higher than that of PFANI and PCIANI.
Spectroscopic results (FTIR and UV-vis) showed that
the homopolymers (PFANI and PCIANI) and copoly-
mers were different from PANI. These spectra and the
conductivity behavior of the films suggested that the
synthesized materials were PFANI, PCIANI, P(An-co-
2-FAn), and P(An-co-2-ClAn).

One the authors (Y.S.) thanks Attila Yildiz and Kadir Pek-
mez for measuring the dry electrical conductivity values of
the films.
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