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Synthesis, characterization and electrical
properties of poly(dibromoaniline-co-aniline)s
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The chemical copolymerization of aniline and 2,5-dibromoaniline or 2,6-dibromoaniline by
oxidation with K2Cr2O7 in H2SO4/acetonitrile media has been carried out. Copolymer
composition can be effectively controlled varying the monomer feed ratio. When
substituted aniline fraction is increased in the copolymer, the electrical conductivity (σ )
decreases; this effect is more important when 2,6-dibromoaniline is used. Thus, the
conductivity can be controlled in a broad range, from 1.2 to 10−6–10−11 S·cm−1 depending
on the substituted aniline and the feed ratio. The relations between copolymer
compositions and comonomer feed molar ratios shows that the aniline is slightly more
reactive than dibromoanilines during the copolymerization process. All the copolymers
were shown to be more processable than polyaniline. C© 2003 Kluwer Academic Publishers

1. Introduction
In the past few years, aromatic conducting polymers
such as polypyrrole, polythiophene, or polyaniline
(PANI) have received considerable attention owing
to their good electrical, optical, and electrochemical
properties [1, 2]. Among these polymers, a great deal
of work was devoted to PANI which can be readily used
in applications such as light-weigth batteries [3, 4]
and electrochromic devices [5, 6]. However, due to the
stiffness of its backbone, PANI is almost insoluble in
common organic solvents [7]. Consequently, its post-
synthesis processability is quite difficult. In most cases,
the solubilization of a polymer can be achieved through
functionalization of starting material with a suitable
side chain prior to polymerization. On the one hand,
PANI shows good conductivity (1.2 S · cm−1), but it
is insoluble in common organic solvents. On the other
hand, poly(halogensubstituted-aniline)s are soluble
in some organic solvents like N-methylpyrrolidinone,
dimethylformamide, tetrahydrofuran, dimethylsulfox-
ide and acetic acid 80% v/v, but their conductivity
remain low (σ < 10−11 S · cm−1) [8].

Considering these data, the synthesis of a copoly-
mer that combines the conductivity of PANI and the
solubility of polyhalogenanilines would be of interest.
Therefore the copolymerization of aniline with haloge-
nanilines should lead, upon proper adjustment of the
copolymer composition, to a soluble and conducting
or semiconducting material. Until recently, this strat-
egy was used only by a few workers for the synthe-
sis of a new aromatic conducting polymer. The syn-
thesis of a copolymer having a polyaniline backbone
was performed with halogens such as chlorine and io-
dine, but not with bromine. In this paper, we report
on the chemical synthesis of a series of poly(aniline-

co-dibromoaniline) copolymers. The substituted ani-
line monomers selected for copolymerization with ani-
line were 2,5-dibromoaniline and 2,6-dibromoaniline.
The resulting copolymers have been characterized by
various experimental techniques. Furthermore, in this
work the influence of bromine atoms on the extension
of conjugation, and its consequences on the electrical
properties, doping levels and solubility of the obtained
copolymer was also explored.

2. Experimental
2.1. Reagents and instrumentation
The monomers 2,5-dibromoaniline and 2,6-
dibromoaniline (Aldrich Chemical Co.) were re-
crystallized from aqueous methanol. Aniline was
doubly distilled. Potassium dichromate was used
as oxidant in chemical copolymerizations without
further purification. All aqueous solutions were
prepared by using freshly distilled water. Conductivity
was measured by using the four-probe technique
on polymer-powder pressed pellets with Elchema
Electrometer as a source of constant current. Infrared
spectra of polymers -KBr pellets were recorded on
a Perking Elmer Model 1310 spectrophotometer.
UV-Vis spectra were recorded on a Milton Roy 3000
spectrophotometer with diode arrangement, in 1 cm
cells using N-methyl-pyrrolidone (NMP) as solvent
in all cases. The elemental analysis of C, H, N, S was
performed in a Fisons Elemental Analyser EA 1108.
The halogen content in the copolymer was determined
by the standard ASTM method E442 [9]. The copoly-
mers and base form were doped with I2 vapor. The
determination of doping level by l2 was measured as
percentage of weight enhanced of products.
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T ABL E I Conductivity at room temperature and doping level (within brackets) of poly(dibromoaniline-co-aniline) in base from and doped with
H2SO4 and I2(g)

Conductivity (σ , S · cm−1)

Copolymers f1 F1 Base form 10−12 Doped with H2SO4 1M (S/N ) Doped with I2(g)

Poly(2,5-dibromaniline-co-aniline) 0.3 0.17 82.0 (0.35) 7.1 × 10−6 (38) 1.1 × 10−6

0.4 0.24 61.0 (0.30) 1.2 × 10−8 (35) 2.0 × 10−8

0.5 0.32 22.0 (0.22) 8.2 × 10−10 (39) 1.3 × 10−10

0.6 0.40 8.3 (0.17) 6.3 × 10−10 (33) 1.1 × 10−10

0.7 0.53 5.6 (0.14) 5.2 × 10−10 (18) 8.4 × 10−11

0.8 0.67 4.1 (0.12) 4.1 × 10−10 (12) 6.7 × 10−11

Poly(2,6-dibromaniline-co-aniline) 0.3 0.24 56.0 (0.29) 2.3 × 10−6 (35) 3.8 × 10−7

0.4 0.35 42.0 (0.22) 4.8 × 10−9 (33) 6.8 × 10−9

0.5 0.45 12.0 (0.18) 2.8 × 10−10 (28) 7.0 × 10−11

0.6 0.53 8.4 (0.10) 2.6 × 10−10 (25) 5.5 × 10−11

0.7 0.66 4.2 (0.08) 1.7 × 10−10 (23) 3.3 × 10−11

0.8 0.77 3.5 (0.07) 1.4 × 10−10 (11) 3.1 × 10−12

2.2. Chemical synthesis
Oxidative copolymerization of aniline with dibro-
moanilines was performed similarly to oxidative
copolymerization of poly(aniline-co-dichloroaniline)s
already reported [10], but using a 50% v/v mixture of
1 M H2SO4/acetonitrile. H2SO4 was used instead HCI,
so that the fraction of dibromoaniline in the copolymers
could be estimated from the bromine content.

All copolymerization reactions were carried out at
50◦C, using potassium dichromate as oxydizing agent.
Reagents were stirred for 6 h, and then filtered through
a Büchner funnel, washed with 1 M H2SO4 and copious
amount of methanol. The products were suspended in
1 M H2SO4 and stirred during 24 h at room temperature.
Then the products were filtered, washed with water and
methanol and later dried at 60◦C under vacuum. All
copolymers were undoped at room temperature, sus-
pended in an aqueous NH4OH (50% v/v) solution and
stirred for 24 h, then were filtered and washed with
water and methanol and again were dried at 60◦C at
reduced pressure. The various comonomer feed com-
positions f1 (in mole fraction of substituted anilines)
are shown in Table I.

3. Results and discussion
3.1. Synthesis and spectroscopy
Poly(2,5-dibomoaniline-co-aniline) and poly-(2,6-
dibromoaniline-co-aniline) were synthesized by
chemical copolymerization from the respective di-
haloaniline and aniline at various molar fractions of
dihaloaniline ( f1) in the feed, according to the reaction:

Fig. 1 depicts as and example, the FT-IR spec-
tra of poly(2,5-dibromoaniline-co-aniline) in the low-
est (F1 = 0.17) and highest (F1 = 0.67) compositions.
Also, the FT-IR spectrum of PANI is shown. FT-IR
spectra of poly(2,5-dibromoaniline-co-aniline)s are
similar to that of poly(2,6-dibromoaniline-co-aniline).
It can be seen that the spectra present similarity with
polyaniline. The FT-IR bands of copolymers can be as-
signed as follows: 3383–3235 cm−1 (N H stretching);

3060–3086 cm−1 (aromatic C H stretching); 1483–
1569 cm−1 (quinoid C N and C C stretching); 1568–
1601 cm−1 (aromatic C H stretching); 803–832 cm−1

(aromatic C H bending). The band at 829 cm−1 in
PANI was attributed to the C H disubstitution pat-
tern and its intensity decreases as the value of F1 is
increased.

The above results are similar in all copolymer fami-
lies. On the other hand, it should be pointed out that in
the copolymers it was not possible to clearly observe
the pattern corresponding to the tetra-substitution in the
rings. We think that this band is overlapped with the
analogue band of disubstitution of the aniline portion,
and perhaps with bands corresponding to the C-Br vi-
brations.

Fig. 2 shows the UV-Vis spectra of the series of
copolymers between aniline and 2,5-dibromoaniline in
its base form. The spectra of polyaniline are domi-
nated by two absorption bands at 320 and 610 nm. The
320 nm band is often assigned to π -π∗ transition in
the benzenoid structure [11]. The absorption in the vis-
ible range, at 610 nm, is ascribed to exiton formation
in the quinoid rings [12]. This absorption gives rise to
a blue coloration on the PANI-NMP solution.

It is observed that the shape of the UV-Vis spectra of
the copolymers is a function of the F1 composition. In
general, at low values of F1, they present the same bands
as polyaniline, but shifted towards lower wavelengths
(hypsochromic shift). As the fraction of dihaloaniline
increases in the copolymers, the band corresponding to
the benzenoid transition remains unchanged, undergo-
ing only a hypsochromic shift, while the band corre-

sponding to the exiton formation in the quinoid struc-
ture, in addition to the hypsochromic shift, becomes
less intense tending to dissapear for the copolymer with
the highest fraction of dihaloaniline. This behavior is
related to steric factors of the bromine atoms in the
polymeric chain, which a decrease in the extension of
conjugation along the macromolecule, in comparison
with polyaniline, and this is very much related to the
decrease in conductivity as the dihaloaniline fraction
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Figure 1 FT-IR spectra of (a) polyaniline and poly(2,5-dibromoaniline-
co-aniline) in doped form: (b) F1 = 0.17; (c) F1 = 0.67.

increases in the copolymer. The disappearance of the
exiton when the fraction of substituted aniline is the
highest, has been reported before, and has been at-
tributed to the interference of the substituents in the
levels of doping. The poorer polaron formation of the
copolymers with the higher degree of dibromoaniline
is consistent with the conductivity decrease of copoly-
mers. Watanabe et al. [13] and Moon et al. [14] re-
ported similar results for poly(N-alkylaniline)s, where
the poorer polaron formation was observed with the
bulkier alkyl group substitution. In this case, the same
behaviour was observed for both series of copolymers.

Figs 3 and 4 show the behavior of the copolymers
composition (F1, defined as molar fraction of the di-
bromoaniline units in the copolymer) versus the molar
fraction of dibromoaniline in the feed ( f1). The diag-
onal line represents the case in which both monomers
have identical reactivity. In both cases, the values of
F1 for the copolymers are under the diagonal line, in-
dicating that the copolymers contain in their structures
higher fractions of aniline than dihaloaniline, this ef-
fect being stronger when the bromine atoms are found

Figure 2 UV-Vis spectra of undoped poly(2,5-dibromoaniline-co-
aniline) in doped form: (a) F1 = 0.67; (b) F1 = 0.53; (c) F1 = 0.40;
(d) F1 = 0.32; (e) F1 = 0.24; (f) F1 = 0.17.

Figure 3 Plot of F1 against f1: poly(2,5-dibromoaniline-co-aniline).

in the 2 and 5 positions of the benzenoid ring. In both
cases, aniline as a monomer, shows a greater reactivity
than 2,5-dibromoaniline and 2,6-dibromoaniline.

Using the mole fraction of substituted aniline in the
monomer feed ( f1) and F1, the monomer reactivity ra-
tios, r1 (for substituted aniline) and r2 (for aniline) can
be estimated from the plot shown in Fig. 5, according
to the following equation:

f1(1 − 2F1)

(1 − f1)F1
= r2 + f 2

1 (F1 − 1)

(1 − f1)2 F1
(1)

The intercept gives r2 while the slope gives r1 [14].
For poly(2,5-dibromoaniline-co-aniline), r1 is 2.2 and
r2 0.5, while for poly(2,6-dibromoaniline-co-aniline)
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T ABL E I I Protonation levels of polyaniline, poly(2,5-
dibromoaniline) and poly(2,6-dibromoaniline)

Polymer S/N

Polyaniline 0.51
Poly(2,5-dibromoaniline) 0.04
Poly(2,6-dibromoaniline) 0.05

Figure 4 Plot of F1 against f1: poly(2,6-dibromoaniline-co-aniline).

Figure 5 Plot to evaluate reactivity ratios, r1 and r2: (�)
poly(2,5-dibromoaniline-co-aniline) and (�) poly(2,6-dibromoaniline-
co-aniline).

r1 is 1.3 and r2 is 0.8. In both cases, r = r1 · r2 is very
close to unity. A value of unity indicates that a given
monomer shows the same preference for adding to its
own type of units as for it to add to the other type.

Comparing the S/N ratios of the homopolymers
(Table II) and those of the copolymer it can be seen
that, as the fraction of substituted aniline in the copoly-
mer increases beyond 0.4, the S/N ratio decreases from
0.35 to 0.12–0.07 for the substituted aniline copoly-
mers. Thus, it appears that the “dopping” of the polymer
chain by protonating acid is inhibited by the substituent
group.

3.2. Electrical conductivity
The conductivities for both series of copolymers are
also listed in Table I. Very sharp variations of up to 6

Figure 6 Room-temperature dc conductivities of the H2SO4-doped
poly(2,5-dibromoaniline-co-aniline) against F1.

orders of magnitude can be seen when the comonomer
feed composition varies. However, according to oth-
ers workers [15], it is more appropriate to consider
the variation of the logarithm of the conductivity with
the copolymer composition F1 as shown in Fig. 6. It
can be observed that the electrical conductivity (σ ) of
the copolymers is strongly dependent on the amount
of substituted aniline incorporated, decreasing as the
dihaloaniline fraction in the copolymer increases. Ini-
tially, the value of σ decreases sharply, but from a cer-
tain composition, there is little variation in conductivity,
becoming almost independent of the copolymer com-
position. The reduction in conductivity observed when
the fraction of dihaloaniline in the copolymer increases,
can be explained by two types of steric effect. The
first possible explanation is the conformational steric
effect of the substituted bromine groups, since the sub-
stituent may restrict the ring conformation of aniline.
Substituent groups in positions 2,5 or 2,6 of aniline in
the copolymer may induce ring twisting, i.e., nonpla-
nar conformations, which decreases the π conjugation
length along the polyaniline backbone and thus desta-
bilizes the polysemiquinone radical cation and gives
higher redox potentials. This type of explanation for
the reduction of conductivity of substituted polyaniline
has been reported in the literature for various polyani-
lines derivatives [16]. The other possible explanation
for the reduction of the copolymer conductivities is
the intermolecular steric effect. The substituted groups
may also reduce the intermolecular contacts between
the neighboring polyaniline backbones through their
steric effect, and hence induce a disorder in chain sep-
arations within the metallic conduction region of the
copolymer. Considering the conduction mechanism of
polyaniline, the reduction of interchain contact is in-
dicative of the shortening of coherence length between
the neighboring polyaniline backbones. Thus the elec-
trons in the polaronic lattice in polyaniline are confined
to segments of a chain and become localized. This local-
ization of electrons may reduce the interchain diffusion
rate of electrons and therefore lead to the decrease of
conductivity. Similar arguments have been reported for
the polymeric acid-doped polyaniline systems [17, 18].
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For polyaniline, it has been shown that the conductivity
is strongly dependent on the protonation (doping) level
(S/N ), which also decreases as the dihaloaniline frac-
tion in the copolymer increases. Table I shows also that
doping with iodine is easier than with H2SO4. However,
as can be seen in the graph, the doping with H2SO4 is
more effective. We believe that the dihalogenation hin-
ders the delocalization structure. We have reported that
dihalogenated homopolymers present conductivities in
the order of 10−12 S·cm−1 [8], therefore, the conduc-
tivities of copolymer are between those of polyaniline
(1.2 S·cm−1) and dihalogenated homopolymers.

Finally, it is important to mention that the copolymers
are soluble in solvents such as N-methylpyrrolidone,
dimethylformamide, tetrahydrofuran, dimethylsulfox-
ide and 80% v/v acetic acid. The fact that these copoly-
mers are soluble in the above solvents, and show con-
ductivities values between those of polyaniline and
the corresponding polydihaloanilines, is a strong proof
that they are true copolymers, instead of a mixture
of homopolymers. Thus, in a control experiment, a
mixture of equal parts of polyaniline and poly(2,5-
dibromoaniline) was prepared and its conductivity
and solubility in dimethylsulfoxide was determined.
The conductivity value was intermediate between that
of polyaniline and poly(2,5-dibromoaniline), but the
polyaniline fraction was completely insoluble.

4. Conclusions
In this paper, we have examined the effect of the ac-
tual composition (in mole fractions of dibromoanilines,
F1) of chemically synthesized poly(dibromoaniline-co-
aniline) copolymers on the electrical and physical prop-
erties. The aniline resulted to be slightly more reactive
than 2,5- or 2,6- dibromoanilines. The electrical con-
ductivity of the copolymer can be effectively modified
by varying its composition, decreasing as the amount
of dibrominated aniline increases in the copolymer.
The synthesized copolymers present conductivity val-
ues between those of the corresponding homopolymers
(10−6–10−12 S·cm−1), and show solubility in some

common solvents, which may be important in order
to improve the processability of PANI.
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