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Abstract: This work presents the synthesis and characterization of soluble and
conducting polyaniline—poly(itaconic acid) PANI-PIA according to a chemical
polymerization route. This polymerization pathway leads to the formation of
doped polyaniline salts, which are highly soluble in a number of mixtures
between organic common polar solvents and water, the solubility reaches 4 mg
mL-L. The effect of synthesis parameters, such as doping level, on the con-
ductivity was investigated and a study of the solubility and other properties of
the resulting PANI salts were also undertaken. The maximum of conductivity
was found equal to 2.48x104 S cm'® for fully protonated PANI-EB. In addi-
tion, the synthesized materials were characterized by various methods, i.e., vis-
cosity measurements, XRD analysis and FTIR and UV-Vis spectroscopy. Fin-
aly, TGA was performed to obtain some information concerning the thermal
behaviour of the materials.

Keywords. conducting polymer; PANI; itaconic acid; polymerization; solubility
properties.

INTRODUCTION

The synthesis and improvement of new materials with special properties
have attracted much attention in the last decade. Polyaniline (PANI) is one of the
most promising polymers due to its good flexibility, low cost, oxidative stability
and unique conduction mechanism.1=3 However, there are some major draw-
backs, which limit its application, such as low thermal stability and poor sol-
ubility in common solvents due to the stiffness of backbone and H-bonding inter-
actions between adjacent chains.4°
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918 ZEGHIOUD et al.

Recently a number of studies have been devoted to the search for different
synthetic methods that allow PANI to be obtained with good solubility in the
presence of different polymeric acids with different structures,6-° which improve
processibility, specia electrical conductivity and optical and spectroscopic pro-
perties.

Barrios et al.10 reported the electro-synthesis of PANI in the presence of
poly(itaconic acid) and they evaluated the effect of the presence of dicarboxylic
acids on the electrochemical behaviour of the obtained films. Nevertheless, the
electrochemical methods generated polyaniline with very low solubility that was
difficult to process and had restricted application.

Travas-Sejdic et al.11 studied the electrochemical properties of self-assembled
multilayer films based on polyaniline and two polyanions. poly(styrene sul-
phonate) (PSSA) and an oligonucleotide (ON), and found by cyclic voltammetry
experiments that PANI/PSSA and PANI/ON films had different electrochemical
behaviours, with PANI/ON films showing lower electroactivity.

Gizdavic-Nikolaidis et al.12 recently demonstrated that a conductive poly-
mer nanofibrilar network of poly(lactic acid) can be electrospun with PANI, and
its copolymers with m-aminobenzoic acid (m-ABA) from DM SO/THF solutions.
Abdul Rahman et al.13 found that the number average molecular weights of the
copolymers decreased significantly with increasing mrABA fraction in the
copolymers, and the solubility increased with increasing proportion of m-ABA.
This increase was due not only to the functional COOH groups, but also to the
decrease in the average length of the polymer chains.

Gribkova et al.14 reported the chemical polymerization of aniline in the pre-
sence of aromatic polyamides containing sulphonic groups. They observed that
the presence of the flexible-chain of polyamides with a regular distribution of
sulphonic groups along the polymer chain allowed the polyaniline to exhibit a
random coil conformation in the presence of strong electrolytes and the for-
mation of water-soluble interpolymer complexes of PANI with polyacids.

Wang et al.1® prepared polyaniline nanorods by chemical oxidative poly-
merization using itaconic acid as dopant. The polyaniline salt obtained, compared
to the undoped form, possessed high productivity, conductivity and excellent
solubility in organic solvents such as NMP, THF and DMF, which reached 19
mg mL—1,

The main goal of the present work was the chemical doping of PANI in the
presence of poly(itaconic acid) (PIA). PIA is a very exciting material due to its
biocompatibility with natural systems. In addition, PIA is very attractive because
it has two negatively charged carboxylic groups in each monomer unit. The
essential advantage of the resultant PANI was the possibility of producing con-
ductive PANI blends with good solubility. The spectral, thermal and electrical
properties of the obtained PANI molecular composites were studied.
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EXPERIMENTAL
Materials

Aniline (ANI, 99 % pure) was purchased from Fluka. Other provided materials were
hydrochloric acid (35.37 %) from Organics Stinnes Chemicals, methanol (99.5 %) and ammo-
nium peroxodisulphate (APS, 99 %) from Prolabo. Potassium peroxodisulphate (PPS, 99 %)
was from Riedel-de Haéen, acetone (99 %) from Acros Organics, while ammonia (25 %
solution), N-methylpyrrolidone (NMP, 99.5 %) and tetrahydrofuran (THF, 99 %) were from
Merck. Itaconic acid (99 %) was purchased from Aldrich, dimethyl sulphoxide (DMSO, 100
%) from Analytical Reagent. Deionised water was used throughout the experiments and all
chemicals were used without previous purification.

Synthesis of PANI

The synthesis of the PANI-EB was as follows: 4.8 g of aniline (4.75 mL) and 15 ml of
HCI were dispersed in 50 mL of deionised water under vigorous stirring at room temperature
for 2 h to obtain a uniform solution. Then, an agueous solution of APS (11.8 g + 50 mL
deionised water) was added to the above mixture in one portion (the moleratio ANI:APS = 1).
The resulting solution was stirred for 30 min to ensure complete mixing, and then the reaction
was followed by continuous stirring at 2 °C for 4 h. The precipitate that formed was filtered
off, washed with deionised water and methanol until the filtrate was colourless to remove
excess acid and possible oligomers. Finally, the powder was dried under vacuum for 48 h.
Then, the obtained PANI as the emeraldine salt (PANI-ES) was stirred in 1 M solution of
ammonium hydroxide at room temperature for 72 h to completely convert it to emeraldine
base (PANI-EB) form. Upon filtering and drying under a dynamic vacuum in an oven at 60 °C
for 24 h, the base form of PANI was obtained as a blue powder. The yield of the polymer-
ization was 80 %.

Poly(itaconic acid) synthesis

The synthesis was carried out similarly to that described in work of Larez et al.16 Thus
deionised water (10 mL) was heated until boiling and left to reach ambient temperature with
continuous stirring and under nitrogen bubbling. Itaconic acid (1A, 0.023 mol) and PPS
(2.22x10* mol) were added and the system was sealed and placed in athermostatic bath at 60
°C with continuous stirring during 48 h. A heterogeneous mixture was initially obtained due
to an incomplete dissolving of 1A that went transparent after 5 min. After the polymerization
reaction time was over, the reactor was left to cool down to room temperature under con-
tinuous stirring (about 30 min). Polymer was separated by precipitation in cool acetone. The
repeat unit of the resulting polymer (PIA) is shown in Scheme 1.

?H
c=0
|
CH2—CI
CH,-C-OH Scheme 1. Chemical structure of the repeat unit of poly(itaconic
0 acid) PIA.

Doping
The polymeric acid-doped PANI was prepared by mixing 0.9 g of PANI-EB (0.0025 moal,
based on the approximate tetrametric repeat unit) in a THF dispersion with the appropriate quantity
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of poly(itaconic acid) solution of different mole ratios (based on its acidic repeat unit). The
suspension was sonicated in a bath-type sonicator for 2 h followed by eectromagnetic stirring (12
h) to make the disperson homogeneous. The dispersion of PANI-PIA was filtered using poly-
tetrafluoroethylene membrane filters of pore size 0.45 pum. The resultant powder was washed with
large quantities of distilled water until the filtrate became colourless and the powder was dried in an
oven at 60 °C for 24 h. The reaction mechanism is shown in Scheme 2.
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Scheme 2. Mechanlsm of PANI-EB dopmg with PIA.

Characterization

The Fourier transform infrared (FTIR) spectra were recorded between 400 and 4000 cmrl
from KBr pellets on an infrared Fourier transform spectrometer (Shimadzu type 8400 S). The UV—
-Vis spectra of al samples dissolved in different solvents were recorded using a UV-Vis
spectrometer Shimadzu UV-2401PC, in the wavelength range of 250-900 nm. The intrinsic
viscosity measurements of solutions were made using a Micro-Ubbelohde Schott-Gerate
viscosimeter. The X-ray powder diffraction patterns were recorded on a PANalytica X'Pert PRO
diffractometer fitted with CuK,, radiation (A = 1.5404 nm) at 40 kV and 40 mA in the 26 range 5—
—60° region. Thermogravimetric (TG) analysis was performed using a Setaram MTB instrument
with 108" sendgtivity, operating at a heating rate of 10 °C minL, from room temperature up to 450
°C under an air amosphere. The sample mass ranged between 3 and 6 mg.

RESULTS AND DISCUSSION
Conductivity measurements

The €electrical conductivity measurements of compressed pellets of PIA-
-doped PANI were made by the conventional four-point probe technique at room
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temperature; the data are plotted in Fig. 1. The curve showing the evolution of the
electric conductivity (o) according to the doping level follows an exponentia
form. Indeed, the values of the electrical conductivity order of 10~4 were found for
PANI-PIA, whereby a high conductivity value of 2.48x104 S cmr? for the
PANI-PIA was reached when the PANI-EB (conductivity value of 8.14x10-10
S cm1) was fully protonated, showing that the resultant PANI-PIA was less
conductive than the PANI-HCI, which has a conductivity of 4.6 ScmL. Thiswas
confirmed by the narrower band gap for PANI-HCI around 3.2 eV compared with
the PANI-PIA (Table I). Note that each measured value of conductivity is an
average of four measurements for each face of the pellet.

2.6 l
2.4 T

2.2

2.01

/10" S em’
>
\
—

1.4 /
1.2 é
Fig. 1. The conductivity of PANI-PIA at

0.25 0.50 0.75 106 different [PIA repeat unit]/[EB tetramer]
[PTA repeat unit]/[EB tetramer] mole ratio moleratio.

TABLE I. Conductivity and the energy band gap of different forms of PANI
UV-Visband, nm

Sample 1 2 Conductivity, Scm  Energy band gap, eV
PANI-HCI 387 467 4.60 3.20
PANI-EB 331 626 8.14x10°10 -
PANI-PIA 304 347 2.48x104 4.08

Fourier transform infrared spectroscopy (FTIR)

FTIR spectra of 1A and its polymer (PIA) are shown in Fig. 2. The assign-
ments of the FTIR bands of 1A, PIA, PANI-EB and PANI-PIA are given in Table
I. The spectra of IA and PIA showed a broad band between 2775 and 3480
cn1,17 which was attributed to O—H stretching vibrations. The spectrum of 1A
showed peaks at around 1700,18 143018 and 1220 cm1,19 indicating the stretch-
ing vibrations of C=0 (carboxylic acid), C-O-H in plane and C-O, respectively.

The spectrum of the PIA showed the pesks at around 1730,20 140019 and
1193 cm1,21 indicating the stretching vibrations of C=0, C-O-H and C-O,
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respectively. The peak at 1629 cm™1 in the curve (t = 0 h) in Fig. 2,18 charact-
erizes the presence of C=C bond coming from itaconic acid. However, this peak
was absent in PIA spectrum, which confirmed the polymerization of 1A.

oo oo
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Fig. 2. Kinetics of the polymerization reaction of itaconic acid from IA (t =0 h) to PIA
(t = 48 h) determined by FTIR spectroscopy.

TABLE I1. Assignment of FTIR bands (wavenumber, cml) of IA, PIA, PANI-EB and PANI-PIA
Sample

A PIA Assignment
2775-348017 2775-348017 O-H stretching vibration
170018 17300 C=0 stretching vibration
162918 - C=C dtretching vibration
143018 140019 C—O—H dtretching vibration
122010 1193% C—Oiin of plane bending vibration
PANI-EB PANI-PIA Assignment
343522 343522 N—H stretching vibration
- 171927 C=0 stretching vibration
158323 156828 N=Q=N Stretching rings
149424 148529 N-B-N stretching ring
129225 129225 C-N* gtretching in secondary amines
51126 51126 C—H out-of-plane bending 1,4 ring
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The position of wavenumber of C=0 stretching depends on hydrogen bond-
ing and conjugation within the molecule. With polymerisation of 1A, the C=0
stretching band was shifted to higher wavenumbers, because the possibility of
conjugation with a C=C band resulting in delocalization of the C=0 group was
eliminated on polymerisation.18 In addition, shifting of the typical bands for the
C-0O and C—-O—H groups were detected. This effect is related to hydrogen bonding
between the COOH groups of PIA.

The FTIR spectrum of pure polyaniline (PANI-EB) is shown in Fig. 3. The
formation of polyaniline was confirmed from the predominant peaks at the wave-
number of 1583 cmrL, corresponding to C=C stretching of the quinoid ring,23
1494 cmrl for C=C stretching of the benzenoid ring,24 1292 cnmr1 for C-N*
stretching,2® and 511 cmr2 for C-H out-of-plane bending.26 After PIA doping, the
quinoid and benzenoid ring bands were shifted to lower wavenumbers by 15 and 9
cm1, respectively. This red shift phenomenon, corresponding to the transform-
ation of quinoid rings into benzenoid rings, may result from conjugation effects
after doping with the polymeric acid.28

=511

- 3435
719

583

568

e 494
485
1292

PANI-PIA

PANI-EB

T T T T T T T T
3500 3000 2500 1000
Wavenumber, cm”
Fig. 3. FTIR spectraof PANI-EB, PIA and PANI-PIA.

UV-Vis spectroscopy

Absorption spectroscopy is a valuable tool for detecting the presence of PANI
base and its salts. All the absorption spectra of the PANI-PIA samples and the
PIA spectrum, Fig. 4, showed a peak in the range of 249-285 nm, corresponding
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to =—m* or n—n* transitions in the carbony! groups of the poly(itaconic acid),30
(Tablelll).

Fig. 4. UV-Vis gpectra of: a)
water/NMP, b) water/THF and c)
PIA and PANI-PIA sdlts recorded
in different solvents.

TABLE I11. Absorption bands (1 / nm) of PIA and PANI-PIA samplesin different solvents
Attribution of absorption bands

Sample (solvent) n—r* and/or n—* T—* Polaron—r* n—Polaron
PIA (water) 282 - - -
PANI-PIA (THF/water) 249 304 347 790
PANI-PIA (NMP/water) 285 347 410 816

The eectronic absorption spectra of the PANI-PIA samples in different
solvents showed bands corresponding to the following transitions: —n* (304-347
nm), polaron—* (347-410 nm), and m—polaron (in the region from 790 to 816
nm) of the alternating benzenoid—quinoid structures, respectively.31.32 The finding
of the latter two absorption bands in the electronic spectra of al the PANI-PIA
samples indicates that these polymers were well doped.

When the solvent molecules interact with a PANI-PIA, its chain configur-
ation may be changed depending on the structure and polarity of the solvents,
which is reflected by peak shifts.33

Solubility determination

PANI-PIA dispersion in THF/water mixture (20 mL) was oscillated in a
bath-type sonicator for 2 h at room temperature. The suspension was filtrated to
remove undissolved polyaniline. The obtained solution was analyzed by UV-Vis
spectroscopy to confirm the protonated state of PANI, then it was dried in an oven
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at 60 °C for 12 h. The maximum solubility was the quantity of resulting poly-
aniline powder after drying 20 mL of solvents mixture with an optimal volume
ratio, which is measured in mg mL—1. Note that the optimal ratio was determined
by theintrinsic viscosity method.

The solutions of PANI-PIA in different solvents are shown in Fig. 5. The
picture proves that the PANI synthesized in the present work was highly soluble
in tetrahydrofuran/water and NMP/water mixtures with a dark green colour (Fig.
5aand b, respectively).

Fig. 5. Photographs of solutions of PANI-PIA in mixtures, a)
water/THF = 0.428 and b) water/NMP = 0.428.

The carbonyl groups of extended polyacid chain of the PIA facilitate the
solubility of PANI in some polar solvents.34 PANI-PIA is not soluble in pure
THF and NMP. The presence of water with each organic solvent improves the
solubility of the PANI-PIA significantly, which could be explained by the number
of carboxylic groups that is higher than the number of hydroxyl groups in the
dopant which require a solvent with more groups containing hydrogen to create
hydrogen bond. These groups (C=0), more negatively charged can create a
stronger hydrogen bond with the water hydrogen. This idea is presented sche-
matically in Scheme 3.

Scheme 3. Effect of the presence of
water as co-solvent on PANI-PIA
solution in THF.
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Intrinsic viscosity

The viscosity of macromolecular substances in solution is one of the most
commonly used methods for characterizations. Intrinsic viscosity is defined as the
limiting value of the ratio of specific viscosity to concentration of the solute
(nsy/C), extrapolated to zero concentration.

Different solutions of PANI-PIA were prepared with different volume ratios
of solvents (THF or NMP)/water at room temperature. This method is based on
the calculation of the difference between the efflux time of the mixture of solvents
(tg) and polymeric solution (t) between two pointsin acapillary tube.

Basing on the most recent work performed by Yilmaz et al.3> using the
values of constant K and « at room temperature (26 °C) obtained for the leuco-
emeraldine form in NMP solution in the presence of LiCl:

K=234%x102mL glanda=0.73
[7] = KMy* (1)

If two values are introduced into the Mark—Houwink equation (Eqg. (1)),36 the
obtained value of the intrinsic viscosity [5] = 13.26 mL g~ of the emeraldine salt
form results in an apparent viscosity average molar mass of My, = 5915 g mol—1.

The evolutions of the intrinsic viscosity of solutions having various (THF or
NMP)/water volume ratios of polyaniline doped with poly(itaconic acid) are
shown in Fig. 6. The increase in viscosity with increasing water content indicates
an increase in the hydrodynamic volume of the doped polymer chains, consistent
with a progressive change in molecular conformation from “compact coil” to
“expanded coil”.37 This type of behaviour indicates that water interacts more
strongly with the polymer chains and/or with poly(itaconic acid) (PIA) dopant

3.6
.Q. ...’... (a)
== (b)

O—"“”"Q . Fig. 6. Relationship between

] \ .......................... the intrinsic viscosities of
0.0 - > polyaniline doped with poly-
. - . - - - (itaconic acid) and volume
’ ) ratio of the mixtures of: a)

VivaerVsonvem water/THF and b) water/NMP.
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anions than does THF. Conversely, when the value 0.428 for the volume ratio was
exceeded, the intrinsic viscosity began to decrease with further water addition,
which could be explained as follows. the PANI-PIA chains take an extended cail
conformation aso because there are H-bonding interactions of the hydrogen of the
amine groups with the oxygen present in the molecular structure of THF. When
the value of the volume ratio was more than 0.428, the water excess was used to
decrease the interaction chain—organic solvent that led thereafter to decreases in
the hydrodynamic volume of the chains of the doped polyaniline (compact coil).
The change in intrinsic viscosity values is so large that aso the quality of
solvent/water mixture for PANI-EB and PANI-PIA should be considered.
Namely, water in this case can act as a non-solvent. After reaching an optimal
proportion between solvent and water (good solvation, intermolecular interaction),
its increased share might worsen the solvent quality, which could lead to more
compact random coils due to stronger intramolecular chain interaction.38

Thermogravimetry (TGA)

The results of the thermogravimetric analysis of the pure PIA and PANI-PIA
samples are presented in Fig. 7. Four degradation steps could be observed for PIA
(Fig. 7, curve b) in the temperature range from 26450 °C, with a residue of 30
wt. %. In the temperature region from 50-280 °C, two processes were detected;
the first one is assigned to the elimination of free water adsorbed to the hydro-
philic polymer and presence of residual solvent in the polymer,39 and the second
to anhydride ring formation in the PIA chain.40 In the second temperature region,
from 280 to 450 °C, two degradation stages were observed, probably related to
some decarboxylation and carbonization processes.16:41

0.0
e
E
R
2 -0.1 z\
> e
£ S
g =
g
o
_'0'2,8
0 T T T T T T T T T T T T T 0.3
50 100 150 200 250 300 350 400 450
7/°C
Fig. 7. Thermogravimetric (TG) and differential TG (DTG) curvesfor: a) PANI-PIA and
b) PIA.
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In the TGA thermograms of the PANI-PIA shown in Fig. 7, curve g, there are
three major stages of weight losses of PANI-PIA powder sample. The first weight
loss occurred around 67-198 °C (10 %) resulting from the elimination of water
and other volatiles.42 The second stage in the temperature range 198-337 °C was
assigned to the decomposition of excess dopant PIA .43 The third weight loss at the
higher temperature could be attributed to the detachment of doping agent and the
chemical decomposition of the short chains of PANI with maximum decom-
position rates at 367 and 427 °C, respectively.44

It is notable that as much of 50 % of the initial mass was preserved for
temperatures up to 500 °C. This residual mass relates to the existence of reticule
polymer, which is formed at high temperatures,#° and the influence of the doping
agent on areal thermal stability is not clear in this temperature region.

X-Ray diffraction pattern (XRD)

The X-ray diffraction pattern of PANI-EB, PIA and PANI-PIA are given in
Fig. 8. The crystalline (I¢) and amorphous (l) peaks were both integrated in 26
space. From these integrated peaks areas (I, |5), the ratio X¢/X5 can be calculated
by Xo/Xa = 1.8%(l/lg). A Ryland factor of 1.8 is commonly used for semi-crys-
talline polymers.4> The percentage of crystallinity X; (%) was obtained as:46

Xc (%) = 100 — 100/(1 + X/Xa) 2

The XRD pattern of PANI-EB (Fig. 8, curve @) contains some sharps peaks
at 20 9.57, 15.22, 20.75 and 24.29°, representing the crystal planes of (001),
(011), (100) and (110) of dedoped PANI, respectively.4’ The peak intensities are
listed in Table 1V, indicating the pseudo orthorhombic space.26 The peak centred
at 20 24.29° could be ascribed to periodicity perpendicular to the polymer chain

(b)

(©)

— "™ Fig. 8 XRD patterns of: &)
10 20 30 40 50 60 PANI-EB, b) PANI-PIA and c)
28/° PIA.
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(m stacking),*’ and the peak centred at 26 20.75° may be ascribed to periodicity
parallel to the conjugated chain of PANI (emeraldine base).48 The sharpness of
the peaks represents the degree of orientation of the polymer chains in that
particular crystal plane, and the intensity represents the population of crystalites
in that plane.#® This result suggests alow degree of crystallinity of 9.64 %.

TABLE V. The 20 values, intensity and indexation (hkl) of PANI-EB, PIA and PANI-PIA

Sample 201° Intensity, a.u. d/A (hkl) Crystallinity, X./ %
09.57 167.46 09.23 001 9.64
PANI-EB 15.22 176.44 05.82 011
20.75 202.06 04.28 100
24.29 203.40 03.66 110
PIA 11.80 016.88 07.50 - 9.50
PANI-PIA 19.99 008.60 04.44 100
37.27 005.71 02.41 110 2.03

As shown in Fig. 8, curve c, the poly(itaconic acid) showed a moderate
degree of crystallinity (X¢ = 9.5 %, broad peaks in the spectrum) and a single
sharp peak at 11.8°. On the other hand, the diffractogram of PANI-PIA powder,
presented in Fig. 8, curve b showed two peaks; the first at 19.99° and the other at
37.27° with a characteristics distances of 4.44 and 2.41 A, respectively. It should
be noted that the chains of the PANI-PIA were less ordered than those of the
PANI-EB, which was confirmed by the value of X; = 2.03 % for PANI-PIA.

CONCLUSIONS

Soluble conducting polyaniline salts were successfully synthesized via che-
mical polymerization. Undoped and poly(itaconic acid)-doped polyaniline were
characterized by a number of methods. The doped polyaniline had good solubil-
ity in mixtures of NMP/water and THF/water with a maximum solubility of 4 mg
mL—1 in the latter mixture at room temperature; on the other hand, this polyani-
line salt was not soluble in the pure polar organic solvents (THF and NMP)
except when the temperature is above 60 °C. The optimum volume ratio of 0.42
between water and THF was determined by intrinsic viscosity measurements.
The electrical conductivity of the doped form of polyaniline presents a pro-
portional relationship with the concentration of the doping agent (PIA). A dec-
rease in crystallinity was detected in the new PANI salt due to the presence of
poly(itaconic acid) in the composite.
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U3BOJ
CUHTE3A U KAPAKTEPU3ALIMJA ITPOBOJHOT U Y CMEIIIX PACTBAPAYA BEOMA
PACTBOPHOT ITOJIMAHUIMHA

HICHEM ZEGHIOUDi, SAAD LAMOURIi, ZITOUNI SAFIDINE' 1 MOHAMMED BELBACHIR?

"Laboratoire de Chimie Macromoléculaire, Ecole Militaire Polytechnique, BP 17, Bordj El Bahri, Alger,
Algeria u 2Laboratoire de Chimie des Polymeres, Département de Chimie, Faculté des Sciences,Université
d’Oran, BP 1524 EI'Menouer Oran 31000, Algeria

Y pany je mpHkasaHa CHHTe3a M KapaKTepusalldja PaCTBODHOI M INPOBOJHOI NOJHAHH-
nuHa PANI-PIA nmodujeHor XxeMHjCKUM TOCTYIIKOM Tj. monumepusandjom. Ha oBaj HauuH je
nodujeHa CO TOJTWAHWIMHA JOMUPAHOT MONM(UTAKOHCKOM KHCETWHOM), Koja je Beoma pac-
TBOpHa Yy OpPOjHMM CMelllama MoJIapHUX OPTraHCKUX pacTBapaya U BOJE, IIPHU YEMY je HOCTHI-
HyTa pacTBOP/MBOCT off 4 mg mL 1. Ananusupan je yTulaj mapameTapa CHHTe3€, Kao IITO je
CTEIEH JONUpama, Ha MPOBOI/BUBOCT, PACTBOP/BUBOCT U IPYra CBOjCTBA CHHTeTHCaHMX PANI-
—PIA conu. MakcuManHa NPOBOIBMBOCT Yy M3HOCy of 2,48x1074 S cm! je octapena mpu
MOTIYHOM TPOTOHOBAaWYy IMOJMMAHWINHA Y 00nuKky emepannuHcke dasze (PANI-EB). ITopen
TOra, CHHTETHUCAaHU MaTepHjajy Cy NOAAaTHO KapaKTepUCaHW BUCKO3WMETPHjOM pasdiakeHux
pactBopa, UV-Vis cnextpockonujom, nudpaxnujom X-3paka (XRD), undpaupBeHoM criek-
TPOCKOINKjOM U T€PMOrpaBUMETpUjcKOM aHanu3oM (TGA) 3a aHa/lIU3y BHUXOBUX TEPMHUYKHX
CBOjCTaBa.

(ITpumibeHo 19. jyna, pesuaupano 29. nenemdpa 2014, npuxsaheno 8. janyapa 2015)

REFERENCES

. Y. G. Han, T. Kusunose, T. Sekino, J. Polym. ci., B 47 (2009) 1024

. A.Rahy, D. J. Yang, Mater. Lett. 62 (2008) 4311

. F. G. Souza Jr., B. G. Soares, J. C. Pinto, Eur. Polym. J. 44 (2008) 3908

M. G. Mikhael, A. B. Padias, H. K. Hall Jr., J. Polym. ci., A 35 (1997) 1673

J. Q. Dong, Q. Shen, J. Polym. Sci., B 47 (2009) 2036

K. Shannon, J. Fernandez, J. Chem. Soc. Chem. Commun. 5 (1994) 643

L. Sun, H. Liu, R. Clark, S. C. Yang, Synth. Met. 84 (1997) 67

G. L. Yuan, N. Kuramoto, S. J. Su, Synth. Met. 129 (2002)173

J. Tarver, J.E. Yoo, T. J. Dennes, J. Schwartz, Y. L. Loo, Chem. Mater. 21 (2009) 280

E. M. Barrios, G. A. Mujica, C. L. Velasquez, Y. Martinez, J. Electroanal. Chem. 586

(2006) 128

11. J Travas-Seidic, R. Soman, H. Peng, Thin Solid Films 497 (2006) 96

12. M. Gizdavic-Nikolaidis, S. Ray, A. J. Easteal, in Proceedings of Int. Conf. Adv. Mater.
Nanotechnol. (AMN-4), Dunedin, New Zealand, 2009

13. N. Abdul Rahman, M. Gizdavic-Nikolaidis, S. Ray, A. J. Easteal, J. Travas-Seidic,
Synth. Met. 160 (2010) 2015

14. O. L. Gribkova, A. A. Nekrasov, M. Trchova, V. F. lvanov, V. |. Sazikov, A. B. Razova,
V. A. Tverskoy, A. V. Vannikov, Polymer 52 (2011) 2474

15. Y. Wang, H. Zheng, L. Jia, H. Li, T. Li, K. Chen, Y. Gu, J. Ding, J. Macromol. Sci, A 51
(2014) 577

16. C. Larez, F. Canelon, E. Millan, G. Perdomo, |. Katime, Polym. Bull. 49 (2002) 119

17. X.Li, M. Wan, X. Li, G. Zhao, Polymer 50 (2009) 4529

18. B. Stuart, Infrared spectroscopy: fundamentals and applications, Wiley, Chichester,
2004, p. 71

19. G. Taskin, O. Sanli, G. Asman, Appl. Surf. Sci. 257 (2011) 9444

CLOONOOAWNE

=

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



20.
21.

22.

23.
24.
25.

26.
27.

28.
29.
30.
31.
32.

33.

35.
36.
37.
38.
39.
40.

SHRE8A

47.

HIGHLY SOLUBLE CONDUCTING POLYANILINE 931

S. N. Dobic, J. M. Filipovic, S. L. Tomic, Chem. Eng. J. 179 (2012) 372

B. D. Mistry, A Handbook of Spectroscopic Data Chemistry (UV, IR, PMR, 33CNMR and
Mass Spectroscopy), Oxford Book Co., Jaipur, 2009, p. 26

D. S. Patil, J. S. Shaikh, D. S. Daavi, S. S. Kalagi, P. S. Patil, Mater. Chem. Phys. 128
(2011) 449

P. Xu, Q. Tang, H. Chen, B. He, Electrochim. Acta 125 (2014) 163

J. H. Sung, S. J. Kim, K. H. Lee, J. Power Sources 126 (2004) 258

E. Ozkazanc, S. Zor, H. Ozkazanc, H. Y. Guney, U. Abaci, Mater. Chem. Phys. 133
(2012) 356

A. Mirmohseni, M. S. Seyed Dorraji, M. G. Hosseini, Electrochim. Acta 70 (2012) 182

J. M. Filipovic, L. Katsikas, 1. G. Popovic, S. J. Velickovic, T. A. Djakov, D. M.
Petrovic-Djakov, J. Therm. Anal. 49 (1997) 335

L. Chen, Y. Zhai, H. Ding, G. Zhou, Y. Zhu, D. Hui, Composites, B 45 (2013) 111

J. Gong, X. J. Cui, Z. W. Xie, S. G. Wang, L. Y. Qu, Synth. Met. 129 (2002) 187

Y. Cao, Synth. Met. 35 (1990) 319

I. Sasaki, J. Janata, M. Josowicz, Polym. Degrad. Stab. 92 (2007) 1408

J. Chen, B. J Winther, Y. Pornputtkul, K. West, L. M. Kane, G. G. Wallace,
Electrochem. Solid State Lett. 9 (2006) 11

D. Yang, B. R. Mattes, J. Polym. i, B 40 (2002) 2702

Y. Cao, P. Smith, A. J. Heeger, Synth. Met. 48 (1992) 91

F. Yilmaz, Z. Kucukyavuz, Polym. Int. 59 (2010) 552

J. Velickovic, J. Filipovic, D. P. Djakov, Polym. Bull. 32 (1994) 169

A. G. MacDiarmid, A. J. Epstein, Synth. Met. 65 (1994)103

E. Zagar, M. Zigon, Polymer 41 (2000) 3513

S. L. Tomi¢, J. M. Filipovi¢, Polym Bull. 52 (2004) 355

S. M. Mokhtar, E. M. Youssef, M. A. Abd El-Ghaffar, J. Macromol. Sci. — Pure Appl.
Chem., A 38 (2001) 19

K. M. Krusi¢, E. DZunuzovié¢, S. Trifunovi¢, J. Filipovi¢, Eur. Polym. J. 40 (2004) 793

B. Salma, G. Sama, A. Khurshid, A. S. Anwar-ul-Hag, Synth. Met. 162 (2012) 2259

H. Farrokhzad, T. V. Gerven, B. V. der Bruggen, Eur. Polym. J. 49 (2013) 3234

N. Naar, S. Lamouri, B. Belaabed, T. Kouroughli, N. Gabouze, Polym. J. 41 (2009) 432
D. Tsocheva, T. Zlatkov, L. Terlemezyan, J. Therm. Anal. 53 (1998) 895

P. J. Rae, D. M. Dattelbaum, Polymer 45 (2004) 7615T. Abdiryim, X.-G. Zhang, R.
Jamal, Mater. Chem. Phys. 90 (2005) 367

M. Hasik, A. Drelinkiewicz, E. Wenda, C. Paluszkiewicz, S. Quillard, J. Mol. Struct. 596
(2001) 89

B. Belaabed, J. L. Wojkiewicz, S. Lamouri, N. EI Kamchi, T. Lasri, J. Alloys Compd. 527
(2012) 137.

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




