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ABSTRACT: Polyaniline (PANI) and PANI/ZnO nanocomposites were synthesized by the chemical
oxidative polymerization of aniline and aniline with the presence of ZnO nanoparticles, respectively.
The ZnO nanoparticles synthesized by arc-discharge method were used in this study to produce
PANI/ZnO nanocomposites. Aniline/ZnO nanoparticles molar ratio was changed to investigate the effect
of ZnO nanoparticles to the characteristic of the PANIL The scanning electron microscope analysis
showed that ZnO nanoparticles were completely dispersed in PANI matrix homogeneously. It is
revealed that shifting to the higher wavenumbers occurred by the increasing ZnO nanoparticle content
in fourier transform infrared spectroscopy analysis. Furthermore, degradation of malachite green in
aqueous solution was carried out with the prepared nanocomposites under ultraviolet irradiation. The
experimental results showed that 1.2 g/L of the nanocomposite could catalyze green solution above 98%
after 180 min of irradiation.
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Ark-Desarj Yontemi ile Sentezlenen ZnO Nanoparcaciklar1 Kullanilarak Hazirlanan Polianilin/ZnO
Nanokompozitleri ve Fotokatalitik Uygulamalar1

OZET: Polianilin (PANI) ve PANI/ZnO nanokompozitleri, sirasiyla anilin ve ZnO nanoparcacik ilave
edilmis anilinin kimyasal oksidatif polimerizasyonu ile sentezlenmistir. ZnO nanoparcaciklar: ark-desarj
yontemi ile sentezlenerek PANI/ZnO nanokompozitlerinin hazirlanmasinda kullanilmistir. ZnO
nanopargaciklarinin  PANI'nin karakteristigi tizerindeki etkisini incelemek amaciyla Anilin/ZnO
nanoparcacitk molar oram1 degistirilmistir. Taramali elektron mikroskopisi analizlerine gore, ZnO
nanopargaciklari PANI matriks igerisinde homojen bir sekilde dagitilmistir. PANI/ZnO
nanokompozitlerinin Fourier doniisiimlii Infrared spektroskopisi ile yapilan incelemelerinde, PANI
matriks icerisindeki ZnO nanoparcacik miktar1 arttikca PANI'ye ait karakteristik bantlarin daha yiiksek
dalga boylarina kaydig: tespit edilmistir. Ayrica, hazirlanan nanokompozitler ile malahit yesili sulu
boya ¢ozeltisinin ultraviole 1sik etkisi altinda bozunmasi arastirilmistir. Deneysel olarak elde edilen
sonuglara gore, malahit yesili sulu ¢ozeltisi igerisine 1,2 g/L PANI/ZnO nanokompozit katalizorii
katildiginda 180 dakika sonunda %98’in tizerinde bozunma gerceklestigi bulunmustur.

Anahtar Kelimeler: Polianilin, ZnO, Ark-desarj, Kimyasal polimerasyon, Nanokompozit

1. INTRODUCTION stability and reversible acid base chemistry in
Polyaniline (PANI) is one of the aqueous solution [Sailor et al., 1990 and
promising polymers due to high conductivity, Gustafsson et al., 1992] and a large variety

simple synthesis procedure, good environmental applications such as in electro-chromic devices,
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light emitting diodes, corrosion-protecting paint
and  electrostatic =~ discharge  protection
[Gangpadhyay and De, 2000; Zhang et al., 2004;
Lee et al., 2004]

In recent years, the interest in the
development of inorganic/polymer hybrid
materials on nanometer scale has grown due to a
wide range of potential applications in opto-
electronic devices [Zhang et al., 2004; Lee et al.,
2004; Beek et al., 2005] and in field effect
transistors [Sui et al, 2005]. Due to the inorganic
fillers at nanoscale exhibit quite different
electronic and optical properties from those of
their bulk state, it is expected to obtain a new
composite material that has synergetic or
complementary behaviors between the polymer
and inorganic material.

Among inorganic nanoparticles, ZnO is
a wide band gap semiconductor (3.37 eV) with a
60 meV exciton binding energy, which permits
laser emission at room temperature [Olson ef al.,
2006]. This large band gap is suitable for the use
of ZnO to collect high-energy photons (UV light)
[Xu et al, 2007]. These attractive physical
properties give this oxide potential application
in optoelectronics [Cho ef al., 1999; Bae et al.,
2003; Ozgiir et al, 2005]. Various authors
currently obtain ZnO nanorods with diameters
of 20-100 nm [Yan ef al. 2001; Zamferiscu et al.,
2002; Park et al., 2002; Wang et al.; Banarjee et al.,
2005; Yang and Wang, 2005]. Obtaining a large
quantity of one-dimensional ZnO nanostructures
may allow to study of the optical, photo-
catalytically and mechanical properties. There
are few studies reporting the synthesis,
morphology, optical, electrical and
photocatalytical ~ properties of ZnO/PANI
nanocomposites [Chang et al., 2004; He, 2004; He,
2005; Paul et al., 2007; Sharma et al., 2009a; Khan
and Khalid, 2009; Sharma et al., 2009b; Sharma et
al., 2009¢c; Ameen et al., 2011; Eskizeybek et al.,
2012].

In this study, we reported the synthesis of
PANI/ZnO
polymerization method in water and the effects
of different weight percent of ZnO nanoparticles
to the nanocomposite properties. The ZnO

nanocomposites  via oxidative

nanoparticle synthesized by arc-discharge
method was used for the first time in this study
to produce PANI/ZnO nanocomposites. The
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nanocomposites were characterized by using
scanning electron microscopy (SEM), X-ray
diffraction (XRD) analysis, fourier transform
infrared (FTIR), UV-visible
spectroscopy (UV-vis), differential scanning
calorimetry  (DSC)
photocatalytic ~ activities of the prepared
nanocomposites were characterized based on
photocatalytic degradation of malachite green in
aqueous solution under ultraviolet (UV) light

spectroscopy

analysis. In addition,

irradiation.
2. MATERIAL AND METHOD

All chemicals used were of analytical
reagent grade. Aniline (Merck) was distilled
under reduced pressure, stored in dark below
4°C. High purity Zn rods (99.99%) were supplied
by Alfa Aesar. Sodium dodecyl sulfate (SDS),
ammonium peroxydisulfate (APS) and ethanol
(Merck) were used as received. De-ionized water
was used to synthesize ZnO nanoparticles. Bi-
distilled water was used throughout the
experimental work.

Arc-discharge (AD) method submerged
in deionized (DI) water was used to synthesize
ZnO  nanoparticles as reported  before
[Eskizeybek ef al, 2011]. The AD apparatus
consists of two Zn electrodes as anode and
cathode. The AD was initiated in the DI water by
touching the anode to the cathode and then the
gap between the electrodes was controlled by
measuring discharge voltage to achieve maintain
stable AD. The applied arc current was kept
constant in 50 A for the whole experiment. AD
was continued for 3 minutes and after
discharging, the solution was kept at room
temperature for several days to provide settling
of the synthesized particles in the DI water. The
settled products and DI water was separated by
decantation and then dried at 80°C under
vacuum conditions.

PANI was
polymerization of aniline in water by chemical
oxidation. For the synthesis, 0.21 mole aniline
and 1.5 mmole SDS were dissolved in 20 mL

synthesized by

water. ZnO nanoparticles with different weight
percents were added in the aniline solution and
were sonicated for 24 h to improve the
suspension of ZnO nanoparticle in the solution.
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4.3 mmole APS was dissolved in 5 mL water and
added by means of drop wise to aniline solution.
The solution was mixed for one minute by
means of magnetic agitation at room
temperature then the polymerization realized in
the refrigerator at 4°C for overnight. The
polymerization procedure was also realized to
synthesize pure PANI without adding ZnO
nanoparticles. The resulting greenish black
participate was filtered and washed several
times with distilled water and ethanol to remove
unreacted chemical followed by drying in
desiccators under vacuum at room temperature
for 24 h. The PANI/ZnO nanocomposites were
prepared by adding 28x10-° mole, 14x10° mole,
9.0x105 mole and 4.5x10° mole ZnO
nanoparticles in polymerization medium and the
nanocomposites synthesized in this study were
called NC1, NC2, NC3 and NC4 respectively.

X-Rays Diffraction (XRD) analysis was
carried out by Shimadzu XRD-6000 X-ray
diffractometer using Cu K« radiation (A=0.15418
nm) the operating conditions were 40 kV and 30
mA in the scanning range from 20°-70° at rate of
2°/min. SEM images of the synthesized products
were carried out using a JEOL/JSM-6335F-EDS
SEM. The samples were dissolved in water by
ultrasonication and their optical absorption
spectra was obtained using an Ocean Optics
HR4000 UV-visible spectrophotometer and the
FTIR spectra of zinc oxide and polyaniline-zinc
oxide composites were recorded by a Perkin
Elmer 1725 instrument. The thermogravimetric
analysis were performed on the selected samples
of composites and polyaniline by using a Perkin-
Elmer (Pyris Dimond) instrument heating from
25°C to 600°C at the rate of 10°C min? in
nitrogen atmosphere with the flow rate of 20
mL/min.

The photocatalytic degradation of MG
dye was performed in quartz tubes using NCl1
and NC4 nanocomposites as catalysts under
the illumination of UV light. 2.5 mL 1.0x10¢ M
MG solution was mixed with 3.0 mg catalysts.
Before irradiation, suspension was stirred for
30 minutes in dark conditions wuntil
adsorption-desorption  equilibrium  was
established. And then the suspensions were
irradiated without stirring. The catalytic
degradation of MG was investigated at room

temperature in the presence/absence of
catalyst under irradiation/dark for given times.
The concentration of dye in each sample was
analyzed by wusing UV-vis spectroscopy
method and absorptions of the MG at
characteristic wavelength were measured. The
decolorization efficiency of dye is estimated by
the following equation;

Degradation rate (%) = ((Ao-A)/Ao)x100 (1)

where Ao represents the absorbance of dye
before illumination, A denotes the absorbance
of dye after a certain irradiation time.

3. RESULTS AND DISCUSSIONS

The oxidation of aniline in an acidic
aqueous medium yields PANL When the
reaction mixture contains ZnO nanoparticles,
nanocomposite materials of both components are
obtained. Nanocomposite structures depending
on the nature of the components used and the
method of preparation. Different
polymerizations were carried out in which an
aniline concentration was kept constant and
different concentrations of ZnO nanoparticles
were added to the aniline solution as described
in experimental section. The SEM images, FTIR
and UV-visible spectra and DSC curves prove
that PANI and PANI/ZnO composites have been
produced. The characterizations of the ZnO
nanoparticles and pure PANI have been studied.
The  characterizations of nanocomposite
materials have also been studied to compare the
molecular structures of the nanocomposites,
PANI and ZnO nanoparticles.

The XRD and TEM images of ZnO
nanoparticles synthesized in the present work
using the AD technique are shown in Fig. 1a and
b, respectively. The various peaks in the XRD
pattern could be assigned to the crystalline zinc
oxide phase with the hexagonal wurzite
structure with the lattice parameters a=0.324 nm
and ¢=0.519 nm (joined powder diffraction files
JPDS No.30-1451). The TEM image exhibits that
the ZnO nanoparticles are rod in morphology
and 20-100 nm in size. The ZnO nanorods with
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different diameters and the agglomerated ZnO
nanoparticles can be seen in Fig. 1b.
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Figure 1. a) XRD pattern of as synthesized
material showing the coexistence of ZnO and
zinc phases b) Typical TEM image of the
prepared ZnO nanorods shows the presence of
small ZnO nanoparticles.
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Figure 2. XRD pattern of NC1 nanocomposite
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Crystallinity = and  orientation  of
conducting polymer have been of interest,
because more highly ordered system could
display a metal-like conducting state. Fig. 2
represents the XRD pattern of the PANI/ZnO
nanocomposite named as NC1. As can be seen in
Fig. 2 two peaks centered at 20 = 21° and 26° are
observed in XRD pattern of NC1 sample. The
peak centered at 20 = 21° may be ascribed to
periodicity parallel to the polymer chain, while
the peak at 20 = 26° may be due to the
periodicity perpendicular to the polymer chain.
The peak at 20 = 21° also represents the
characteristic distance between the ring planes of
benzene rings in adjacent chains or the close
contact inter-chain distance [Pouget et al., 1995].
The peak of 20 = 26° is stronger than that of 20 =
21°, due to highly doped emeraldine salt. This
result is in good agreement with the reported
results in the literature [Singla et al., 2007].

TUBITAK

TUBITAK SEI 20.0kV X100,000 100nm WD 15.6mm

(b)
Figure 3. SEM images of a) PANI homopolymer,
b) PANI/ZnO nanocomposites named as NC1.
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The SEM images of the synthesized
PANI homopolymer and PANI/ZnO composites
have been shown in Fig. 3 a and 3b, respectively.
As can be seen in Fig. 3a and 3b, the morphology
of PANI is amorphous and the ZnO
nanoparticles were attached with polyaniline
during polymerization. The SEM image of
composite shows that there is no agglomeration
of ZnO particles in PANI matrix and there is a
uniform distribution of the ZnO rods in the
PANI matrix.
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Figure 4. FTIR spectrum of PANI homopolymer,
ZnO nanoparticles and PANI/ZnO
nanocomposites.

FTIR spectra of ZnO nanoparticles,
PANI and PANI/ZnO
synthesized by different molar ratio of
aniline/ZnO have been shown in Fig. 4,
respectively. The characteristic peaks of PANI at
1561 cm? (C=C stretching mode of the quinoid
rings), 1479 cm?' (C=C stretching mode of
benzenoid rings), 1287 cm? (C-N stretching
mode of the quinoid rings) and 1100 cm
(N=Q=N, where Q represents the quinoid ring)
appear in the FTIR spectrum of PANI The
PANI/ZnO composites also show the same
characteristic peaks. It is evident from Fig. 4
(curve NCI1, NC2 NC3, NC4) that the FTIR
spectra of the PANI/ZnO composites seem to be
a mixture of both ZnO and PANI spectra,
showing the formation of polyaniline in the
composite. However, the corresponding peaks of
pure PANI at 3225 cm™ (N-H stretching mode of
benzenoid rings) shifted to 3215 cm?, 1561 cm!
shifted to 1555 cm!, 1479 cm! shifted to 1445 cm-
11100 cm shifted to 1080 cm!, 1030 cm-! shifted

composites  that

to 1021 cm!, 955 cm! shifted to 943 cm! and 789
cm? shifted to 775 cm?! wavenumbers in
PANI/ZnO composites, approximately.
Comparing to the characteristic peaks of PANI,
some of the bands of PANI/ZnO composites shift
to the lower wavenumbers, which may be
ascribed to the hydrogen bonding action
between ZnO nanoparticles and the N-H group
in the PANI molecular chains. Such interactions
were also reported earlier for PANI/ZnO
composites [Sailor et al., 1990 and Gustafsson et
al., 1992; Gangpadhyay and De, 2000; Zhang et
al., 2004; Lee et al., 2004; Beek et al., 2005; Sui et al,
2005]. These results confirm to presence of ZnO
in composite materials. Furthermore, the peak at
1218 cm?,
emeraldine salt form of PANI, is also observed at
FTIR spectra of PANI and PANI/ZnO
composites. It has been interpreted as originated
from bipolaron structure related to the C-N
stretching vibrations [Pouget et al., 1995]. The
results indicate that all the polymer and
composite materials are in doped state. The peak
intensity at 1218 cm? (C-N stretching mode of
bipolaron structure) is higher than the peak that
the result of most doped nanocomposite is NC1.

characteristic ~of conducting
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Figure 5. UV-Vis. spectrum of PANI
homopolymer, ZnO nanoparticles and

PANI/ZnO nanocomposites.

The UV-visible spectra of ZnO, PANI
and PANI/ZnO composites with various molar
ratios of PANI/ZnO are shown in Fig. 5. PANI
shows three absorption bands at 350nm, 450 nm
and around 900 nm wavelengths. As reported
previously by some researchers doped forms of
PANI wusually show three characteristic
absorption bands at 320-360, 400-450 and 740-950
nm [Wang et al., 2010]. The first absorption band
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arises from -7t electron transition within
benzenoid segments. The second and third
absorption bands are related to doping level and
formation of polarons (quinoid segments),
respectively. For PANI, not completely
separated bands seen in 350nm to 450 nm and
the band seen at around 900 nm is an indication
of high doping level. The absorption band of
ZnO at 350 nm overlaps with the absorption
band of PANI at the same wavelength value for
ZnO/PANI composites. Doping state of each
nanocomposite was investigated by UV-visible
absorption spectra (Fig. 5). From the spectrum of
ZnO /PANI composites, the absorption bands of
PANI/ZnO nanocomposites showed blue shift
which shows decrease in conjugation as a result
of interaction between PANI and ZnO The
absorbance ratio of benzenoid (-7 transition) to
quinoid (polaron- 7 transition) bands can be
taken as a measure of oxidation state of PANI
type conducting polymer [Singla et al. 2007; Xu et
al., 2007]. UV-visible
absorption spectra of nanocomposites, NC1
composite have the highest absorbance ratio of
quinoid to benzenoid due to high doping levels.
As seen in the UV-visible absorption spectra of
PANI and PANI/ZnO nanocomposites, most
doped nanocomposite is NC1 that the
nanoparticles concentration is highest. This
result is in accordance with the results of FTIR
spectra.

Compared with the

Heat Flow (Endo Up)

50 100 1‘50 200 250
Temperature (°C)
Figure 6. DSC curves of PANI homopolymer,
PANI/ZnO nanocomposites and ZnO

nanoparticles.
Thermal properties and interaction
between the polymers and nanoparticles can also
be investigated from the differential scanning

calorimetry (DSC) studies. DSC plots showed
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some endothermic and exothermic peaks for
removal of different crystalline
melting,  recrystallization polymer
decomposition. In order to understand the effect
of ZnO nanoparticles on the thermal behaviors
of PANI, DSC analysis has been also studied.
Fig. 6 shows DSC thermogram of ZnO, PANI
and PANI/ZnO composites with various molar
ratios of PANI/ZnO. ZnO does not show any
endothermic/ exothermic peaks, indicating that

materials,
and

there are no physical changes in the sample. It
can be seen from DSC curve, two exothermic

peaks are observed for PANI The first peak,

with a maximum at ~75°C, is due to the

expulsion of water/moisture and the second
peak, observed ~240°C, and might be due to
thermal degradation of the polymer [Sharma et

al., 2009¢]. In, the DSC curves of PANI/ZnO

composites, no exothermic peak is observed
clearly. With the incorporation of ZnO, the
appearance of the peaks

increasing ZnO concentration as a result of

increasing the thermal stability of PANI/ZnO

composites with increase ZnO nanoparticles
content. NC1 has the highest thermal stability

that the nanoparticles concentration is highest.
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Figure 7 a) UV-vis absorption spectra of MG dye
in the presence of PANI/ZnO nanocomposites
for different exposure times under UV light
irradiation of MB
b) Extend of decomposition of the MB and MG
dyes with respect to time intervals over
PANI/ZnO nanocomposite UV light irradiation
of MG (Catalyst concentration: 0.4 mg/mL; initial
concentration of dyes:1.10 *M) (Catalyst
concentration: 1.2 mg/mL; initial concentration
of dyes:1.10 6 M)

The absorption spectra of MG in the
presence of the NC1 and NC4 under the
irradiation of the UV light for various durations
can be seen in Fig. 7a. The absorption peaks
corresponding to MG at 423 nm and 616 nm,
diminished gradually. No new absorption bands
appear in either the visible or ultraviolet regions,
which indicates the complete photodegradation
of MG. Figure 7b shows the variation in
decolorizing efficiency versus irradiation time
for the MG solutions for the presence of the NC1
and NC4. In order to investigate the effect of
PANI/ZnO
nanocomposite/dye interaction, three sets of

irradiation on the

experiments were carried out. The first set
involves the degradation of the dyes in the
presence of UV light without catalyst. No
significant changes were observed in absorption
spectrum of dyes, the decolorization efficiency of
MG is less than 5% after 180 minutes irradiation
under UV light. The results showed that the
photolysis of the MG is negligible. In the second
set, the experiments were also realized in dark
condition to understand the effect of the light

source when the catalyst material added into the
dye. As can be seen in Fig. 7b, the decolorization
efficiencies are 38% for MG dye under dark
conditions in the presence of the PANI/ZnO
nanocomposites used as catalyst due to
adsorption mechanism. The third set of
experiments was performed to study the effect of
UV light irradiation on the PANI/ZnO
nanocomposite /dye interaction. The
decolorization efficiencies of the dyes are very
higher than corresponding dark conditions in
the presence of the PANI/ZnO nanocomposite
under illumination. The result indicates that the
prepared PANI/ZnO nanocomposites are good
catalyst to remove organic pollutants under UV
light irradiation.

5| *NC4
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Figure 8. Comparison of the apparent rate
constants of MG dye in the presence of NC1 and
NC4 nanocomposite photocatalysts under UV
light irradiation

In general, the kinetics of photocatalytic
degradation of organic pollutants on the
semiconducting oxide has been established and
can be described well by the apparent first order
reaction In(Co/Cr)=kapp.t, where kapp 1is the
apparent rate constant, Co is the concentrations
of dyes after darkness adsorption for 30 min and
Ct is the concentration of dyes at time ¢t. Fig. 8
shows the relationship between illumination
time and the degradation rate of MG for UV
light illumination. The linear correlation of the
plots of In(Co/C:) versus time suggested a pseudo
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first-order reaction for the MG dyes. The
apparent rate constants (kapp) were determined
as 0.0237 min-1 and 0.0162 min-1for NC1 and
NC4, respectively. The photocatalytic activity of
NC1 is higher than that of NC4 due to the high
ZnO content.

5. CONCLUSIONS

PANI/ZnO nanocomposites were
successfully synthesized by seeding with ZnO
nanoparticles and oxidative polymerization of
the aniline monomer in a simple process. We
carried out the experiments using different
amount of ZnO nanoparticles and maintaining
the other reaction conditions unchanged. The
SEM study of PANI-ZnO composite film
revealed uniform distribution of ZnO
nanoparticles in PANI matrix. The absorption
peaks in FTIR spectra of PANI-ZnO composite
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as compared to those observed in pure PANIL
The observed shifts were attributed to the
interaction between the ZnO nanoparticles and
PANI molecular chains. The thermal stability of
PANI/ZnO composites is higher than the
thermal stability of PANIL The thermal stability
of PANI/ZnO composites increased with the
increasing of the amount of the ZnO
nanoparticles in the reaction mixture. The
composite materials were formed from strong
interaction between the polymer and ZnO
nanoparticles. The nanocomposites synthesized
in this study have high efficiency in the
degradation of MG under UV light irradiation.
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