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The polyaniline /manganese dioxide nanocomposite (PANI/MnO,) was prepared by in
situ polymerization. The structural, electrical conductivity, complex electric modulus,
dielectric and optical properties of the nanocomposites were analyzed using powder XRD,
impedance and optical spectra. After heating of PANI/MnO, nanocomposites, XRD shows
structure changes to an extremely less crystalline state due to the melting of MnO,, which
is inside the PANI chain. The AC conductivity of nanocomposites was analyzed in the
range from 298 K to 423 K. The AC conductivity of nanocomposites varies with fre-
quency. The highest conductivity is 5.798 Ohm/cm at a temperature of 373 K. The
dielectric permittivity is constant in the region of higher frequencies and differs in the
region of lower frequencies. Studies of FTIR spectra have shown that there is a very
strong interaction between MnO, and the PANI chain.
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OTprMaHHA HAHOKOMIIO3WTIB IOJiaHiJiH/KiOKCHI MapraHmi MeTOAOM IOJimMepH3aIii
in situ i ix xapakrepuctukn nposiguocri. S.C.Vella Durai, R.Indira, E.Kumar
HanoxkommnosuT mouianimiz/mioxcux maprammio (PANI/MnO,) orpumano MeTomom IIo-
Jimepusanii in situ. CTPYKTypy, €JeKTPOIPOBITHICTL, KOMILJIEKCHUI €JeKTPUYHUIT MOXYJb,
mieJeKTpUYHI i onTWYHI BJIACTUBOCTI HAHOKOMIIO3WTIB ITPOAHAJNIB0BAHO 3a IOIIOMOTOIO0 IIO-
pomkoBoro XRD, imnegancy i ontuunux cnekTpiB. XRD micaa HarpiBaHHA HaHOKOMIIOBUTIB
PANI/MnO, mokasye, 1o CTPYKTypa 3MiHIOETBCA Ha BHKJIOUHO MEHII KPHCTAJIIUHYy depes
ILJIaBJIEHHS MnOZ, AKui 3HaxomuThbesa Becepenuui sganiora PANI. IlposigmicTs HamoxomiIio-
3UTIB 3a 3MiHHMM CTPyMOM IpoaHaxizoBano y miamasoui Big 298 K mo 423 K. Iloxasauo, 110
BOHA 3MiHMOETBCS B B3ajeskHocrti Big wuacrorm. Haiibinbimma mnpoBigHiCTE CTAHOBUTH
5,798 Om/cm mpm rtemmeparypi 373 K. [liemexTpmuyHa NPOHHKHICTL mocriiiHa B obiaacti
0inbII BHCOKMX dYAaCTOT i pospisHAmaca B obsacti OinbIl HUBBKUX dYacToT. JlocaimsKeHHS
indgpauyepBoHuX cIHeKTPiB 3 meperBopeHHAM Pyp’e mokKasaam, IO ICHYE AyKe CHJIbHA
Baaemogxia mix MnO, i mammiosxxom PANI.

HanmoxkommnosuT mojuaHuiInH/suokcuy maprauma (PANI/MnO,) mosyuen meromoM moJH-
Mmepusanuu in situ. CTpyKTypa, 9JeKTPOIPOBOTHOCTH, KOMILIEKCHBIN 3JIEKTPUUYECKUIl MO-
IyJIb, AU9JEKTPUUECKVEe U OITUYEeCKUNEe CBOMCTBA HAHOKOMIIOBUTOB IITPOAHAJIUSUPOBAHBI C
nomonbio mnopomkoBot XRD, mmnezanca m ontuueckux crnekTpoB. XRD mnocse Harpesa
HanokomnoauToB PANI/MnO, mokaseIBaer, 4To CTPYKTypa MEHSETCA HA MeHee KPHCTAJLIU-
yecKyio u3-3a maasieHus MnO,, xoroperit maxopurcsa BHyTpu menu PANI. Ilposogumocts
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HAHOKOMIIOBUTOB IO IIepeMeHHOMY TOKY NIpoaHaJIusupoBaHa B aumanasoHe ot 298 K mo
423 K. IIpoBOAUMOCTL HAHOKOMIIOSUTOB II0 II€PEMEHHOMY TOKY MEHSAEeTCA B 3aBUCUMOCTHU OT
yacToThl. Haumbosbitags mpoBoguMOCThE cocTtaBiseT 5,798 Om/cm mpu Temmeparype 373 K.
JusieKkTpudecKas MPOHUIIAEMOCTDh IIOCTOAHHA B 00JlacTy 6oJjiee BBICOKMX UACTOT M pasjundya-
Jachk B obsiacTu Gojiee HUBKUX dacToT. VcciaemoBaHusa MH(MPAKPACHBIX CIEKTPOB ¢ IIpeobpaso-
BaHmeM Dyphe IOKas3alM, YTO CYIIeCTBYeT OUeHb CHJIbHOe B3amMojeiicteume mexgy MnO, u

memoukoit PANI.

1. Introduction

Conducting polymers such as, polyaniline
(PANI) can be used for better conductivity
with certain organic material, which makes
it widely used in sensors, vessels, and
chemical catalysis [1-8]. MnO, has attracted
great interest as an environmentally
friendly metal oxide for lithium battery,
sensor, catalyst, and electrochemical capaci-
tor applications [4, 5]. Polymer based nano-
composites have good potential applications
like sensors, etc. [6, 7]. In order to obtain
high performance, aniline have been polym-
erized with some other material, from
which polyaniline/Au, polyaniline/carbon,
polyaniline/graphene, and others have been
prepared by [1, 2]. Meanwhile, to improve
the characteristics of the supercapacitors,
50/50 composites were additionally fabri-
cated, consisting of MnO, and various mate-
rials [8, 9]. Different techniques of prepar-
ing PANI/MnO, composites were discussed
[10]. Considering the choice of reaction,
crystal size and agglomeration associated
with the nanostructure, it is expected that
the main problems will be associated with
improving efficiency; and widespread use is
based on the controlled production of an
improved crystal structure [11]. With re-
gard to the preparation of polyaniline, a
physicochemical technique was recom-
mended [12], in which the simple interfacial
polymerization method is a very flexible ap-
proach without any template. The oxidant is
separated out from the organic solution,
while the reaction occurs at the interfaces.
As the product is removed from the pre-
pared bulk solution, a new polymerization
step occurs at the interfaces with the de-
sired PANI growth, at which the size and
shape of the product can be controlled. In
addition, prepared MnO, is extensively
used. With minimal cost and material avail-
ability, the best properties of MnO,, PANI,
and PANI/MnO, nanocomposites are widely
analyzed.

In this work, PANI/ MnO, nanocompo-
site with controllable crystalline size has
been prepared by means of in situ polymeri-
zation methods, which exhibits good con-
ductivity. The PANI nanocomposite allows
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crystalline MnO, nanoparticles to scatter. In
this paper, the structural features and the
AC conductivity of the nanocomposites were
investigated. In previous papers, the prepa-
ration of 1 wt.%, 5 wt.% and 10 wt.% of
PANI/MnO, nanocomposites was discussed
[13, 14]; and they showed significant
changes in conductivity compared to pure
materials. In this paper, detail analyzes of
2 wt.% of PANI/MnO, nanocomposites are
discussed. The AC impedance spectra
method is a very powerful tool to study the
electrical and dielectric properties of the
prepared new composite materials. This
paper also reported on studies of the dielec-
tric and electrical moduli of PANI/MnO,
nanocomposites.

2. Experimental

2.1 Preparation of PANI/MnO, nanocom-
posites

PANI/MnO, (2 wt%) mnanocomposites
were prepared by in situ polymerization of
aniline with synthesized MnO, nanoparticles
using ammonium persulfate as an oxidant.
0.1 M aniline was added drop by drop to
2 M HCI solution and the mixture was kept
in a magnetic stirrer for 40 min at 50°C.
Ammonium persulfate was dissolved in 2 M
HCl solution mixture and stirred for 2 h.
Then both the mixtures were added to the
synthesized MnO, nanoparticles (2 % w/v).
The solution mixture was stirred continu-
ously for 50 min. The reaction was com-
pleted by the formation of colloidal green
solution. PANI/MnO, nanocomposites ob-
tained were cooled and dried for one week.
The dried nanocomposites were grounded
into powder.

2.2 Characterizations

The structure of the PANI/MnO, nano-
composite was investigated by powder XRD
technique and the data were recorded using
an X-ray diffractometer (Model Bruker DS8)
with nickel filtered Cu—Ko radiation. The
samples were characterized using impedance
spectroscopy. An impedance bridge (Zahner
IM6) was used to measure the dielectric,
modulus, and ac conductivity at several fre-
quencies in the range of 10 uyHz to 8 MHz
(at different temperatures). The FTIR spec-
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Fig. 1. XRD patterns of nanocomposites.

trum of the MnO, powder sample was also
recorded using Fourier Transform Infra-Red
spectroscopy (FTIR) (JASCO FTIR-4100).

3. Results and discussion

3.1 Powder XRD analysis

Powder XRD studies were used to inves-
tigate the structure of the PANI/MnO,
nanocomposite. Figure 1 shows a powder X-ray
diffraction pattern of the PANI/MnO, nano-
composite; the diffraction peaks of pure
PANI [15] and its nanocomposite are ob-
served at diffraction angles 20 = 27, 39, 52,
and 66 degrees due to a certain perpendicu-
lar and parallel interval of the polyaniline
chain. The diffraction peaks at 20 = 27, 30,
and 33 deg corresponding to d spacings of
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3.21139 A, 2.97687 A, and 2.71208 A, re-
spectively, show fine-crystalline structure
of the nanocomposite. In addition, the crys-
tallite size of nanocomposites is D = 18 nm,
calculated using the Scherer equation [16].
It confirms the presence of MnO, nanoparti-
cles, and also shows an increase in crystal-
lite size of 2 wt.% PANI/MnO, nanocompo-
sites. According to Fig. 4, peaks recorded at
20 = 27, 39, 52 and 66 degrees from (310),
(330), (440) and (112) planes, respectively,
are shifted; but there is an increase in
2 wt.% MnO, nanoparticles in PANI/MnO,
nanocomposites. This indicated the presence
of nano-crystalline phases in the synthe-
sized nanocomposite materials. The XRD
pattern confirms the results of previous ar-
ticles describing the effect of MnO,
nanoparticles in PANI/MnO, nanocompo-
sites. As expected, 2 wt.% MnO, nanoparti-
cles have considerable effect on incorpora-
tion of PANI, as they can make change in
properties of this polymer.

3.2 Electric modulus analysis

One more studies of the complex electric
modulus behaviour may be discussed by the
modulus formulations, which suppress the
effect of the electrodes polarization [17].
The modulus at different temperatures is
shown in Fig. 2a and b, for (2 wt.%) poly-
mer based nanocomposite, respectively. At
low frequencies, the imaginary and real
parts of the electrical modulus approach
zero, which indicates that the polarization
of the electrodes makes a negligible contri-
bution [18]. The continuous constant at low
frequency region is due to the good capaci-
tance related with the electrode materials
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Fig. 2. a) Variation of Modulus (real) with frequency at different temperatures, b) variation of
Modulus (imaginary) with frequency at different temperatures.
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Fig. 3. a) Variation of dielectric constant (real) with frequency at different temperatures, b)
variation of dielectric constant (imaginary) with frequency at different temperatures.

[19]. The presence of peaks in the formal-
ism of the imaginary modulus at high fre-
quencies for the polymer based electrolyte
materials indicates that ionic conduction is
pre-dominant in the polymer based electro-
lytes. As the frequency increases in the real
modulus, the peaks shift to higher frequen-
cies, but with increasing frequency in the
imaginary modulus, the peaks also shift to
higher frequencies.

3.3 Analysis of dielectric properties

The (¢*) dielectric constant is obtained by
e" =¢ —i¢’, where £ is the imaginary part
of the dielectric constant, € is the real part
of dielectric constant. Dielectric constant
(dielectric permittivity) is a direct observ-
able measure of dissipated energy and is
related to ion motion as well as charge po-
larizations [20]. The plot of angular fre-
quency versus real and imaginary dielectric
constants for 2 wt.% of PANI/MnQO, nano-
composites at different temperatures are
given in Fig. 3a and b, respectively. The
dielectric permittivity (¢ & £”) becomes
very large and constant at a higher fre-
quency region (38 to 6 rad/s) due to the free
movement of the charge in the material
[21]. This value does not correspond to the
pure materials. For lower frequency region
(0.5 to 8 rad/s), a continuous change in &”
and ¢ is observed. This phenomenon is ex-
plained by the so called conductivity relaxa-
tions [22].

The appearance of both dielectric peaks
shows that the frequency region changes
from maximum to lower with increasing
temperature. It can be seen from the figures
that the rapid decrease in the dielectric con-
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stant at low frequencies is explained by the
contribution of the space charge. By apply-
ing the electric field, the charge carriers
migrate from the grain and accumulated at
grain boundaries. This can occur at high
polarization and, therefore, a high dielectric
constant [23] manifests itself at lower fre-
quencies. In the high-frequency region, due
to the high periodic change in the direction
of the field at the interface, the contribu-
tion of charge carriers (ions) to the dielec-
tric constant remains constant with increas-
ing frequency [24]. In the synthesized nano-
composite materials, the polarization
decreases due to the accumulation of
charges and leads to a decrease in the value
of real dielectric constant (g').

3.4 Electrical conductivity analysis

The AC conductivity of the polymer
based nanocomposites is characterized with
respect to the angular frequency. Plots of
conductivity versus logarithmic angular fre-
quency for mixed polymer nanocomposites
show good PANI/MnO, conductivity at vari-
ous temperatures, as shown in Fig. 4. The
ionic conductivity of the synthesized mate-
rials was realized when the ion moved along
the hopping mechanism between the allowed
sites [25]. For more conductors, the AC con-
ductivity usually reaches a frequency-inde-
pendent plot. In crystalline ionic materials,
some dispersion of AC conductivity was ob-
served in both the low-frequency and high-
frequency regions. The data obtained for
the synthesized nanocomposites show (Fig.
4) that the frequency dependence of AC con-
ductivity explains the dispersion in both
(high and low) frequency ranges. The AC
conductivity (c,.) of the synthesized nano-
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Fig. 4. Log o Vs ac conductivity of nanocom-
posites at different temperatures.

composite was calculated using the below
formula,

O,e = €gE,mtand, (1)

where g, is the permittivity (8.85-10712 F/m
for free space), o is the angular frequency,
€, is the dielectric constant and tand is the
loss factor. The plot of AC conductivity
changes as a function of logarithmic angu-
lar frequency for nanocomposites and shows
a high electrical conductivity at different
temperatures (Fig. 4). In the low frequency
regions, the AC conductivity is found to be
constant with an increase in temperature.
In the middle angular frequency range, the
AC conductivity plot was found to be inde-
pendent on the angular frequency. At high
angular frequencies, the AC conductivity
was found to increase with increasing tem-
perature. Therefore, it has been observed
that AC conductivity is highly frequency
dependent and appears to be high at higher
frequencies.

3.5 FTIR analysis

The FTIR spectra depict the formation of
PANI/MnO, nanocomposites and organic
build-up on the outside of MnO, nanoparti-
cles. Fig. 5 shows the FTIR spectrum of
PANI\MnO, (2 wt.%) nanocomposites. The
peak at 664 ecm™! is the extended vibration
peak of Mn-O. The peaks at 1479.41,
1403.34, 1014.94 and 753.81 ecm™! corre-
spond to PANI [26]. The peak at
1479.41 em™?! is attributed to the stretching
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Fig. 5. FT-IR spectra of nanocomposites.

vibration of the benzoic (-(CH,)-) ring [27].
The peaks observed at 1014.94 cm™! corre-
spond to the stretching of C—H in-plane and
out-of-plane bending. The N-H stretching
vibration mode appears at 3000 cm™!. In ad-
dition, the peaks at 3204.91 and
8447.02 em ! for N-H (PANI) and O-H
(H,0), respectively, are observed [27]. The
peak near 8400 em ! (O-H) became intense
with decreasing acid concentration, which
revealed the presence of hydrated MnO,.
Based on the observations of FTIR spectra,
the presence of this component in the nano-
composite is confirmed. The absorption
peaks of the PANI/MnO, nanocomposite ap-
pear for both PANI and MnO,, demonstrat-
ing the presence of both components in the
nanocomposites.

4. Conclusions

The polymer based nanocomposites have
been synthesised by in situ polymerization
method. The fine-crystalline nature of the
nanocomposites was confirmed by powder
XRD. Maximum conduectivity of 5.798 Q/cm
was measured for nanocomposites at 373 K.
Low values of real dielectric permittivity
varied at low frequencies and were constant
at high frequencies. Low values of imagi-
nary dielectric permittivity varied in the
low frequency region and constant at high
frequencies. The values of real and imagi-
nary electric modulus were found to be con-
stant in the low frequency region. The
structure of the synthesized nanocomposite
was studied by FTIR spectra. This article
presents a new method for the synthesis of
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various types of polymer/metal oxide nano-
composites.
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