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Conducting Polypyrrole-lead titanate (PPy/PbTiOs) composites have been prepared by in situ deposition 
technique by placing different wt.% of fine grade powder of PbTiOs (10, 20, 30, 40, and 50%) during 
polymerization of pyrrole. The composites formed were characterized by X-ray diffraction (XRD), scanning 
electron microscopy (SEM), and thermogravimetric analysis (TGA), and these data indicate that PbTiO3 

particles are dominating with an increase in crystallinity as well as thermal stability of the composites. The 
results on the low frequency dielectric studies which are obtained in the form of pressed pellet state are 
interpreted in terms of Maxwell Wagner polarization, which are responsible for the dielectric relaxation 
mechanism and frequency dependence of conductivity.
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Introduction

Conducting polymer composites have attracted consider
able attention in recent past because of their numerous 
applications in a variety of electric and electronic devices. It 
has been found that such composites can exhibit several 
novel properties such as positive temperature coefficient of 
resistance and piezoresistivity.1 The composites of conduct
ing polymer with transition metal oxide (or sulfide) has been 
successfully prepared by several routes.2 First one involves 
the concomitant intercalation and oxidative polymerization 
in a good oxidizing material such as V2O5.3 Alternatively, 
the monomer can be impregnated in the transition metal 
oxide (MoO3)4 or sulfide (MoS?)5 host and subsequently 
undergoes polymerization upon exposure to an external 
oxidizing agent. Polyaniline-FexOy composites were obtain
ed by reacting the emeraldine base form of polyaniline with 
an aqueous solution of iron sulfate.6 Finally, the co-electro 
deposition of analogous composites has been also report- 
ed.7,8 And also, polypyrrole has been prepared with MoS3 9 
by D. Belanger et al. and others have incorporated oxides 
such as MnO2, TiO2, and WO3 into polypyrrole (PPy).8 
These composites act as potential cathode materials for 
rechargeable lithium batteries and in electrochromic dis
plays. In addition, these conducting polymers are known to 
increase conductivity after polymerization in the presence of 
the commonly highly resistive oxide or sulfide and improve 
the redox capacity of the battery.8

Preparation of these polymer composites in the presence 
of insulating materials is useful in improving the electrical 
properties, morphology, stability and crystal structure of 
these composites which are the key factors in governing the 

device performance. One way of making these composites 
involves synthesizing the conducting polymers using chemi
cal or electrochemical polymerization in the presence of 
such materials.7,8 In this study PPy/PbTiO3 composites have 
been prepared by in situ deposition technique by placing 
different wt. % of fine grade powder of PbTiO3 (10, 20, 30, 
40, and 50%) during in situ polymerization of pyrrole. The 
interfacial interactions and thermal stability of these com
posites are characterized by XRD, SEM and TGA techni
ques. Low frequency dielectric studies were carried out on 
pressed pellets and the origin of electrical properties of these 
composites have been studied in the context of polymer
oxide interactions.

Experiment지

Materials. Analytical grade pyrrole, lead titanate, and 
ammonium per sulfate were obtained from Aldrich. Pyrrole 
was purified by distillation under nitrogen flow and was kept 
in the dark prior to use.

Preparation of PPy and PPy/PbTiOs composites. 0.03 
M of distilled pyrrole was added to the solution of 0.06 M 
ammonium per sulfate and the reaction mixture was stirred 
continuously at a constant temperature (5 oC) to obtain PPy. 
To this reaction mixture, varied weight percent (10, 20, 30, 
40, and 50) of lead titanate as a fine powder was added to 
form pyrrole-lead titanate composites. The obtained product 
was filtered and washed thoroughly with methanol (CH3OH) 
and the sample was dried under vacuum for more than 24 h 
at room temperature.

Measurements. The FT-IR spectra of the samples were 
measured by a Perkin Elmer (model 783) IR spectrometer in 

mailto:chemhds@inje.ac.kr


Preparation and Characterization of Polypyrrole-Lead Titanate Composites Bull. Korean Chem. Soc. 2007, Vol. 28, No. 7 1105

KBr medium at room temperature. The SEM images of pure 
PPy and PPy/PbTiO3 (30 wt %) were investigated using XL- 
30 ESEM scanning electron microscope. The X-ray diffrac
tion patterns of the samples were recorded using Philips X- 
ray diffractometer using CuK« radiation (A = 1.5406 A). The 
diffractograms were recorded in terms of 2 Qin the range of 
10o-80o with a scanning rate of 2o per min. Thermal pro
perties were obtained by thermogravimetric analysis (Perkin 
Elmer model TGA 7) in the temperature range from 20 to 
800 oC at a heating rate of 10 oC/min under nitrogen atmos
phere. Dielectric measurements of these composites were 
carried out in the frequency range of 102-106 Hz using the 
Hewlett-Packard impedance analyzer 4192 A model at room 
temperature. The test samples to be used were prepared in 
pellet form of diameter 10 mm and thickness 3 mm by 
applying pressure of 9 M Pa. Silver paste is coated and a 
copper wire is attached on both sides to obtain a better 
contact during the impedance measurement.

Results and Discussion

FT-IR spectra. Figures 1a, 1b, and 1c show the IR 
spectrum of pure PbTiO3, pure PPy, and PPy/PbTiO3 (30%), 
respectively. Figure 1a shows the FT-IR spectra for pure 
PbTiO3, and the bands at 713 cm-1 and 387 cm-1 indicate the 
presence of metal oxygen stretching, which in turn implies 
the presence of a metal oxygen bond. In Figure 1b, the bands 
at 1306 cm-1 and 1180 cm-1 may correspond to =C-H in 
plane vibration, while the peaks at 782 cm-1 and 902 cm-1 
are due to =C-H caused by an out of plane vibration.10 The

Figure 1. FTIR spectra of (a) pure PbTiO3, (b) pure PPy, and (c) 
PPy/PbTiO3 (30 wt %).

peak observed around 1040 cm-1 is for the C-H vibration of 
2,5-substituted pyrrole.11 The bands for pure PPy at 1548 
cm-1 are due to intra ring C=C and inter ring C-C vibration,10 
which are comparatively higher than its composite ca. 1547 
cm-1 as shown in Figure 1c. This is due to the shifting of 
bands towards a lower wavelength after composite formation, 
which indicates the shortening of the PPy chain.11 Mean
while, Figure 1c shows the FT-IR of a PPy/PbTiO3 (30 wt 
%) composite sample. The band at 1471 cm-1 indicates the 
combination of the intra ring C=C and the inter ring C-C 
vibration in the composite samples.12 The characteristic IR 
peak observed at 1182 cm-1 may be due to the =C-H in plane 
vibration, and the peaks around 786 cm-1 and 907 cm-1 may 
be =C-H out of plane vibration.13 These bands are also called 
bipolaron bands.11 The bands around 1043 cm-1 may be due 
to the C-H vibration of 2,5-substituted PPy14,15 which indi
cates the presence of polymerized (or oxidized) pyrrole in 
the composites. The IR spectra of other composites (PPy 
with 10, 20, 40, and 50 wt % of PbTiO3) show similar ab
sorption peaks without much variations in their stretching 
frequencies. This shows that there is a weak interaction bet
ween the metal and polymer components of the composite.

Pattern of X-ray diffraction. Figure 2 shows X-ray diffr
action patterns of PPy/PbTiO3 (10 wt % of PbTiO3), PPy/ 
PbTiO3 (30 wt %), and PPy/PbTiO3 (50 wt %), respectively. 
XRD patterns of PPy/PbTiO3 composites exhibit a predo
minant PbTiO3 peaks than PPy. By comparing the X-ray 
diffraction patterns of composites with those of PbTiO3, the 
peaks at 31.72o have been assigned to the (110) plane of 
perovskite structure and the one at 56.40o to the (222) plane 
of pyrochlore structure, as could be noted from the respec
tive JCPDS (in 00-002-0804) files. This may be caused by 
the scattering of PPy chains at the interplanar spacing16 due 
to the encapsulation of PPy on the PbTiO3 particles.

Scanning electron microscopy. SEM micrographs of the 
pure PPy and PPy/PbTiO3 (50 wt %) composites are display-
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Figure 2. XRD patterns of PPy/PbTiO3 (10 wt %), PPy/PbTiO3 (30 
wt %), and PPy/PbTiO3 (50 wt %).
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Figure 3. Scanning electron micrographs of (a) pure PPy and (b) 
PPy/PbTiOs (50 wt %).

Figure 4. TGA curves obtained from PPy, PPy/PbTiOs (30 wt %), 
and PPy/PbTiO3 (50 wt %).

ed in Figure 3. Pure PPy (Figure 3a) shows an aggregated 
structure, while PPy/PbTiO3 (50 wt %) composite (Figure 
3b) exhibits an aggregated granular morphology. With 
increasing the amount of PbTiO3 (20, 30 and 40 wt %), 
larger size aggregates are visible as shown in Figure 3. It 
suggests intermixing of PbTiO3 particles with the PPy matrix.

Thermogravimetric analysis. Thermal degradation 
patterns for PPy, PPy/PbTiO3 (30 wt %) and PPy/PbTiO3 (50
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Figure 5. Frequency dependence of a.c. conductivity of PPy/ 
PbTiOs composites. (a). Variation of conductivity of PPy/PbTiOs at 
different frequency with PbTiOs content in the composite (b). At 
different frequency with increase in the content of PbTiOs in the 
composite (Inset: The conductivity of PPy/PbTiOs composites for 
different wt % of PbTiOs at different frequencies).

wt %) are shown in Figure 4, respectively. PPy and PPy/ 
PbTiOs composites show a three stage decomposition 
pattern. The first stage ranging from room temperature to 
100 oC corresponds to a loss of water molecules/moisture 
present in the polymer. The second stage from 120 to 320 oC 
is associated with a loss of dopant ion from the polymer 
matrix. However, the weight loss after 320 oC is due to 
complete degradation and decomposition of the polymer 
after the loss of dopant ion.17 PPy showed a weight loss of 
56% up to 800 oC, which increased after the introduction of 
PbTiO3 into PPy. The PPy/PbTiO3 (30 wt %) matrix showed 
a weight loss of 63%, which further increased to 66% for 
PPy/PbTiO3 (50 wt %) composite. This fact confirms that 
PbTiO3 has a positive influence on the thermal stability of 
composites, in other words PbTiO3 inhibits a fast degrada
tion of the polymers.

Studies on the electrical conductivity. Frequency-depen
dent a. c. electrical conductivities of PPy/PbTiO3 obtained at 
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room temperature are shown in Figure 5 and the inset figure 
shows those of composites with an increase in the wt % of 
PbTiO3. These composites show similar behavior up to 104 
Hz, viz. that there is no significant variation in the conduc
tivity with frequency during this range. Further as the fre
quency is increased further, conductivity goes on increasing. 
The most important and interesting observation is that, the 
conductivity of all composites are significantly higher with 
increasing PbTiO3, in spite of the fact that PbTiO3 is an 
insulating material at room temperature. Since the synthe
sized condition of these composites is same, the microscopic 
conductivities of all composites should remain same. How
ever, the macroscopic properties viz. compactness and mole
cular orientations may significantly vary due to the vari
ations in the weight percentage of PbTiO3 in composites. 
During the polymerization process there is a distribution of 
small crystalline particles of PbTiO3 in the polymer matrix 
which are homogeneously distributed there by decreasing 
the specific surface area of the polymer matrix in the 
composites due to clustering of salt particles. This brings to 
an increase in the orderness in the composites, as it can be 
confirmed by Figure 1, 2 and 3. The increase in orderness, 
compactness and molecular orientations, leads to an increase 
in macroscopic conductivity of the composites.

The increase in the conductivity values of PPy/PbTiO3 

with the increase in wt % of PbTiO3 can be qualitatively 
compared to that of the PPy/Y 2O3 composites.18 This can be 
considered specifically due to the improvement in the weak 
links between the polymer and the oxide particles which 
resulting in a stronger coupling through the grain bound- 
ary.19 Pure PPy is very light with poor compactness since 
microparticles are randomly oriented and the linkage among 
the polymer particles is very week, resulting in relatively 
lower conductivity.20 In comparison, the presence of PbTiO3 

in the composites helps the formation of a granular shape, 
which leads to an improvement in the compactness of the 
composite materials. As PbTiO3 content in composites 
increases, the change in compactness becomes more signi
ficant due to an improvement of weak links between grains 
due to the encapsulation of polymer on the salt. This 
ultimately results in an improvement in macroscopic 
conductivity.

Dielectric behavior. The frequency-dependent dielectric 
constant and dielectric losses of pure PPy and PPy/PbTiO3 

composites at room temperature are plotted in Figures 6 and 
7, respectively. The inset of both figures shows the dielectric 
constant and dielectric loss of PPy/PbTiO3 composites at 
different frequencies with an increase in the wt % of PbTiO3. 
Dielectric constant decreases as the frequency is increasing 
and this remains nearly same after the frequency of 104 Hz. 
The value of dielectric constant is smaller for the composites 
with lower content of PbTiO3 (10% and 20%) and it increase 
somewhat in the composite with 30 wt % of PbTiO3, how
ever further increase in PbTiO3 content decreases the di
electric constant of the composite. As one can see from 
Figures 5 and 6 that dielectric constant and dielectric loss 
values are higher due to the higher content of the oxide in
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Figure 6. Frequency-dependent dielectric constant of PPy/PbTiOs 

composites (Inset: Dielectric constant of PPy/PbTiOs composites 
for different wt % of PbTiOs at different frequencies).

Figure 7. Frequency-dependent dielectric loss of PPy/PbTiOs 
composites (Inset: Dielectric loss of PPy/PbTiOs composites for 
different wt % of PbTiOs at different frequencies).

these composites. It is evident from Figures 5, 6, and 7 that 
conductivity behavior and the dielectric properties of these 
composites are opposite in nature.

A higher dielectric constant and dielectric loss for a higher 
content of PbTiO3 can be interpreted by an increase in 
crystallinity due to clustering of PbTiO3 particles in the 
polymer matrix; this can be confirmed from XRD and 
micrographs. The resulting orderness in these composites 
increases the interfacial interactions between the polymer 
and the PbTiO3, leading to maximum space charge polari- 
zation.13 In the Maxwell Wagner two-layered model, the 
dielectric function depends on the conductivity and permitti



1108 Bull. Korean Chem. Soc. 2007, Vol. 28, No. 7 C. Basavaraja et al.

vity of the two layers. Here, the dielectric constant arises due 
to static dielectric permittivity (&；) which can be given as

& = Cgb / Co

where Co is the capacitance under vacuum. This equation 
demonstrates that the dielectric constant which mainly 
depends on grain boundary capacitance (Cgb). The grain 
conductivity decreases with increase in PbTiOs concen
tration, the charge carrier concentration decreases resulting 
in a decrease in grain boundary capacitance. Hence the 
reduction of grain boundary capacitance and grain size gives 
rise to a decrease in dielectric constant. For pure PPy, 
highest conductivity and dielectric loss behavior may be due 
to the free motion of the charge carriers. In case of compo
sites, while oxide content is less (i.e. 10%) in the polymer 
the interface between the polymer and grain is poor leading 
to decrease in conductivity and dielectric behavior. As the 
oxide content is more (i.e. 50%) in the polymer composite, 
orderness increases, so packing density increases, interface 
between the polymer and oxide is more leading to maximum 
space charge polarization (Maxwell Wagner polarization) 
contributing to highest dielectric behavior.

Conclusion

PPy/PbTiO3 composites were prepared by dispersing 
different amounts of PbTiOs particles in a polypyrrole 
matrix. The FT-IR spectral peaks of PPy/PbTiOs composite 
(with 30 wt % PbTiOs) show presence of oxide in the poly
mer though PbTiO3 in the composites does not effectively 
involve chemically with PPy. But weak interaction with 
oxide and PPy may contribute to the conductivity and di
electric behavior. The SEM images and XRD patterns of 
PPy/PbTiO3 showed more orderness due to aggregation of 
particles as well as particle agglomeration as compared to 
pure PPy, and this increase in stability of these composites 
was confirmed by TGA. The increase in the a.c. conductivity 
of PPy/PbTiO3 composites over pure PPy was due to macro
scopic conductivity and the frequency-dependent dielectric 
constant is on the basis of dielectric mechanism. The 
increase in orderness may be attributed to the occurrence of 
packing density and maximum space charge (Maxwell 

Wagner) polarization, which in turn resulted in the increase 
in electrical properties of these composites. Dielectric loss 
resulted due to the localized motion of charge carriers 
resulting high values of dielectric loss compared to pure 
PPy. The improvements made in properties of these compo
sites are expected to enhance the application potential of the 
polymer without altering its chemical properties.
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