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ABSTRACT
The lead cobalt titanate (PCT) nanoparticles were prepared by sol-gel method and again microwave heated at 7500C for
45 min. The X-ray diffraction revealed that single phase tetragonal structure of the PCT nanoparticles and the average
crystallite-diameter was found to be 5.7 nm. Scherrer strain(ε) was found to be 0.0326 from the X-ray pattern. The
Williamson–Hall (W–H) plot is drawn between β cos θ vs 4 sin θ in order to take micro- strain (ε) and crystallite size (D)
values using the plot relation.
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1. INTRODUCTION
Nanoparticle synthesis techniques have got more importance than the bulk preperation methods due to their
unique and promising applications in biomedical sciences, drug delivery systems, sensors, nanofibers, carbon
nanotubes, quantun dots, photocatalysis, dielectric, ferroelectric and piezoelectric properties [1]. Lead
titanante (PT) is a ternary oxide with important ferroelectric behaviour which exhibits the Curie transition
temperature of ~ 4900C [2]. The PT pedestal ceramic materials can be broadly used as electronic devices like
multi-layer capacitors, nonvolatile memories, resonators and ultrasonic transducers because of the large
pyroelectric coefficient and small dielectric constant [3]. These Lead titanante nanoparticles were prepared by
various techniques like sol-gel method, hydrothermal method and solid-state reaction method [2]. The Lead
titanante based complex perovskite ceramics like lead zirconium titatante (PZT) [4] and lead strontium
titanante (PST) [5] have been completely explored due to their noteworthy electrical properties for charge
stored capacitor, transducer and actuator applications. These electrical properties may be considerably
sprinkled based upon the dopant in the Lead titanante perovskite structure. In particular, the bulk PZT works
as a ferroelectric material [4] while the bulk PST is well-populared glass ceramic material [5].). At some stage
in the enormous literature survey made by the instigators, very limited reports were find on diverse properties
of magnetic element doped Lead titanante. Recently Lin et al.[8] prepared the perovskite cobalt titanate (CT)
nanofiber and proposed that it can work as an enhanced heterogeneous catalyst for activating
peroxymonosulfate in water via electrospinning technique. Moreover, Zhao et al.[9] synthesized  the cobalt
titanate nanotubes via hydrothermal technique and reported that these can be used as enhanced photocatalytic
dgradation of phenanthren.For that reason, an intension has been made to look into the outcome of magneic
cations (cobalt) in the Lead titanante structure via microwave heated sol-gel synthesis method. Herein, the
PCT nanoparticles were synthesized and the structural, morphological and ferroelectric properties were
intended.
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2. EXPERIMENTAL PROCEDURE
Sol-gel method was used to prepare the PCT nanoparticles. At the outset the raw materials in nitrate

form were weighed on a sensitive digital weighing balance according to their stoichiometric ratio. The initial
materials were Pb (CH3CoO)2 , Co(NO3)2 6H2O and Ti (OCH2CH2CH2CH3)4. These chemicals were chosen in
the ratio of 0.5:0.6. Glacial CH3COOH was used as the solvent. The glacial CH3COOH solution was taken a
beaker which is kept on a magnetic stirrer for diligently mixing the content. Then Pb (CH3CoO)2 was added
and dissolved, after it was utterly dissolved Co(NO3)2 6H2O is added. Temperature was put down 500C
throughout the process. After about 30 min Ti (OC4H9) was added constantly drop by drop using a dropper.
The whole solution was allowed to mix thoroughly for 120minutes. Using a burette, solution of ethanol and
water was introduced into the above solution. After some time a gel like solution was obtained. This gel was
drained naturally for forty eight hours then using a hot air oven for about one hour. In this way a rigid crystal
form was obtained which was grinded into a fine powder. The powder achieved was then sintered using a
microwave furnace at 750oC for 45 minutes. After sintering the crystalline powder was yet again grinded into
a fine powder. Further the sample was characterized for various characterization techniques such as X-ray
diffraction (XRD),

3. RESULTS AND DISCUSSIONS
3.1 STRUCTURAL ANALYSIS

Figure 1 depicts the variation of intensity as a function of two-theta angle (2θ) from 10◦ to 80◦ for PCT
nanoparticles. The diffraction spectrum of the prepared sample exhibited single-phase formation of tetragonal
structure with high crystalline and purity. The locations of Bragg lines with reflections from the planes of
(001), (100), (101), (110), (111), (200), (210), (211), (202), (003), (220) and (212) (103) (113) (311) (222)
(302) are in good agreement with standard JCPDS: 78-0298. The locations of main peaks are used to find
inter-planar spacing (d) of Bragg’s lines. No secondary phases are noticed in X-ray analysis. Thus, the
obtained nanoparticles are highly pure in phase. The average crystallite size ‘D’ (5.7nm) is determined from
average full-width at half-maxima (FWHM) of all reflection peaks using the Debye–Scherrer formula [7]:

D=0.9λ /  β cos θ
Where β is FWHM, λ is wavelength of CuKα source (0.1542 nm) and θ is diffraction angle.

Figure 1
3.2. WILLIAMSON–HALL (W-H) PLOT: The Williamson–Hall (W–H) plot (as shown in figure 2) is
drawn for β cos θ vs. 4 sin θ in order to evaluate micro-strain (ε) and crystallite size (D) using the following
relation [6]:
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β cos θ = 0.9 λ  / D’ + ε 4 sin θ
where slope of the straight line offers micro-strain (ε ) while crystallite size is associated with the

intercept parameter (0.9 λ  / D’). This gives the correlation between ‘ε’ and ‘D’ ’ values. The results are
presented in table 1. Moreover, some structural parameters such as Scherrer strain (ε*) and dislocation density
(ρd) are calculated using the following relations [6] and are presented in table 1:

Scherrer strain (ε*) = and Dislocation density(ρd )= 1 / D’2

Fig.2. W-H Plot of PCT nanoparticles
Table: 1

Structural  parameters values

FWHM (β) 0.02699

D 5.7278

D’ 4.6106

ρd 0.03048

Scherrer strain ε* 0.03260

4. CONCLUSIONS
The lead cobalt titanate(PCT) nanoparticles were prepared by sol-gel method and again microwave

heated at 7500C for 45 min. The X- ray diffraction pattern revealed the formation of lead cobalt titanate(PCT)
phases and the average crystallite-diameter was obtained to be 5.7 nm. Scherrer strain(ε) was found to be
0.0326 from the X-ray pattern. Micro- strain (ε) and crystallite size (D) values was calculated by the
Williamson–Hall (W-H) plot is drawn between β cos θ  vs. 4 sin θ .
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