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Characterization Studies on the Chemically Synthesized o and 8
Phase PbO Nanoparticles

N. Mythili, K.T. Arulmozhi”

Abstract: The a and S phase lead oxide (PbO) nanoparticles were synthesized by the simple chemical
precipitation technique. The samples were characterized using X-ray diffraction (XRD), UV-visible (UV-vis)
and photoluminescence (PL) spectroscopy. XRD analysis confirmed the tetragonal structure for the o-
PbO and orthorhombic form for the S-PbO nanocrystallites with an average crystallite size of 36 and 47
nm, respectively. From the UV-Vis spectra the direct band gap energies were estimated as 3.91 eV for o-
PbO and 3.85 eV for p-PbO. The PL studies revealed the blue and green emissions due to excitonic
recombination and synthesis originated defects. No peaks appeared corresponding to near band edge emission.
The density of defects in -PbO was lower than that of 5-PbO.
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1. Introduction:

Lead (Il) oxide (PbO) nanoparticles have wide
range of potential applications due to long cycle
life. They are preferentially utilized in nanodevices
[1], as functional materials in sensors [2,3],
electrodes in batteries [4,5], efficient and reusable
catalyst [6]. PbO has two polymorphs, the a-PbO and
B-PbO. Both are photoactive semiconductors with
band gaps 2.2 and 2.5 eV, respectively [7]. At
atmospheric pressure a-PbO undergoes a phase
transition to B-PbO at 489°C [8-10] and the pure a-
phase can be obtained only in the temperature range
of ~240 to ~260°C [7]. However, it is interesting to
point out that Perry and Wilkinson [11] have reported
at an elevated temperature (~90°C), the synthesis of

o-PbO by using quartz glassware. Li et al. [12] have
prepared the o and B phase PbO nanoparticles by
microwave irradiation technique. Torabi et al. [13]
have synthesized [B-PbO nanoparticles using
hydrothermal method. Borhade et al. [14] have
reported the synthesis of B-PbO by hydrothermal
method and the end product was calcined at 500°C.
Among the various methods available for the synthesis
of nanoparticles, the chemical precipitation method is
advantageous due to its inexpensive salt precursors,
simple and rapid processing at ambient conditions and
its use in mass production [15]. In the present work,
the chemical precipitation process is used to
synthesize the o and 3 phase PbO nanoparticles.
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2. Materials and Methods
2.1. Experimental:

All the chemicals used in this study were of AR
grade with 99% purity obtained from SD fine
chemicals and double distilled water was used as
solvent. Lead )] acetate trihydrate
[Pb(CH3;C0O0),-3H,0] (0.5 M) and sodium hydroxide
[NaOH] (9.5 M) were dissolved separately in 50 mL
of water. While magnetically stirring the lead solution,
the NaOH solution was added drop-wise to get pH =~
9 and the reaction temperature was maintained at
80°C. After two hours of stirring the solution initially
becomes cloudy and finally turned into deep red color.
Then stirring was stopped and the precipitate was
dried in oven at 100°C for 2 h. Lastly the end product
was divided into two parts and one part was calcined
at 240°C (2 h) to obtain the a-PbO and the other part
calcined at 700°C (2 h) to get the p-PbO
nanoparticles.

2.2. Instrumentation:

The XRD patterns of the powder samples were
recorded using X’PERT PRO diffractometer with Cu-
Ko radiation (L = 1.5406 A). The UV-vis absorption
spectra of all samples in dimethyl sulfoxide (DMSO)
were recorded using LAMBDA 25 PERKIN ELMER
spectrometer. Using PERKIN ELMER LS 55
fluorescence spectrometer the PL emission spectra were
recorded.

3. Results and Discussion:
3.1. XRD Analysis:
3.1.1. Structural Studies:

The XRD patterns of the two samples are shown in
Fig. 1. Intense and well defined peaks are indicative of
good crystallinity. The diffraction pattern of the o-
PbO matches well with the JCPDS card number 05-
0561 confirming its tetragonal structure. The pattern
for the B-PbO matches with the JCPDS card number
88-1589 confirming its orthorhombic structure.
However, the XRD peaks of B-PbO are of relatively

low density and this fact may be due to atmospheric
conditions in which the sample is calcined at 700°C.
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Fig. 1: XRD patterns of (a) a-PbO and (b) 3-PbO
nanoparticles

3.1.2. Crystallite Size:

The average crystallite size (D) was calculated
using the Scherrer formula [16],
0.9
[Bcoso

where A is the wavelength of Cu Ka line (= 1.5406
A), B is the full width at half maximum (FWHM) in
radians and 0O is the Bragg’s diffraction angle.

3.1.3. Specific Surface Area (SSA):

SSA is a property of solids, which is the ratio of
the total surface area per unit mass [17]. It is a
derived scientific value that can be used to determine
the type and reactive properties of a material. It has
significance on the process like adsorption,
heterogeneous catalysis and reactions on surfaces.
SSA can be calculated using the relation

SA

SSA= —— P
V. % density

where SAa is the surface area of the particle, Vpar IS
the particle volume and density is the theoretical
density of PbO.
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3.1.4. Lattice Parameters: vis band gap energy spectra of the PbO nanoparticles

are shown in Fig. 3.
The lattice parameters are calculated using the

relation
5
1 (h? N k? +£
a2t b e 4
where d is the interplanar spacing; a, b, c are the 31

lattice parameters and h, k, | are the Miller
indices. For the tetragonal structure a=b=c and
for the orthorhombic structure a=b=c. The XRD
derived parameters for the synthesized PbO

Absorbance
N

nanoparticles are provided in Table 1. (b)
(@)
Table 1: Average crystallite size (D), specific 01
surface area (SSA) and the lattice parameters (a, b, 300 250 500 500
c¢) of a-PbO and B-PbO nanoparticles Wavelength (nm)
SSA Lattice parameters Unit cell Fig. 2: UV-Vis absorption spectra of (a) a-PbO and

a b c volume (b) B-PbO
nanoparticles

a-PbO 36 17.58 3.9737 39737 50215  79.12
(3.972)* (5.021) +] (@)

B-PbO 45 1403 5.8967 54989 47549  153.88
(5.893) (5.490) (4.752)

*Standard values 3

It can be seen from Table 1 that «-PbO
nanocrystallites have smaller size (36 nm) and
higher value of SSA and the B-PbO nanocrystallites
have relatively bigger size (45 nm) with decreased 1
value of SSA. The lattice parameters calculated
from XRD data in both cases, agree well with the

Absorbance
3% ]
L

respective standard values given in the JCPDS 20 25 30 35 40 45
cards. The bigger size of B-PbO nanocrystallites Energy (eV)
may be correlated to the higher value of unit cell 5
volume, which is true in this present cases but need (b)
not show such similar trend in variations in all 44
situations [18-21].
8 3

3.2. UV-Visible Spectroscopy: |5

The UV-visible spectra of the prepared samples are § 24
shown in Fig. 2. The wavelength of absorption
maximum depends on the particle size which 14
decreases with decreasing particle size. It can be seen
from figure that absorption peak of 3-PbO is 290 nm 0 . : . i
which is blue shifted to 283 nm for o-PbO. The UV- 20 25 3.0 3.5 4.0 4.5

Energy (eV)
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Fig. 3: UV-Vis band gap energy spectra of (a) a-PbO
and (b) B-PbO nanoparticles

The energy of the band gap was calculated using
Tauc relation [22]

(ahv) = A (hv-Ey)"

where A is the absorption coefficient, hv is the
photon energy and Eg is the energy of the band gap.
For direct band gap n = 1/2. The calculated values of
band gap energy for a-PbO is 3.91 eV and that for
B-PbO is 3.85 eV. These values are much higher
than the band gap energy of bulk PbO which in fact
clearly indicates that the synthesized products are in
nanoscale. Further, relatively higher value of energy of
smaller size a-PbO agrees well with the concept that
band gap increases with decreasing particle size.

3.3. PL Emission Spectroscopy:

The luminescence property of the lead oxide
nanocrystallites finds its application in the field of
opto-electronics. The specific emission wavelengths
exhibited in the spectrum reveals the structural
properties and associated defect levels. The emission
peaks helps to analyze the presence of defects, their
density and location. The generalized band gap
structure and specific defect level emissions, not
confined to a particular compound, are illustrated in
Fig. 4.
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Fig. 4: Generalized band gap structure, defect energy
levels and different specific absorption/emission lines

Since the nanoparticles are synthesized in an
aqueous solutions a high density of oxygen vacancies
might be expected. The oxygen vacancy itself may be
neutral, singly ionized or doubly ionized [23]. These
oxygen vacancies and interstitial atomic defects form a
number of trap states which ée responsible for the
various PL peaks in the visible'region [24].

The PL emission spectra of the o-PbO and -PbO
nanoparticles are shown in Fig. 5. It can be seen from
figure that there is blue emission peak around 440 nm,
which can be attributed to the recombination of
electrons in the conduction band with deep doubly
ionized oxygen vacancies. This can be also attributed
to the excitonic recombination. There is no evidence
of near band edge UV emissions, and this feature has
been observed by Gnanam and Rejendran [25]. The
band appearing at 480 nm relates to surface defects
while the green emission band appearing in the 510
and 530 nm regions can be attributed to the transition
from conduction band to singly ionized oxygen
vacancies. No orange or red bands corresponding
transitions related to interstitial defects are observed
in our study. Further, comparing the two spectra, it is
clearly evident that the defect level intensities are
significantly lower for a-PbO, implying lower density
of defects.
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Fig. 5: PL emission spectra of (a) a-PbO and (b) -
PbO nanoparticles

4. Conclusions:
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The o and P phase PbO nanoparticles were
synthesized using simple, rapid and cost effective
chemical precipitation method. The XRD analysis
indicated highly crystalline nature of the nanoparticles
and confirmed the tetragonal structure for a-PbO and
orthorhombic structure for the B-PbO nanoparticles.
The calculated particle size of a-PbO (36 nm) was
smaller than that of B-PbO (45 nm). The energies of
band gap evaluated from the UV-vis spectra were
3.91 and 3.85 eV for the o and B phases, respectively.
From the PL studies it can be concluded that synthesis
originated defect levels are present in both sample as
exhibited by the blue and green emission peaks. The
o-PbO has lower density of defect levels when
compared to that of 3-PbO.
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