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Influence of Zinc doping on the structural and optical
properties of chemically synthesized PbO nanocrystals
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Doped semiconductor nanoparticles have greater impact on their structural and optical properties due to quantum size
effects. Zn doped PbO nanoparticles are synthesized by chemical precipitation with Lead (Il) Acetate and Zinc Acetate
Trihydrate as precursors. The synthesized particles are characterized using X-ray diffraction (XRD), Fourier Transform
Infrared Spectroscopy (FT-IR), UV-Visible spectroscopy (UV-Vis), Photoluminescence spectroscopy (PL), Field Emission
Scanning Electron Microscopy (FESEM) and Energy Dispersive Spectroscopy (EDS), High Resolution Transmission
Electron Microscopy (HRTEM). XRD studies reveal that the average crystallites are in the range of 23 and 40 nm and
Specific Surface Area (SSA) is also determined. Zn doped PbO Nanocrystals exhibit the blue shift around 250 nm in the
absorption spectra and the band gap is around 3.87 eV. FT-IR shows the metal vibrations and EDS spectrum reveals the
elemental concentrations. The results imply that Zn doping enhance the structural and optical properties of PbO

nanocrystals.
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1. Introduction

Metal oxides are widely used in gas sensing, catalysts,
solar cells, information storage [1]. These metal oxide
mixtures are also helps in the building blocks of new
organic-inorganic hybrid nanostructures. Chemical doping
is one of the feasible ways to tailor the metal oxides to suit
the applications. Doping of semiconductor with selective
elements offers an interesting approach to regulate the
structural, optical and electrical properties. Among the
mixed metal oxides incorporation of transition metals into
lead have attracted broad interest due to the piezoelectric,
ferroelectric and photoluminescence properties [2, 3].
Lead monoxide (PbO) is a photo active semiconductor
metal oxide and has gained industrial important due to its
effective applications. Zinc plays an important role in the
applications such as solar cells and optoelectronic devices
[4].

Intensive research has been focused on the synthesis
of PbO and ZnO nanoparticles and nanocomposite by
chemical methods [5, 6,], hydrothermal synthesis [7, 8],
and thermal evaporation method [9]. Significant studies
have been carried out on the effect of Pb doping into the
ZnO matrix [10, 11, 12]. The results indicated
modifications in the structural properties of the ZnO
nanocrystals, but some with adverse effects. This is due to
the fact that Pb has large ionic radius (1.19A) than Zinc
(0.79A) and the incorporation of Pb into the ZnO lattice
will introduce lattice distortion. This leads to the changes
in the energy band structure of the ZnO matrix and
new/increased defects such as oxygen vacancies etc. [13].
Alternatively, if lighter Zn is doped into the PbO
nanostructures one can expect reduced defects and

enhanced optical and electrical properties of the PbO
nanocrystallites. With this aim the present work is
designed to study the effect of Zn doping on the PbO
nanostructure and to bring out the favorable aspects. The
results reported are relevant to an optimum concentration
of Zn doping.

2. Materials and methods

All chemicals used in this study are of AR grade with
99% purity (Merck and SD fine chemicals) and used
without further purification. 0.5N of Pb (CH;COO),.3H,0
and 0.1 N of Zn(CH3;C0O0),.2H,0 were dissolved in 100
ml of water and stirred continuously to get a transparent
solution. The solution is adjusted to maintain the pH = 9
by adding 9.5N NaOH and stirred for 2 h. The resulting
red precipitate obtained was washed with water and
ethanol alternatively, filtered and dried at 100 °C for 2 h.
The sample was then heat treated at 240°C for about 2 h.

3. Instrumentation

The XRD patterns of the powder samples were
recorded using X’PERT PRO diffractometer with Cu-Ka
radiation (A=1.5406 A). The FT-IR spectra were recorded
using SHIMADZU-8400 spectrometer using KBr pellet
method. The UV-Vis absorption spectra of all samples in
Dimethyl sulphoxide (DMSO) were recorded using
LAMBA 25 PERKIN ELMER spectrometer. PL spectra
study was carried out in PERKIN ELMER LS 55
fluorescence spectrometer. The morphology of the
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samples was observed from HITACHI S-4700 FESEM.
EDS measurement were carried out with HITACHI S-
4700. High-resolution transmission electron microscopy
(HRTEM) analysis was performed using JEOL 3010
HRTEM.

4. Results and discussion
4.1. XRD

The XRD patterns of Zn doped and pure (undoped)
PbO nanoparticles are shown in Fig. 1. The diffraction
peaks matches with the JCPDS card 05-0561. In the pure
PbO the highly intense peak is in the plane (101) whereas,
in Zn doped PbO it is (002). Similarly the planes (001),
(112) are highly intense when compared to pure PbO.
These shifts in plane intensities are due to zinc doping in
the PbO matrix. In general the Zn doped PbO pattern show
well defined crystallinity and high intensity peaks.
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Fig. 1. XRD pattern of pure and Zn doped
PbO nanocrystals.

4.1.1. Crystallite size (D)

The crystallite sizes of pure PbO and Zn doped PbO
were determined using the scherrer formula [14] and it is

given in Table 1.
0.91

- BCos6

where D is the mean crystallite size, A is the wavelength of
CuKo line (=1.5405A), B is the full width at half
maximum (FWHM) and 6 is Bragg’s diffraction angle.

4.1.2 Specific Surface Area (SSA)

SSA is the surface area per unit mass. SSA determines
the reactive properties of a material [15] it is calculated
using the relation

SApart
%

SSAd = ——"—7—
part X Density

Where SA is the Surface Area of the particle, Vy, is the
particle volume and Density is the theoretical density of
PbO.

4.1.3. Crystallinity Index (lcry)

Crystallinity refers to the degree of structural order in
a solid. Crystallinity can be measured using XRD. It is
evaluated through comparison of crystallite size obtained
from XRD data and that ascertained by TEM/SEM. The
crystallinity Index (lgy) can be calculated using the
relation

loy=Dp /D

where Dy is the particle size obtained from SEM/TEM and
D is the particle size calculated using Scherrer formula.
When Iy is close to 1, it is assumed that the crystallite
size represents monocrystalline units. Much larger value of
ley means the particles are of polycrystalline type. The
calculated parameters are given in Table 1.

Table 1. Parameters calculated from the XRD analysis.

Sample Crystallite Specific Crystallinity
size (D) Surface Area Index (lcry)
(nm) (SSA)
(m’g™)
Pure 40 17.58 1.9
PbO
Zn 23 27.53 1,5
doped
PbO
42 FT-IR

The FT-IR spectra of pure PbO and Zn doped PbO
nanoparticles are shown in Fig. 2.
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Fig. 2. FT-IR spectrum of pure and Zn doped
PbO nanocrystals.

In both spectra the band at 3479 cm™ is the
characteristic peak of OH stretching vibrations. The band
at 1635 cm™ is due to the O-H bending vibration of
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adsorbed water. The strong and intense peaks around
1419 cm™ are due to vibration of oxygen with Pb[16].
Absorption peaks around 846 and 462 cm™ are due to
metal and metal-oxygen vibrations possibly Zn and Pb-O
[17]. A sharp peak around 687 cm™ represents the
asymmetric bending vibration of Pb-O-Pb bond. This peak
is more intense in the case of Zn doped PbO. This in turn
indicates that zinc doping increases the peak intensity of
lead oxide in the sample, which means higher yield of the
nanoparticles.

4.3. UV-Vis

UV-Vis absorption analysis is an important tool in the
characterization of nanoparticles in optical aspects. The
absorption maximum of pure PbO is 273 nm and for the
Zn doped is 250 nm are shown in Fig. 3a. There is a blue
shift of Zn doped PbO peak due to the quantum size effect
[18]. The calculated band gap is slightly higher for Zn
doped PbO nanoparticles as shown in Fig. 3b. It implies
the concept that the band gap increases when the particle
size decreases [19]
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Fig. 3a. UV-Vis absorption spectrum of Pure and Zn
doped PbO nanocrystals.
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Fig. 3b. Band gap spectrum of pure and Zn doped
nanoparticles.

4.4. Photoluminescence

PL study is a powerful method for investigating the
defects on the nanostructures. Fig. 4 shows the PL
emission spectrum of pure and Zn doped PbO
nanocrystals. PL spectrum was measured with the
excitation wavelength of 280 nm at room temperature.
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Fig. 4. PL emission spectrum of Pure and Zn doped
PbO nanocrystals.

The undoped PbO exhibits a strong ultraviolet band
around 350nm. In case of Zn doped PbO this peak is less
intense and modified due to the exchange of interactions
between the band electrons of PbO and the localized ‘d’
electrons of Zn ions [19]. The weak emission bands
around 410-455 nm are due to blue emission and it is
generally related to the defects like surface traps in the
nanocrystals. In undoped PbO spectrum the peak around
480nm is the green emission in the visible region
indicating the oxygen vacancy defects in the PbO
interstitials. This green emission is very low in the case of
Zn doped PbO implying the reduced defects. The weak
emission peak around 550nm in the pure PbO is related to
the oxygen vacancies is totally absent in the Zn doped PbO
spectrum. Since Zinc had smaller ionic radius than lead,
the incorporation of Zn into the PbO lattice may not cause
much lattice distortion. This is the reason for the small
oxygen defects in the structure.

4.5. FE-SEM, EDS

It shows that the Zn doped clearly indicates the
spherical formation of particles whereas the pure PbO
shows the agglomeration with particles. The average
particles are in the range of 35-40 nm for Zn doped PbO
nanoparticles. EDS spectrum Zn doped PbO nanoparticles
is shown in Fig. 4c, which reveals well defined peaks
identified as characteristic peaks of Zn, Pb and O
confirming that the synthesized nanoparticles are Zn
doped lead oxide. This result suggests that zinc doping
increases the crystallinity of the particles, which fact is in
good agreement with the XRD analysis. The FESEM
image of pure and Zn doped PbO are given Fig. 5a and 5b
and its corresponding EDS spectrum is given in Fig. 5c.
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Fig. 5. SEM images of nanocrystals (a) pure PbO (b)
Zn doped PbO.
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Fig. 5c. EDS spectrum of Zn doped PbO nanocrystals.

5. Conclusion

Zn doped PbO nanocrystals have been successfully
synthesized by chemical method. Lighter Zn atoms with
smaller ionic radius can be easily incorporated into the
PbO matrix during the synthesis without any distortion in
the lattice structure. An optimum concentration 0.1 M of
Zn has been found to be more effective in yielding PbO
nanocrystals with defined crystallinity and smaller size of
about 23 nm. PL studies showed improved band gap
energy and reduced defects such as oxygen vacancies were
also achieved. Zn doped PbO nanocrystals with modified

structural and optical characteristics can be effectively
utilized in the fabrication of sensor devices.
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