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INTRODUCTION

Metal oxide nanomaterials show metallic, semiconductor
and also insulator characteristics depending on the dopants
included as well as the size of the particles. These interesting
metal oxide nanomaterials find application in fabrication of
piezoelectric devices, microelectronic circuits, sensors, fuel
cells, anticorrosion coatings, etc. [1-7]. They exhibit distinct
chemical and physical properties as a result of their quantum
confinement in the nano-regime and high density of corner or
edge surface sites. Unlike bulk oxide materials that are stable
with well-defined crystallographic structures, the nano dimen-
sions of the bulk materials modifies cell parameters and crystal
structure [8-11]. Metal oxide-cellulose nanocomposites are
found very effective in removing toxic materials from impure
water [12].

Lead(II) oxide is a semiconductor material with numerous
applications. It is an attractive material because of its several
phases such as Pb2O, Pb2O3 and Pb3O4 [13]. PbO finds place
in industries as material for storage batteries, pigments, gas
sensors and in paints [14,15]. The two crystalline forms of PbO

Role of Cationic and Anionic Dopants on the Structural, Morphological, Optical and
Magnetic Properties of Lead Oxide Nanocrystals Prepared by Solvothermal Method

N. SARASWATHI
1,  and K.J. ABHIRAMA

2,*,

1Department of Physics, Arignar Anna College, Aralvaimozhi-629301, India
2Department of Physics, Sree Devi Kumari Women′s College, Kuzhithurai-629163, India

*Corresponding author: E-mail: abhiramathampi87@gmail.com

Received: 1 May 2021; Accepted: 11 June 2021; Published online: 20 August 2021; AJC-20462

A facile and simple microwave assisted solvothermal technique was adopted for the synthesis of undoped and doped (Mn2+, S2–) lead
oxide nanoparticles. Thermogravimetric analysis and differential thermal analysis were carried out to realize the thermal behaviour of
PbO nanoparticles. The synthesized nanoparticles were annealed at about 400 ºC. The calcined samples were characterized by powder
X-ray diffraction, SEM, EDX, UV spectroscopic analysis and VSM measurement. The diffraction patterns of the prepared nanoparticles
showed the formation of an orthorhombic phase of lead oxide. All the samples were in nano- regime with an average grain size of 22-26
nm. Spherical morphology of the samples was revealed in the SEM micrographs. EDX pattern confirmed the presence of cationic and
anionic dopants. The band gap energy values range from 4.2 to 5.6 eV. The VSM measurement revealed that the sample has weak
ferromagnetic nature.

Keywords: Microwave, Solvothermal, Lead oxide, Orthorhombic, Annealed.

Asian Journal of Chemistry;   Vol. 33, No. 9 (2021), 2043-2048

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.

are tetragonal (litharge α-PbO form) and orthorhombic (massicot
β-PbO form). The former one is stable at low temperatures
and the latter one is stable at high temperatures [16]. This inter-
esting nanocrystal material is synthesized commonly by hydro-
thermal method, thermal decomposition, chemical precipi-
tation, electron beam irradiation and sonochemical synthesis
[17-22]. Hashim et al. [23] synthesized carboxymethyl cellulose-
polyvinyl/pyrrdidone-polyvinyl alcohol/lead oxide nanopar-
ticles for gamma applications. Thermal decomposition method
was followed by Varzdar et al. [13] for the synthesis of a 2D
lead oxide coordination polymer. High temperature oxidation-
evaporation and condensation technique was adopted by Zhan
et al. [24] for the preparation of lead oxide nanoparticles from
waste electric and electronic equipments. Ghaedi et al. [22]
employs lead oxide nanoparticles loaded activated carbon
synthesized by sonochemical method for the removal of methyl
orange from aqueous solutions.

Cadmium doped PbO nanoparticle using solvothermal
technique was synthesized by Rejith & Sudha [25] with a
particle size of 74 nm. Pure and Zn doped PbO nanostructure
was synthesized by Taunk et al. [26] via chemical route. Optical

https://orcid.org/0000-0001-9089-3831
https://orcid.org/0000-0003-0241-850X


band gap of 5.17 and 5.5eV was reported for pure and doped
PbO samples. Literature shows that only metals were used as
dopants in the study of lead oxide nanoparticles. In the present
work, synthesis of undoped, cationic and anionic doped lead
oxide nanocrystals by a simple, cost effective and novel micro-
wave assisted solvothermal technique using simple domestic
microwave oven is reported.

EXPERIMENTAL

All the reagents and solvents required for the synthesis of
lead oxide nanoparticles are commercially available and are
used as received.

Synthesis of PbO nanoparticles: Undoped lead oxide
nanocrystals were prepared using lead acetate, urea and ethylene
glycol. Lead acetate and urea were taken in the molecular ratio
1:3 and dissolved in 100 mL ethylene glycol (solvent) to prepare
PbO sample. The Mn2+ doped PbO samples (2.5 and 5 wt.%
added) were prepared by using manganese acetate with the
above precursors used for the preparation of undoped samples.
The S2- doped samples (2.5 and 5 wt.% added) were prepared
using thiourea with the basic precursors needed for the undoped
samples. The solutions with the respective precursors were
stirred well with a magnetic stirrer until the materials dissolved
completely. The dissolved solution was kept in a domestic
microwave oven (Onida model-Power Solo 20) operated with
a frequency of 2.45 GHz and power 800 Watts). Microwave
irradiation was carried out till the solvent evaporated comp-
letely and a colloidal precipitate was obtained. The precipitate
was washed for about six times with double distilled water to
remove the water soluble impurities and then about three times
with acetone to remove the organic impurities. The washed
samples were dried in atmospheric air and collected as yield.

Analysis: The TGA and DTA analysis were carried out
for undoped PbO nanoparticles with NETZSCH STA 409 C/
CD. Then the prepared samples were calcined at 400 ºC for
about 1 h. The annealed samples were characterized by powder
X-ray diffraction analysis using X’Pert Pro-Panalytic instru-
ment and UV-Vis NIR absorption spectroscopic analysis by
Shimadzu UV-2400 PC spectrophotometer. The magnetic
measurements were carried out using Lakeshore, USA, model
7407 vibrating sample magnetometer.

RESULTS AND DISCUSSION

TG/DTA analysis: To obtain the appropriate annealing
temperature and also to improve the phase purity and ordering
of the samples, thermal analysis was performed using TGA
and DTA analysis in the temperature range 20-1000 ºC. The
TGA and DTA patterns are shown in Fig. 1. Dehydration and
ejection of absorbed water was observed in the DTA curve. TGA
curve shows that the prepared sample is thermally stable up to
260 ºC. Weight loss of 13% was observed in the temperature
range 260-380 ºC and it is because of the phase change of
lead oxide from α-PbO to β-PbO. After 380 ºC, the sample is
stable. So we fixed the annealing temperature as 400 ºC and
annealed all the prepared samples at this temperature for about
1 h.
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Fig. 1. TGA/DTA analysis curves for unannealed PbO nanoparticles

Powder-XRD analysis: The PXRD patterns of undoped
and doped PbO nanoparticles are shown in Fig. 2. The diffraction
peaks obtained reveal that the prepared samples are β-PbO
with orthorhombic structure and it matches well with JCPDS
card No. 03-0610.
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Fig. 2. Indexed PXRD patterns of undoped and doped PbO nanparticles

The average grain size of the particle was calculated using
the Scherrer equation:

K
D

cos

λ=
β θ

where λ is the wavelength of incident beam, β is the full width
at half maximum of the diffraction peak (in radian), θ is the
diffraction angle and K is the Scherer’s constant (0.9).

All the prepared PbO samples are in the nanoscale with
average grain size ranging from 22-26 nm. The calculated lattice
parameter (a, b, c) values are tabulated in Table-1. Salavati-
Niasari et al. [27] synthesized PbO nanocrystals by thermal
decomposition route with an average grain size of 36 nm. The
broadening of peaks in the PXRD pattern is mainly due to the
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TABLE-1 
AVERAGE GRAIN SIZES AND LATTICE PARAMETERS  

FOR UNDOPED AND DOPED PbO NANOPARTICLES 

Lattice parameters System (with 
expected 

composition) 

Average grain 
size (nm)  

(± 5% error) a (Å) b (Å) c (Å) 

PbO 22.96 5.5673 5.9041 4.7570 
PbO + 2.5 wt % Mn2+ 26.06 5.5572 5.8452 4.7342 
PbO + 5.0 wt % Mn2+ 21.67 5.5387 5.9159 4.6932 
PbO + 2.5 wt % S2- 22.70 5.5033 5.9343 4.8344 
PbO + 5.0 wt % S2- 22.09 5.5281 5.9382 4.7130 

 
formation of nanostructured material [28]. The variation of
average grain size values from that of undoped PbO is due to
the incorporation of dopants on the host matrix.

Morphology: The SEM micrographs recorded with 5,000x
magnification are shown in Fig. 3. The SEM images show
that the prepared nanoparticles were agglomerated and  spherical
shaped cluster like patterns. The interface between the precursors
and the solvent (ethylene glycol) is capable of controlling
nucleation and the growth process. Also the particle size as
well as distribution of nanoparticles plays a vital role in the
relative rate of nucleation and agglomeration of particles [29].
Increase in agglomeration was observed in the doped samples
when compared to undoped PbO. This is mainly due to inclusion
of dopants on the host matrix.

Energy dispersive X-ray spectroscopic analysis was carried
out for the identification and quantification of elemental comp-
ositions in the sample [30]. EDX patterns (Fig. 4) confirms
the insertion of dopants into the pure samples. The EDX spectral
analysis of the sample clearly indicates that there are no other
impurities in the sample prepared by this method. This result
confirms that all the prepared samples have high phase purity
and crystallinity. The elemental compositions in the sample is
shown in Table-2.

TABLE-2 
MATERIAL COMPOSITION (ATOMIC %)  

OBTAINED USING EDX 

Material composition (atomic %) System  
(with expected 
composition) Lead Oxide Manganese Sulphur 

PbO 31.91 68.09 – – 
PbO + 2.5 wt % Mn2+ 31.21 68.18 0.61 – 
PbO + 5 wt % Mn 2+ 29.16  69.48  1.36 – 
PbO + 2.5 wt % S2- 30.07 68.50 – 1.43 
PbO + 5 wt % S2- 26.55  71.58  – 1.87 

 
UV analysis: The nature of the chemical compositions

can cause major differences in the optical properties of the
nanostructured marterials. Low absorbance in the visible region
was observed in the UV-Vis spectra. Tauc plot was drawn to
obtain the band gap energies of the samples and shown as
inset graphs in Fig. 5.

The plots specify the presence of a direct optical band
gap and the band gap energy value was found for each sample
by extrapolating the curve drawn near the absorption edge.
The optical band gap energy values obtained for the prepared
samples are shown in Table-3. The values range from 4.2 to 5.6
eV. Direct band gap value of 5.2 eV was reported by Thielsch
et al. [31]. The calculated values are much higher than that
reported (1.9 eV) for PbO nanocrystals [32] and also higher

TABLE-3 
BAND GAP ENERGY VALUES FOR  

UNDOPED AND DOPED PbO NANOCRYSTALS 

Sample (with estimated composition) Eg (eV) 
PbO 5.343 
PbO + 2.5 wt % Mn2+ 4.212 
PbO + 5 wt % Mn 2+ 5.641 
PbO + 2.5 wt % S2- 5.012 
PbO + 5 wt % S2- 5.566 

 

Fig 3. SEM image of (a) PbO nanoparticles, (b) PbO + 2.5 wt % Mn2+ nanoparticles, (c) PbO + 5.0 wt % Mn2+ nanoparticles, (d) PbO + 2.5
wt % S2- nanoparticles, (e) PbO + 5.0 wt % S2- nanoparticles
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than that of bulk PbO crystal indicating clearly a blue shift in
the absorption wavelengths.

The obtained band gap energies were related with the
average grain sizes calculated from the PXRD patterns. It is
inferred that the band gap energy value depends on the grain
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Fig. 5. UV-Vis-NIR spectrum of (a) PbO nanocrystals, (b) PbO + 2.5 wt % Mn2+ nanocrystals, (c) PbO + 5.0 wt % Mn2+ nanocrystals, (d) PbO
+ 2.5 wt % S2- nanocrystals, (e) PbO + 5.0 wt % S2- nanocrystals

size. The increase in band gap energy for most of the prepared
PbO samples was mainly due to decrease in the grain size [33].
This increase in the band gap energy may be due to the quan-
tum confinement in the nanocrystal samples at that particular
dopant concentration.
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VSM measurement: The M-H behaviour of the annealed
samples was studied at room temperature using a vibrating
sample magnetometer. The M-H plots obtained are shown in
Fig. 6 and the magnetic parameters are given in Table-4. The
M-H curves of the samples show a small magnetic hysteresis
loop, which indicates that the samples exhibit a weak ferro-
magnetic nature. Hysteresis with related ferromagnetism in
ZnO nanocrystals doped with Cr3+ was reported by Chu et al.
[34]. The coercive field (Hc) or coercivity is defined as the
field necessary to reduce the net moment to zero. The y-inter-
cept of descending curve is saturation remanence (Mr) or reten-
tivity. The coercivity is minimum in the case of pure PbO nano-
crystal. Retentivity and magnetization are maximum in the
case of PbO doped with 2.5 wt.% S2-. The calculated squareness
ratio is minimum in the case of 2.5 wt.% S2- doped sample.
The anionic (sulphur) doping makes PbO a better magnetic
semiconductor.

Conclusion

Microwave assisted solvothermal technique using a domestic
microwave oven was an effective, simple and convenient method
for the preparation of undoped and doped (Mn2+ and S2-) PbO
nanoparticles. From thermogravimetric analysis, the calcination
temperature was fixed as 400 ºC. The prepared samples were
calcined at that particular temperature for about 1 h to improve
the phase purity. The PXRD measurements were done for all

the annealed samples. Broadening of peaks in the PXRD
pattern shows that the samples are in nano-scale. Also the
pattern confirmed that PbO nanoparticles have orthorhombic
structures with β-PbO phase. The grain size was found to
increase in the case of 2.5 wt.% Mn2+ doped sample unlike
others. This may be due to selective inclusion of the dopant at
that particular concentration which led to an increase in band
gap energy also. SEM micro-graphs showed the agglomerated
and spherical morphology. The presences of cationic and
anionic dopants in the doped samples were confirmed using
the EDX patterns. The UV-vis spectra showed a low absorbance
in the visible region. The calculated band gap values were
higher than that of bulk indi-cating a blue shift with absorption
wavelength. The M-H curves plotted for the samples show a
weak ferromagnetic nature.
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