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ABSTRACT
Lead oxide (PbO) is known as an important industrial material. It is a semiconductor that has two
crystalline forms, litharge (tetragonal crystalline structure) and massicot (orthorhombic crystalline
structure). In this research, lead oxide nanoparticles (PbO-NPs) have been synthesized through
the utilization of gelatin as a stabilizer, while its cytotoxic effects were investigated on Neueo2A
cancer cell line. The generation of PbO-NPs was confirmed by the UV-Vis spectroscopy, PXRD,
TG-DTA, EDX, and FESEM. The results of diffraction patterns of synthesized nanoparticles show
the formation of both form α-PbO-NPs (tetragonal) and β-PbO-NPs (orthorhombic). The particles
size of synthesized PbO-NPs was calculated to be around 10–20 nm. The cytotoxic activity of the
synthesized PbO-NPs indicated that concentrations under 30 μg/mL have insignificant toxicity.
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1. Introduction

Lead oxide (PbO) is known as an important industrial
material, which has been widely utilized in batteries (1),
gas sensors (2), pigments (3), ceramics (4), and glass
industry (5). The colors that contain lead-based pigments
seem to have interesting properties including rustproof,
anti-bacterial, and anti-algae, which are extensively
employed in shipbuilding, construction skeleton, and

road construction (6,7). PbO is a semiconductor that has
two crystalline forms, litharge (tetragonal crystalline
structure) and massicot (orthorhombic crystalline struc-
ture) (8,9). The color of litharge crystals is red with
α-PbO form, which has shown to be stable at low temp-
eratures; while massicot crystals are yellow with a
β-PbO form and seem to be stable at high temperatures.
The conversion phase of α-PbO to β-PbO occurs at
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approximately 490°C. Lead oxides are useful photovoltaic
materials (10) that mostly applied as optical active semi-
conductors with the band gaps of 1.92 and 2.7 eV
(11,12). Recently, PbO nanostructures synthesized
through the usage of several methods including
thermal decomposition (12,13), Sol–gel pyrolysis (14)
thermal decomposition under the microwave radiation
(15), chemical deposition (16), and solvothermal
method (17). Since the mentioned procedures are
usually expensive, time-consuming, and toxic, it is
crucial to discover fast, low-cost, and environmental-
friendly methods, in which biosynthesis could be con-
sidered as one of them (18–22). Animal or plant-based
extracts inherently have functional groups with high
affinity towards metal ions, aforementioned character-
istics as a stabilizer could be deduced from its inter-
actions. Knowing how to apply biopolymers in the
synthesis of nanoparticles helps to control size, shape
and other properties more efficiently (23). Obtaining
more knowledge in biosynthetic methods could revolu-
tionize preparation and designing of new nanomaterials
including metal/metal oxides (24).

Lead is widely used in industrial applications while it is
known as a toxic compound and its oral and inhaled con-
sumption is quite harmful; hence, exposure to lead is a
significant concern for general health (25–28). Lead-con-
taining compounds can cause different types of undesir-
able outcomes such as genetic toxicity (29), oxidative
stress (27,30), and neurological effects (31). As it is
obvious, lead oxide have a great impact on the environ-
ment, it is necessary to find solutions for lead pollution.
Nanotechnology and biosynthesis could be employed
to produce metal oxide nanoparticles (32,33). Biosyn-
thesis of nano-sized lead oxide (PbO-NPs) could
enhance its properties while reducing toxic substances
during the synthetic procedure (34). In this research,
PbO-NPs have been synthesized through the utilization
of natural gelatin-based stabilizer and more importantly,
the influence of preparation method on cytotoxicity of
PbO-NPs was explored on Neueo2A cancer cell line.

2. Materials and methods

2.1. Synthesis of PbO-NPs

The PbO-NPs were biosynthesized by application of
gelatin as capping agents. Gelatin (4.0 g) was added to
100 ml of distilled water and the suspension was then
positioned in a water bath with the temperature of
60°C for 90 min until a clear and yellow solution was
induced. Then, Pb(NO3)2 was slowly added to the sol-
ution (5.0 g) and was stirred in the water bath that had
a temperature of 75°C, until the formation of a lemon

color resin. The resulted resin was dried in an oven at
90°C for 2 h and then, it was calcinated at 450°C, 500°C,
550°C, and 600°C for the duration of 90 min, separately.
The final resultant was observed to be an orange
powder, known as PbO-NPs.

2.2. Characterization of PbO-NPs

The crystalline structure of the synthesized PbO-NPs has
been determined through the powder X-ray diffraction
(PXRD, INEL model Equinox 3000, France). The UV-Vis
studies on these nanoparticles have been carried out
through the usage of UV-Vis spectrophotometer (Ray-
leighuv-2100 model, Chine). The field emission-scanning
electron microscope (FESEM) of PbO-NPs were obtained
by the implementation of MIRA3 TESCAN. The thermo-
gravimetric analyses of PbO-NPs has been performed
through the utilization of thermal gravimetric analysis
(TG-DTA, BAHR STA 503 model, Germany).

2.3. Cell line and cell culture

The Neuroblastoma (Neuro2A) cell line was obtained and
prepared from Pasteur Institute of Iran. Cells were incu-
bated in the modified Dulbecco’s media (1 g/l glucose,
2 mM glutamine) with 10% FBS, 100 μg/ml of Streptomy-
cin, and 100 U/ml of Penicillin, at a temperature of 37°C
and the atmosphere of CO2 with 5% moisture.

2.4. Cytotoxicity evaluation of PbO-NPs

The cytotoxic activity of prepared PbO-NPs was
measured by using 3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT). Briefly, 200 µl of
the cell suspension was added into a 96-well tissue
culture plate (1 × 104 Cell/well) and incubated for 24 h,
at 37°C. Then, 50 µl of the synthesized nanoparticles
(0-500 µg/ml) was poured into each well, while the
plate was incubated for a time period of 24 h. In this
project, we marked the cell suspension, which held the
culture medium, as the control. Afterwards, 20 µl of the
PBS buffer that contained MTT (5 mg/ml) was appended
to each well, while the plate was incubated for 4 h at
37°C. At the end, 100 µl of DMSO was added to each
well and their optical absorbance was measured at
570 nm, which was done through the application of a
micro-plate reader. Cell viability was expressed as a
percent relative to the control.

2.5. Statistical analysis

The statistical analysis has been performed by the Graph-
Pad Prism 5, while each value has been presented as
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mean ± SD. The statistical comparisons of multi-group
data have been analyzed through the usage of two-
way ANOVA, where the values of *p < .05 were con-
sidered statistically significant. All of the mentioned
tests have been performed in triplicates.

3. Results and discussion

PbO-NPs have been synthesized by adding lead nitrate
solution to gelatin in water as the solvent. Gelatin is a
protein with three spiral chains that include positive
and negative charges. In addition, it contains hydro-
phobic groups that is interacting with water to create
stable levels through the formation of space bridges;
therefore, gelatin can act as a green stabilizer for the syn-
thesis of nanoparticles (23). The synthesized PbO-NPs
mechanism through the utilization of gelatin is pre-
sented in Fig. 1. As it is obvious, gelatin acting as a stabil-
izer, hence, different functional groups such as carboxylic
acids and hydroxyls were interacting with Pb2+ in order
to form a homogenized solution. In the next step, nuclea-
tion of Pb2+ ion proceeds by the formation lead hydrox-
ide nuclei. Gelatin prevents the construction of large
nuclei. Therefore, uniform nanoparticle would be
obtained after calcination.

The formation of PbO was confirmed by FT-IR spec-
troscopy (Fig. 2). The broad peak observed between
1300–1400 cm−1 in FT-IR spectra of α- and β-PbO attrib-
uted to Pb-O stretching vibrations (35).

The electronic spectra of the synthesized nanoparti-
cles have displayed a wide peak in 250-260 nm at the cal-
cination temperatures of 450°C, 500°C, 550°C, and 600°C
(Fig. 3). It is indicated by the achieved results of the study
that the optimum condition of calcination seems to be
550°C for the duration of 2 h. By increasing the

temperature, the alpha form of lead oxide converts to
beta and therefore, it is expected that the spectra
would display a red shift. As a result, as the temperature
is increased from 450°C to 600°C, the wavelength is repo-
sitioned from 252 to 260 nm.

The particle size of synthesized nanoparticles has
been measured through the band-gap of electron spec-
trum by using the Tauc equation (36,37):

(αhυ) = A (hυ-Eg)
n

Figure 2. FT-IR spectra of prepared PbO-NPs at different
temperatures.

Figure 1. A schematic plan of PbO-NPs formation mechanism by
gelatin.

Figure 3. UV-Vis spectra (a) and Tauc plot (b) of synthesized PbO-
NPs at different temperatures.
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Where A stands as the absorption coefficient; hυ would
be the photon energy and Eg stands as the band-gap.
As illustrated in the Fig. 3, the calculated values of
band-gap for the synthesized PbO-NPs have been
observed to be 4.38, 4.39, 4.30, and 4.02 eV at the cal-
cination temperatures of 450, 500, 550, and 600°C,
respectively. There is an inverse relationship between
band-gap and particle size in a way that increases
the band-gap will result in a smaller particle size. The
calculated values of band-gap are much larger than
the ordinary lead oxide band-gap (band-gap of α-
PbO and β-PbO are 1.92 and 2.7 eV, respectively) (16);
this fact clearly illustrates that the synthesized
powder is in nanoscale and its alpha form is quiet
smaller than the beta.

The PXRD analysis was done at a scan rate of 2°/
min. The PXRD pattern of the synthesized PbO-NPs
at different calcination temperatures is demonstrated
in Fig. 4. All of the peaks with Miller indices of (010),
(110), (220), (11), (002), (200), (202), (011), (020), (112),
(121), (202), (022), (113), (311), (222), (004), (400),
(204), (313), (024), and (124) can be indexed to the
crystal structure of PbO-NPs (38,39). The diffraction pat-
terns of α-PbO-NPs and β-PbO-NPs have confirmed the
tetragonal and orthorhombic structures, respectively,
which are in accordance to the JCPDS (16). Also, the
PXRD spectra (Fig. 3) has displayed the tetragonal
and orthorhombic structures at 450°C and 500°C,
respectively; therefore, there exist both forms of α

and β-PbO in the particular temperature between
450°C and 500°C. It is vital to mention that due to
the changes in its phase, the characteristic peaks of
α-PbO are less visible at 500°C. Typically, the phase
change of α-PbO to the form of β-PbO is induced at

489°C, and the pure form of α- can be reached only
in the range of 240–260°C (16).

The thermal analysis of TGA-DTA (thermogravimetric
analysis-differential thermal analysis) regarding the syn-
thesized sample was taken to obtain the proper calcina-
tion temperature to reach the pure phase (Fig. 5). The
test was performed in the temperature interval of 20–
1000°C in the atmospheric air. On the DTA curve, the
temperature range of 80–235°C has indicated the
gradual dehydration and discharge of crystalline and
absorbed water, while the first weight loss (35%) has
been observed in this temperature range on the TGA
curve. The second weight loss (16%) has been induced
through 235–460°C, which is related to the decompo-
sition of gelatins chemical bond. The third weight loss
(7%) seemed to be related to lead oxidation in the temp-
erature interval of 460–480°C, and the last weight loss
(6%) has been associated with the final oxidation of
lead. As it is demonstrated in Fig. 5, there have been
no weight changes between 550°C and 880°C, indicating
that PbO-NPs are stable in these particular temperatures.

The FESEM image of the synthesized nanoparticles
has displayed that the particles are in nanoscale and
uniform in shape (Fig. 5). This image has also shown
that in optimal conditions, the size of particles ranges
from 10 to 20 nm. Also, the EDX graph of the nanoparti-
cles only displays the presence of lead and oxygen
elements in the synthesized nanoparticle, which is due
to its high purity (Fig. 6).

The investigation on the cytotoxic characteristics of
PbO-NPs has been explored on Neuro2a cells by MTT
assay (40). This test has been completed by different
doses of PbO-NPs from 0 to 500 μg/ml (Fig. 7). As it has
been observed in the results, concentrations of syn-
thesized nanoparticles that were below 30 μg/ml
seemed to contain lower toxicity. From this, it can be
deduced that PbO-NPs at concentrations below 30 μg/ml
are harmless and industrially applicable with low risk (41).

Figure 4. PXRD spectra of synthesized PbO-NPs at different
temperatures. Figure 5. TGA-DTA curve of synthesized PbO-NPs at 550°C.
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4. Conclusion

The PbO-NPs is one of the most industrially used metal
nanoparticles. Throughout this study, we have tried to
produce PbO-NPs in a facile, cheap, and nontoxic way,
in other words, the synthesis process has been accom-
plished by a “green” approach. Accordingly, PbO-NPs
have been synthesized by applying gelatin as a
capping agent. Spectral studies, including UV-Vis spec-
troscopy, PXRD, TG-DTA, EDX, and FESEM indicated
that PbO-NPs had a uniform particle distribution size
range from 10 to 20 nm. In accordance to the results of
the investigation on the toxicity of the synthesized nano-
particles, these nanoparticles seem to be at low-risk

Figure 6. FESEM images of synthesized PbO-NPs at 550°C (a, b, c) and its EDX analysis (d).

Figure 7. MTT assay of synthesized PbO-NPs at 550°C.
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regarding their usage in the industry as long as they are
applied in concentrations below 30 μg/ml.
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