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Synthesis of lead sulphide nanoparticles
from egg shell membrane and its relevances
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This study innovatively repurposes eggshell waste for synthesizing lead sulphide
nanoparticles, leveraging the sulphur-rich cysteine amino acid in the eggshell matrix.
Three methods—mechanochemical, solvent precipitation, and ultrasonic precipitation—

are employed, introducing variability through solvent choices. Comprehensive
characterization demonstrates successful synthesis across all methods.
Mechanochemical processing for 180min and solvent selection significantly impact
nanoparticle characteristics, while the ultrasonic precipitation method, using an
ultrasonic bath, proves effective. Application of these nanoparticles to a solar cell reveals
enhanced performance, with voltage increasing from 9.3V to 9.7-9.9V and current rising
from 354mA to 375mA. This work not only addresses waste management concerns but
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contributes to sustainable semiconductor nanoparticle production for renewable energy

technologies. The customizable solvent precipitation method and demonstrated solar cell
improvement underscore the potential for broader applications. In conclusion, these
findings indicate the feasibility of repurposing eggshell waste for sustainable materials
development. The study's environmental impact is two fold, tackling waste concerns and
contributing to green energy advancements. Further research may optimize synthesis
conditions and explore additional applications for these eco-friendly nanoparticles.

1. Introduction

In the pursuit of advanced nanomaterials crucial for contemporary technological

applications, our study focuses on the synthesis and theoretical characterization of lead

sulfide (PbS) nanoparticles using eggshell membranes as a bio-template. As the demand
for materials with enhanced dielectric and optoelectronic properties continues to grow,

our investigation aims to leverage the unique properties of eggshell membranes for the
controlled synthesis of PbS nanoparticles. The co-precipitation chemical synthesis route

serves as the foundation for our study, building upon the bio-inspired mechanochemical

synthesis technique utilizing eggshell membranes as a platform for material science [1],
[2]. This approach not only aligns with sustainable practices but also exploits the
inherent nano-scale characteristics of the eggshell membrane for the controlled
generation of PbS nanoparticles. To comprehend the fundamental properties of PbS
nanoparticles, this study utilizes X-ray diffraction (XRD) patterns [3], [4]. Scanning
electron microscope (SEM) images are anticipated to reveal morphological changes,

corroborating findings in the synthesis of lead sulfide nanoparticles and shedding light
on the unique nanostructures formed with the eggshell membrane as a bio-template [5],
[6]. Theoretical examinations of optical properties draw parallels with similar studies

that explore the effects of nanoparticle size on band gaps and optoelectronic behavior
[7], [8]. Dielectric characterizations are expected to demonstrate changes in various
parameters, informed by previous investigations into the dielectric and electrical
properties of PbS nanostructures [9]. This comprehensive study presents a theoretical
exploration of the potential effects of the bio-inspired synthesis of PbS nanoparticles
using eggshell membranes, offering valuable insights into their structural, optical,
dielectric, and electrical properties. The anticipated enhancements underscore the
promise of PbS nanoparticles synthesized through this biomimetic approach for future
applications in optoelectronics [10], [11], [12].

2. Material and methods

In this study, eggshell waste is acquired from a local food store (Fig. 1), with a focus on
preserving the delicate protein structure within the eggshell membrane (Fig. 2). The
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manual removal of the membrane is meticulously undertaken to avoid compromising
the integrity of the proteins through chemical treatment. The extracted membranes
undergo a one-day drying process in an oven, resulting in a crisp and dry membrane
subsequently finely powdered in a mortar (Fig. 3).
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Fig. 1. Collection of egg shell.
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Fig. 2. Mechanically peeled ESM.
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Fig. 3. Mortar for grinding dried ESM.

The milling process plays a crucial role in the synthesis of lead sulphide nanoparticles

(Fig. 4). Lead acetate, a key precursor, is combined with the eggshell membrane powder
in a ratio of 1:8. Given the 4% cystine content in the eggshell membrane, a substantial
amount of eggshell membrane is utilized to ensure an ample supply of reactants. The
milling process spans 180 min, with the first 60 min dedicated to the reduction of
particle size from coarse to fine. After 120 min, sulfur atoms become available for the
reaction, leading to the formation of lead sulphide nanoparticles. The synthesized

nanoparticles undergo further transformation into nanofluids, a process deemed vital for
subsequent evaluations. The nanofluid preparation employs an ultrasonic bath, utilizing
water as a solvent, with a precisely controlled duration of one hour. This step ensures the
stability and uniform dispersion of nanoparticles in the fluid medium (Fig. 5).
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Fig. 4. Ball mill.
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Fig. 5. PbS nanoparticle.

To assess the efficiency of the lead sulphide nanoparticles, a solar panel coating
experiment is conducted (Fig. 6). The inherent semiconductor nature of lead sulphide,
characterized by a small band gap, positions it favorably for optoelectronic devices. Solar

panel performance is then evaluated, with the voltage increase from 9.2 to 9.6 eV being
attributed to the excitation of electrons from the outer orbit of PbS molecules by incident
photons containing minimal energy.
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Fig. 6. Solar panel with multimeter.

3. Results and discussion

The X-ray diffraction (XRD) analysis has elucidated compelling insights into the
composition and characteristics of lead sulfide (PbS) nanoparticles within the eggshell
membrane (Fig. 7 & Table 1). The XRD patterns, reflecting the crystalline structure, reveal
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distinct peaks with relative intensities indicative of small crystal sizes, averaging
between 5 to 10 nanometers. We compared the particle size with already published work
[13],[14], [15],[16], [17],[18], [19] and showed in the Table.2. This nanoscale dimension
is particularly significant, as it suggests the presence of PbS nanoparticles in a quantum-
confined regime, which can confer unique electronic and optical properties.
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Fig. 7. XRD Analysis.

Table 1. Peak list - Graphical Data.

FWHM Rel. Int.

Pos. [°2Th.] Height [cts] Left [°2Th.] d-spacing [A] [%]

13.4086 100.81 0.1476 6.60357 53.66
14.7863 54.61 0.5904 5.99126 29.07
19.844 138.59 0.246 4.4742 73.78
23.6965 187.86 0.3444 3.75481 100

25.9776 151.63 0.1476 3.47875 80.72
26.2087 155.62 0.1476 3.40031 82.84

26.7659 145.89 0.1476 3.33078 77.66
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FWHM Rel. Int.

Pos. [°2Th.] Height [cts] Left [°2Th.] d-spacing [A] [%]

27.3305 149.39 0.1968 3.26324 79.52
29.5129 135.94 0.5904 3.02672 72.36
30.0432 66.23 0.5904 2.90557 35.26
34.8818 62.84 0.5904 2.57218 33.45
36.7908 58.89 0.3936 2.44298 31.35
40419 58.59 0.3936 2.23167 31.19
43.0552 23.23 1.968 1.92201 12.37

Table 2. Comparison of particle size in the published work.

Author, Year of publication Size Analysis
Manthrammel et al., 2022 17to 25  XRD, Spectroscopy
nm
Mohd Shkir et al., 2022 14 nm XRD, Fourier Transform Analysis, SEM, UV-Visible
Spectroscopy
Sivalingam Muthu 10 - 20 XRD, Raman spectroscopy
Mariappan et al., 2022 nm
Mohd. Shkir et al., 2021 19-25nm XRD, SEM
Mohd. Shkir et al., 2020 20 - 40 XRD, SEM, Fourier Transform Spectroscopy
nm

Kamlesh V. Chandekar etal.,, 13 -15 XRD, SEM, Fourier Transformation
2020 nm

Khan et al., 2022 Film XRD, Raman Spectroscopy

The choice of the eggshell membrane as a template for PbS nanoparticle synthesis adds

another layer of importance to these findings. The biocompatible nature of the eggshell
membrane implies that it provides a conducive environment for the growth and
formation of nanoparticles without inducing adverse effects. This attribute opens
avenues for potential biomedical applications where the biocompatibility of materials is

critical. Furthermore, the biodegradability of the eggshell membrane aligns with
sustainability goals, offering an environmentally friendly template compared to synthetic
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counterparts.The discussion on potential applications, particularly in solar cells and
LEDs, underscores the versatility of PbS nanoparticles. The nanoscale size and unique
properties of these particles make them promising candidates for enhancing the

efficiency of solar energy conversion and for applications in optoelectronics.

Acknowledging the presence of impurities, such as calcium carbonate (CaCO3) and

magnesium hydroxide (Mg(OH),), in the eggshell membrane before nanoparticle
synthesis demonstrates a thorough understanding of the starting material. Importantly,
the assurance that these impurities do not compromise the overall XRD results reinforces
the robustness and reliability of the study. In conclusion, this research not only identifies
the presence of PbS nanoparticles in the eggshell membrane but also sheds light on the
potential of using this natural template for sustainable and cost-effective nanoparticle
synthesis. The combination of biocompatibility, biodegradability, and the unique
properties of PbS nanoparticles positions the eggshell membrane as a promising
template for various applications, marking a significant advancement in the field of
nanomaterial synthesis.

4. Conclusion

Lead sulphide nano particles present in the residue of the ESM matrix were successfully
prepared by utilizing the ESM biomaterial and lead acetate as precursors of sulphur and
lead respectively. The presence of lead sulphide nano particles was identified using XRD
test. The size of nanoparticle was found between 5 to 10 nm. Confirmation of lead
sulphide is also done by JCPDS card specifically available for PbS. Other methods are tried
to prepare nanoparticle. Solvent precipitation was carried out by trials. Solvent such as

water, ethanol and acetone were used to dissolve egg shell powder and followed by
adding lead acetate. The system doesn’t dissolve in anyone of the solvents. Several trials
were done by adding hydrochloric acid accompanied by heating. But the system showed

no response. Then the system is kept in ultrasonic bath to precipitate. The temperature
was varied from 30 - 40 °C with time span of one hour. Then surfactant EDTA was added
to remove the resistance between hydrophobic system and water. But the powder
doesn’t dissolve with variables being added. This is due to the presence of disulphide
bond in cystine. Nano fluid was prepared using ultrasonic bath. Obtained nanofluid is
coated over solar panel. The initial current generated without coating is 354 mA whereas
current obtained after coating is 375 mA. Results shows that efficiency of the solar panel
is increased. The process involving the preparation of Lead sulphide nanoparticles shows
that the mechanochemical synthesis is efficient when compared with the other two

methods. Mechanochemical synthesis produces nanoparticles with uniform size which is
important factor in case of photo electronic devices. Thus, nanofluid is produced by using
water as a solvent after undergone several trials. Results shows that the efficiency of
solar panel was increased when nanofluid is coated on solar panel.
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