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Synthesis of nano‑sized lead sulfide 
thin films from Avocado (Glycosmis 
cochinchinensis) Leaf extracts 
to empower pollution remediation
Abel Saka1, Lamessa Gudata1, Leta Tesfaye Jule1,2, Venkatesh Seeivasan3, Nagaprasad N4 & 
Krishnaraj Ramaswamy2,5*

The translucent and nano-crystalline PbS films were equipped with the CBD techniques on metal 
substrates by the temperature of 90 °C through aqueous solutions of Lead Nitrate and Thiourea. 
The XRD phases verify the crystalline property of synthesized thin films that the shape falls in the 
cubic structures with favourite orientations. It revealed that the prepared material is cubic crystal 
oriented as (111), (110), (100) and (101) crystal planes. The crystalline size varied between 0.4 and 
0.7 nm. The band gap was assessed using UV–vis captivation spectra and Tau relations. The average 
energy band gap was found to be 2.43 eV which is greater than bulk materials of PbS; because of 
quantum confinements of Lead Sulfide Nano Crystalline thin films, and PL also confirms this result. 
The variation in band gap with Leaf extracts and particle sizes displayed blue shifts characteristic of 
electrons quantum confinements. SEM micrograph shows extremely uniform and adherent PbS films 
are found at higher PH values. It was evidently observed that the viscosity of the synthesized thin 
films reduced from 563 to 111 nm with a rise in pH value. The sample prepared at pH 4 shows good 
performance, and thin films deposited from Avocado (Glycosmis cochinchinensis) leaf extracts are a 
promising method to empower pollution remediation and future energy.

Nanomaterials have been acknowledged to have a wide-ranging range of presentations in various areas. Because 
of their hopeful physicals, optical property and gas detecting behaviours, polymer composite has more and 
more applicability. Several investigators have studied the preparation of different chalcogenides. The electro-
luminescence, as well as numerous diffractive properties of Nano-composites of chalcogenides/polymer, has 
lately been explored1–3.

Nanotechnologies also have an attention-grabbing character in the fields of subtracting, power inducing, opto-
electronics, drug deliveries and ecological remediation4. In the initiation of Nano-technology, various nano-scale 
expedients have been advanced using several techniques, such as physicals, chemicals as well as green methods. 
Until now, a green Nanoparticle deposition is a tool of optimal easily equipped and contrived5–7. It is possible 
to see disadvantages of conservative methods for the production of Nanoparticles, comprising long term treat-
ing, expensive, painstaking processes, and in specific the usage of the poisonous compound. Furthermost of the 
applicable investigations have been engaged in biodegradable and fast production procedures for the manufacture 
of Nanoparticles because of these limitations8,9. The growth of eco-friendly techniques for manufacturing nano-
scale ingredients has been the foremost attention in current centuries. In this esteem, green bottle production of 
Nanoparticles, particularly through leaf extracts from various floras, is increasing development that is consid-
ered simpler, cheaper as well as non-toxic in green harmony10. Nanotechnology has improved with a humanoid 
standard of existing through addressing numerous daily life issues, such as the involvement to power supply; 
weather alteration; gorgeousness, fabric as well as health manufacturing comprising the treatment of fatal sick-
nesses such as cancer as well as Alzheimer11–13. Because of their various claims in numerous procedural areas, 
inclusive study into metallic sulfide Nanoparticles has been concerted in previous years.
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PbS is a very significant direct band gab binary semi-conducting substantial with refractive huge excita-
tions Bohr-radius of 18 nm. It is a very imperative characteristic for the uses of electromagnetic discovery. 
The energy band gap of wholesale (bulk) crystal and poly-crystalline courses obtained lead Sulfide thin film is 
approximately 0.35 to 0.5 eV at room temperatures14. Therefore the photosensitive constant such as refractive 
indexes and extinction coefficients of a thin film is very significant for optical sensor uses. In recent times, the 
sizes altered Lead Sulfide Nanoparticles (grain) are equipped that is reducing the sizes it produces the band-gap 
of the Lead Sulfide thin films rises. This bounces the quantum confinements in Lead Sulfide Nanoparticles. These 
characteristics make the quantum confinement effect more prominent in Lead Sulfide associated with other Pb 
chalcogenide, even for comparatively greater particle size15,16.

In this perspective, Lead Sulfide has been developed in numerous procedures by several methods. These 
are electro-depositions, Spray pyrolysis, and Photo accelerated biochemical depositions17, void evaporations 
solid–gas depositions18. Generally, the provision of thin films had been applied through several procedures such 
as D-C magnetrons spluttering19, pulses electro-deposition techniques20, thermal vaporization technique21 rf 
magnetrons sputtering22, Sprays Pyrolysis technique23 as well as CBD (chemical bath deposition) techniques24. 
When a chemical bath is equated with the above approaches, it is comparatively simpler, more quick and cheap. 
Moreover, through this technique, thin films can be prepared on a glass substrate regardless of the form and 
surface morphology of the substrate, approximately at 37 °C. Depending on these causes, chemical bath depo-
sition techniques provide, as it is found to be extremely gorgeous by researchers pointing to gain thin film25.

The chemical solution method is a thin film placing approach onto substrates as solutions; it includes sources 
of metallic, hydroxides and sulfides26. Chemical bath deposition has become a gorgeous technique based on 
many reasons, comprising ease of engineering, inexpensive, appropriateness for huge measure deposition area 
and the capability to deposit a thin film on several substrates and ease of monitoring thin film’s characteristics 
by adjusting the deposition constraints27.

The highest benefit of this technique is that throughout grows of thin films onto a substrate, and it is conceiv-
able to guarantee that the reactions happening in the depositions bath occurred adequately gently27. Thin films 
synthesized by this method have promising claims in a solar cell absorber as well as solar controls coverings 
windows varnishing uses in earnest weathers, etc.28,29. The biological production of thin-film is attainment care of 
investigators due to the green (biosynthesis) has no influence on the environment. In the present study, Avocado 
(Glycosmis cochinchinensis) Leaf extract was used. Because in the entire world we only used the fruit of Avocado 
(Glycosmis cochinchinensis) Leaf extract and deposed its leaf in the environment and this leaves because the pol-
lution of water, air and land; and this pollution causes the greenhouse effect and acid rain. So that researchers are 
much emphasized organizing the Nano-sized Lead Sulfide thin film from Avocado (Glycosmis cochinchinensis) 
Leaf extracts by using CBD technique.

The varieties of avocado cultivars in Ethiopia are around six kinds recorded for fabrication which are fusions 
of original competitions. These include Hass, Fuerte, Pinkerton, Nabal, Bacon, as well Ettinger30. But in a large 
area growing ordinary one which has large leafs harvest of fruits with big seeds. The improvement listed above has 
big fruit and small seed with small leaves. In this study, the researchers choose the conservative or unimproved 
avocado variety. In the current research, a methodical study was conducted on PbS thin films grown from CBD 
technique. The thin film was analyzed by XRD, UV–Vis, scanning-electron-microscopy and Photoluminescence 
spectrometer to investigate the structural, Morphological and Optical characteristics.

Materials and methods
Preparation PbS thin films.  PbS thin film was prepared on metal substrates (30 × 70 × 1) mm through 
CBD techniques.

An aqueous solution of lead nitrite served as metal precursors basis that is lead(Pb), sodium-sulfide used 
as sulfides ion sources and [(HOC2H4)3N] as a reagent for preparations of PbS thin film. Every compound was 
logically arranged before the fabrications and bath solution was prepared with distilled water. Stepwise, 10 mL 
of (0.2) Molarity of Pb(NO3)2 was mixed with 15 mL of Tri-ethanol-amine. Then, 15 mL of (0.2) Molarity of 
Sodium Sulfide (Na2S) were added drop by drop to the solutions30–32. pH value of subsequent solutions was 
well-ordered through droplets of sulfuric acids than with repeated stirrings. The washed metallic substrates 
were purchased from the workshop to produce Nanoparticle of PbS, with changing pH values as 2, 4, 6 and 
8 interleaved in ethanol nearby 15 min, followed through ultra-sonically splashed in distilled water again for 
15 min, and finally dried very well. Figure 1 shows the setup of chemical bath deposition techniques. Avocado 
(Glycosmis cochinchinensis) plant used in this study is illustrated in Fig. 2.

Lead sulfide (PbS) synthesis with Avocado (Glycosmis cochinchinensis) Leaf extraction.  20 g 
of Avocado (Glycosmis cochinchinensis) Leaf extract was collected and dried under normal conditions for two 
weeks. Then by using mortar and pestle, it was grinded, and Avocado (Glycosmis cochinchinensis) Leaf extract 
powder was gained. 20 g of powder was added to solutions of PbS and continuously stirred with a magnetic stir-
rer for 120 min total deposition time. Finally, we bring the water from the chemical solutions through the usage 
of syringes, and the bottom left molten (gel) of Lead Sulfide is Nanofluids. Succeeding, the glass substrate was 
glazed with liquefied Lead Sulfide, and it was dehydrated in warm air, wallowed with distilled water and reserved 
in an oven for supplementary investigation. The plant we have used in this report was cultivated in the local area 
of Dambi Dollo Town, Oromia, Ethiopia. This study complies with relevant international, national, institutional 
and legislative guidelines.

The reaction process can be considered as the following steps23.
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Characterization techniques.  The structures, morphology and optical characterizations of Lead Sulfide 
(PbS) were studied through XRD, SEM, and UV–vis spectrophotometer (UV) and PL. Figure 3 shows the char-
acterization techniques with benefits.
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Figure 1.   A schematic set of CBD method.

Figure 2.   Avocado (Glycosmis cochinchinensis) Leaf extracts plant and its fruit taken from local area of Dambi 
Dollo Town, Oromia, Ethiopia.
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Results and discussion
Structure characteristics of lead sulfide thin films.  Figure 4 revealed the XRD configuration gained 
from the Lead Sulfide thin film. The detected crests were indexed with a cubic shock salt kind configuration, as 
inveterate through a standard (JCPDS N0. 05-0592) as well as they are epitomized by their consistent indices 
in the continuums. The constricted crests display that the materials have respectable crystal nature with very 
tougher specially oriented along the planes (100), (111), (101) and (110), which strength is predominantly liable 
on the preparation times. Furthermore, the nonappearance of extra peaks conforming to metal clusters and 
impurity tells virtuous qualities of the thin film. An average crystal size (0.5 nm) was calculated through Debye-
Scherer’s formulas12,33.

As K is number approximately (0.94), � is the wavelength (0.15418 nm), as well as β is the full width at half-
maximum of a well-defined deflection peak. The crystal size designates the Nanocrystalline of thin films. As 
shown in Fig. 4. The XRD revealed that the prepared material is cubic crystal oriented as (111), (110), (100) and 
(101) crystal planes. This result is in good agreement with reports34. Intensification of the energy band gap of the 
semi-conductor ingredients as the grain size declines; is an influence of quantum imprisonment. This is because 
of the localization of electrons and hole in a limited interplanetary, inducing visible quantization of the energy. 
An idea behindhand imprisonment is all almost protection electron, and hole stuck in a small areas35. The PbS 
thin films prepared on metal substrates nucleation’s ratios were measured to be greater than grown rate because 
of the abundant numbers of nucleation centred that departure on the superficial of the substrates36. Table 1 and 
Fig. 5. Shows the parameters calculated from Scherer’s equation and XRD data. It confirms that crystalline sizes 
decreased when pH values increased. These reveal the significant influence of pH values on the characteristics 
of thin films prepared through CBD techniques37.

From XRD data, the crystal parameters were determined and discussed in Table 1.

(5)D =
K�

βCosθ

Figure 3.   Characterization techniques and its uses.
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Figure 4.   X-Ray Diffraction pattern of Lead Sulfide films from Avocado (Glycosmis cochinchinensis) Leaf 
extracts at different pH values varied as 2, 4, 6 and 8.
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Photoluminescence spectrum of nano sized lead sulfide (PbS) thin films.  Photo-luminescence 
(PL) spectroscopy is a contactless, non-destructive technique to examine the microelectronic structure of a 
material. The ghostly dispersal of Photo-luminescence (PL) spectroscopy from a semi-conductor can be studied 
to non-destructively decide the electrical band gap. This delivers earnings to enumerate the elemental prear-
rangement of a compound semiconductor and tremendously significant substantial parameters manipulating 
solar cells expedient effectiveness. The photo-luminescence (PL) spectroscopy continuum at low sample PH 
values often reveals shadowlike peaks related to contaminations limited with crowd materials. The extraordinary 
compassion of this method delivers the potential to categorize tremendously little concentration of deliberate 
as well as accidental impurities that powerfully influence material’s excellence and device performance. The 
amount of photo-luminescence (PL) spectroscopy produced from materials is in a straight line associated with 
the comparative quantity of radiate and nonradioactive recombination’s duties. Non-radiate rate is characteristi-
cally related to impurities, and therefore, this method can qualitatively screen alterations in substantial excel-
lence as a purpose of growing and dispensation circumstances. Figure 6 displays that the photo-luminescence 
continuum of Lead Sulfide thin-film dropped at dissimilar PH values varied as (a) 2, (b) 4, (c) 6 and (d) 8. The 
PbS thin film deposited at PH = 4 shows the highest spectrum; this may be because acidity influences the photo-
luminescence spectrum of materials38,39.

Table 1.   Parameters of crystal calculated from XRD data.

PH 2θ (°) θ (°) FWHM (radian) D (nm)

2 0.08675 0.43375 247.4849 0.703841

4 0.18234 0.09115 290.8474 0.598906

6 0.2659 0.13295 166.5163 0.402963

8 0.2932 0.2547 178.3113 0.34323
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Figure 5.   The relationship between crystal size and pH values.
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Figure 6.   Photoluminescence spectral of PbS thin films from Avocado (Glycosmis cochinchiinensis) Leaf 
extracts at different pH values varied as (a) 2, (b) 4, (c) 6 and (d) 8.
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Superficial morphology characteristics.  The morphologies of the Nanocrystalline PbS thin film were 
premeditated through scanning electron micrographs, as perceived in Fig. 7. Clarification of the films in footings 
of sizes and morphologies of Nanocrystalline Lead Sulfide equipped through CBD technique. Enormously even 
and supporter Lead Sulfide films are established at pH values 4, 6 and 8. It is noticed that the films are smooth, 
homogeneous, brilliantly sheltered to the substrates and exhibitions separate groups of Lead Sulfide thin-film 
except a film prepared at pH = 2, which shows some uneven cracks14. The surfaces of the prepared Lead Sulfide 
film layers display groups in moderately movable thick configuration. This can explain why Lead Sulfide thin 
film synthesized on substrates is dense and by trivial crystalline sizes of particle15.

Optical properties analysis of nano sized PbS nanoparticles.  In the current study, the researchers 
studied the influence of the confession constraints on the photosensitivity characteristics of green approach 
nano-crystallite Lead Sulfide thin films. This work establishes significant means of outlining energy band con-
figurations of semi-conductors. These include transmission as well as absorbance spectrum and the band gaps of 
Lead Sulfide thin films16. Figures 8 and 9 display absorbance and average energy band gap of Lead Sulfide thin 
films deposited at changed pH values varied as (a) 2, (b) 4, (c) 6 and (d) 8. From all samples at pH = 2 highest 
spectrum, it reveals that acidic solution influences the optical characteristics of the constituents17. An average 
energy gap of Nanocrystalline PbS thin films is calculated by Tau relation18, found to be 2.43 eV which is greater 
than bulk because of confinements of Nano Crystalline Lead Sulfide thin films, and PL also confirms this result. 
The obtained result clearly agreed with reports40.

Thicknesses of PbS thin films.  Thicknesses of the Lead Sulfide thin film deposited was indomitable by 
heaviness variance technique41,42. The densities of the PbS is engaged at 7.6 g/cm3 in the wholesale arrangement. 
Figure 10 displays the difference of the thicknesses for PbS film as a utility of pH values of the combination of the 
reaction for a constant depositions times of 2 h. It is observed that from Fig. 10, the thicknesses of the prepared 
thin film reduced from 563 to 111 nm with a rise in pH value. The pH value can be efficiently used to regulate 
the rate of PbS creations.

Figure 7.   Scanning electron microscopic image of Lead Sulfide thin films from Avocado (Glycosmis 
cochinchinensis) Leaf extract at different PH values varied as (a) 2, (b) 4, (c) 6 and (d) 8.
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Conclusion
In the current work, Nanocrystalline Lead Sulfide thin films were successfully prepared through the CBD tech-
nique from leaf extracts of the Avocado (Glycosmis Cochinchinensis) plant. The produced thin film was of 
reputable superiority. In preparation of Lead Sulfide, thin films on metal substrates are attained by engaging Lead 
Nitrate, Sodium Sulfide, and tri-ethanol-amine as sources of precursors and complexing agents, respectively. 
XRD revealed that the prepared material is cubic crystal oriented as (111), (110), (100) and (101) and crystal 
plane vertical way to the planes of the substrates and average crystalline size was 0.5 nm. The great absorbance 
and little reflectance characteristics make fine material for solar cells. The band gap of the Nanocrystalline Lead 
Sulfide thin film is 2.43 eV which is greater than the bulk because of quantum confinements of Lead Sulfide 
Nano Crystalline. Photo-luminescence spectroscopy displays the emission at 355–490 nm. Scanning electron 
micrograph investigation had shown the establishment of cubic structured particles with uniform sizes of sup-
plies. The thicknesses of the prepared thin films were reduced from 563 to 111 nm with increasing pH value. 
The samples prepared at pH = 4 show good performance, and thin films deposited from Avocado (Glycosmis 
cochinchinensis) Leaf extracts are a promising method to empower pollution remediation and future energy.
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Figure 8.   UV–Vis spectral of Lead Sulfide thin films from Avocado (Glycosmis cochinchinensis) Leaf extract at 
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