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Abstract 
In this study, lead sulphide (PbS) thin films were produced on glass slide 

substrates using a simple and easy-to-control approach, followed by large-

area films, utilizing a chemical bath deposition method (CBD). The reactive 

substances used to obtained the PbS layers were (Pb(NO3)2), (NaOH), 

(SC(NH2)2) and H2O for different concentration and dipping times, at 

constant room temperature. The surface morphology was determined by 

Field Emission Scanning Electron Microscopy (FE-SEM). Spectroscopy 

measurements of transmission, reflection, and absorption were used to 

determine the optical characteristics. Changes in dipping durations and 

reaction solution concentrations were used to alter the thickness of these 

films. Experiments revealed that the shape and optical characteristics of 

PbS films were modified by growth conditions and thermal treatment. 

 

 

Introduction 
Lead sulphide (PbS) is a widely used 

narrow-gap semiconductor with an 

energy band gap of 0.4 eV at 300 K 

and a comparatively high excitation 

Bohr radius of 18 nm. (Seghaier et al., 

2006). These properties make PbS 

very suitable for infrared detection 

application (Gadenne et al., 1989). 
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This material has also been used in many fields such as photography , Pb2+ ion 

selective sensors and solar absorption (Seghaier et al., 2006). PbS has also been 

used in photo resistance, diode lasers, humidity and temperature sensors, 

ornamental and sun control coatings, and other applications (Thangaraju & 

Kaliannan, 2000). These characteristics have been linked to growth 

circumstances and substrate types. For these reasons, RF magnetron sputtering, 

electrodeposition, spray pyrolysis, photo-accelerated chemical deposition, 

microwave heating, and chemical bath deposition (CBD) have all piqued the 

curiosity of several research organizations interested in the creation and study 

of this material (Veena et al., 2017). CBD method is presently attracting 

considerable attention, as it does not require sophisticated instrumentation. It is 

relatively inexpensive, easy to handle, convenient for large area deposition and 

capable of yielding good quality thin films (Hone & Dejene, 2020). The 

growing conditions have a big impact on the properties of chemically deposited 

PbS thin films made by CBD. CBD is a simple, reasonably cost-effective, and 

easy for large-area scaling approach for depositing high-quality thin films with 

equivalent physical and chemical characteristics to other methods (Abbas et al., 

2011). 

In this study, we describe the optical characteristics of PbS thin films made by 

the CBD approach at varied precursor concentrations and deposition times. The 

goal was to use the chemical bath approach to determine the optical 

characteristics of thin film lead sulphide. 

 

Materials and method 

PbS films were synthesized on a glass substrate by chemical bath deposition 

using 10 ml lead acetate and 10 ml of thiourea as precursors. Substrates were 

cleaned with distilled water and dipped in chromic acid for 24 h then rinsed with 

acetone and dried in air. The PbS thin films were deposited from a solution of 

lead nitrate and thiourea. The sodium hydroxide was used as a base medium and 

using water as a solvent and mixed together in a vessel. Thoroughly cleaned 

glass substrates were vertically immersed at the centre of the reaction bath. The 

solution in the vessel was stirred with a magnetic stirrer for homogeneous 

concentration in the entire solution. The deposition has been carried out at 

temperature 70°C. The deposited film was taken out from chemical bath after 

40 minutes, rinsed with distilled water, dried in a hot oven at 70°C for 40 

minutes. The resultant films are homogeneous and well adhered to the substrate 



215  africascholarpublications@gmail.com                                                                               

 2022 
 

with mirror like surface. The deposited good quality PbS thin films were 

subjected to characterization studies.   The optical properties of the PbS were 

determined using UV–Vis–NIR spectrophotometer (UV-2600) in a wavelength 

range of 200 - 1100 nm. The structural characterization of the samples were 

performed using field emission scanning electron microscope (FE-SEM) (JSM 

7600F). 

The reaction process for forming lead sulphide films is considered as follows 

(Seghaier et al., 2006):  

Pb(NO3)2 + 2NaOH → Pb(OH)2 + 2NaNO3  

Pb(OH)2 + 4NaOH → Na4Pb(OH)6  

Na4Pb(OH)6 → 4Na+ + HPbO2 − + 3OH− + H2O  

SC(NH2)2 + OH− → CH2N2 + H2O + SH−  

HPbO2 − + SH− → PbS + 2OH− 

 

Results and Discussion 

3.1 Structural characterization 

     
Figure 1: FESEM images of PbS thin film at (a) 30,000 and (b) 100,000 

magnification 

FESEM analysis gives the morphology of the PbS nanocrystals. The prepared 

thin films have a pyramidal shape with a rather compact surface, which does 

not show any fissures, faults and disturbances which is in agreement with that 

of Zahmatkesh and Yousefi (2018). Figure 1(b) shows a fat homogeneous 

structure that carpets the substrate surface with lead sulphide crystallites of 

varied sizes in a compact manner. Small spherical formations that appear to be 

produced by clusters of microparticles can also be seen. 
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Optical characterization 

  

 

 
Figure 2: Combined graph of (a) absorbance (b) transmittance and (c) 

reflectance spectra of PbS thin film at different deep time 

Figure 2(a) depicts plots of the combined spectra of Pb at various deep times, 

showing that all samples had a high absorbance in the UV region (200 nm) due 
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to the high energy associated with it, and a general decrease in absorbance in 

the visible (400-800 nm) and near infrared (900-1100 nm) regions due to their 

lower energy compared to the UV region (Thirumavalavan et al., 2015). Figure 

2(b) depicts the combined transmittance of PbS deposited at various depths, 

which exhibits a general reduction in transmittance. The PbS thin film was 

discovered to be transparent across the electromagnetic spectrum's visible area 

(400-800 nm) as well as the near-IR region. Figure 2(c) shows the combined 

reflectance for Pb at various depths. The result shows that the reflectance varies 

linearly with increase in wavelength. It could be observed that all the samples 

showed high reflectance in the visible region, which repeatedly showed 

decrease in the near IR region which is in agreement with that of Hone and 

Dejene (2018). These variations were attributed to the film thickness, elemental 

composition of the film and ability of the glass to absorbs a portion of the light 

passed onto it as function of time in a given wavelengths. 

 

Conclusion 

To elaborate the PbS crystallites, we used a chemical bath deposition approach 

in this work. We can deduce from structural analysis that using lead nitrate, 

sodium hydroxide, and thiourea as reactants, at room temperature for various 

dipping times, produces the best crystallinity and adherence of PbS on glass 

substrate, which is created only by lead sulphide compound. The films formed 

in this setting were highly crystalline, with acceptable surface uniformity and 

roughness, as evidenced by FESEM analysis. We were able to identify the 

surface quality and, as a result, a satisfactory epitaxy as a result of these 

experiments. 
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