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          In this review, the chemical bath deposition method has been studied to investigate 

lead sulfide thin film. The important results obtained from XRD, AFM and optical 

Spectrophotometer measurements were discussed. peaks patterns illustrated that the lead 

sulfide structure have a cubic phase nanocrystalline corresponded to the strong peaks 

(111) and (200) at 2θ ≅ 26.3
◦
 and 29.8

◦
 respectively. Atomic force microscope (AFM) 

images exhibited that the lead sulfide (PbS) thin films have a nano-size grain also the 

grain size increased with increasing film thickness. Different parameters such as 

dislocation density and internal strain have been studied to be decreased with 

concentration. Decreasing internal strain and dislocation density with increasing 

concentration show enhancement of lattice constant as prepared films Scanning electron 

Microscope (SEM) images displayed that the top surface layers are strongly affected 

depending on the nature top. The PbS structure are quite homogeneous , the size 

distribution was about 71–83 nm. The influence of deposition time, thickness, nature of 

the substrate, concentration of solution and doping on the PbS films was also discussed. 

It can be seen, The prepared thin film was a thinner film with a short deposition time 

compared to prepared samples with a longer time. It has also been found that the 

precipitated films show optical absorbance in the room and UV region but their 

absorbance decreases upon entering the near-infrared (NIR) region. Lead Sulfide thin 

films have gained remarkable attention worldwide due to an important narrow band gap 

semiconductor which has broad potential applications in optoelectronics devices. 
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Introduction: 

Nowadays, many researchers have been 

interested in semiconductors (IV-VI) for use in 

photovoltaic devices. Lead sulfide nanostructure was 

the one of it most promising alternative materials due 

to its unique [1,2]. Lead sulfide is unique promise 

material (p-type) characterized by a direct, narrow 

energy gap, very high carrier mobility, large Bore 

radius, higher constant dielectric, and very important 

absorbnce coefficient [3,4,5]. Additionally the size of 

nanostructure lead sulfide (PbS) reached less than the 

radius of Bohr quantum effects of electrons and holes 

occurred, this quantum effect leads to the creation of 

separate electronic states in the (CB) and (VB) of the 

hetrostructure compared with the density state of 

surface in the volumetric substance [6,7]. 
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Lead sulfide (PbS) thin film has several 

practical applications such as infrared detectors 

[8,9,10], transistors, solar cells and biosensors 

[11,12,13] solar absorbers[14], photographs[15], 

telecommunications[16], LED devices[17], photonic 

switches [18,19] diode lasers [20,21] temperature and 

humidity sensors and coatings decorative, solar control 

[22,23,24] and quantum dot applications. Lead sulfide 

(PbS) thin film can be prepared in several ways such 

as successive ion layer absorbance[25], chemical 

deposition [26], spray method [27], galvanic method 

[28] atomic layer deposition [29] pulsed electro-

deposition [30,31] vacuum evaporation [32] chemical 

vapor deposition [33,34] pulsed laser ablation [35] 

molecular beam filling [36] and microwave heating 

[37] in addition to the gelatin method [38]. Chemical 

Deposition has been widely useful for deposition 

because the technique is considered one of the most 

advantageous methods such as lower working 

temperatures, lower cost and easy deals of large size 

compared to other chemical methods. CBS technology 
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also provides another advantage, which is the 

possibility of depositing films in different shapes, 

types and sizes of bases [39]. The aim of this review is 

to study the peaks patrrens (XRD), surface (SEM 

&AFM) and (UV- spectrophotometer) of PbS thin 

films at various concentration.  

  
Experimental method  

The chemical bath method requires 

controlling the concentrated solution on the 

appropriate substrate. This technique provides 

many benefits compared to other deposition 

methods such as chemical deposition. It can be 

seen to control the thickness of the film. Glass 

substrates (2.2 x 2.2 cm) were used. All samples 

are immersed inside the water and keep in an 

ultrasonic sample for 8 minutes. The stirrer of 

acetate solution was for 40 min at temperature 

room after that the keep was heating up to 85
o
 C for 

one hour by magnetic stirrer. It can be seen to control 

the thickness rate by changing the pH function, 

temperature, deposition time, and the concentrations of 

the reactants. One of the most important advantages of 

this technique is compatible with the possibility of 

deposition over large areas at a low cost. Figure 1 

shows the chemical bath deposition technique. 
 

 
Figure 1: photograph of Chemical  method at the 

surface  (a)  at room temperature  ,(b) at 80 
o
C [40]. 

 
Results and Discussion   

Structure properties 
Structure properties were used to determine 

molecular thin film structure of Pb in different M. This 

Figure 2 shows a diagram of X-ray diffraction at a 

concentration of 0.15M. The results show many papers 

explained that the prepared substrate has a face-

centred cubic structure with direction (200) with a 

hexagonal structure [41]. Many researchers have been 

used the chemical method to study lead sulfide (PbS) 

for example (Seghaier et al., 2006 and Abass et al., 

2009). They prepared of lead sulfide (PbS) and silicon 

by the method surface chemical. It was found that the 

substrate has a cubic phase and a preferred direction in 

the (200) axis, Furthermore. The (XRD) spectra 

exhibit it is no clear stress for the substrates. The 

formed particle size was found between 26-46 nm, and 

the deposition time changes from 15 to 130 minutes. 

The particle size increases with increasing thickness 

depending on the growth conditions. The results show 

that the great adhesion and better crystallization of 

(PbS) lead sulfide of the substrate glass were observed 

using 0.5 M of sodium , 0.15 M of lead nitrate and 0.1 

M of thiourea for a deposition time about 70 minutes. 

The influence of the time of the deposition of the 

surface thickness was exhibited in Figure 3 b , it was 

found that the surface film increased with increasing 

deposition time. The influence of the concentration of 

each sodium hydroxide, lead nitrate and thiourea was 

studied separately on the film thickness as in Figures 

3(a, c and d), It was observed the film thickness 

decreases at high concentrations. These results are 

agreement with previous research [42].  

 
Figure 2: X-ray of PbS film at a concentration of 0.15M 
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Figure 3: Film thickness (PbS)  as a surface of  (a) 

NaOH concentration, (b) deposition time, (c)   lead 

nitrate concentration, (d) thiourea concentration 

 

Figure 4 (a, b, c and d) illustrated the preparation 

and fabrication of the films lead sulfide structre doped 

with Nickel (PbS: Ni) in different ratios by deposition 

bath structure at the surface morpholoy. Structural 

characteristics of the deposited films were noted that 

the crystal structure, it is obvious that the dimeter for 

the crystals increased by the increasing the molarity as 

shown in Figure 4. These results are agreement with 

previous research (Obaid et al., 2012). Many structural 

parameters such as internal stress, dislocation density, 

etc., were observed and calculated to decrease in of 

both films (pure and deposited film) have cubic, it has 

been verified that the size particle of doped film (PbS: 

Ni) was smaller than the size particle of the pure film 

(PbS) using the obtained (XRD) patterns, due to the 

PbS: Ni thin film has a granular size. The X-ray 

resulting of (XRD) show that the PbS: Ni surface has 

nature molarity. It was also seen that the lattice 

constant structure shifts from the volumetric const. of 

the lattice constant (5.987 
o
A), this change in the 

fabricated films indicates stress. The dislocation 

density with an increase in molarity improved the 

structure of the films lattice [43]. 

 
Figure 4: patrren diffraction (XRD) of PbS   at various 

concentrations. 
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Figure 5 shows the preparation of lead sulfide 

(PbS) nanoparticles by (CBD) and exhibited the 

influnce of the thickness of the substrate by using the 

time constant, Furthermore, (Palomino et al., 2013) 

concluded the thickness also increases with the time 

constant. The resulting of the XRD pattern illustrated 

that the lead sulfide (PbS) sample has a face-centred 

cubic symmetry, a lattice constant was 5.9345 Å and a 

crystal size of 55.54 nm [44]. Furthermore, lead 

sulfide (PbS) nanocrystalline film has prepared by 

(CBD) in microwave oven the system at a temperature 

of 80 degrees Celsius and for different periods (30, 

60,90 and 120) minutes and different concentrations 

by (Göde et al., 2015). The deposited films contain of 

grains, and the size of these grains increases with 

thickness. Moreover, the film thickness increased by 

an increased time deposition, these results are in 

agreement with [ 45, 46]. 

 
Figure 5: Change of film thickness (PbS) with deposition 

time. 

 
Surface properties   

Scanning Electron microscope 
Figure 6 desipts SEM photographs of tin sulfide 

film doped with mercury ions (Hg
+2

), we note that the 

grain size areformed in clusters and the size increases 

with the increasing doping rate. This resulting is in 

agreement by (Rajathi et al., 2017) who was prepared 

the lead sulfide thin films (PbS) doped with mercury 

ions (Hg
 2

) with a nanocrystalline structure using 

chemical bath deposition (CBD) [47]. 

 
Figure 6: SEM images of PbS films: (a) pure Pb  (b,c) 

dropsied with Hg. 

 

Atomic Force microscope 

Atomic Force microscope 
Figure 7 shows (AFM) images, the results show 

the prepared films have nanostructures with a film of 

100 nm and the diameter size of 62 nm. The surface 

structure of the film (Roughness) increases with the 

increase thickness of the film. In other words, the films 

have a good arrangements and good homogeneous to 

the bottom layer by a point surface of the dark. The 

average thickness was found 2 µm, and all the 

deposited films showed stable behavior. lead sulfide 

thin films (PbS) have been produced at room 

temperature on a surface substrate for two hours by 

deposition bath of chemical by (Abdallah et al., 2018) 

[48]. Additionally, (Horoz et al., 2018) studied the 

nano-thin films of lead sulfide (PbS) and others doped 

with cadmium (Cd-PbS) at 80 
o
C by the chemical bath 

deposition method. It can be seen the particle size 

increased from 1.8 µm to 2.5 µm after annealing. The 

pure films and doped cadmium showed good 

crystallization and adhesion on the substrate. The films 

have good roughness and surface homogeneity. 

Furthermore, the diameter size decreased from 74 to 
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64 nm with an increaseing doping rate, these results 

are in agreement with [49].  

 
Figure 7: Atomic force microscope images of lead 

sulfide (PbS) films doped   with cadmium (Cd-PbS) on 

glass substrate.  

Optical properties 

Figure 8 shows the study of lead sulfide 

deposited on aluminium by the deposition bath of 

chemical sample by (Manouchehri et al.,2018). It was 

found that the film of substrate thickness varies based 

upon the nature of the substrate, the fixed parameters 

structural like crystal pore, internal pressure, constant 

lattice and optical properties of composite (PbS) have 

also been affected using the chemical nature of the 

substrate It was observed from the UV spectrum that 

the Absorbance edge changed with the lower 

wavelength in the deposited films. 

 
Figure 8: Absorbance with wavelength of PbS lead 

sulfide film   deposited on aluminum and glass (a) Pb 

thin film deposited on aluminum(0.05M) and Pb 

deposited on glass  at concentration  (b) 0.1M, (c) 

0.15M and (d) 0.2 M. 

 
The optical properties show that lead sulfide 

structure depoted on aluminium at the substrate glass 

of concentration (0.05M) is more transparent than the 

film on the glass substrate of (0.2M) due to effect on 

the morphological properties of the deposited substrate 

, these results are in agreement with [27, 50,51]. It can 

be seen the improvement of the physics properties of 

thin films via choosing the appropriate substrate. It is 

obvious that film surface size increased with increased 

deposition time, and the value of the energy gap 

increased (1.59 - 1.65) eV with the increase in the 

deposition time, as shown in Figure (9 a, b).  

The properties of high reflectivity also higher 

absorption in the UV structure and also high 

reflectivity and low absorption in the infrared (IR) 

region produce a good film for sensors, solar thermal 

applications, and anti-reflective coatings. In brief, the 

film thickness increases when the energy gap 

decreased leading to the increased of the coefficient of 

the absorption for the prepared films as shown in 

Figure (10a,b). 
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Figure 9:  (a)  Thickness & deposition time , (b) Band 

gap & deposition time 

 
Figure 10:   (αh טּ)

2
 ageist  gap energy Eg(eV)  at 

concentration (a) 0.1M, (b) 0.2M concentration. 

 
Conclusion  

Lead sulfide (PbS) have been studied by the 

(CBD) method, which is a low-cost and simple 

method. The obtained films were studied and analyzed 

using (XRD), morphology (SEM& AFM) and optical 

properties (UV-VIS). The simmered results including, 

the deposited films are the structure of nano-

polycrystalline in nature and grown in the form of a 

cubic crystalline structure with two preferred 

orientations (111) and (200). Furthermore, deposition 

time increases by the increased the thickness of the 

film, this leads to a decrease in the energy gap and 

then an increased for all the absorption coefficients, 

the roughness surface, and the grain size. additionally, 

increasing the concentration rate leads to a decline in 

the lattice constant and gap energy and a rise in the 

particle size. Furthermore, increasing of the doping 

due to an increased in both the gap energy and the 

activation energy. The particle sizes increase with 

increasing annealing temperature. Finally, lattice 

constant, crystal size, internal stress, and UV 

properties of the prepared thin films are the influence 

by the chemical nature of the substrate on which they 

are deposited. 
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الحمام  المحضر بتقنٍة الترسٍب (PbS)الخظائض التركٍبٍة والبظرٌة لغشاء كبرٌتٍذ الرطاص 
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 :الخلاطة
. حى يُالشت انُخائج انًهًت انخً (CBD)بطشٌمت انخشسٍب بانذًاو انكًٍٍائً  (PbS)الأغشٍت انشلٍمت نكبشٌخٍذ انشطاص  حى دساستفً هزِ انًمانت, 

, يطٍاف الأشعت فىق (AFM), يجهش انمىة انزسٌت (SEM)انًجهش الانكخشوًَ انًاسخ  ,(XRD)حى انذظىل عهٍها يٍ لٍاساث دٍىد الأشعت انسٍٍُت

حشكٍب بهىسي َاَىي رو طىس يكعب يطابمت يع  كبشحٍذ انشطاص حًخهك . بٍُج اًَاط دٍىد الاشعت انسٍٍُت باٌ اغشٍت(UV-VIS) انًشئٍت-انبُفسجٍت

2θ ≅ 26.3 ( عُذ صواٌا انذٍىد200( و)111اعهى انمًى )
◦
 , 29.8

◦
باٌ الأغشٍت انشلٍمت نكبشٌخٍذ  (AFM), دٍث أظهشث طىس يجهش انمىة انزسٌت 

دساست انعذٌذ يٍ انًعهًاث انهٍكهٍت يثم الإجهاد  حى. حخكىٌ يٍ دجىو دبٍباث َاَىٌت وٌضداد دجى هزِ انذبٍباث يع صٌادة سًك انغشاء (PbS)انشطاص

ٌشٍش حمهٍم الإجهاد انذاخهً وكثافت انخهع يع صٌادة انًىلاسٌت إنى حذسٍ خىاص انشبٍكت أر  انًىلاسٌتانذاخهً وكثافت انخهع ونىدع اَها حمم يع صٌادة 

يخجاَس حًايا  PbS طبماث انسطخ انعهٍا حخأثش بمىة بطبٍعت انماعذة واٌ غشاء باٌ (SEM)ًجهش الانكخشوًَ انًاسخ انوضذج طىس . نلأغشٍت انًذضشة

كًا نىدع أٌ الأغشٍت انًذضشة باسخخذاو ولج حشسٍب الظش كاَج أسق يٍ حهك انخً حى حذضٍشها  (,83nm-71)ووجذ اٌ دجى انخىصٌع كاٌ بذذود 

 حى يُالشت حأثٍش صيٍ انخشسٍب, سًك انغشاء, طبٍعت انماعذة, حشكٍض انًذهىل وانخطعٍى بًىاد يخخهفت عهى خىاص أغشٍت كبشٌخٍذ انشطاص. .بىلج أطىل

فً انًُطمت انًشئٍت ويُطمت الأشعت فىق انبُفسجٍت ونكٍ ايخظاطها ٌُخفض عُذ دخىنها  ًلىٌا ًضىئٍا ًًخشسبت حظهش ايخظاطاأٌ الأغشٍت ان ًولذ وجذ أٌضا

جزبج الأغشٍت انشلٍمت نكبشٌخٍذ انشطاص اهخًايًا يهذىظاً فً جًٍع أَذاء . يٍ انطٍف انكهشويغُاطٍسً (NIR)يُطمت الأشعت حذج انذًشاء انمشٌبت 

  .(PbS)لأشباِ انًىطلاث انعانى بسبب ادخىائها عهى فجىة َطاق ضٍمت وانخً نها حطبٍماث يذخًهت واسعت فً َبائظ الإنكخشوٍَاث انضىئٍت

 

 وانبظشٌت. غشاء سلٍك, انخشسٍب بانذًاو انكًٍٍائً, كبشٌخٍذ انشطاص, انخظائض انخشكٍبٍت :الكلمات المفتاحٍة
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