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Abstract:  Nanocrystalline thin film of Cd doped PbS is prepared at various concentration of Cd. We have investigated structural 

and optical properties of the prepared samples. Structural properties are characterized by X-Ray Diffraction, Raman Spectroscopy 

and SEM-EDS studies. The optical property is studied by UV-Visible spectroscopy.  Current vs Voltage (I-V) measurement is 

also done for all the samples and it reveals that all the samples form ohmic contact. The UV-Visible absorption spectra show that 

one of the samples possesses high absorption in near infra-red region.    
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I. INTRODUCTION 

          Nanofilms of semiconductors play important roles in advanced scientific technology to improve the 

overall performance of gadgets made of small chips. It is very important to manage the composition of the films 

during processing depending upon the different technical requirements. Photovoltaic gadgets often use 

nanocrystals due to their high performance and low production costs. In recent times polymer compounds in 

nanoregime [1] are investigated while Lead (Pb) chalcogenide nanocrystals are also actively investigated 

because they have high Bohr exciton radii (18 nm). CdS and PbS are semiconductors that has sufficient 

optoelectronic properties, which make it ideal for the manufacture of a wide range of devices such as solar 

cells, fuel cells, infrared sensors, and so on. Those semiconductors can be obtained using varioustechniques; 

one of the most effective methods is chemical bath deposition (CBD) [2-4]. This method requires a very simple 

and inexpensive tool and deposition can be done on substrates at different temperatures. Lead sulphide (PbS) is 

black in colour and it is obtained by reaction of Pb2+ and S2- ions. The ionic radius of Pb+2 and S2- are 1.21 and 

1.84 Å respectively[5]. PbS is a semiconductor with a Wurzite (W) crystal structure of the NaCl type.PbS is 

important because it has high absorption coefficient which makes it useful in the construction of sensing 

devices and due to its reflectivity, it is used as a reflective surface in the visible region.   An IR detector isa 

material that changes its properties as it receives radiation. Some physical and chemical techniques have been 

reported to be almost the method of detecting nanocrystals [6, 7]. PbS is a semiconductor with a bandgap (Eg) = 

0.41 eV with continuous absorption in a short wavelength range. However, the increase in Eg is quantified 

within the range of 0.41- 4.0 eV for 2–20 nm size of nanocrystals [8]. The effect of quantum confinement due 

to existence of nanocrystals has been investigated in CdS and CdSe semiconductors [9-11]. There is a review of 

PbS with Cd2 + growth through CBD, where there are studies of optical structures and structures [12, 13]. The 

aim of this work is to find the optimum conditions for the synthesis of PbS with different levels of doping Cd2+ 

(Cd2+ = 0.95 Å) using CBD and to investigate its optical and structural properties. We will be using the 

terminology as 0 ml, 2 ml, 4 ml and 6 ml for undoped (0 ml) and Cd doped PbS films respectively. 

Morphological images using Scanning Electron Microscopy (SEM) were obtained with Voyager II X-ray JEOL 

JSM-840. The crystalline structure is analyzed using the Nokia D500 diffractometer of the Cu kα line. Optical 

absorption spectra, measured using the Unicam 8700 Spectrometer. 

2. Experiment 

       Preparation of  polycrystalline PbS thin films on glass substrates at 80°C doped with Cd2+ grown by the 

chemical bath method (CBD) with a pH = 10.5. The parts under the glass were previously soaked in K2Cr2O7 / 

HCl for 24 hours, after which they were rinsed with distilled water. We grew PbS films with four different 

levels of doping concentration of Cd2+: at 2, 4, 6, and 8 ml respectively. The precursor used to deposit PbS are: 

0.01 M of Pb(CH3COO)2, 0.5 M of NaOH, 1.5 M of NH4NO3 and 0.2 M of SC(NH2)2. The doping solution of 

CdCl2 used at 0.02, 0.04, 0.06 and 0.08 M respectively is slowly incorporated into the reaction component 
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while growing PbS film. All solutions used were water-repellent. The films were silver-gray, cohesive, 

polycrystalline and adhering well to the substrate. 

           The reaction for the preparation of the PbS films are as given below: 

                         Pb(CH3COO)2→Pb2++2CH3COO- 

                         CS(NH2)2 + OH− → SH− + CH2N2 + H2O 

                         SH− + OH− → S2− + H2O 

                         Pb2+ + S2− → PbS 

Overall, the reaction takes place in the following way- 

[Pb(CH3COO)2]1−x+Cdx2++CS(NH2)2

𝑁𝑎𝑂𝐻
→   Pb1−xCdxS+2CH3COOH+CH2N2. 

         3. Results and discussion 

              3.1 Scanning Electron Microscopy (SEM) 

 

                   Morphologies of nanocrystallinePbS and Cd-doped PbS small films are investigated using SEM as 

shown in Fig. 1. PbSnanocrystalline films are undetectable and doped, prepared using chemical classification of 

their size and morphology. The small prepared films had the same surface morphology over the entire lower 

glass and were of good quality. Cd doping has caused significant changes in surface morphology and size. The 

surface of the pure PbS film was similar and filled with nanocrystallite, which looked randomly directed and 

showed an unusual shape. When a Cd is inserted into the PbS lattice, grain size and film thickness decrease. 

This variation is due to nucleation and coalescence. In general, nucleation and coalescence alter grain growth 

by moving the grain boundaries. This process depends very much on many other factors, such as precursors, 

type of solvent, solution supply rate, installation temperature etc. The current case may be due to the effects of 

the Cd solution. The doped film shows small particles that play a role in crystal concentrations, thus showing 

the nanocrystalline nature of Cd-doped PbS small films. 

EDX exhibition of PbS / Undoped films and PbS / Cd shown in fig1 (a) - (d). It is evident from Fig. 1 (a) that 

the PbS / Undoped film is not stoichiometric with Pb spaces. Each Pb space forms two holes in the valence 

band making it a p-type semiconductor. [14] Provides electronic standards that remain above the valence band. 

Figure 1 (b) - (d) shows an increase in Cd content. It ensures the installation of the Cd in the PbS tank. A 

certain amount of Oxygen was found in the films. This is due to the absorption of O2- and OH- ions. Another 

pollution found in films is carbon. The source of this substance may have been caused by CH2N2 which is a 

decaying form of thiourea. 

Element Weight % Atomic %

C K 5.51 25.77

O K 8.52 29.90

SiK 2.60 5.19

AuM 3.21 0.92

S K 11.15 19.53

PbM 69.00 18.70

(a)

 

Fig. 1(a): SEM micrograph of Undoped PbS Thin Film. 
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Fig. 1(b): SEM micrograph of 2 ml Cd doped PbS Thin Film. 

 

Fig. 1(c): SEM micrograph of 4 ml Cd doped PbS Thin Film. 
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         3.2 X-ray diffraction (XRD) 

               Fig. 2 shows X-ray diffractograms of prepared samples of undoped and doped films of different 

concentrations of Cd.It shows peaks at thefollowing angular positions: 2θ = [26.00, 30.07, 43.10, 51.00, 53.48]. 

This belongs to the wurzite class according to the reference pattern JCPDS 78-1900.The film spectrum of 4 ml 

shows two angular peaks at 2θ = [27.25, 28.49], which may be due tomonoclinic phase of PbO (JCPDS 019-

0697), and the other peak at 2θ = [34.04] can be due to orthorhombic phase of PbO (JCPDS levels 052-0772). 

In order to explain the degree of the undoped and doped PbS films preferred orientation, the texture   

coefficients (TC) of (111) and (200) planes were represented by the Harris method in the following formula  

𝑇𝐶 =
𝐼𝑚
𝐼𝑠
[
1

𝑛
∑
𝐼𝑚
𝐼𝑠
]
−1

 

             Where Im is the measured intensity and Is, the standard intensity of the peak corresponding to the (hkl) 

plane and n is the number of diffraction peaks. We have considered(111) and (200) peaks as the reference in 

this calculation. The values of TC for (111) and (200) of undoped and doped thin films were found to be 

25.99% and 30.13% respectively. Hence it is observed that the plane (200) has a high texture coefficient, 

indicating that the prepared films have preferential orientation towards the (200).  

 

                              

 

 
 

 

Fig. 1(d): SEM micrograph of 6 ml Cd doped PbS Thin Film. 

 

Fig. 2: XRD pattern of undoped and doped Thin Films. 
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3.3 Scherer’s Formula 

 

               The average crystallite size (D) of the nanocrystallinePbS thin films are obtained by using 

Scherrer’sequation[15]: 

𝐷 =
0.94 𝜆

𝛽𝐶𝑜𝑠𝛳
 

Where λ is the wavelength of x-ray used, 𝛃 is the FWHM of the peak corresponding to a particular set of 

crystal plane and 𝛳 is Bragg angle. The above formula gives the average crystallite size in a direction 

perpendicular to a respective plane.In Table 1; we have observed that the crystallite size decreases as the 

doping concentration increases. This can be attributed to the defects increased in the system due to doping such 

as point defects or lattice defects. The size of Cd2+ is lesser than the host Pb2+ which increases the chances of 

perfect substitution. This reduces the probability of forming Cd cluster on the surface.  

 

Table 1: Crystallite Size, Band gap and Strain 

 

 

 

 

 

 

 

 

 
3.4 Optical properties of the Films by UV-Visible Spectrophotometer 

              The optical absorbance (A) variation of the films against the wavelengthis shown in Fig.3. It is 

evident that films prepared with Cd concentration of 6ml show high absorption in the IR region. It may be due 

to the large number of impurity states formed within the band gap of 6 ml sample. These impurity states lead to 

increase in absorption tail which extents upto IR range and henceabsorbance increases from 700 nm to 900 nm. 

The sharp rise in the absorbance of all the samples in the UV region indicates the distribution of a small size of 

nanoparticles. As shown in Fig. 3; absorbance is reduced as the volume of Cadmium dopant increases.A. M. 

Ahmed et. al. note the similar behavior in Cr-doped PbSnanofilms [16]. The absorption edge is gradually 

changed from the longest length (near the IR region) to the shorter length (visible region) in doped films, 

showing an increase in their bandgap value. This change is due to a decrease in the crystallite size as a result of 

defects introduced by doping. 

The film clarity of pure PbS less than 700 nm is increased by the Cd doping ratio as shown in Fig. 4. 

The reason for the transmission is what is seen in the doped films in the UV / Visible light region may be due to 

the evolution of the free carrier concentrations.  

              Depending on the recorded absorbance (A) and film size (t), the absorption coefficient (α) is calculated 

using the relationship: 

              α = 2.303 A / t 

The type of change associated with the PbS band structure can be identified using the following relationship: 

            (αhν) 2 = K (hν-Eg) 

There, K is energy independent constant, h is Plank constant, ν photon frequency, Eg the optical band gap 

between the bottom of the conduction band and above the valence band and α is the absorption coefficient. 

The value of the bandgap can be calculated from the vertical line of (αhν)2 compared to the curve crossing the 

hν axis as shown in Fig. 5. Depending on the effect of quantum confinement, the expansion of the band gap 

occurs due to a decrease in the crystallite size calculated from XRD data as shown in Table 1.6 ml sample 

shows a sudden decrease in band gap against the traditional quantum confinement effect. The decrease in Eg 

value of 6 ml samplemay be due to the Moss-Burstein effect, where the dopant element increases the electron 

density of the conduction band thus raising the Fermi level [17].  

Concentration(ml) Crystallite Size(D) nm Band gap(eV) Strain,εx(10-3) 

0 34.76 3.16 0.997 

2 30.96 3.34 1.119 

4 27.62 3.66 1.254 

6 23.68 3.35 1.463 
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The Gaussian plot of Fig. 3 shows the presence of two peaks in each of the sample. The wavelength, 

absorbance and percentage of fitting are given in Table 2. The absorbance is measured after making a baseline 

correction for Fig.3. We have seen that 0 ml sample shows the maximum absorbance in the visible region while 

6 ml sample have the maximum absorbance in the IR region. 

                Table 2: Wavelength, Absorbance and Fitted Parameter (R2) 

Concentration Wavlength(nm) Absorbance Fitted Parameter 

0 ml 464 0.2007 0.97 

818 0.6709 

2 ml 518 0.1524 0.98 

832 0.6508 

4 ml 156 0.1652 0.94 

843 0.2522 

6 ml 516 0.1730 0.98 

831 0.8115 

 

3.5 Raman Spectroscopy 

          Raman Spectroscopy is a non-invasive procedure used to easily provide information about crystal 

formation of films. In general, the crystal shows the sharp and strong peaks of the Raman while the amorphous 

sample exhibits broad and fragile Raman peaks. [18]. The Raman Spectra of all the prepared samples is 

displayed in Fig. 4. In 0 ml sample, the peaks were seen at 92,138,438 and 973 cm-1. Raman height at 92 cm-1 

may be due to the combination of longitudinal and transverse acoustic phonon mode (LA + TA) in a small PbS 

film. This mode is also reported by Ovsyannikov et al. [19,20]. The band located at 138 cm-1 may come from a 

combination of transverse acoustic and optical (TA + TO) phonon mode which can be compared with the effect 

of Ovsyannikov et al. The maximum value of 438 cm-1 can be calculated in the longitudinal optical phonon 

mode [21]. A slightly higher height of 973 cm-1 may be related to the PbSO4 phase [22]. In 2ml sample, peaks 

were found at 99 and 1047 cm-1. The maximum value of 99 cm-1 represents the LA + TA mode. A maximum 

value of 1047 cm-1 can be assigned to 3PbO.PbSO4.H2O according to Lara et al. [23]. At 4ml sample, the peaks 

focus on 88,159,197 and 472 cm-1 respectively. The first two peaks are due to LA + TA and TA + TO phonon 

mode respectively. The third highest value can be based on LO + TO mode and 472 cm-1 can appear on the first 

phonon mode. At 6ml sample, the peaks are found on 99 and 162 cm-1. The initial height can be caused by the 

LA + TA mode while the other is due to the TA + TO phonon mode. 

Fig 3: Absorption Spectra of undoped and doped thin films. 

Film. 
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3.6 Current-Voltage Characteristics of the Films 

        Fig. 5 shows the voltage-current characteristics of all the prepared samples. It is evident that the variation 

in current with voltage indicates ohmic contact. The highest conductivity is found in 2 ml sample while the 

minimum conductivity is achieved in 6 ml sample. Decreased electrical conductivity in high Cd concentrations 

may be related to increased film mass [24,25]. The reason for this behaviour is a crystalline degradation that 

leads to a decrease in the size of the crystallite with increasing defects. It is well known that although with a 

6ml sample, Pb is rich; it shows a small density that may be due to the omission of the existing Pb atoms as 

PbO in the film but not as a Pb element. Table 3 shows the conductivity calculated for each prepared sample. 

                                        

                                         
 

 

 

 

 

 

 

 

 

 

 

Fig 4: Raman Spectra of un-doped and doped thin films. 

films. 

Film. 

 

Fig 5: Current-Voltage Characteristics of all the samples 
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Table 3: Sample and Conductivity  

Concentration(ml) Conductivity(Ωcm)-1 

0 ml 9.85x10-10 

2 ml 10.4x10-10 

4 ml 8.48x10-10 

6 ml 7.78x10-10 

 

4. Conclusion 

         In this study, PbS and Cd-doped PbS nanocrystalline films were successfully prepared using a chemical 

deposition method. Films raised under these conditions are well documented. From optical absorption, high 

absorption in the IR region by 6 ml of Cd-doped suggests that it may be useful for IR detector. We have 

successfully tuned the optical band gap for PbS films prepared for a wide range and thus made it a probable 

high-performance photovoltaic applications. XRD and EDX analysis confirms the formation of nanocrystalline 

Cd doped PbS films. 
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