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Abstract 

In this research, pure and 4%, Mn-doped thin films of cadmium sulfide 

(CdS) were synthesized using a 2-hour hydrothermal process. The 
effect of adding the dopant concentration on the samples' structural, 

morphological, and optical characteristics were investigated. The 

ultraviolet-visible-NIR spectrophotometer was used to investigate the 

optical properties. UV-Vis experiments lowered the optical bandgap 
with an add Mn percentage. Their optical bandgap was 2.38 eV for 

undoped thin films and 1.81 eV for 4% doped Mn-CdS thin films. UV-

Vis spectroscopy data are in agreement with PL. FE-SEM imaging 
revealed morphological changes caused by the inclusion of Mn in CdS 

thin films. FE-SEM displays images of undoped CdS, which appear to 

be Nanoparticles. Morphology of the thin films has shown that the 
average grain size increases by the agglomeration of Nano-grains, 

which become clusters of particles after Mn+2incorporation. In 

addition, The XRD pattern revealed that prepared samples H (002)/C 

(111) as hexagonal and cube phases have a preferential orientation. 
The increase in the main diffraction peak (002) intensity with 

increasing Mn concentration revealed the substitution of Mn+2 with 

Cd+2 in the lattice. The crystallite size increased from10.74 to 11.67 nm 
with an Mn percentage. 
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1. Introduction 

The emergence of efficient nanostructure synthesis and characterization has opened a new frontier in the field 
research and advancement of novel products Due to their small size; they are often perfect crystals free of 

defects or internal strain. The II-VI group of nanocrystalline semiconductors is the most studied since it is 

relatively simple to synthesize and can often be prepared as particulates or in thin films[1]. Due to their 

multidimensional usefulness in a wide range of optoelectronic devices, chalcogenides are gaining a lot of 
interest[2].  between chalcogenide thin films such as PbS, ZnS, MnS, and CdS [3]. CdS is an important 

semiconductor in the II-VI group with a direct band-gap of 2.42 eV at room temperature CdS has a high degree 

of refraction, outstanding transport properties, and suitable energy for the photoactivation of solar electricity[4]. 
Moreover, simple processing processes, making CdS nanomaterials common in several fields, [3]. Two 

crystalline forms are presented in CdS: hexagonal phase (wurtzite) and cubic phase (zinc mixing), CdS films in 

both of those phases can be developed [5]. CdS possess a high affinity to the electrons and conductivity of n-type 
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[3]. Various methods have been used to formulate CdS thin film including chemical bath deposition [6]. Sol-gel 
synthesis [7], thermal evaporation [8], Electrodeposition [9], sputtering [10], metal-organic chemical vapor 

deposition [11], spray pyrolysis [12], hydrothermal [13], and microwave heating [14]. Each technique may 

produce films with a wide range of characteristics that must be tailored to a specific application. However, as 

previously mentioned, CdS thin films have been developed using a variety of techniques. Some of these methods 
are complex and/or expensive, and hydrothermal synthesis has been proved to be a relatively simple method due 

to its simple experimental setup and low cost [15]. CdS have a wide variety of uses in the fields of solar 

optoelectronics, lasers, photoconductors light-emitting diodes, Transistors, photocatalysis, and biological 
applications [16]. Gu et al. used a hydrothermal method to successfully synthesis an array of CdS Nanorods on 

CH3NH3PbI3.surface to create a planar heterostructure solar cell with a short-circuit current up to 18.77 mA/cm2 

[17]. In this work, we have prepared pure and 4% Mn-doped CdS thin films using the hydrothermal technique. 
CdS and thiourea were used as precursors for pure CdS films. The Mn content in the obtained films was 

regulated by adding a controlled amount of Manganese sulfate with the desired weight percentage concerning 

CdS. The influence of Mn-content on structural, optical, and morphological properties of CdS thin film was 

studied in details. 

2. Experimental Procedure 

CdS films were deposited with hydrothermal technology on substrates. Firstly, the glass substrates were 

immersed in hydrochloric acid for 8 hours and then ultrasound cleaned with acetone followed by deionized water 
After then, it was left to dry. The details of the process of making CdS films can be found elsewhere [15]. The 

chemical solution that was used contains 20 ml of 0.05M cadmium sulfate (CdSO4.8H2O) salt, 20 ml of 0.1M 

thiourea (CS(NH2)2), and the molar concentration (4%) of MnSO4 as a Dopant was dissolved in the solution. 
Ammonium hydroxide solution was added as a complex agent and to adjust the pH value of the solution at 12.  

The solutions were mixed well by stirring vigorously by using a magnetic stirrer for 15 minutes at room 

temperature. At last, the resulting Solution was transported into an autoclave. The autoclave was sealed into a 

Stainless-steel tank and maintained at 150 °C for 2 h. Then, the autoclave was left to be cooled at room 
temperature. The substrate has been taken out and cleaned in an ultrasonic bath using deionized water. 

 

 
Figure1: Schematic diagrams of the preparation of CdS thin films a procedure of pure CdS, and procedure of 
doped CdS.   
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3.  Characterizations 
The crystal composition of the prepared CdS and 4%Mn-doped-CdS was determined by X-Ray diffraction 

analysis using XRD apparatus type (XRD-6000, Shimadzu, Japan) with Cu Kα radiation (λ=1.54056 Å) The 

measurement was set at 2θ in a range of 20° to 80°. A UV-1800 spectrophotometer (Shimadzu) was used to 

perform UV-Visible-NIR spectroscopy in the wavelength range of 200-1100 nm Photoluminescence (UV-Vis) 
FLUORESCENCE (Varian) SN: EL05043810 was used to study the electronic structure. The surface was 

analyzed using a FESEM (Zeiss Sigma 300- HV) Field Emission Scanning Electron Microscope (FE-SEM).  

           

4. Results and Discussion 

4.1. Structure Properties 

The XRD spectra of undoped and 4% Mn-doped CdS thin films are displayed deposited on a glass substrate. In 
Figure 2, the result shows that all peaks are strong and sharp diffraction indicates that the CdS product is well 

crystallized. Diffraction spectra exhibit peaks of H (002) or C (111). Crystalline cadmium sulfate can be traced 

to the peaks of the diffraction sample H (102), C (220), H (112), H (004) / C (222), H (104), and (203). These 

planes are related to the CdS. The results confirm the presence of CdS thin film with hexagonal wurtzite and 
cubic structure of CdS, which are identical to the peaks of the standard datasheet (JCPDS No. 42-1411). The 

XRD peaks are broadened due to the nanocrystalline nature of particles. Nanocrystals have lesser lattice planes 

compared to the bulk, which contributes to the broadening of the peaks in the diffraction pattern [18]. The 
comparatively stronger peak along the (002) plane in CdS samples was indicated that the films were highly 

oriented along the c-axis. The identical result was also cited in the literature [15]. As shown in Figure 1, in 

contrast to the other peaks. According to the XRD measurements insert it may be concluded that the preferred 
orientation is the polycrystalline character of the films, which is preserved following Mn-ion implantation. The 

reduction in the (002), such a reduction in the peak intensity can be attributed to the replacement of cadmium 

ions with Manganese ions. The standard ion radius of Mn2+ (0.046 nm) is less than that of Cd2+ (0.097 nm). The 

replacement of cadmium with smaller volume atoms is expected to inhibit the growth in the same direction. This 
suggests that the incorporation of Mn ions resulted in the enhancement of the degree of polycrystallinity, i.e. 

increase of amorphization of the film through suppression of grain growth.  

 

  

Figure 2: XRD pattern of CdS film prepared by hydrothermal method. 
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Table 1: Crystallite size, the position of diffraction peaks (2θ), FWHM, and lattice constants of CdS, thin films 
synthesized at 150 ºC for undoped and 4% Mn-doped films. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The crystallite size (D) of CdS was calculated from the Scherrer–Debye formula using the equation below[19], 

[20]: 

 

  ………………. (1( 

 
Where D is the size of the particle, k is the shape factor, λ is the wavelength of X-ray (1.541 Å), β is the full-

width half maximum (FWHM), and θ is the peak position. For a hexagonal-phase structure, the lattice constants 

a and c are calculated by the equation [21]: 
 

                                                ………… (2) 

 
The variation of the lattice constants with 4% doping of the manganese in CdS thin film where d, h, k, and l are 
Miller indicators. (Table1). The replacement of Cd ions by Mn ions due to the lower atomic size of Mn than that 

of Cd might be the cause of this lattice parameter shift [22]. 

 

4.2 Morphological properties 

4.2.1 Field-emission scanning electron microscope 

Figure 3(a&b) displays images of undoped cadmium sulfide, which appears to be nanoparticles. In our study 

revealed the highly dense and uniform flakes-like morphology.  The particle size of CdS was about 11.27 to 
91.39 nm. As seen in figure 3, this size was larger than the crystalline size of the CdS calculated by Scherrer’s 

formula from XRD analysis. Thus, the larger particle size of CdS may be caused by Nanoplates formation. 

Figure 3(c&d) the irregular Nanosheets that are assembled the flower-like morphology by focusing on one of the 
spherical shape particles (circled by yellow color). It is clear that the obtained crystals exhibit spherical shapes 

with an unsmooth surface and all of them show uniform morphology. From the observation in Figure 3(c&d), 

those spherical shapes are a build-up of nanoparticles aggregated and formed like a flower-like structure. The 

change in surface morphology with adds doping Mn was attributed to the differences in the ionic radius of the 
ion and Cd ion. Mn2+ has a smaller standard ion radius [23], that each flower has a diameter of about 59.15- 227 

nm. 

 

Samples 
Crystal 

structure 
D (nm) 

2θ(deg.) 

measured 

  

(FWHM) Lattice constants (Å) 

(deg.) 

  a=b c c/a 

pure 
Hexagonal 

10.746 26.517 0.4228 4.17878 6.716 1.607 

CdS 

Mn-CdS 

(4) % 

Hexagonal 
11.671 26.703 0.3887 4.142 6.669 1.61 

CdS 

Standard 

JCPDS 

card no. 
42-1411 

      4.14092 6.7198 1.6228 
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Figures 3. (a&b) represent surface FESEM of sample pure CdS and respectively figure3 (c&d) shows the 

surface FESEM of sample 4%Mn doped CdS. 

 
 

 

4.3 Optical properties 

4.3.1 UV–Vis 
Figure 4 shows the optical transmittance spectrum of CdS and 4 % Mn-doped CdS films. The spectrum of 

optical transmission depends on the material's chemical and crystal structure and film thickness and film surface 

structure [24]. The transmittance spectrum is characterized by the opposite behavior of the absorbance spectrum, 

as is shown by (Figure 4a). The transmittance spectrum is a function of the wavelength of the pure and 4% Mn-
doped cadmium sulfide membranes. The optical properties of CdS thin films were investigated using a UV 

spectrometer across a wavelength range of 200 to 1100 nm, as shown in the visible range; these 4 percent Mn-

CdS films are substantially more transparent than pure CdS films as seen.  The absorption coefficient (α) was 
computed utilizing the   formula [25]: 

 

                                                            ……….. (3)              

                                       

Where t and A are respectively representatives of the film thickness and absorption. 

These films' bandgaps have been determined by the equation [26], [27]; 
 

                                                  ……….. (4)           
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Where α represents the absorption coefficient, hʋ represents photon energy, and Eg represents the energy gap. 

The values of the band-gap were computed from the intercept of the straight-line portion of the (αhʋ) 2   against 

hʋ graph on the hʋ axis as shown in Figure 4(b & c). The optical bandgap of the CdS film decreased from 2.38 

eV to 1.81 eV after doping. Changing band gap values may be due to the influence of the different factors such 
as structural parameters, presence of impurities, carrier concentration, grain size, deviation from the 

stoichiometry of the film, and lattice strain [28].  

 
 

 
 

     
Figure 4: a) UV-Vis optical transmittance spectra b) energy bandgap b) of pure CdS and c) Mn-CdS 4% film. 

 

4.3.2. Photoluminescence Spectroscopy 

Figure 5 shows pristine and the 4% Mn-doped CdS thin film synthesized by the hydrothermal phase. At room 
temperature, the excitation wavelength is 331 nm. To observe the transition activity and to comprehend their 

separation and regeneration of the photogenerated carrier, PL spectroscopy was used. Deficiencies and traps in 

PL spectroscopy must still be investigated. The density of the trap states, on the other hand, is strongly 

influenced by the deposition parameters and, as a result, the system's temperature [29]. The band distance and 
density variations are mirrored in the trapping level. This result is in agreement with the UV-Vis results seen in 

Figure 4. The pure CdS band edge peak of 520 nm (2.3 eV) reveals spectroscopy changing. This is the same as 

the optical band gap in the transmission spectrum optical band difference. The emission ranges of the 4% Mn-
doped CdS at 567 nm (2.1 eV) are almost identical to the transitional values for VB-CB. The thin film analysis at 

PL room temperature demonstrates this. The uniform distribution of cadmium and sulfur atoms, as well as the 

thermal energy associated with it, causes the shape to broaden. 
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Figure 5: Photoluminescence spectra for the Pure CdS and doped CdS by Mn 4%. 
 

5. Conclusions 

CdS thin films were successfully deposited on a glass substrate at 150 ºC for 2 hours using a hydrothermal 
technique, which is a simple, economic, and easy method. 4% Mn-doped CdS thin film was also prepared and 

characterized. The adding of the Mn-doped concentration leads to an increase in the crystallite size. The film's 

structural, optical, and morphological properties were investigated. The polycrystalline structure of CdS samples 

is shown by XRD analysis. Furthermore, the crystalline size of Mn-CdS is 11.67 nm and pure 10.7 nm. The 
presence of sharp and high-intensity peaks in the doped material's spectrum means that it is crystalline. In 

addition, UV–Vis spectrum measurements show that the energy bandgap of the CdS thin film is in the range of 

(2.3–1.81) eV and these results are consistent with those of a photoluminescence study. The Nanoplates were 
discovered to be well ordered and oriented to form a flower-like assembling from the Nano flake. This image 

was revealed by using FE-SEM to study the morphology of the samples. 
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