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ABSTRACT  

 

Nanocrystalline Cobalt Sulphide (CoS) thin films were deposited on glass substrate 

using a chemical bath deposition (CBD) method with cobalt chloride and thiourea as Co
2+ 

and S
2-

 ion sources respectively. The structure, surface morphology, electrical and optical 

properties of the CoS thin films were studied by X-ray diffraction, scanning electron 

microscope, two probe method and UV-Visible spectrophotometer respectively. The X-ray 

diffraction results showed that the thin films prepared for longer deposition time and higher 

pH were nanocrystalline with hexagonal structure with excellent match of the d-values and 

lattice parameters. The average crystallite size determined using FWHM is in the nano range 

~22 nm. Scanning electron micrographs (SEM) showed the thin film surfaces is very dense 

with observable voids or pinholes and presence of many irregular small round-shaped grain 

particles of size ~200 nm. These kinds of porous structure are useful in electrochemical 

capacitive performance application. The optical absorption studies show that the absorption 

coefficient of the as-deposited CoS thin film is high and a direct band gap of 2.2 eV has been 

observed. The room temperature electrical resistivity is found to be order of ~10
4
 Ωcm. 
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INTRODUCTION  

 

The Chemical bath deposition (CBD) technique, as used in this work, remains one of the 

simplest, efficient and cost effective methods that yield desirable results including deposition on 

different kinds of substrates, shapes and sizes. Chemical bath deposition is a slow process which 

facilitates better orientation of crystallites with improved grain structure. Chemical bath 

deposition is a technique in which thin chalcogenide semiconductor films are deposited on 

substrates immersed in dilute solutions containing metal ions and a source of Sulphide ions. The 

basic principle involved in chemical deposition technique is, the formation of solid phase from a 

solution involves two steps as nucleation and particle growth. This required the ionic product to 

exceed the solubility product [1,4,5].  

Nanocrystalline Cobalt Sulphide thin films evoked much attention due to their vast potential 

uses in various field. Cobalt Sulphide has wide range of well perspective applications in solar 

selective coatings, IR detectors and as a storage electrode in photoelectrochemical storage 

device. There are different phases of CoS, the phase Co3S4 (which occurs naturally as linnaeite) 

is stable up to about 650°C; thereafter CoS2 and Co1-xS are formed. The phase Co9S8 is 

peritectically formed around 835°C [2,3]. The existence of various compositions of Cobalt 

Sulphide makes such studies both interesting and challenging. The Cobalt Sulphide thin films 

prepared using chemical deposition method such as; Basu et al. prepared CoS1.035 films using 

chemical bath deposition with thioacetamide as the sulfur source. However, their deposition 

process is complicated and difficult to control precisely [6]. Thin films of Co3S4 have been 

prepared by chemical bath deposition process and studied various deposition parameters [7]. 

Recently, synthesis of CoS thin films was carried out by a modified liquid phase chemical 

growth process. Cobalt sulphate and thiourea were used as the precursors [10]. Zhenrui Yu et al. 

deposited CoS thin films using a modified chemical bath deposition with cobalt dichloride and 

sodium sulfide aqueous solution as starting materials [13]. 

In this study, the Cobalt Sulphide thin films were synthesis by the chemical bath deposition 

method using aqueous ammonia and EDTA as the complexing agent. The structural, 

morphological, electrical and optical characteristics of CoS thin film have been studied and 

presented. 

 

 EXPERIMENTAL PROCEDURE 

 

Nanocrystalline CoS thin films have been deposited using analytical reagent grade (Loba, 

India) cobalt chloride and thiourea as Co
2+ 

and S
2-

 ion sources respectively. Aqueous solutions of 

cobalt chloride, thiourea and EDTA are separately prepared before experiment. The 5 ml of (1M) 

cobalt chloride was put into a 50 ml beaker and was added 3 ml of (1M) ethylene diamine 

tetraacetate (EDTA). The mixture was stirred for about five minutes for the formation of 

homogenous solutions. Thereafter, 5 ml of ammonia was added drop by drop to the resulting 

solution. This mixture was also stirred and finally 5 ml of (1M) thiourea solution was added to 

the mixture and total volume make up to 50 ml by adding distilled water. The pH of the solution 

was adjusted to 11. At room temperature the substrates were vertically immersed into the 

solution and supported on the walls of the beaker. The beaker was not stirred during the thin film 

deposition. After completion of films deposition of 12 hours, the substrates were taken out from 

the reaction bath, washed with distilled water and dried in air. The as-deposited CoS thin films 

shows a brown color [1,6,7,21]. 
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The reaction is, 

 

CoCl2 + NH3 →  [Co (NH3) 4]
2+   

[Co (NH3) 4] + [NH2 - CS (NH2)] + EDTA → CoS       

Co
+2

 +S
-2

 → CoS 

 

Film thickness was determined by weighing method using the formula [8], 

 

𝑡 =
𝑚  

 𝐴.𝜌
                 .…  i) 

 

Where, ‘t’ is the thickness of the film, ‘m’ is the weight gain, ‘A’ is the area of the coated 

film and ‘ρ’ is the density of CoS. The film thickness was found ~ 300 nm.  

The structural properties of the films are characterized using X-ray diffraction measurements 

with Bruker D8 Advance X-ray diffractometer in the range of scanning angles 10–100
0 

(2θ) with 

radiation Cu Kα1 and 40 kV/40 mA and scanning electron microscopy with Hitachi S-4800 

system (15 kV). The UV-Visible absorption spectrum was recorded using spectrophotometer in 

the spectral range 300 to 1100 nm. Optical absorption spectra were measured to determine the 

band gap.  

 

RESULTS AND DISCUSSION 

 

X-ray Diffraction: 
    

 The structural characterization of the CoS thin films was carried out using the X-ray 

diffraction. Fig1 shows, XRD patterns of nanocrystalline CoS thin films deposited using CBD 

method at room temperature. Nanocrystalline nature of as-deposited CoS films is confirmed 

from XRD pattern as observed diffraction peaks are weak and are of low intensity. Comparison 

of d values with JCPDS 65-0407 for CoS shows that the material is CoS having hexagonal 

structure and has lattice constant is, 0.4 nm. CoS film having three diffraction peaks at angles        

2θ ~ 43.60°, 81.43°, 94.21° and are correspond to (102), (203), and (212) plane respectively. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: XRD pattern of CoS thin films deposited onto glass substrate  
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The average crystallite size has been calculated by using Debye–Scherrer’s equation as; 
 

𝐷ℎ𝑘𝑙 =
𝐾𝜆

𝛽𝐶𝑂𝑆 𝜃
                 ....  ii) 

 

Where, the 'K’ is a Scherrer’s constant usually ~0.94, ‘λ’ the wavelength of X-ray            

(0.15418 nm), ‘β’ the FWHM in radians and ‘θ’ is the Bragg’s angle. We use the reflection at            

2θ ≈ 81.43
o

. It has been observed that the grain size of as-deposited film is ~22 nm. However, 

the observed broad hump suggests that the synthesized materials are nanocrystalline in nature 

with very small particle size [9-12, 20]. 

 

Scanning Electron Microscopy: 

 

The surface morphological studies of the CoS films have been carried out from scanning 

electron micrographs (SEM). Fig 2 shows the SEM image of CoS films deposited on glass 

substrates at pH 11. The film is very dense with film surfaces having pinholes. The film is 

composed of many irregular round-shaped grains. The average grain size of the film is in the 

range of 100 nm to 200 nm. It was found that the morphology of CoS structure changes as per 

deposition method and the preparation parameters like concentration of solution, pH, deposition 

time, bath temperature, etc. Fig 2 shows that, film surface have some holes indicating porosity is 

present.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 2: SEM of CoS film deposited onto glass substrate 

 

It is observed that the average grain size determined by SEM is comparatively larger than 

measured by XRD. This larger value of grain sizes may be due to the agglomeration of grain. 

Formation of such type of surface morphology is desired for CoS films, for application in 

electrochemical capacitive performance [13-15]. 

 

Optical Properties: 

 

The absorption spectrum of CoS recorded in the UV-Vis region is shown in Fig 3(a). Optical 

absorption of CoS thin films was studied in the wavelength range 300–1100 nm. It shows that 
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the Cobalt Sulphide have high absorption in the ultra-violet region at about 349.5 nm than in any 

other region of the spectrum. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3(a): Plot of Absorption against λ for CoS thin films 

 

The band gap was estimated using the Tauc’s relationship between absorption coefficient α 

and the photon energy ℎ𝑣 [16, 17].  
 

𝛼ℎ𝑣 = 𝐴(ℎ𝑣 − 𝐸𝑔)𝑛                       ….  iii) 

 

Where, ‘v’ is the frequency, ‘h’ is the Planck’s constant, E𝑔 is the band gap energy, A and n 

are constants. For allowed direct transitions, n = 
1

2
  and for allowed indirect transitions, n = 2. 

The plot of (αhv)
2
 vs ℎ𝑣 is shown in Fig 3(b) for CoS films having thickness, ~300 nm. The 

variation of (αhv)
2 

with hv for CoS films is a straight line indicating that the involved transition is 

direct one. Band gap energy E𝑔, was determined by extrapolating the straight line portion to the 

ℎ𝑣 axis. The optical band gap energy was found to be 2.2 eV for the as-deposited CoS film. This 

makes the material to be suitable for devices for good absorption of UV radiation that is, it can 

be used as a UV filters [18-21]. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3(b): Plot of (αhν)
2
 against hν for CoS thin films deposited onto glass substrate 
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Electrical Resistivity Studies: 

 

The electrical resistivity at room temperature of CoS thin film was found to be of the order of                 

10
4 

Ωcm. The variation of logarithm of resistivity (log ρ) with the inverse of temperature 

(1000/T) is shown in Fig. 4. The decrease in electrical resistivity with increase of temperature 

suggested the semiconducting behavior of as-deposited films [16]. The thermal activation energy 

(Ea) was calculated using the following relation: 

 

ρ = 𝜌0 exp   
𝐸𝑎

𝐾𝑇
                ------------- iv) 

 

Where, ‘ρ’ is the resistivity at temperature T, ‘𝜌0 ' constant, ‘K’ Boltzmann constant and T' is 

the absolute temperature. At room temperatures activation energy (Ea) is 0.4 eV which is good 

agreement with the results reported in earlier investigations made by S.T. Mane et al. [10] for 

modified chemically deposited CoS film. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Variation of log ρ with 10
3
/T of CoS thin film deposited onto glass substrate 

 

 

CONCLUSION  

 

The CBD technique lead in depositing a much better quality nanocrystalline CoS thin film in 

terms of thickness, uniformity and adherence to the surface. X-ray diffraction patterns of film 

shows that the peaks are correspond to hexagonal structures. SEM of as-deposited film showed 

some voids with irregular distribution of particles with the grain sizes in the range from 100 nm 

to 200 nm. Formation of such porous structure of CoS thin films used for application in 

electrochemical capacitive performance. Optical band-gap of as-deposited CoS thin film is               

2.2 eV. The room temperature electrical resistivity is extremely high and is found to be of the 

order 10
4
 Ωcm and the activation energy is 0.4 eV. In future works, we will investigate the effect 

of different parameters such as substrate temperature, thickness, pH and molarity to produce high 

quality films for supercapacitor performance. 
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