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Abstract: Nickel sulfide (NiS) thin films were deposited on the glass substrates by Silar Method at room temperature using an 
aqueous solution which contains nickel chloride hexahydrate and thiourea as precursors. X-ray diffraction analysis confirms that the 
hexagonal structure is being part of P63/mmc space group of the deposited films with (100) preferred orientation and lattice parameters 
a = 3.441 Å and c = 5.320 Å. Scanning electron micrographs (SEM) reveal a homogeneously deposited very dense surface structure 
with the presence of irregular shaped grain particles. The optical absorption studies show that the absorption coefficient of the NiS thin 
film is high and a direct band gap of ~1.03 eV has been observed. The thickness of the film is found to be 350 nm. 
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1. INTRODUCTION 
Recent usage of Solar cells, Sensors and photoconductors and infrared detectors etc., they are prepared 

by binary compounds belong to VIII-VI compound semiconductor materials [1]. Therefore we have planned to 
prepare semiconductor materials; by literature survey [2-10], Thin films forms the better approach.  Thin films 
are of particular interest for fabrication of large area arrays, solar selective coatings, solar cells, 
photoconductors, sensors, photo thermal solar coatings etc [1, 2]. Thin films can be fabricated in various ways. 

A variety of methods, including electro deposition [11], SILAR [12], pulsed laser ablation [13], metal-
organic chemical vapour deposition [14], thermal and photochemical chemical vapour deposition [15] can be 
used for the preparation of nickel sulphide thin films. In this study we have prepared NiS thinfilms by SILAR 
technique. SILAR method is ideal for making crystalline thin films [16]. Deposition process can be done by 
immersing the substrate into the separately placed cations and anions solution, follows by a rinsing after each 
reaction, which is the cheapest method; no need of target or it does require vacuum at any stage of the 
deposition process [17]. Effortless behavior of SILAR method attracts the attention to prepare thin films by this 
method. Doping of films is simple, there are no restrictions in the substrate dimension and the thickness of the 
films can be controlled by changing the deposition cycle number [18]. 

     In this article, we have reported that NiS thin films, prepared by glass substrates under SILAR method. 
As deposited NiS thin films shows amorphous structure. It exhibits an optical behavior in the indirect allowed 
transition region.  
 

2. Experimental Techniques 

 
2.1Silar method 
 
2.1.1 Solution Preparation 
 
  Nickel Nitrate solution is shown in Fig.1 (a), 0.1M  Nickel nitrate(18.02g) is taken in the beaker of 
50ml capacity,  the liquid ammonia is added to the beaker  until the  pH  of  the  solution  is  adjusted to  ~ 
8.This solution is called as cationic precursor. For rinsing purpose the distilled water is used to remove excess 
nickel ions as in Fig.1 (b). Sodium sulphide solution is shown in Fig.1(c), 0.5M Sodium Sulphide (39.02) is 
taken in the beaker of 50 ml capacity, the distilled water is added until the ph of the solution is adjusted to ~10 
and is stirred to get the dissolved solution. For rinsing the distilled water is used as shown in Fig. 1(d) to 
remove sulphide and the unreacted Ions. 
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Fig.1  Preparation of NiS thinfilms by Silar technique 

2.1.2 Deposition Procedure 
         The deposition was carried out at room temperature (27ºC) using unstirred conditions. In SILAR method 
concentration, pH and temperature of precursor solution and the time duration for adsorption, reaction and 
rinsing are important parameters. By making several trial experiments Nis thin film deposition conditions are 
optimized. 
       When the substrate is immersed in cationic precursor solution (nickel nitrate) for 60 seconds, nickel ions 
get adsorbed on the substrate surface. The substrate is rinsed in flowing distilled water for 40 seconds to 
remove the loosely bound or excess nickel ions. Then the substrate is immersed in anionic precursor solution 
(sodium sulphide) for 60 seconds. The sulphide ions react with preabsorbed nickel ions to form a layer of Nis 
over substrate. Rinsing the substrate again in the distilled water for 40seconds separated out the unreacted or 
unadsorbed sulphide ions or powdery NiS material. This completes one SILAR deposition cycle. After 
completion of one cycle the glass substrate is annealed. After repeating such 25 cycles, NiS film was obtained. 
 

3. Results and Discussion 

3.1 Thickness of the film 

 
Fig. 2 (a) NiS thin films by SILAR method  

                                                       (b) XRD pattern of NiS thin films 
 
 Fig. 2(a) shows the as prepared NiS thinfilms. Fig. 2(b) shows the XRD pattern of the NiS thinfilms is 
annealed at room temperature obtained by silar method. It shows that room temperature obtained by silar 
method.  It shows that the NiS thin films is in hexagonal structure [19] with the following (1 0 1) (1 0 3) peaks.  
The cell parameters are a=3.439(α); b=3.439(β); c=5.352. Table: 1 shows the observed Powder XRD data of 
NiS thinfilms.The calculated lattice parameters are compared with standard value obtained from the JCPDS 
data (card number: 65-5762). Thickness of the thin film is found to be 350 nm.  
 
Table: 1 NiS thinfilms Powder XRD data 
 
 
 
 
 
 
 
 
 

Position 
[°2Th.] 

Height [cts] FWHM Left [°2Th.] d-spacing [Å] Rel. Int. [%] 

11.0692 4.32 1.6059 7.99337 15.07 
34.2024 28.69 1.6059 2.62170 100.00 
60.1431 18.63 1.6059 1.53855 64.95 
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3.2. Fourier Transform Infrared Spectroscopy (FTIR)  
   

 
                                                                  Fig.3 FTIR of NiS 
 
  The FTIR spectrum of the as-synthesized NiS is shown in Fig. 3 Two weak peaks at 3480cm-1 and 1985 
cm-1, respectively, are due to C–H stretching modes. The above peaks are in well agreement with the reported 
values [20].  This confirms the formation of NiS thinfilms. 
 
3.3 Optical absorption studies 
 

The optical properties of NiS thinfilms obtained at ambient temperature using UV–vis transmittance 
and reflectance spectroscopy (Fig. 4). The optical spectra of NiS films were studied at room temperature 
(27ºC). The average optical transmittance and reflectance are about 0.62% and 1.10% respectively. Moreover, 
the absence of the interference fringes in the long wavelength region is mainly due to the roughness of the film. 

 

Fig. 4 UV-visible reflectance and transmittance spectra of NiS thin film. 
 
 

NiS thin films reflectance is superior to its transmittance. This can be correlated to the oscillation 
of the free carrier’s plasma, shows metallic behavior of the film [5]. The absorption coefficient (α) 
was calculated from the transmittance and the reflectance spectra, using the following formula [21] 

 
 

    

          --------- (1) 
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In equation (1), d is the thickness, R is the reflectance and T is the transmittance. Fig. 5 shows 
the variation of the absorption coefficient (α) as a function of wavelength (λ). The optical band gap 
of the material was determined using Tauc formula [22] 

                               --------------- (2) 
 

In equation (2), B is a constant; p is an integer that takes the value 1/2 or 2 for direct or indirect 
transitions, respectively. Fig. 4 shows the plot of (αhν)2 Vs energy (hν). 

                

Fig. 5 Plots of (αhν)2 versus photon energy (hν) of NiS thin film. 
 
 

 Fig. 5 shows the linear extrapolation of the curve gives the optical band gap of the 
film, it was found to be 1.03 eV, is well agreed with the reported values [23]. Furthermore, 
the value of the optical gap concurs with the structural analysis, which is blue shifted when 
compared to that of the bulk material, nearby 0.8 eV. This blue shift of ~230 meV of the 
band edges can be understood if we consider the quantum confinement pooled alongside 
with the Moss-Burstein effect. It shows an additional energy is necessary for the 
electronic shift owing to the band filling of the band edges in accumulation to the shift 
because of the particle size [24]. 
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3.4 SEM 

 
Fig. 6 NiS thin films SEM Image 

Scanning electron microscopy (SEM) can provide a highly magnified image of 
the surface and composition information of surface regions of the materials. The 
resolution of SEM can approach a few nano meters and the very high magnifications.  
Fig. 6 shows the SEM image of NiS thinfilms with the magnification of 800000X is 
presented. And it was observed from the micrographs that NiS film was homogeneously 
deposited without micro cracks [25].  
 

                   4. Conclusion 

  Semiconducting NiS thin films are deposited onto glass substrate using 
SILAR method. Silar method is a process in which the deposition rate and thickness of 
the film can be easily controlled over a wide range by changing the deposition cycles. The 
crystal structures of the NiS thin films were investigated by X-ray diffractometer and their 
main diffraction peaks are well agreed with other studies. The films were found to have 
polycrystalline, homogeneous structure and covered the substrates well. Some of the thin 
film with equal distribution of grains, mostly falling in nanometer regime, was clearly 
seen. The thickness of NiS film is found to be 350 nm measured using stylus profilometer. 
The elementary groups are identified using FTIR analysis. Optical bandgap of the NiS 
thinfilms studied using UV visible spectrum is found to be 1.03eV. UV spectrum gives 
transmittance in the visible region. 
 

Acknowledgement 
 

The author is thankful to the Sadakathullah Appa College Management for the 
financial support [Seed Money-2019] to do this project work. The author is grateful to MS 
University, Tirunelveli and The Saif, Alagappa University, Karaikudi for XRD 
Characterization and thickness; UV and SEM analysis. 

 

REFERENCES 
 

1. Pathan, H M and Lokhande, C D, “Deposition of metal chalcogenide thin films 
by successive ionic layer adsorption and reaction (SILAR) method”, Bulletin of 
Materials Science, vol. 2, no. 2,(2004), pp.  85–111.  

2. Biswajit Ghosh, Madhumita Das, Pushan Banerjee, Subrata Das, “Fabrication 
and optical properties of SnS thin films by SILAR method”, Applied Surface 
Science, vol. 254, (2008), pp. 6436–6440. 

3. Sartale and C D Lokhande, “Deposition of cobalt sulphide thin films by 
successive ionic layer adsorption and reaction (SILAR) method and their 
characterization”, Indian Journal of pure and Applied Physics, vol. 38, (2008), 
pp. 48-52. 

ISSN NO : 1869-9391

PAGE NO: 93

GIS SCIENCE JOURNAL

VOLUME 9, ISSUE 2, 2022

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research



 

 

4. Hongcheng RuanYafengLiHeyuanQiuMingdengWei, “Synthesis of porous NiS 
thin films on Ni foam substrate via an electrodeposition route and its application 
in lithium-ion batteries”, Journal of Alloys and Compounds,Vol. 588,(2014), pp. 
357-360. 

5. Boughalmi, Rahmani, Boukhachem, “Metallic behavior of NiS thin film under the 
structural, optical, electrical and ab initio investigation frameworks” Materials 
Chemistry and Physics, Vol. 163,(2015), pp.  99-106. 

6. Kane J Norton, Firoz Alam, David J Lewis, “A review of the synthesis, properties 
and applications of bulk and two-dimensional Tin (II) Sulfide (SnS)”, vol. 11, no. 
5,(2021), pp. 2062. 

7. Phillipus N. Hishimone, Hiroki Nagai, Mitsunobu Sato, “Lithium-ion Batteies- 
Thin film for Energy Materials and Devices”, Edited Mitsunobu Sato, Li Lu, 
chapter 2, Intech Open Limited, London, vol.1, (2020), pp. 1-21. 

8. Abdelouahab Gahtar, Said Benramache, Abdelkader Ammari, Abdelwaheb 
Boukhachem, Aicha Ziouche, “Effect of molar concentration on the physical 
properties of NiS thinfilm prepared by spray pyrolysis method for 
supercapacitors”, Inorganic and Nano-Metal Chemistry, vol. 52, no. 1, (2021), 
pp. 112-121. 

9. Balasubramani, V, Chandrasekaran J, Manikandan V, Top Khac Le, Marnadu R, 
Vivek P, “Improved photodetector performance of High-k dielectric material (La) 
doped V2O5 thinfilm as an interfacing layer in schottky barrier diodes”,  
Surfaces and Interfaces, vol. 25,(2021), pp. 101297. 

10. Reetendra Singh, mohd monis Ayyub, “Atomic Layer Deposition of Crystalline β- 
NiS for Superior Sensing in Thin-film Non-Enzymatic Eletrochemical Glucose 
Sensors”, ACS Applied Electronic Materials, vol. 3, no. 4, (2021), pp. 1912-1919. 

11. Ruan, Hongcheng, Li Yafeng, Qiu Heyuan, Wei Mingdeng, “Synthesis of porous 
NiS thinfilms on Ni foam substrate via an electrodeposition route and its 
application in Lithium-ion batteries”, Jouranl of Alloys and Compounds, vol. 
588, (2013), pp.357-360.    

12. Genene Tessema Mola, Makhosazane C Mthethwa, Mohamed S G Hamed, 
Micheal  A Adedeji, Xolani G Mbuyise, Amit Kumar, Gaurav Sharma, “Local 
surface Plasmon resonance assisted energy harvesting in thin iflm organic solar 
cells”, Jouranl of Alloys and Compounds, vol. 856, (2021) ,pp. 158172.       

13. Tai-Feng Hung, Zu-Wei Yin, Betzler Sophia B, Zheng Wenijing, Yang Jiwoong, 
Zheng Haimei, “Nickel sulfide nanostrucutures prepared by laser irradiation for 
efficient electrocatlytic hydrogen evolution reaction and super capacitors”, 
Chemical Engineering Journal, vol. 367, (2019), pp. 115-122.  

14. Raffaella Lo Nigro, Sergio Battiato,Giuseppe Greco, Patrick Fiorenza, “Metal 
organic chemical vapor deposition of nickel oxide thinfilms for wide bandgap 
device technology”, Thin Solid Films, vol. 563, (2014), pp. 50-55. 

15. Mgabi LP, Dladla BS, Azad Malik, Shivram Garje, Javeed Akhtar, Neerish 
Revaprasadu, “Deposition of cobalt and Nickel Sulfide thinfilms from Thio-and 
Alkylthio-urea complexes as precaursors via the Aerosol Assisted Chemical 
Vapour Deposition Technique”, Thin Solid Films, vol. 564, (2014), pp. 51-57. 

16. Ubale S. B, Kale S. B, Mane V J, Bagwade PP, Lokhande CD, “SILAR 
Synthesized nanostructured ytterbium sulfide thin film electrodes for symmetric 
supercapacitors”, Journal of Solid state electrochemistry, vol. 25, (2021), pp. 
1753-1764. 

17. Sreedev P, Rakesh V, Roshima N S, Balakrishnan Shankar, “Preparation of Zinc 
Oxide thinfilms by SILAR method and its optical analysis”, Journal of Physics: 
Conference Series, vol. 1172, (2019), pp. 012024. 

18. Mandoj F, Nardis S, Di Natale C, Paolesse R, “Porphyrinoid Thin Films for 
Chemical Sensing”, Encyclopedia of Interfacial Chemistry, vol. 2018, (2018), pp. 
422-443. 

ISSN NO : 1869-9391

PAGE NO: 94

GIS SCIENCE JOURNAL

VOLUME 9, ISSUE 2, 2022

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research



 

 

19. Sonawane M S, Shinde M S, Patil R S, “Characterisation of Nickel sulphide thin 
films prepared by modified chemical method”, Indian Journal of Pure & Apllied 
Physics, vol. 53, (2015), pp. 686-690. 

20.  Kristl M, Brina Dojer, Saso Gyergyek, Janja Kristl, “Synthesis of nickel and 
cobalt sulfide nanoparticles using a low cost sonochemical method”, Heliyon, 
vol. 3, no. 3, (2017), pp.  e00273. 

21. Akkari A, Guasch C, Kamoun-Turki N, “Chemically deposited tin sulphide”, 
Journal of Alloys and Compounds, vol. 490, (2010), pp. 180-183.  

22. Gahtar A, Benramache S, Benhaoua B, Chabane F, “prepartionof transparent 
conducting ZnO:Al films on glass subsrates by ultrasonic spray technique”, 
Journal of Semiconductors, vol. 34, (2013), pp. 073002. 

23. Hammad A, Elmandouh Z, Elmeleegi H, “Structure and some physical 
properties of Chemically deposited Nickel Sulfide thin films”, Acta Physica 
Polonica A, vol. 127, (2015), pp. 901-903. 

24. Ammari A, Trari M,”Electronic states in tin oxide thinfilms upon photo and 
electrochemical analysis”, Colloids and Surfaces A: Physicochemical and 
Engineering Aspects, vol. 561, (2019), pp. 178-186.  

25. Sumanta Jana, Subhasis Samai, Bibhas C. Mitra, Pulakesh Bera, Anup Mondal, 
“Nickel oxide thin film from electrodepositednickel sulfide thin film: peroxide 
sensing and photo decomposition of phenol”, Dalton Transactions, vol. 43, no. 
34, (2014), pp. 13096-13104. 

 

ISSN NO : 1869-9391

PAGE NO: 95

GIS SCIENCE JOURNAL

VOLUME 9, ISSUE 2, 2022

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research


