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Introduction 

Since last few decades, nanostructured transition metal oxide thin films have plays a very important role in view of its 

scientific and technological applications such gas sensors, supercapacitor, lithium ion batteries, magnetic storage devices, 

photo-detectors, catalyst, solar filters, decorative coatings and solar cells etc. Recently several researchers have working on 

the preparation and characterization of nanostructured metal oxide thin films such as iron oxide, copper oxide, nickel oxide, 

copper oxide, manganese oxide, cobalt oxide, zinc oxide etc. Amongst them, cobalt oxide has been attracted the attention of 

several researchers due its novel physical and chemical properties. Cobalt oxide is an ecofriendly material which exists in 

three different crystalline forms such as CoO, Co2O3 and Co3O4 (Kandalkar, et.al., 2007). Amongst them, nanostructured 

Co3O4 is largely reported by several researchers owing to its chemical stability and desired electrochemical properties. The 

cobalt oxide is p-type semiconducting materials having direct band gap energy 2.1 eV and electrical resistivity of the order of 

10
7 

Ω cm (Shinde, et.al., 2006; Pejova et al., 2001).  Nanostructured cobalt oxide thin films have been widely used in variety 

of fields such as supercapacitor (Kandalkar et al., 2008), Catalyst (Guyon et al., 2011) electrochromic material (Fonseca, et 

al., 1994), solar selective absorber and pigment (Seike et al., 1991), rechargeable lithium-ion batteries (Wang et al.,1996), gas 

sensor (Kang et al., 2018) etc.  

 

Recently, various deposition techniques have been employed to deposit cobalt oxide thin films such as spray pyrolysis 

(Shinde, et.al., 2006), plasma-enhanced chemical vapor deposition (Guyon et al., 2011), sputtering (Liao et al., 2006), 

chemical vapor deposition (Bahlawane et al., 2004), pulse laser deposition (Wang et al., 2003), sol–gel process Barrera-Calva 

et al., 2006), electrodeposition (Casella et al., 2002), chemical bath deposition (Xia et al., 2008), successive ionic layer 

adsorption and reaction (Kandalkar et al., 2008),  etc. Amongst the above cited deposition techniques, single report was cited 

for the deposition of cobalt oxide thin film by successive ionic layer adsorption and reaction method.  Successive ionic layer 

adsorption and reaction method is simple, low cost, ecofriendly method which can be easily used for tailoring the materials at 

nanoscale. Due to such advantages of successive ionic layer adsorption and reaction method an attempt has been made for the 

synthesis of nanostructured cobalt oxide thin film onto glass substrate at room temperature. In the present investigation, 
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Nanocrystalline Co3O4 thin film has been prepared by Successive Ionic Layer Adsorption 
and Reaction (SILAR) method onto glass substrate using CoCl2.6H2O and ammonia as 
cationic and anionic precursors respectively. The structural characterization of the film 
has been carried out by means of X-ray diffraction studies confirm the nanocrystalline 
nature and cubic structure of Co3O4 thin film. The dislocation density and micro strain of 
Co3O4 thin film is found to be 7.7x10

-14 
cm

-1
 and 9.6 x 10

-4
 respectively. The direct optical 

band gap energy Co3O4 thin film from optical studies is found to be 2.20 eV. 
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structural and optical properties of the cobalt oxide thin film grown by successive ionic adsorption and reaction method are 

reported.  

 
Experimental details 

Successive ionic layer adsorption and reaction method is used to deposit nanocrystalline cobalt oxide thin film onto glass 

substrate at room temperature. For the uniform and well adherent deposition of thin film, glass substrate is thoroughly 

cleaned by usual cleaning method. To deposit nanocrystalline cobalt oxide 0.7 M CoCl2.4H2O and aqueous ammonia solution 

of pH 13 is used as cationic and anionic precursor solution respectively. Initially, well clean glass substrate is rinsed into the 

50 ml cationic solution for 20s where the      ions get absorbed onto the glass substrate. The substrate is then rinsed into 50 

ml deionized water for 20s to remove excess ions or loose materials. The substrate is removed from the deionized water and 

rinsed into the 50 ml anionic solution for 20s where      ions react with the     ions and the single layer of cobalt 

hydroxide is deposited onto glass substrate. The substrate is then rinsed into the deionized water for 20 sec to remove the 

excess of material from the substrate. This complete of one SILAR cycle, 30 such SILAR cycles were repeated to obtain the 

terminal thickness 140 nm of cobalt oxide thin film. The deposited cobalt oxide thin film was dried at room temperature. 

Further the sample is subjected for heat treatment in the muffle furnace at 573K for 3h to remove the hydroxide phase and 

obtain the pure phase cobalt oxide        thin film.  

 

The structural characterization of the cobalt oxide thin film was carried out using RIGAKU (Miniflex-600) table top X - ray 

diffractometer with monochromatized Cu Kα radiation of wavelength 0.154 nm. The optical absorption study of cobalt oxide 

thin film was carried out using ELICO ® Double Beam SL 210 UV-Visible Spectrophotometer. 

 

Results and discussion  

The structure and phase of the cobalt oxide thin film was studied from X-ray diffraction pattern of carried out in the range 20 

to 80 degree.   

 

 

 

 

 
Fig 1. X-ray diffraction pattern of Co3O4 thin films deposited by SILAR method.  

 

Figure 1. shows the results of X-ray diffraction (XRD) patterns of Cobalt oxide thin film of thickness 140 nm deposited by 

successive ionic layer adsorption and reaction method onto glass substrate.  The X-ray diffraction pattern reveals the major 

peaks at (311) corresponding to cubic structure of Co3O4 as identified using the standard data JCPDS Card No. 78-1989.  The 

intensities and positions of the peaks are in perfect agreement with the literature values (Xia et al., 2008).  No peak of any 

other phase is detected indicating the high purity of the product. The broadening of the reflections in the diffractogram 

distinctly indicates the formation of nanocrystalline material. The average crystallite size from the peaks at (311) has been 

estimated by using Scherrer formula (Belkhedkar et al., 2014),   

                                              
  

     
                                                                                              (1) 



Pawasale & Belkhedkar /IJBAS/11(4) 2022 ; 126-129 

International Journal of Basic and Applied Sciences                                                                                                                         128 

 

Where   the wave length of X-ray,   is the full width in radian at half maximum of the peak, K be the Scherer’s constant and 

  is the Bragg’s angle of the X-ray diffraction peak.   

 

The average crystallite size calculated by Scherrer formula is found to be 36 nm. This confirms the nanocrystalline nature of 

as deposited cobalt oxide thin film. 

 

 

 
Fig 2. Optical absorption spectra of SILAR deposited nanostructured Co3O4 thin film 

 

Figure 2. shows the optical absorption spectra of SILAR deposited nanostructured Co3O4 thin film of thickness 140 nm 

within the range from 300- 750 nm. It is observed that Co3O4 thin film shows maximum absorption in the visible region, 

which exhibits its applicability for optoelectronic devices. The direct optical band gap energy for cobalt oxide thin film is 

calculated by using the equation, 

                                                                                     (2)                   

Where ‘α’ is absorption coefficient ‘  ’ is band gap, ‘A’ is a constant and ‘ ’ is equal to 1/2 for direct and 2 for indirect 

transition.  

 
Fig 3 shows the plot, of (   )

 2 
verses    of Co3O4 film. 

 

Figure 3 shows the plot, of (   )
 2 

verses    of Co3O4 film. From the linear nature of the plot of (   )
 2 

verses     of Co3O4 

film, the direct optical band gap energy of the Co3O4 is found to be 2.2 eV which is in good agreement with earlier reports 

(Shinde, et.al., 2006). 
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Conclusion 

Cobalt Oxide thin film was successfully grown by successive ionic layer adsorption and reaction method onto glass substrate. 

The X-ray diffraction study confirms the cubic structure and nanocrystalline nature of the Co3O4 thin film. The optical studies 

of Co3O4 thin film exhibits maximum absorption in visible range with direct optical band gap energy 2.20 eV.  
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