
IJARSCT  ISSN (Online) 2581-9429 

    

 

       International Journal of Advanced Research in Science, Communication and Technology (IJARSCT) 

  

 Volume 3, Issue 1, March 2023 
 

Copyright to IJARSCT DOI: 10.48175/IJARSCT-8642 543 

www.ijarsct.co.in 

Impact Factor: 7.301 

Nickel Oxide Thin Films for Oxygen Evolution 

Reaction 
S. C. Bulakhe1, 2 and R. J. Deokate3* 

Loknete Gopinathji Munde Arts, Commerce and Science College, Mandangad, Ratnagiri, Maharashtra, India1  

Tuljaram Chaturchand College of Arts, Science and Commerce, Baramati, Maharashtra, India2 

Vidya Pratishthan’s, Arts, Science and Commerce College, Baramati, Maharashtra, India3 

*Corresponding author: rjdeokate@gamil.com 

 

Abstract: Active and cheaper catalysts is the essential element in electrochemical water splitting. In this 

work, we have synthesized nickel oxide (NiO) thin films on the conductive stainless steel substrate by both 

chemical bath deposition and electrode position methods. Structural study of the prepared thin films of 

nickel oxide done by using XRD technique. Further, obtained (NiO) thin films prepared using both synthesis 

techniques are used for Oxygen evolution reaction (OER) by LSV in 1 M KOH electrolyte. The chemically 

bath deposited and electro deposited (NiO) thin films exhibited over potential of 324.3 mV and 331.8 mV 

respectively at a current density of 10 mA cm−2 and corresponding tafel slopes of 75.33 and 87.17 mV 

dec−1.Hence chemically bath deposited nickel oxide (NiO) thin film electro catalyst showed good catalytic 

behavior. 
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I. INTRODUCTION 

Nowadays, lifestyle of peoples creates large energy demand and therefore it is necessary to develop capable energy 

conversion devices and discovery of substitute energy sources to fulfill these needs. [1-10]. To overcome this challenge 

alternative energy sources can be used as substitute. Irrespective of additional energy sources like solar energy, wind 

energy sustains limited energy due to its irregularity [11]. Accordingly, the dependency on fossil fuels reduced by 

converting energy from renewable sources [12]. Hydrogen (H2) is a best alternative energy source due to its high 

energy density [13-15].Production of hydrogen by using electrochemical water splitting is the best way for making 

hydrogen as a clean chemical fuel [5, 9, 16]. Today, noble electro catalysts are the best and active electro catalysts due 

to their requirement of low over potential for water splitting. But their price and shortage limits use of noble catalysts 

[17, 18]. Hence, it is necessary to develop highly efficient and stable electro catalysts towards OER by using cheap non-

noble elements. Recently the transition metal based OER electro catalysts are best alternatives due to abundance and 

low-cost in comparison to precious metals [19-23]. From last decades nickel (Ni) and Ni-based materials shown the 

good catalytic nature regarding OER and economically abundant in earth crust [24-26]. The various catalytic properties 

of nickel oxides included in several useful devices [27-29]. These outcomes inspire the progress of simplistic 

production methods of the NiO metal electrodes as OER catalyst.  

Herein, we report the synthesis of nickel oxide thin films on a stainless steel substrate by chemical bath deposition and 

electro deposition method. The prepared (NiO) thin films can be directly used for further structural and electrochemical 

characterizations. The stable and efficient electro catalyst can be used in the large extent production of hydrogen via 

electrochemical water splitting. 

 

II. EXPERIMENTAL 

Nickel oxide thin films synthesized by following two methods: 

a) Chemical Bath Deposition 

 Prior the deposition, stainless steel substrates polished by zero grade polish paper. Then cleaned with detergent, double 

distilled water and then ultrasonically cleaned with the mixture of ethanol and double distilled water for 15 minutes. 

Finally substrates were dried and then cleaned with acetone directly used for deposition. In CBD method, precursor 

solution prepared in the double distilled water (DDW) and then immersing the suitable substrate in the bath solution for 
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the deposition. Here, the 0.2 M Nickel Chloride [Ni (Cl)2 6H2O] and Ammonia solution [NH4OH] are the starting 

materials for making the bath solution. As prepared NiOH thin films annealed at 350 0C to form the NiO by removing 

OH content. 

 

b) Electro Deposition 

In electro deposition method, the precursor solution was formed using 0.05 M Nickel nitrate [Ni (NO3)2.6H2O] and 

double distilled water (DDW). The electro deposition experiment was performed in a potentiostat in which Pt, saturated 

calomel electrode (SCE) and stainless-steel substrates used as counter, reference and working electrode respectively. 

NiOH films deposited on the (SS) substrate via potentiostatic mode at a fixed potential -0.9 V/SCE. After deposition 

films were annealed at350 0C to form oxide phase. 

Structural and electrochemical study of prepared catalyst was done by X-ray diffractometer and Electrochemical 

workstation CHI (6002E) instruments withNiO thin film, Pt and Ag/AgClelectrode as working electrode, counter 

electrode and reference electrode respectively in 1M KOH solution at room temperature. All measured potentials were 

converted to the reversible hydrogen electrode (RHE) using following Nernst equation [30]:  

ERHE = EAg/AgCl + (0.059 × pH) + 0.197 

To determine the OER activity of prepared thin films determined by Linear Sweep Voltammetry (LSV).Tafel slope was 

obtained by polarization curve.  

 

III. RESULTS AND DISCUSSION 

The structural analysis ofchemically bath deposited and electrodeposited NiOelectrocatalyst was investigated using 

XRD. Fig.1 shows the XRD graphs of NiO catalysts by CBD and ED method and it shows that the NiO has cubic 

crystal structure. The diffraction peaks of CBDNiO film were indexed at 37.28°, 43.6°, and 62.9° corresponding to 

planes (111), (200) and (220) respectively and EDNiO film were indexed at 37.28°, 43.6°, 62.9° and 

75.44°corresponding to planes (111), (200), (220) and (311) respectively. This result is matched with the pattern of NiO 

cubic structure (JCPDS card no. 47-1049) [31]. (#) symbols represents the peaks for stainless steel substrates. 

 
Fig.1 XRD pattern of CBD and ED NiO 
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OER activity was monitored by (LSV) in 1M KOH. Fig. 2 (a) represents the LSV curves of CBD NiOand ED NiOthin 

film catalysts. From these polarization curves it was clearly seen that onset potential 1.55V vs. (RHE) and over 

potential 324.3 mV of CBD NiOto reach the current density of 10 mA cm-2. ED NiO shows the onset potential 1.56 V 

vs. (RHE)and over potential 331.8 mV at a current density of 10 mA cm-2.Fig. 2 (b) represents the Tafel plots of 

CBDNiO and ED NiO thin films. It shows the Tafel slope of 75.33 and 87.17 mV dec−1 for CBD NiO and ED NiO 

respectively. Small value of the over potential and Tafelslope shows its better catalytic behavior for OER in water 

splitting.  

 
Fig. 2 (a) LSV and (b) Tafel plots of CBD and ED NiO 

Electro catalyst Synthesis Process Electrolyte OER (over potential) 

(mV) 

Tafelslope  

(mV dec-1) 

Reference 

NiO Electro deposition 1M NaOH 450 120 [32] 

NiO/NiNDs@NF Electro deposition 1M KOH 360 90 [33] 

NiO Chemical Bath 

Deposition 

1M KOH 345 48 [34] 

NiO@SS Chemical Bath 

Deposition 

1M KOH 324.3 75.33 This work 

NiO@SS Electrodeposition 1M KOH 331.8 87.17 This work 

Table 1: A comparison of OER activity with other published results 

A comparability of OER activity in this work with other published literatureNiOelectrocatalyst is given in Table 1. 

Hence chemically bath depositedNiO thin film electrocatalyst exhibits the excellent OER kinetics in the 

electrochemical water splitting. 

 

IV. CONCLUSION 

We have reported chemically bath deposited and electrodeposited NiO thin films for OER electro catalysts in the 

catalytic water splitting. The CBD NiO thin film electro catalyst demonstrated excellent OER performance and required 

very small over potential of 324.3 mV to hold the current density of 10 mAcm-2 and small tafel slope of 75.33 mV dec−1 

in 1M KOH solution. ED NiO shows an over potential of 331.8 mV and tafel slope of 87.17 mv/dec. This OER 

performance enhanced due to high active surface area of catalyst. Hence the NiO electro catalyst with excellent 

catalytic behavior acts as a promising material for water splitting application. 
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