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Nickel cobalt oxide Ni0.9Co2.1O4 powder were prepared by sol-gel via 

propionic acid technique from mixed aqueous solutions of hydrated 

cobalt nitrate (Co(NO3)2·6H2O) and hydrated nickel nitrate 

(Ni(NO3)2·6H2O) as sources of cobalt and nickel respectively. The 

system evolves toward the formation of the spinel phase, with further 

temperature thermal treatment at 350 °C. The structural, 

morphological, optical and electrochemical properties of the 

synthesized products were characterized through several techniques 

including ultraviolet-visible spectroscopy (UV-Vis), Raman 

spectroscopy (RS), scanning electron microscopy (SEM), cyclic 

voltammetry (CV) and electrochemical impedance spectroscopy (EIS). 

UV-visible absorbance spectrum have indicated that the oxide have 

higher absorption of ultraviolet light compare to visible light. Raman 

spectroscopy confirm XRD data through no apparition of any impurity 

peak. The SEM image reveals a porous structure with nanoplaquettes 

coexisting with agglomerates of spherical grain size. 
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Introduction:- 
Metal oxides nanoparticules such as Ni0.9Co2.1O4 are used in different fields such as physical, chemical, electronic 

and biology due to their electrical, optical and photo-electrochemical properties. Ni0.9Co2.1O4 and the other Ni-Co 

mixed oxides can be used as electrode materials in various applications such as oxygen evolution (Trassatti, 1991; 

Hu and Cheng, 1999) and reduction (Schumacher et al., 1990; Barakat, 2008), electrochromic devices (Barakat, 

2008; Monk and Ayub, 1997;), lithium ion batteries (Larcher et al., 2002, Wang et al., 1999; Liu et al., 2008), 

supercapacitors (Hu and Cheng, 2002; Hosono et al., 2006; Srinivasan and Weidner, 2002), and protection film of 

cathodes in molten carbonate fuel cells (Pauporte et al., 2005; Mendoza et al., 2003; Mansour et al., 2006) . The 

properties of the metal nanoparticules depend on their sizes, shapes and composition (Amrut et al., 2010). The redox 

couples Ni
3+

/Ni
2+

 and Co
3+

/Co
2+

 present in the crystal structure provide notable electrocatalytic properties. 

Furthermore, the electronic conductivity of Ni0.9Co2.1O4 has been reported to be much higher than those of nickel 

oxide and cobalt oxide (Dubal et al., 2015). Therefore, Ni0.9Co2.1O4 is expected to show better catalytic properties 

compared to the single-component metal oxide due to rich redox reactions originating from Ni and Co cations 

present in different valence states (Srivastava et al., 2014). Metal oxide nanoparticules have variety of applications 

by their own. Thus, researches are going on to improve their properties and applications. The catalytic activity of 

catalysts is known to be highly rely on an electrochemically active surface area and the kinetic features of the 
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material. It can be enhanced by reducing the size and uniformly dispersing the nanoparticules, which can provide 

high surface area (Chang et al., 2010). 

 

This field has prompted extensive research because it can provide clean and renewable energy sources, one of the 

major challenges in response to the needs of modern society and increased pollution. Water electrolysis is one of the 

most promising and most progressive methods of hydrogen (H2) production. Hydrogen is expected to be one of the 

most promising energy sources in the future. Therefore, development of an electrocatalyst having high stability, high 

efficiency, low cost and low overpotential for oxygen and hydrogen evolution reaction is required. Keeping the 

above facts in mind, herein, we synthesized Ni0.9Co2.1O4 by using sol-gel via propionic acid method and studied its 

morphological, optical and electrochemical properties and results of the study are presented in this paper. 

 

Materials and Methods:- 
2.1. Synthesis of Ni0.9Co2.1O4 

Ni0.9Co2.1O4 nanostructured spinel oxide was prepared by the sol-gel method (Ponce et al., 1999). Co(NO3)2·6H2O, 

Ni(NO3)2·6H2O, and propionic acid were used as raw materials. Stoichiometric amounts of precursors were mixed 

according to the compound formula. 

 

2.2. Physical characterization: 

The morphology of Ni0.9Co2.1O4 material was examined using a scanning electron microscopy (SEM, Hitachi model 

S-520). The Raman spectrum was recorded in the range of 200 - 800 cm
-1

 at room temperature using a Raman 

microscope Renishaw model 1000. The optical absorption spectrum of the mixed oxide powders is carried out at 

ambient temperature using a SAFAS 2000 UV-visible spectrophotometer whose spectral range extends over a range 

ranging from from 250 nm to 2000 nm. 

 

2.3. Electrochemical characterization: 

The cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements were carried out at 

room temperature in a three-electrode glass cell in a solution of 3 M KOH aqueous electrolyte using a 

Potentiostat/Galvanostat Fra 2 µAutolab Type III. A silver wire and an Hg/Hg2Cl2 (Saturated KCl) were used as the 

counter and reference electrodes, respectively. The oxide powder in a form of disk pastille (1.33 cm
2
 surface area) 

were used as working electrode. The impedance spectra were recorded in a range of frequency from 10 kHz to 0.1 

Hz by applying an AC voltage of 0.5 V.  

 

2.4. Preparation of working electrode: 

For electrodes with physical characteristics easily reproducible, with good electronic conductivity and good 

mechanical properties we were interested to rigid electrodes impregnated with electrolyte. They were made from a 

homogeneous mixture of cobalt and nickel mixed oxide as active material and a small amount of Teflon (5 wt %) 

which serves as a mechanical binder. Each of these components was weighed with an electronic balance. After 

weighing, the constituents were homogenized using a mortar and then introduced into a tabletting mold of Beckam 

type of 13 mm diameter. A pressure of 3 ton / cm
2
 (Touré et al., 1994) is applied to finally obtain pellet of 300 mg 

weight. 

 

Results and discussions:- 
3.1. Physical characterization of Ni0.9Co2.1O4 

 3.1.1. Morphology of synthesized Ni0.9Co2.1O4 

Surface morphology of Ni0.9Co2.1O4 oxide powders was studied with scanning electron microscopy. Fig. 1 shows the 

SEM images of Ni0.9Co2.1O4 at two different magnifications. It is revealed from Fig. 1 (a & b), that Ni0.9Co2.1O4 

oxide powders are constituted of aggregates of grains in spherical shape with diameters up to around 1,6 μm, and 

nanoplates with lengths up to around 12 μm, an thickness of about 465 nm. Some singular spherical grains have also 

been observed in the morphology of the powders (Fig. 1b). The SEM micrographs also reveal that the samples have 

good dispersibility.  
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Fig 1:- SEM images of Ni0.9Co2.1O4 : (a) low magnification ; (b) high magnification 

 

3.1.2. UV-vis analysis: 

Figure III.3 gives the UV-vis spectrum of the mixed oxide Ni0.9Co2.1O4 prepared by the sol-gel technique via 

propionic acid. The spectrum shows a higher absorbance of ultraviolet (UV) light relative to visible light, with a 

gradual increase in infrared absorption (˃ 800 nm) to the UV range (˂ 400 nm). The spectrum shows a broad 

absorption band at 250-550 nm with a maximum at λ ≈ 300 nm. This band is attributed to Co (III) ions in tetrahedral 

sites (Guèye and Guène, 2015). The absence of a band above 550 nm is attributed to the replacement of Co ions by 

the Ni ions in the octahedral and tetrahedral sites, thus eliminating the orbital degeneration by adding new orbital 

energy levels (Gautier et al., 1997). Only a few previous studies on the optical properties of cobalt-based metal 

oxides have been carried out (Gautier et al., 1997, Windisch et al., 2001a, b; Nkeng et al., 1995). 
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Fig. 2:- UV-vis. Spectrum of Ni0.9Co2.1O4 synthesized by sol-gel method (propionic acid) 
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3.1.3. Raman studies: 

Raman spectroscopy is used to obtain information on structural changes, composition and network disorders due to 

the substitution of Ni
2+

 ions in cobalt oxide. The Raman spectrum of the oxide Ni0.9Co2.1O4 is shown in Figure III.4. 

The peaks observed at about 330, 465, 525 and 665 cm
-1

 correspond to the E2g, Eg, F2g and A1g modes of 

Ni0.9Co2.1O4, respectively (Ma et al., 2015; Jacintho et al., 2009). Only the Co-O and Ni-O vibrations of the oxide 

Ni0.9Co2.1O4 were detected. No peaks corresponding to the OH group or another impurity (NiO for example) were 

observed, which implies that a pure oxide Ni0.9Co2.1O4 was formed after calcination. These results are in good 

agreement with observations reported in the literature (Ma et al., 2015; Liu et al., 2013; Huang et al., 2013). They 

are also consistent with the results of DRX obtained above and confirm that the crystallographic structures of nickel 

and cobalt oxides can be identified by Raman spectroscopy. 
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Fig. 3:- Raman Spectrum of Ni0.9Co2.1O4 synthesized by sol-gel method (propionic acid) 

 

3.2. Electrochemical properties of Ni0.9Co2.1O4 

3.2.1. Cyclic voltammetry 

To investigate the electrochemical properties of the Ni0.9Co2.1O4 electrode, cyclic voltammetry (CV) technique was 

used in a three-electrode system with Ag wire as counter electrode and a saturated calomel electrode (SCE) as 

reference electrode in 3 M KOH. Fig. 4a shows the CV curves of Ni0.9Co2.1O4 electrode at different scan rates of 10, 

20, 30, 40, 50, 60, 70, 80, 90 and 100 mV/s in the potential range of – 0.5 to 0.1 (vs. SCE). The CV shape clearly 

reveals a pair of well-defined redox peaks in all curves, which is mainly attributed to the Faradic redox reactions. 

The anodic and the cathodic peaks are associated with the surface redox reactions of Co
2+

/Co
3+

 and Ni
2+

/Ni
3+

 solid 

redox state couple in the spinel nickel cobaltite (Huang et al., 2013; An et al., 2014; Wang et al., 2011; Yuan et al., 

2012). When the scan rate increases from 10 to 100 mV/s, the current increases and the electrochemical polarization 

makes the redox peaks shift to more positive and negative directions, respectively. The shapes of the CV curves do 

not significantly changed with the increase of the scan rate, revealing the good electrochemical reversibility of the 

Ni0.9Co2.1O4 electrode (Liu et al., 2012). Fig. 4b shows a good linear relationship of the currents of anodic and 

cathodic peaks versus the square of the scan rate, which indicate that the diffusion of the electrolyte ions     is rate 

controlling process (Simon et al., 2014; Zhang et al., 2016). 
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Fig. 4:- CV curves of Ni0.9Co2.1O4 at different scan rates (a); relationship of the anodic and the cathodic peak 

currents versus square of the scan rate (b) 
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3.2.2. Electrochemical impedance spectroscopy (EIS): 

The impedance spectrum of Ni0.9Co2.1O4 was recorded in the frequency range 10 kHz to 100 mHz at a constant 

potential (E = 0.5 V), in 3 M KOH solution. The Nyquist mode EIS for Ni0.9Co2.1O4 in 3 M KOH is shown in Fig. 5. 

The plot consists of a depressed semicircle at high frequency region which diameter corresponds to the charge-

transfer resistance (Rct) of the electrode/electrolyte interface and, at low frequency, a sloping line which is associated 

with redox capacitive behavior of the spinel nickel cobaltite (Ma et al., 2015; Umeshbabu et al 2016). At the high 

frequency region, the intercept at the real axis represents the bulk resistance (Rs) of the electrochemical system 

(electrolyte resistance, intrinsic resistance of substrate, and contact resistance at the active material/current collector 

interface) (Umeshbabu et al 2016; Umeshbabu et al 2014; Lu et al., 2014). The finite slope of impedance spectrum 

in the lower frequency range is attributed to the Warburg impedance (Zw), which is induced by the 

diffusion/transport of electrolyte ions within the pores of active material during the redox reactions. The line 

inclined at approximatively 45° to the real axis (near vertical line) at low frequencies indicates capacitive behavior 

of the electrode (Umeshbabu et al 2016). 
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Fig. 5:- Impedance Nyquist plot of the Ni0.9Co2.1O4 electrode. 

 

Conclusion:- 
Ni0.9Co2.1O4 oxide was fabricated through a sol-gel via propionic acid method. The sample morphology of the oxide 

powders is constituted of aggregates of grains in spherical-like shape with good dispersibility. The UV-visible 

analysis reveals the presence of Co (III) cations in tetrahedral sites and the replacement of Ni ions by the Co ions in 

the octahedral and tetrahedral sites. The Ni0.9Co2.1O4 electrode has good reversibility revealed by the cyclic 

voltammetry study, which also show that Faradic redox reactions associated with the surface redox reactions of 

Co
2+

/Co
3+

 and Ni
2+

/Ni
3+

. Furthermore, it is indicated that the diffusion of the hydroxide ions rate controlling process. 

EI-spectrum further exhibit enhanced capacitive behavior of the Ni0.9Co2.1O4 electrode. 
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