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1. Introduction 

Nanotechnology is an advanced technology, 
which deals with the synthesis, processing of 
nanoparticles and their applications [1-3]. The properties 
of nanoparticles are different from that of bulk materials 
in a significant way [4].  The nickel oxide (NiO) is a very 
important metal oxide functional material. It has FCC 
structure. It finds applications in catalysis, battery 
electrodes, electro chromic films, fuel cells, organic light 
emitting diodes, thermoelectric materials, gas sensors, 
and magnetic materials [5-7]. Among the various chemical 
methods, hydrothermal method is one of the most widely 
used technique for the preparation of NiO NPs which can 
easily be obtained through hydrothermal treatment of 
peptized precipitates. The hydrothermal method can be 
useful to control grain size, particle morphology, 
crystalline phase and surface chemistry through 
regulation of the solution composition, reaction 
temperature, pressure, solvent properties, additives and 
aging time [8-12]. In the present work, the NiO NPs have 
been synthesized by chemical precipitation method at 
different calcination temperatures and the effect of 

calcination temperature on the properties of Nickel oxide 
nanoparticles have been studied by Powder XRD, SEM, 
EDS, FTIR, and PL analysis and the results have been 
discussed.  

 
2. Experimental Method 
2.1 Materials 

The following materials were used for the 
preparation of NiO NPs, Nickel chloride hexahydrate 
[NiCl2. 6H2O], Potassium hydroxide [KOH] pellets, 
Polyethylene glycol [PEG], Ethanol and Acetone with 
99.99% analytic grade from Merck, Mumbai. Double 
distilled water was used for the preparation of all the 
solutions. 

2.2 Synthesis of NiO NPs 

For the preparation of NiO NPs, 0.1M NiCl2. 6H2O 
solution and 0.2 M KOH solution were prepared. The 
KOH solution was slowly added into the precursor 
solution. 10 ml of PEG, a surfactant, was added into the 
solution and it was stirred for 2 hrs. The resultant 
solution was placed without disturbance for few hours. 
The obtained precipitate was washed several times by 
double distilled water and ethanol. Then, it was dried at 
80°C for 6 hrs and calcinated at 300°C for 2 hrs. In order 
to study the effect of calcination temperature on the 
properties of NiO NPs, the dried sample was calcinated at 
300°C and 400°C for 2 hrs.   

2.3 Characterization techniques  

The structure and crystallinity of the NiO NPs 
are identified by Rigaku powder X-ray Diffractometer 
using Cu-Kα radiation as the X-ray source. The 
morphology and particle size of the samples are 
examined by A FEI Quanta FEG 200F electron 
microscope coupled with energy dispersive x-ray 
spectrometer (EDS). The Perkin Elmer Spectrum – II 
Fourier Transform infrared spectra of the samples are 
recorded in the range 4000 cm-1 - 400 cm-1 using 
spectrometer. The photoluminescence spectra of the 
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samples are recorded over the wavelength 400nm to 
800nm by Perkin Elmer LS-45 photometer.  

 
3. Results and Discussion 

3.1 Powder XRD analysis 

The Powder XRD patterns of the NiO samples calcinated 
at (a) 300°C and (b) 400°C are shown in figure 1.  The 
peaks are indexed with the help of the standard JCPDS 
file No: 78-0423. The peak positions appearing at 2θ ≈ 
37.27, 43.31, 62.87, 75.56, and 79.49 are indexed to 
(111), (200), (220), (311) and (222) respectively. Both 
the NiO samples calcinated at (a) 300°C and (b) 400°C 
have Face centered cubic structure with lattice 
parameters a = b = c = 4.179 Ǻ.  The diffraction patterns 
indicate the formation of NiO NPs with high purity. The 
crystallite size of NiO NPs calcinated at (a) 300°C and (b) 
400°C was estimated using Scherrer equation. The 
estimated average crystallite size of NiO NPs calcinated 
at (a) 300°C and (b) 400°C was found to be 12.65 nm and 
17.54 nm respectively. Thus, it is found that the average 
crystallite size increases with increasing calcination 
temperature. These results are in agreement with the 
observations reported by Ravi Kant sharma et al. [13] 
Mohammad Reza kalaie et al. [14], Karthick et al. [15] and M. 
M. Kashani motlagh et al. [16].  

 

 

 

 

 

 

 

 

 

3.2 FTIR analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The FTIR spectra of the NiO NPs calcinated at (a) 300°C 
and (b) 400°C are shown in figure 2. The peaks at 575 cm-
1 and 424 cm-1 are due to the Ni-O Stretching Vibration 
[17] and it confirms the presence of NiO in the prepared 
samples. The peaks at 1017 cm-1, 2929 cm-1, 2843 cm-1 
and 3416 cm-1 are due to moisture absorbed by KBr from 
the atmosphere. 

3.3 SEM analysis 

 

 

 

 

 

 

 

 

 

The SEM images of NiO NPs calcinated at (a) 300°C and (b) 
400°C are shown in figure 3.  The SEM images show that 
the particles are spherical in shape and slightly agglomer-
ated.  The average particle sizes are 24.84 nm and 27.36 
nm for NiO NPs calcinated at 300°C and 400°C respectively. 
The SEM image clearly reveals that the average particle 
size of NiO NPs increases as the calcination temperature 
increases [18]. 

3.4 EDS analysis 

The EDS spectra of NiO NPs calcinated at (a) 300°C and (b) 
400°C are shown in figure 4. The EDX result confirms the 

Fig. 1 Powder XRD pattern of the NiO NPs 
calcinated at (a) 300° C and (b) 400° C 
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Fig. 2 FTIR spectra of the NiO NPs 
calcinated at (a) 300° C and (b) 400° C 
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Fig. 3 SEM images of the NiO NPs calcinated 

at (a) 300° C and (b) 400° C 
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presence of Ni and O in the synthesized NiO NPs calcinated 
at (a) 300°C and (b) 400°C. Also it is observed that the NiO 
NPs calcinated at 300°C sample has nearly stochiometric 
combination of elements in it. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.5 PL analysis 

 

Fig. 5 PL spectra of the NiO NPs calcinated at (a) 300° C 
and (b) 400° C 

Photoluminescence (PL) spectra of the NiO NPs 
calcinated at (a) 300°C and (b) 400°C are shown in figure 

5. The emission peak occurred at 612 nm for the NiO NPs 
calcinated at 300°C and 616 nm for the NiO NPs 
calcinated at 400°C with an excitation wavelength 300 
nm. The emission peaks of the both NiO NPs correspond 
to the red light emission. The intensity of the PL emission 
peak increases as the calcination increases. These results 
are in agreement with the earlier reports [19-22].  

 
Conclusion 

The NiO NPs are successfully synthesized by 
chemical precipitation method at calcination temperatures 
300°C and 400°C. The powder XRD studies confirmed the 
synthesis of NiO and revealed that both the NiO NPs, 
calcinated at 300°C and 400°C, have the face centered 
cubic structure with the average crystallite size 12.65 nm 
and 17.54 nm respectively. The crystallite size of NiO NPs 
increase with increase in the calcination temperature. The 
peaks at 575 cm-1 and 424 cm-1 in FTIR spectra of both the 
samples are due to the Ni-O stretching which confirms the 
presence of Ni and O in the prepared NiO NPs. The SEM 
analysis revealed that the synthesized NiO NPs are 
spherical in shape. The average particle sizes are found to 
be 24.84 nm and 27.65 nm for the NiO NPs calcinated at 
300°C and 400°C respectively.  The average particle sizes 
increase with increase in the calcination temperature. The 
EDS analysis confirmed the presence of Ni and O in the 
synthesized NiO NPs calcinated at 300°C and 400°C.  The 
PL analysis showed that the NiO NPs, calcinated at 300°C 
and at 400°C, exhibited emission peaks at 616 nm and 
612nm respectively. The intensity of the emission peaks 
increase with increasing calcination temperature.  
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