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Abstract -  In this study, NiO nanoparticles were prepared 

by the sol-gel method, which is one of the simplest and 

lowest-cost techniques. The synthesis was accomplished by 
using Troton X100 as the surfactant and Ni(NO3)2·6H2O as 

the inorganic precursor. The influence of experimental 

factors, such as optimization of calcination temperatures for 

the synthesis of NiO nanoparticles, was investigated. To 

confirm the formation of Nickel oxide, the calcined samples 

were examined by FT-IR spectra. Further, the structural 

characteristics of the calcined samples at temperature 8000c 

were examined by X-ray diffraction, scanning electron 

microscopy, and transmission electron microscopy. The end 

result places the dynamic routes as a simple, low-cost 

contestant to the assembly of nickel oxide nanoparticles. 
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I. INTRODUCTION  
Nanoparticles play an important role in many 

engineering, industrial and biological fields; in the current 

circumstances, several catalysts, electronic devices, 

supercapacitors, and ceramics applications. As a significant 

improvement of novel processing, synthesis and 

characterization of the nanoparticles have become necessary 

for existing and forthcoming applications [1]. Among the 
different nanoparticles, Metal oxide nanoparticles are at the 

top of rapid progress in nanotechnology. This versatility of 

metal oxide nanoparticles and applications mainly arises 

from their distinct properties related to their bulk materials 

[2-6]. Now a day metal oxides can be mentioned as active 

catalysts in heterogeneous catalysis, sensors, biochemical 

engineering, material science, and environmental 

remediation. For catalytic purposes, Nickel oxide (NiO), one 

of the most common transition metal oxide, was used [7-11]. 

Measured synthesis of metal oxide nanoparticles is 

needed for effective application. The sol-gel method is a 
definite and wet chemical multistep process that involves 

hydrolysis, polymerization, gelation, aging, drying, and 

calcination. Metal oxides derived from this method have 

better homogeneity and phase purity. The probable 

morphology and size of nanomaterial may be attained by 
means of monitoring the PH, temperature, concentration ratio 

of precursors and precipitating agent and also using different 

surfactant agents [12-20]. Sintering at low temperatures is 

the main advantage of the sol-gel method compare to the 

high-temperature conventional process. 

One of the leading focuses of studies in the area of 

nanoparticles to define precise calcination temperature [21-

23]. Calcination temperature is one of the important 

parameters to accomplish specific particle morphologies. 

Calcination must be done gradually with low heating rates in 

order to take away the remaining moisture and the gases 

from the decomposition of the organic and inorganic 
additives without detrimental of the end product.  

In this work, we report a systematic investigation of 

calcination temperature for the synthesis of NiO 

nanoparticles. Further study Morphology and structure of 

synthesized material. The sol-gel method was used to 

synthesize nickel oxide nanoparticles from an aqueous 

solution containing only nickel nitrate, sodium hydroxide, 

Triton X100, and deionized water. This technique is a simple 

and cheap method that can produce pure metal oxide 

nanomaterial. 

II. EXPERIMENTAL 

Materials 

Nickel nitrate (Ni(NO3)2.6H2O, Sigma-Aldrich 99.99%), 

sodium hydroxide (NaOH, Merck 99%) and Triton X100 

Merck 99%) 

Preparation of nanocrystalline NiO 

The NiO nanoparticles were synthesized by the sol-

gel method using Nickel nitrate Ni(NO3)2.6H2O (1M) used as 

a precursor, and Triton X100 as capping agent was dissolved 

in 150 ml deionized water. The precipitating agent NaOH 

(1M) was slowly dropped under vigorous stirring. The green 

precipitated Ni(OH)2 obtained was treated in a Teflon-lined 
autoclave at 120°C for the period of 24 hours. The 

subsequent gel was separated via filtration and repeatedly 
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washed by deionized water. Afterward, the washed 

precipitate was dried at 90 °C for 24 h. Finally, the 

precipitate was calcined at 450°C, 700°C, and 800°C for 3h. 

 

III. Results and Discussion 

Characterization  
Fig.1 shows IR spectra of products forms at 

different calcination temperatures. IR spectrum of sample 

calcined at temperature 450°C shows the various stretching 

frequencies, intense peak at 3406.29 cm−1 corresponds to 

the O–H chemical bond signifying the existence of hydroxyl 

groups, another intense peak around 1633 cm−1 which can 
be attributed to H‐bonding and the interaction of hydroxyl 

groups and broad peaks at 547.78 and 451.34 cm−1 indicates 

initiation of Ni-O bond formation. IR spectrum of sample 

calcined at temperature 700°C shows the various stretching 

frequencies at 3394.72, 1570.06, 1612.49, and 505.35 cm−1 

indicates stretching vibration mode of the chemically bonded 

hydroxyl group as well as Ni-O stretching mode, 

respectively. Samples calcined at 450 and 700°C show 

frequencies from 2796.78 to 2873.94 cm−1  due to C–H 

stretching and anti-stretching vibration frequencies of Triton 

X100. IR spectrum of sample calcined at temperature 800°C 
shows the various stretching frequencies at 1473.62, 

1041.56, and 501.49 cm−1. The stretching frequency, 

particularly at 501.49 cm−1, confirms the formation of NiO. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig 1: FT-IR spectra of  NiO nanoparticles calcined at    

a) 4500c  b)  7000c  and c) 8000c 

XRD pattern of NiO sample calcined at 8000C  

reveals diffraction peaks (Fig.2) with 2ϴ value of 37.26, 

43.24, 62.93, 76.34, and 79.20 originate from the crystal 

planes (111), (200), (220), (311), and (222) of NiO. All the 
reflections of the XRD pattern can be referring to the 

standard pattern of the pure cubic phase of NiO (JCPDS 

No.47-1049). This reveals that the NiO sample synthesized 

by the sol-gel method produced a face-centered cubic 

structure. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig 2: XRD pattern of  NiO nanoparticles calcined             

at 8000c 

 Morphology and elemental composition study of 

synthesized NiO were analyzed through SEM and EDS 

techniques, respectively( Fig. 3a and 3b). SEM analysis 

reveals nanoparticles are cubic-shaped with good uniformity 
and crystallinity. EDS confirms the elements of synthesized 

NiO.  

 

Fig 3a: SEM image  of  NiO nanoparticles calcined at  

8000c 

 

 

 

 

 

 

 

Fig 3b : EDS spectrum of  NiO nanoparticles calcined at    

8000c 
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 Particle size and morphology of synthesized NiO 

were analysed through TEM image and SAED pattern.  TEM 

Analysis shows that the particles are cubic with average 

particle size 20nm. SAED pattern reveals that product 

obtained has pure crystalline phase ( Fig. 4a and 4b).Fig.4c 
shows particle size distribution of  NiO nanoparticles. 

 

Fig 4a: TEM image of  NiO nanoparticles calcined at    

8000c 

 

Fig 4b: SAED pattern of  NiO nanoparticles calcined at    

8000c 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 4c: Particle size distribution of NiO nanoparticles 

calcined at 8000c 

VI. CONCLUSIONS 
 NiO nanoparticles have been efficiently synthesized 

from nickel nitrate as the inorganic metal precursor and 

Triton X100 as surfactant using the sol-gel method. The 

product was characterized by FTIR, XRD, TEM, SEM, and 
EDS techniques. Pure cubic NiO nanoparticles were obtained 

at 8000C calcination temperature. This further confirms sol-

gel synthesis method was efficient for particle homogeneity. 

Overall this investigation clearly indicates the structural 

features and development of NiO nanoparticles were 

prominently influenced by calcination temperature. 
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