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Abstract---Nickel oxide NPs are widely recognized as excellent 

photocatalysts due to their unique optical features such as bandgap 

energy, retention time, strong light absorption, electron-hole 

recombination duration, and significant negative oxidation potential of 
excited electrons. NiO nanoparticles were successfully created using a 

combination of nickel hexahydrate precursor, ethanol, and distilled 

water. Nickel hexahydrate NiO was employed as a nickel precursor to 
create nickel oxide nanoparticles (NO3).6H2O, distilled water, and 

stirring until solution homogeneity were used to make alkaline sodium 

hydroxide, and the alkaline solution was distilled into a homogenous 
solution on a magnetic stirrer at 75 °C. A thick green solution was 

produced at pH=12.The surface morphology and nanoparticle size of 

the as-prepared NiO nanoparticles were estimated using SEM and 
AFM images of spherical NiO particles with sizes of about 26.80 nm 

and 37.96 nm. The cubic crystal structure of NiO was disclosed using 

X-ray Diffraction (XRD). NiO NP absorption spectra in the UV and 

visible rangesShow blue has a maximum wavelength of 341 nm. The 
nickel oxide band is seen at 627 in Fourier transform infrared (FTIR) 

spectroscopy. 

 
Keywords---Nickel Oxide nanoparticle; hydrothermal method; UV-

visiblespectroscopy; X-ray diffraction (XRD); scanning electron 

microscopy (SEM). 
 

 

Introduction  
 

This method is used to convert metal alkoxides or liquid precursors into solid 

nanomaterials by condensation and hydrolysis. A sol–gel process, as described in, 

entails the production of inorganic networks by sol formation (colloidal 
suspension) and sol gelation into gel, which is a continuous liquid phase 

network[1]. The most common precursors utilized to manufacture these colloids 

https://doi.org/10.53730/ijhs.v6nS7.13692
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are metals or metalloid components surrounded by reactive ligands. When the 
initial components come into contact with water or diluted acids, they are treated 

to form dispersible oxides and sol. This sol–gel transition governs the size and 

shape of the nanomaterials by separating the liquid from the sol. When calcined, 
the gel transforms into oxide[2]. The hydrolysis processes are used in the 

production of nanomaterials by the sol–gel method. 

 

Hydrolysis: MOR + H2O→MOH + ROH 
 

Condensation: MOH + ROM→M–O–M + ROH. 

 
Nanoparticles can be prepared easily by sol-gel, whether they are films, fibers, 

ceramics, or glass. has a number of advantages over other methods such as 

inexpensive equipment, homogenous product and easily in processing [3, 4]. Sol-
gelmethod will produce small particle size and uniform distribution particle with 

high homogenous,he size of the nanocomposites was distinct and altered in a 

fairly simple synthesis procedure, ranging between 2 and 4[5]. The investigation of 
atomic absorption revealed that the peak varied between 300 and 340 

nanometers as particle size increased; also, it is regarded as a successful 

approach for processes involving transitions. It is ionic and necessitates an 

underlying temperature as well as a sufficient reaction for all of the chemicals 
involved in the reaction[6]. 

 

NiO is a semiconductor which has a kind of important inorganic material, is 
stoichiometric and antiferromagnetic. It has a wide, stable and stable bandgap of 

3.6 to 4.0 eV in material, and is a natural p-type semiconductor with high 

electron transfer performance[7, 8] ,and its type of conductivity is related to 
intrinsic oxygen opportunities[9].The structural property of particles (particle size, 

distribution, morphology) is closely related to the preparation technology. Few 

methods for preparing NiO have been reported[10] [11]. 
    

2.Experimental Part  

  

Preparation of nanoparticles by sol-gel using nickel hexahydrate  NiO(NO3).6H2O, 
distilled water, 0.03 (8.72 g) mol of NiO(NO3).6H2O dissolved in 60 mL of deionized 

water (DW) with good stirring until the solution became a homogeneous green 

color (sample A), then to prepare a medium alkaline as well. 0.2 mol (8 g) of NaOH 
was dissolved in 150 mL of DW (sample B). Then, (B) was added dropwise by 

burette to a (A) on a magnetic stirrer at 75°C and 300 rpm until a uniform green 

solution was obtained. Then, the pH of the solution was measured as 12. Then it 
was passed through the filter and a gelatinous solution was obtained and to 

obtain a uniform powder the samples were placed in an oven for 4 hours at a 

heating rate of 3.3 °C per minute at 400 °C for production . Black nanoparticles. 
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Sol –Gel method inciude the following schematic diagram :-
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3.Result and discussion  
 

3.1XRD analysis     

 
XRD pattern shows peaks at 2θ of 43.3°,44.7°, 62.9°,shown figure (3.1.1 )which 

relate to the reflection planes (111), (200) and (220) respectively , All these peaks 

are crystalline characteristics of formation of phase pure nickel oxide with cubic 

structure according to standard card (JCPDS No. 047-104900) (Nalage et al., 
2012). Size of the formed crystallites can be calculated by Debye–Scherrer 

equation[12]: 

 

𝐷= 𝑘𝜆 /𝛽𝐶𝑂𝑆𝜃 
 

      The main particles size of the NiO nanocomposite approximately  

 Figure (1 ): XRD Pattern of NiO nanostructure by sol-gel method. 

 

3.2.SEM images 
 

Nanoparticle diagnostics showed different shapes and sizes of nanocomposites, 

and this has been demonstrated by SEM. SEM images were recorded of nickel 
oxide nanoparticles of different shapes and sizes and indicated that the sol-ge 
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compounds contain small spherical nanoparticles.The SEM image of the NiO 

showed that the sample powder contained types of spherical nanoparticles and 

the particle size ranged between (26.80nm_37.96nm). As shown in the figure (2).  

                                                  

 
figure (2) show powder  nanoparticals of NiO by sol-gel     

 

 
 
3. 3.Atomic Force Microscopy (AFM) 
  
The AFM image of NiO nanoparticales in two and three dimensions are shown in 

figures(3)respectively. The results of AFM for NiO nanoparticals showed that the 
diameter of the particles were average of 50nm and 63nm receptively.  

 

 

 
 

 

 
 

 

 
 

 

The average particle sizes was 50 nm                                                           
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 Figure(3) 

 
 

 

3.4.FTIR spectra 

 
The FTIR spectra of untreated and treated glass mat was investigated in the 

spectral range of 600–4000 cm_1. NiO’s FTIR chart has been organized. As can be 

seen in Figure (4) the peak, which belonged to the FTIR performance, was 
discovered to be in the 4000e400 cm1 region. Furthermore, the peaks have been 

discovered at 451, 1382, and 3456 cm1[13]. The stretching vibration of Ni-O has 

been assigned to the observed wide peak In the 450-855 cm1 region. However, 
based on the width of observed peaks, we have assumed that the crystals of NiO 

were in nanoparticals.The wide absorption band at 3456 cm1 was thought to be 

related to stretching vibrations of O—H[14] ,while a weedy peak about 1382 cm1 
was thought to be related to H-O-H bending, which is normally the product of 

water adsorption in air. Furthermore, the two bands at about 3456 and 1382 cm1 

may have been caused by existing water molecules (absorbed by the NiONPs or 
NaOH). 
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Figure(4) :The Analysis of (FT-IR) of NiO nanoparticals by sol-gel 
 
3.5.UV-VIS spectra  

 
Ultraviolet absorption is a process in which the outer electrons of atoms or 

molecules absorb radiant energy and undergo transitions to high energy levels. 

Figure(5) shows the UV-Vis absorption spectra of the synthesized NiO by sol-gel, . 
The observed spectrum revealed an adsorption edge at 300–400 nm, suggesting a 

bandgap of 3–4 eV for the synthesized NiO.We plotted (h) 2 as a function of h to 

determine the bandgap of NiO nanoplates, where, h, and frequency denote the 
absorption coefficient, Planck constant, and frequency, respectively. The optical 

bandgap of NiO nanoplates was calculated as 3.45 eV by extrapolating the linear 

portion of the curve. This figure was significantly lower than the previously 
recorded figure of 3.7 ev[13]  
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Figure(5) shows the UV-Vis absorption spectra of the synthesized NiO by sol-gel 

 

Conclusion 
 

NiO Sol-Gel nanotechnology was successfully used at 75 °C and pH 12 in NaOH. 

The average crystal size of NiOn nanoparticles was determined by X-ray 
diffraction tests to be 40 nm, 61 nm, 39 nm and the SEM image gave sizes 

ranging (26.80nm_37.96nm). Matches the sizes between the AFM device nm, and 

45 nm In the ultraviolet and visible ranges, the absorption spectra of NiO NPs 

display sorption spectra of NiO NPs display a blue color The peak is at 381 nm. 
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