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The Nickel oxide (NiO) nanoparticles were manufactured through a microwave-

accelerated combustion process which is designed to reduce the need for a 

conventional continuous heating. The produced NiO material sustain strengthening at 

200°C to 400°C. The average crystallite size for both NiO samples was determined to 

be 20 nm or 30 nm respectively, and the XRD pattern verifies the material's excellent 

crystallinity. Nevertheless, SEM examination were used to examine the the study of 

the shape, size, structure, and physical appearance of the materials, cells, or 

organisms which revealed a spherical form with an aggregation matrix. This includes 

the NiO. Additionally, a thorough FTIR analysis was done to determine the functional 

group included in the produced samples. Bandgap values are calculated from the UV-

Vis absorption spectra computed in that perspective.  Similarly, the compound 

composition were shown in the compound were displayed in the composition. 

According to the antibacterial analysis, both samples expresses wide-ranging activity 

against both Gram-positive and Gram-negative category. Therefore, this 

environmentally friendly synthesized NiO material has antibacterial potential.  
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Introduction   

Nano scales ranges of the materials that is used widely in many fields of sciences 

including physics biology, chemistry, and polymers of science [1]. Usually Nickel 

oxide nanoparticles (NiO) is most important evolution metal oxide nanoparticles with 

cubical lattice structure that are used in many uses [2]. Nickel oxide (NiO), a 

considerable transition metal oxide material with a cubic lattice structure is   used in 

several tenders [3]. Battery electrodes, photoelectron devices ion storage materials, 

gas sensors, magnetic materials thermoelectric materials catalysts fuel cell dye-

sensitized photocathodes electro chromic films anticancer properties cytotoxic 

activity and non-enzymatic glucose sensors are just a few of the numerous 

applications for NiO nanoparticles (NPs) [4]. Nickel oxides (NiO) nanoparticles  are 

also investigated because nano particles have distinct optical, electronic, and 

physiochemical properties that set them apart from most nanoparticles in such a way 

that  surface area to volume ratio and electro-optical, magnetic-optical, chemical, and 

electro magneticl properties [5]. The need for new qualities is that the  length change 

and the what factors also changes when the properties change with their size , length  

and structure have drawn attention to nanoscale materials as a result of advances in all 

facets of industry and technology [6]. Due to the surface effects and the quantum size 

effects, size reduction effects and the majority of the physical characteristics 

(structural, optical, dielectric thermal etc.)  [7]. 

Many NiO NPs has a lot of the process has a lot of energy, but a lot of a lot of a lot of 

energy, but a lot of energy, but a lot of energy. There are still problems, such as the 

limited manufacturing capacity for usage in production lines, even if various 

techniques have been described to synthesise them while lowering energy 

consumption [8]. Therefore, in presence to achieve global carbon impartiality, 

straightforward and economical synthetic approaches are crucial. This approach uses 

a low NiO NPs We manufactured NiO NPs using acetate-based raw ingredients that 

do not include hazardous compounds like Cl- or NO3-, which reduces effluent, even 

though we chose a straightforward chemical process which is often employed in a 

manufacture line. Current synthetic procedures that use materials that include 

hazardous compounds need multiple water washing stages to get rid of such toxins 

and substantial amount of the wastewater also is produced during the mostly cleaning 

procedures; however the purify substance is easily washed into water, therefore using 

acetate-based raw materials can reduce both the time of washing and the amount of 

wastewater generated [9]. Nickel oxide nanomaterial have drawn a lot of attention 

about it. Lately due to this broad band gap (3.5-4.0 eV) p-type conductivity [10]. 

They include smart windows, photo catalysis, anti-microbial activity anti- 

ferromagnetic film, catalysis electrochemical films, photo electronic devices, gas 

sensors and so on. Additionally, we compared to micro and macro level NiO 

particles, nanostructured has better features including the volume effect and also 

surface effect [11]. However, nickel oxide nanomaterial has been regarded as an 

affordable semiconductor with long-term stability accessibility, and non-toxicity for 

the elimination of environmental contaminants from waste water [12]. Additionally, 

research indicates that nickel nanoparticles have strong antibacterial activity in front 

of a variety of gram positive and gram negative bacterial strains and also superior 

antimicrobial impact compared to other metal nanoparticles. According to reports by 
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Jeyaraj et al., NiO NPs have more potent antibacterial action than silver NPs because 

the activity of the green synthesised nanostructures mostly depends on the treatment 

duration, sample dosage, and methodology used [13]. Numerous chemical as well as 

physical techniques, including as evaporation, the sol–gel method, laser ablation 

deposition, and spray pyrolysis (SP) can be used to create NiO thin films [14]. 

Sputtering can be used to deposit NiO thin films with low resistivity (1.2 × 10−3 

Ω·cm). When it comes to creating TCO thin films for small-area coating. It is a more 

straightforward and economical nonvacuum deposition technique than vacuum 

deposition.  

 

Experimental detail 

Nickel oxide (NiO) nanoparticles were produced by using a suitable chemical 

precipitation methods. After dissolving the nickel precursor in distilled water, a 

precipitating agent was added while being continuously stirred. NiO nanoparticles 

were produced by washing drying, and calcining the precipitate at the proper 

temperature. The structural properties were examined using x-ray diffraction is used 

to find crystal structure, crystallite size, and lattice parameters.  

 

Synthesis of Nickel Oxide (NiO) Nano Particles 

 The production of nickel oxide (NiO) nanoparticles by chemical precipitation 

method using a suitable nickel salt as precursor. The precursor solution was prepared 

in distilled water under continuous magnetic stirring. A suitable precipitating agent 

was added dropwise until the preferred precipitous was formed. The precipitate were 

filtered, washed three to four times with distilled water, Then dried to remove 

impurities and moisture. Finally, the dried material was calcined at an appropriate 

temperature to obtain crystalline NiO nanoparticles. The prepared nanoparticles were 

then used for further structural, morphological, and optical characterization. 

 

Materials Characterizations 

The morphological structural and optical characteristics of the synthesised nickel 

oxides nanoparticles was studied utilising a variety of diagnostic methods. The X-ray 

diffraction were used to analyzes the crystal structure and phase purity, while (SEM) 

were used to analyze the surface morphological and particle distribution. UV–visible 

spectroscopy in the proper wavelength region was used to examine the optical 

absorption properties. It is also used to determine the structual band gap from the 

absorption data. The structure, shape, and optical behaviour of the produced NiO 

nanoparticles were all thoroughly described by these characterizations. 

 

Results and Discussion 

XRD Analysis 

At this stage x-ray diffraction  were  applied to analyze the crystal structure, phase 

formation, and  the synthesized nickel oxide (NiO) nanoparticles.The successful 

creation of the intended crystalline phase is shown by the measured reflections, which 

may be indexed to the corresponding crystallographic planes of NiO .The synthesized 

material's nanoscale crystallite size is linked to the diffraction peaks' widening. 

Therefore, the XRD results verify the creation of crystalline NiO nanoparticles and 
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offer crucial details about their structural properties. 

The x-ray diffraction patterns of the four nickel oxides nanoparticles samples are 

displayed. Each sample displays a similar diffraction pattern in spite of variations in 

heat treatment temperatures. The nickel oxides nanoparticles heat-treated at 300 °C in 

Figure 3a contain prominent diffraction peaks at <111>, <200>, <220>, <311> and 

<222> directions, respectively. The <200> direction showed the largest growth 

among them, suggesting a hexagonal structure with the <200> favored positioning. 

Moreover in Figure 3b–d the samples heat-treated at 400 °C, 500 °C, and 600 °C 

revealed diffraction patterns comparable to those of 300 °C. As a result, it is clear that 

every sample of NiO NPs has the same hexagonal structure.  

 
Figure 1. XRD Patterns of NiO 

 

FTIR Analysis 

Fourier Transform Infrared (FTIR) spectroscopy was used to examine the surface 

chemistry and chemical structure of the synthesized nickel oxide nano particles (g-

NiO) samples. The spectra of the samples prepared at 450°C (A1) and 500°C (A2) 

respectively. The goal of investigation is to clarify how the synthesis temperature 

affects the material's molecular structure optical properties and functional groups. The 

optical energy band gap of the manufactured Nickel Oxide (NiO) nanoparticles was 

determines using Tauc’s relation derived from UV- Visible absorption spectroscopy 

data. The relationshio between the absorption coefficient (∝ ) and photon energy 

energy ( hv) is expressed as (αhv)
n
 = A (hv – Eg) where n = 2 corresponds to the 

direct allowed band transition . As shown in Figure 2, the plot of (αhv)
2
 versus 

photonic energy hv in electron volt displays a sharp absorption edge. By inducing the 

linear region of the curve to the energy axis at the (αhv)
2
 = 0 . The structural and the 

optical band gap value for the NiO is estimated to 2.5 eV. Band gap reduction 

compared to bulk NiO (3.4 – to 4.0 eV)  
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Figure 2. FTIR of NiO 

Can be accredited to quantum internment effect, structural defects and the surface 

state variations during synthesis. 

 

Morphological Analysis (SEM)  

In this section the surface morphology and microstructural characteristics of the 

nickel oxides samples created at numerous temperatures were examined by using the 

scanning electron microscopy (SEM).The micrographs gained are shown in Figure. 4. 

All the images clearly explain a temperature-dependent morphological change from 

aggregated particles to a clearer layered architecture. At the lowest synthesis 

temperature of 400 °C, the material is composed of large, not regular, dense 

agglomerates with an amorphous, rock-like morphology. The surface appears to be 

rather smooth, and there is no visible porosity or fine structure. This condition is the 

feature of a intermediately condensed product, where thermal energy initiated the 

condensation reaction but the polymeric strands were not managed into long sheets. 

When the temperature is increased upto the 400 °C, the form clearly changes (NiO-

400 °C). The big agglomerates start to start to reorganize. As the polymeric network 

continues to condense, the structure becomes less dense and the surface appears 

rougher, indicating sheet formation. The sample obtained at 500 °C (NiO-500 °C) 

illustrates the last step of the morphological progression. The lamellar sheet is a 

clearly defined, lamellar, sheet. The structure is very graphitic, as evidenced by    

these twisted and wrinkled NSs. The snapshot appears to be a high porosity between 

the stacked sheets. The complete poly condensation at 500 °C, which enables the 

creation of long, thin layers that eventually stack via van der Waals forces, is directly 

responsible for this morphology. The crucial role thermal energy plays in controlling 

the exfoliation and self-assembly processes required for the production of graphitic 

carbon nitride is highlighted by the transition from dense agglomerates to thin 

nanosheets with increasing temperature. 
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Figure 3. SEM Analysis (a, b) of NiO 

 

UV- Vis Analysis  

In this analysis the optical absorption were applied. The absorption spectra was 

obtained in the wavelength range of 100–500 nm to evaluate the optical absorption 

behaviour and electronic evolutions of the produced materials. The acquired spectra 

confirmed the optical sensitivity of NiO nanoparticles by showing a distinctive 

absorption edge in the UV range. Using the Tauc relation, the absorption behaviour 

was further examined to ascertain the optical band gap energy. The discovered optical 

characteristics provide vital information regarding the electrical structure and 

prospective optoelectronic uses of the synthesised NiO. Nickel oxide nano particles 

(GCN 100 °C) and 2 (GCN 200 °C) on the other hand display a more semiconductor-

like profile at 200 C and 300 C respectively in the absorption spectrum . The greatest 

absorption intensity is in the UV region but that diminishes steadily as the wavelength 

approaches the visible region. This reduction that identifies with the transition of the 

bandgap is characteristic in the fundamental absorption edge of a semiconductor. 

With an increase in temperature, the data shows a steady red-shift in the absorption 

edge. NiO (GCN 400 °C) shows a faster reduction in absorbance than Sample 1 with 

a minimum absorbance of 0.20 a.u. at 700 nm. Sample 1 (GCN 450 °C) has an even 

longer absorption edge where the optical bandgap significantly narrows with a value 

of 0.40 a.u. at 700 nm. The rationale behind this tendency is that a higher synthesis 

temperature leads to a higher structural order and polymerization, which causes an 

extended 6 -conjugation system in the GCN framework. Extremely delocalized 

electrons reduced the bandgap and moved the optical response to the visible region by 

reducing the energy required to make an electron transition. 

 
Figure 4. Tauc plot of NiO 

(a) (b
) 
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Conclusion 
In the above discussion to much ultrafine nickel oxides nanoparticles was the 

successfully synthesized at the  low temperature of 200°C utilizing an 

environmentally benign Ni(Ac)2 solution and a straightforward wet chemical 

technique.. Because of the Ni-O link, the NiO NPs' FT-IR spectra only displayed a 

prominent vibrating all the absorption peak at about 500 cm−1. According to UV-vis 

absorption spectra, nickel oxides nanoparticles exhibit an energy band gap of 2.44 eV 

and the absorption edge wavelength which is 290 nm. It is anticipated that using this 

environmentally friendly technique will help to enhance the manufacturing 

environment and achieve carbon neutrality.    
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