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Abstract – The examination of XRD patterns is the most important instrument in nano research. The NiO 
nanoparticles were image using a high magnification SEM. FT-IR spectroscopy was used to demonstrate 
the establishment of the NiO bond throughout the synthesis. The existence of Ni-O bond was verified by 
the development of a prominent band at 620 cm1 in the FT-IR spectra. Furthermore, the Ni–O stretching 
vibration's distinctive absorption band validates the Ni–O-Ni mode. The band gap of NiO is calculated to 
be 3.06 eV. When compared to published values for bulk NiO particles and NiO thin films, the calculated 
values are lower than the published values. The qualities were validated by the band gap values. 
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INTRODUCTION 

Nanotechnology is a branch of science dealing with 
the synthesis, characterization, and use of materials 
with diameters range from 1-100 nanometers. In 1974, 
Tokyo University's Norio Taniguchi invented the term 
"nanotechnology" to characterize the capability to 
influence materials at the nanoscale scale. Since then, 
nanoparticles have been used in a large range of 
scientific and technological applications. 

Metallic nanoparticles may be created in a number of 
ways, including by a chemical process. Overcoming 
the challenge of developing reliable eco-friendly 
nanotechnologies for nanomaterial synthesis is critical 
for future exploitations of broad-impact nano-
structured-based technologies and applications. 

RESEARCH METHODOLOGY 

Research Design: 

Biological nanoparticles were useful in different 
biomedical setting, including anticancer and 
antibacterial applications because biological 
nanoparticles have a greater effectiveness in 
biomedical applications than physiochemical 
nanoparticles. 

 

Material Required: 

Nanoparticles of transition metal oxides was 
investigated by several researchers in the last few 
years; Transition metal oxide nanoparticles, in 
particular, are a highly significant family of materials 
that perform a large range of activities; further, many 
transition metal oxides are biocompatible and the 
most stable materials due to the high oxygen content 
of earth's atmosphere. 

Solution Method: 

Analytical grade (AR) was used for this synthetic 
work and hence they were Use without further 
purification, as supplied. Silver particles were used 
as the starting material in the production of Ag 
precursors. It was made by dissolving 1g of nickel 
sulphate in 200ml of DD water and adding liquid 
ammonia (NH3,18%) solution drop by drop until a 
light green precipitate was produced. With the 
addition of further ammonia solution, the precipitate 
was entirely dissolved, yielding a clear blue solution. 
The pH of the content was tested used a pH meter at 
the moment of color shift, and the result was 10.2. 
The production of the aqueous nickel-ammonia 
complex ion ([Ni(NH3)4] 2+) was responsible for the 
color shift. 
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Synthesis of Transition Metal Doped NiO 
Nanoparticles: 

Analytical grade (AR) was used for this synthetic work 
and hence they were usage as without additional 
cleansing. The solution procedure, as explained in the 
preceding section, was used to make NiO. In this 
section the synthesis of the transition metal doped NiO 
nanoparticles was discussed. The dopants used were 
Cu, Fe and Zn. 

The initial material for the construction of Ni precursor 
material was nickel sulphate (NiSO4.7H2O). It was 
made by dissolving 1 gram of nickel sulphate in 200 
milliliters of double distilled (DD) water. Along with the 
solution, 10-3M CuSO4.5H2O was added for doping. 
Then, drop by drop, liquid ammonia (NH3,18 percent) 
solution was added, resulting in a light green 
precipitate. With the addition of further ammonia 
solution, the precipitate was entirely dissolved, yielding 
a clear blue solution. The pH of the content was tested 
utilize a pH meter at the moment of color shift, and the 
result was 10.2. The color shift was caused by the 
creation of the aqueous nickelammonia complex ion 
([Ni(NH3)4] 2+), which was doped in lieu of Ni2+ at the 
time. In a 2:1 ratio, 100ml of this solution was diluted 
with 50ml of acetone. A magnetic stirrer was used to 
agitate the mixture for around 5 minutes. 

Analytical Studies: 

The crystal structure, crystallite size, lattice constants, 
particle size distribution, and strain are all provided by 
the X-Ray Diffraction pattern. As a result, XRD 
analysis may be used to study metal ion doping in 
great detail. The Cu, Fe, and Zn doped NiO 
nanoparticles' XRD pattern was acquired using a 
Rigaku powder X-ray diffractometer [Cu-K ( = 
1.5406)]. 

Use the format of Debye Scherrer and their diffraction 
curves to determine the average particle size, 

Where 

 

Cu Kc. radiation has a wavelength of 1.5418 nm, and 
B is the angular width [full width half maximum]. 

Magnetic Properties: 

Magnetic materials play an important role on recent 
applied research and got more attention of scientists in 
the applied fields. The following are the broad 
classifications of materials based on their behavior 
under an external magnetic field: 

 

 

Degradation study on synthetic Dye: 

A UVVIS Spectrometer was used to record the change 
in absorption. The photo degradation investigation was 
conceded out with the same approach with three 
distinct radiation sources. A control experiment was 
also conducted. Using the relationship, the percentage 
of deterioration was computed 

 

Where C0 is the initial concentration of MG; C is the 
concentration of MG at various time. Since the 
absorption intensity at solution increases linearly with 
concentration. The following relation is also hold good. 

 

Where Ao is absorbance at zero time; A is 
absorbance at time t. 

The above procedure was ensued with Fuchsin 
Basic (FB) and Fluorescein (FL) dyes, the 
degradation was noted using the UV -VIS 
Spectrometer. 

ANTIMICROBIAL SCREENING: 

Source of microbial strains: 

The human pathogenic microorganisms used in this 
study. The pathogens were initially obtained from 
Microbial Type Culture Collection Centre (MTCC), 
Institute of Microbial Technology, Chandigarh, India. 
The Cultures were maintained and stored in 
respective agar slants at 4˚C in screw-capped 
bottles. The viability and purity of all the cultures 
were checked by regular plating. 

Determination of Anti-microbial activity: 

The antibacterial properties of NiO nanoflower 
produced were evaluated using the disc diffusion 
technique (JasnaHrenovic, 2008). 

Analysis Tools and Techniques: 

X-Ray Diffraction Studies, Scanning Electron 
Microscope, Transmission Electron Microscopy, 
Fourier Transform Infrared Spectroscopy and UV-
Visible Spectroscopy tools were used in the study. 
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RESULTS AND DISCUSSION 

Synthesis and characterization of nickel oxide 
nanoparticles: 

The objective is to develop a simple and cost-effective 
solution approach for producing wide-band gap nickel 
(II) oxide nanoparticles utilizing nickel sulphate as the 
starting material. This section summarizes the many 
and varied findings of our research. 

• X-ray diffraction 

X-ray diffraction (XRD) is the most commonly used 
tool to determine the phase, crystal quality and purity 
of the synthesized NiO nanoparticles. Figure 1 
depicted the well-defined XRD patterns for the NiO-
Ace observed in this study. The diffraction peaks were 
perfectly indexed to the XRD pattern of pure NiO 
nanostructures and is good agreement with the 
JCPDS data (JCPDS file No:73-1519) . No peaks from 
other phases are found which indicates that the 
intermediate product was completely converted to NiO 
and also there is no impurity. 

 

Figure 1: XRD pattern of NiO-Ace 

NiO nanoparticles were synthesized from Ni(OH)2. 
The Ni(OH)2 was converted to NiO during calcinations 
at 300°C, as shown in Figure 2 by the XRD patterns of 
the Ni(OH)2 and NiO. 

 

Figure 2: XRD pattern for a) Ni(OH)2 and b)NiO 

• Scanning Electron Micrograph (SEM): 

Scanning electron micrographs were used to examine 
the morphological properties of NiO nanoparticles that 
had been generated by the solution approach (SEM). 
The NiO-Ace nanoparticles are shown in high 
magnification SEM photos in Figure 3. 

 

 

Figure 3: SEM of NiO-Ace nanoparticles 

• Transmission Electron Microscopy 
(TEM): 

The study found that the NiO nanoparticles grew in a 
consistent pattern, as seen in the SEM study. The 
creation of NiO nanoflowers was verified by the 
pedal-like structure. The TEM picture of NiO-Ace 
confirms the Calendula flower appearance (Figure 
4). Figures 4.14-4.17 show the TEM images of NiO-
Et, NiO-Met, NiO-THF, and NiO-IPA, respectively. 

 

Figure 4: TEM image of NiO-Et 
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• Fourier Transform Infrared Spectroscopy 
(FTIR): 

The emergence of a sharp band at 620 cm1 in the FT-
IR spectra supports the Ni-O-Ni mode by being the 
typical absorption band for the Ni–O stretching 
vibration. The IR spectra of Ni(OH)2 nanoparticles, 
which were calcined to yield NiO nanoparticles, are 
shown in Figure 5. However, in the FT-IR spectra of 
NiO rather than Ni(OH)2, the strong absorption band 
for Ni-O-Ni mode is clearly seen. 

 

Figure 5: FT-IR Spectra for NiO-Ace 

Photocatalytic application of synthesized nickel 
oxide nanoparticles: 

• Photodegradation of Malachite Green: 

In the textile business, it is the most widely used dye 
for coloring silk, wool, jute, leather, cotton, and paper 
products and acrylic industries (Behnajady 2008). 

The relative dye degradation in the presence of NiO 
nanoparticles reveals that NiO nanoparticles are an 
effective catalyst for synthetic dyes like malachite 
green. Furthermore, the degradation % revealed that 
CFL irradiation has a greater impact on malachite 
green deterioration than UV irradiation and sunlight. 

 

Figure 6: Colour degradation of Malachite green 
under UV irradiation 

• Photodegradation of Fuchsine Basic: 

Under three distinct irradiations, the photocatalytic 
behavior of the produced materials, NiO nanoparticles, 
was successfully investigated (UV, CFL and Sun light). 
According to Beer's Law, absorption is proportional to 
the concentration of FB in the solution. The typical 
absorption wavelength is 542nm, which decreases 
with increasing irradiation duration (hypso chromic 
shift). In the presence of NiO photo catalyst, the drop 
in max reflects the elimination of dye molecules from 
the solution (Figure 7). 

 

Figure 7: Colour degradation of Fuchsine Basic 
under UV irradiation 

• Photodegradation of Fluorescein: 

Photographing of fluorescein using NiO 
nanoparticles was investigated under Sun light, UV 
and CFL radiation. It was pale yellowish green in the 
fluorescein thye solution. When UV light was 
irradiated in the presence of NiO nanoparticles, the 
color of the solution became pallid (Figure 8). 

 

Figure 8: Colour degradation of Fluorescein 
under UV irradiation 
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Antimicrobial studies of nickel oxide 
nanoparticles: 

 

 

Figure 9: Zone of inhibition photographs of the 
strains at various concentrations 

• Anticancer activity of nano-medicine: 

The findings indicated that the impact of NiO NPs on 
the integrity of the cell membrane of HeLa cells was 
dosage and time (24 h) dependent, and that the 
impact increased as the NiO NPs concentration rose, 
as shown in Figure 10. 

 

Figure 10: LDH release (percentage) with the NiO 
NPs in HeLa cells (P < 0.05). 

Ni NPs have a wide range of uses in biomedicine, 
including toxicity in humans, and their number of 
applications is continually growing. Ni NPs have been 
found to be cytotoxic in a variety of tissues and cells in 
previous investigations (Usman et al., 2012; Zhao et 
al., 2009). A comprehensive investigation was 
conducted to examine the deadliness of nickel oxide 
nanoparticles against HeLa cells in order to evaluate 
their cytotoxicity. 

Cell membrane breakdown causes apoptosis, and the 
release of LDH, a soluble cytosolic enzyme, into the 
extracellular media is the root cause of this 
phenomenon (Leist and Jaattela, 2001). Because the 
lysosomal membrane, which forms lysosomal 
membranes at the intercellular location, is damaged, 
it may influence surrounding cells and cause 
apoptosis. The presence of LDH leaking from 
specific cells indicates both NP penetration and cell 
membrane disruption (Aziz et al., 2016, Hussain et 
al., 2005). 

CONCLUSION: 

The antimicrobial effect of nanoparticles is greater 
than that of bulk particles; this is due to their size 
effect, large surface area, and other factors. Among 
the various nano scale materials, metal oxide 
nanoparticles have been potentially used as 
antibacterial and antimicrobial agents; synthesized 
NiO nanoparticles also have antimicrobial activity. 
The inhibition zone of NiO nanoparticles aided by 
organic solvents was identified. The comparison 
investigation revealed that K.pneumoniae had the 
most significant activity at all concentration among 
the five strains. The significance of solvent in this 
investigation is described by the inhibition zone of 
K.pneumoniae in two distinct solvents, water and 
DMSO, at different concentrations. As a result, even 
at low concentrations, nickel oxide nanoparticles 
show strong antimicrobial action. Furthermore, 
experiments will be conducted under various 
circumstances such as temperature, pH, and 
pathogens, as well as with doped nickel oxide 
nanoparticles. 
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