
ABSTRACT
The main objective of the present work is to synthesize pure and nickel doped zinc oxide nanoparticles by facile co precipitation 
technique. The work is confined to study the effect of various weight ratios (0.3, 0.6 ,0.9) % Nickel into Zinc oxide and to witness the 
drastic changes that occur in its various physical properties such as structural, optical, magnetic from X ray diffraction (XRD), UV 
visible (ultra violet) spectra, VSM (Vibrating sample magneto meter). XRD analysis reveals the wurtzite hexagonal structure and it 
is also found that as the doping concentration increases the crystallite size decreases from 4.6 nm to 3.0 nm. SEM results depicts the 
agglomeration of the particle, the synthesized samples shows both rod and flakes formation when the doping concentration is increased. 
Morphological changes were analysed TEM (Transmission electron microscope). The enhancement in the optical behaviour were 
observed and the energy band gap is calculated with the data obtained from UV-Visible spectra and the optical properties shows a 
tremendous increase as the Ni content increases which proves the sample a suitable candidate for solar cells and photovoltaic devices. 
Purity of the prepared sample were investigated through EDAX analysis. The hysteresis loop from the VSM analysis elucidate the 
saturation magnetization and the ferromagnetic behaviour of the sample. X-ray Photoemission Spectroscopy results indicates the 
presence of several oxygen species adsorbed on the surface. The study is also extended to analyse its anti-microbial effect against 
Staphylococcus aureus. The cell culture dish of the sample showed a notable resistance against Staphylococcus aureus when the 
concentration of nickel is increased and could be extended to pharmaceutical applications in treating several skin infections.

KEY WORDS: Anti- microbial, Co-precipitation, Nickel doping, 
Optical property, Photovoltaic devices.

INTRODUCTION

Over few years the usage of nanoparticles based on metals 
and their oxides have drawn a great interest almost in all 
the fields. Zinc oxide is a multifunctional II-VI group 
semiconductor grabbing a centre of attention to researchers 
due to its fascinating properties like wide band gap of 3.37 
eV at room temperature, large exciton binding energy (60 
meV), high optical transparency, high surface stability, large 
electrochemical coupling coefficient and strong excitonic 
emission etc. It is obvious that both Ni and Zn have the same 
valence with same structure which is because the ionic radii 
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of both Ni2+ (0.69 Å) and Zn2+ (0.74 Å) are very closer 
(Prerna et al. 2020; Gudkov et al. 2021).

It is reported that Ni2+ could be easily replaced by Zn2+ in 
Zinc oxide lattice without changing its hexagonal structure, 
thus making Nickel doped Zinc oxide nanoparticles a 
promising material in the field of optoelectronic devices 
with its enormous optical and magnetic properties 
(Chattopadhyay et al. 2019; Ali et al. 2020). Observing 
at this point of view, this Zinc oxide which is in the form 
nanostructured powders could exhibit great efficiency in 
innumerable performances including gas sensors, solar cells 
and photo catalyst with high chemical activity. Generally the 
oxygen deficient off-stoichiometric of Zinc oxide possess a 
wide n-type conductivity, but a tremendous enhancement in 
its conductivity is noticed when dopant is added (Akdağ et 
al. 2016; Anandan et al. 2016; Uma et al. 2019).
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Here in this investigation undoped and nickel doped Zinc 
oxide nanoparticles were actualized by a very simple yet 
effective coprecipitation method. The main objective 
of this work is to study the morphological, optical and 
ferromagnetic behaviour of undoped and  Nickel doped 
Zinc oxide nanoparticles with variation in the doping 
concentration (Ahmad  2019; Ali et al. 2020).

Material and Methods

Analytical grade reagents of Zinc acetate dihydrate 
Zn(CH3CO2)2, sodium hydroxide (NaOH), and Nickel 
chloride (NiCl2) with purity of 99.7%, were used in 
the formation of undoped and Nickel doped zinc oxide 
nanoparticles. During the process, the stemware was well 
covered in order to prevent contamination and evaporation of 
ethanol. A solution of 0.5 mole Zn(CH3CO2)2 was prepared 
by dissolving (54.877g) in 450 ml of double distilled water 
and 0.5 mole of NaOH prepared by dissolving (20g) in 50 ml 
of double distilled water. The so formed solution of NaOH 
was introduced into the Zn(CH3CO2)2 solution drop-wisely 
under constant strenuous stirring to avoid cluster formation. 
The impurities in the precipitate were separated by rinsing 
repeatedly with double distilled water and annealed at 600 o 
C for two hours in a muffle furnace to acquire the undoped 
Zinc oxide nanoparticles.

Nickel doped Zinc oxide nanoparticles were formed by 
taking equal weight of Zn(CH3CO2)2 and NaOH were 
dissolved in 450 ml of double distilled water. Nickel 
II chloride (NiCl2•6H2O) were taken in the varying 
concentration (0.3, 0.6 ,0.9 %) was dissolved separately in 
50 ml of water and then added to the solution containing 
Zinc acetate dihydrate Zn(CH3CO2)2 and NaOH. The final 
solution was then allowed to remain in constant stirring for 
2 hours. Then left overnight for sedimentation. Then the 
solution was carefully removed and subjected to centrifuge 
for further removal of impurity. The powder was annealed 
at a temperature of 600 0 C in muffle furnace for 1 hour.

spectrophotometer. Elemental composition, chemical and 
electronic state exist within the material were found by XPS 
and EDAX studies. The ferromagnetic behaviour was found 
from VSM analysis.

Results and Discussion

XRD Analysis: The hexagonal wurtzite structure of the 
so prepared nanoparticles was confirmed by the XRD 
pattern and crystallite size was estimated by Debye-Scherer 
method. Figure 1 exhibits the X- ray pattern of undoped and 
Nickel doped Zinc oxide nanoparticles.

XRD pattern shows that all the obtained peaks of Nickel 
substituted Zinc oxide nano crystals were incredibly 
matches well with the Joint Committee on Powder 
diffraction Standards (JCPDS) for ZnO (Card No. 36-
1451, a = b = 3.2498 Å and c = 5.2066 Å) which could be 
indexed as the hexagonal wurtzite structure of Zinc oxide. 
As the doping concentration was increased the intensity 
and variation of the position peak were also increased. This 
changes in peaks position indicates that nickel is substituted 
in the Zinc oxide lattice without any impurity phase (Danial 
2020; Al-Ariki et al. 2021).

But the inclusion of the dopants produced defects in the 
crystal lattice of Zinc oxide which resulted in its change 
in   size of the sample. The average crystallite sizes (D) of 
the prepared nanoparticles were calculated by Scherer’s 
equation

			   (1)

where ‘D’ implies the  crystallite size, ‘ λ’  implies  the 
wavelength of radiation exposed , ‘ θ’ implies  the Bragg 
angle and ‘B’ implies  full width at half maxima (Belkhaoui 
et al. 2019; Priya et al. 2021).

It is seen from the above figure 1 that all the prepared 
nanoparticles have their dominant peak congruent to 
(102). To calculate the crystallite size three predominant 
peaks (002), (101), (102) were considered. The crystallite 
size of undoped and Nickel doped Zinc oxide is tabulated 
in table 1. It is worthy to note that the diffraction peaks 
get more intense at the same time becomes narrower as 
the annealing temperatures was increased indicating the 
formation of a good crystalline structure. It is also evident 
that the crystallite size was increased as the concentration 
of the dopants was raised which proved the impact of the 
dopants (Wang 2019).

Optical properties: UV- Visible Analysis: Ultra Violet 
–Vis analysis  was  used to  measure the diminution of a 
beam of light that occurred after  passing  through or gets 
reflected back  from a sample surface. Nickel doped Zinc 
oxide showed higher transparency in the visible regions at 
around 480 nm and the lowest transparency in wavelength 
smaller than 380 nm in comparison to the undoped and 
Nickel doped Zinc oxide nanoparticles. While comparing all 
samples, Nickel doped Zinc oxide nanoparticles exhibited 

Figure 1: XRD pattern of undoped and Nickel doped Zinc 
oxide nanoparticles

For the characterization techniques, the formation of the 
hexagonal wurzite structure of the prepared particles were 
determined by X-ray diffractometer. Surface morphology 
were visualized by both SEM and TEM. The spectra of 
the photocatalysis absorbance were measured by a UV-Vis 
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the highest absorption within the wavelength smaller than 
400 nm. The absorption spectra of undoped and Nickel 

doped zinc oxide nanoparticles is shown in Figure. 2 
(Nallusamy and Nammalvar 2019).

Compound	 Annealing	 d	 θ	 crystallite
	 Temperature oC	 spacing	 (radians)	 size(nm)

Pure ZnO	 600 oC	 2.3333	 0.32375	 4.68394E-08
Ni (0.3%)		  2.3333	 0.3235	 3.93042E-08
Ni (0.6%)		  2.6666	 0.2981	 3.80981E-08
Ni (0.9%)		  2.8808	 0.27143	 3.04412E-08

Table 1. Crystallite size of pure and Ni doped ZnO nanoparticles

Figure 3: Absorption spectra of undoped and Nickel doped 
Zinc oxide nanoparticles

Figure 3(b): Band gap of pure and Ni doped ZnO 
nanoparticles

When the sample was brought under the influence of 
the electromagnetic field, the electron presents in the 
valence band experienced coherent oscillation, which 
in turn triggered the metallic nanoparticles to absorb 
electromagnetic radiations. This resonance is known as 
surface plasmons which occur only with nanoparticles and 
varies accordingly to its formations. Thus the size and the 

colour exhibited by the semiconductor nanoparticles  would 
be  usually due to the to  this surface plasmon resonance. 
Thus by subjecting the sample to UV-Vis spectroscopy upon 
chromatographic separation, the unique optical properties 
could be detected and the formation of the nanoparticles 
could also be found out (Ghosh 2019).

The band gap was calculated by plotting (α h ν)2 versus 
the photon energy (hν), and by extrapolating the intercept 
of the curve to zero absorption in the photon energy axis 
which is shown in Figure 3(b). The band gap energies of 
Nickel doped Zinc oxide nanoparticles were found to be 
smaller than that of undoped Zinc oxide nanopowder which 
may be due to the effect of Nickel concentrations (Vidhya 
et al. 2021).

EDAX Analysis: The elemental composition of the 
synthesized sample of undoped and Nickel doped Zinc 
oxide was determined by EDAX spectra and shown in 
Figure4.

Figure 4: EDAX of undoped and Nickel doped Zinc oxide 
nanoparticles

The existence of zinc, oxygen, Nickel and other elements 
without any impurity was confirmed from the above Figure 
4.  The pattern showed that the prepared Zinc oxide sample 
had the elemental composition of Nickel doped Zinc oxide 
nanoparticles shown in Table 3 (Kumari et al. 2021).

XPS Analysis: XPS analysis is a perceptive characterization 
approach for reviewing the chemical constitution and the 
valence states of substances embodied in the prepared 
nanoparticles. Figure 5 shows the survey spectrum and 
core level spectrum of Zn and O atoms of Nickel doped 
Zinc oxide nanoparticles, for 0.3% and 0.6 % concentration 
respectively.  The XPS peak of Nickel doped Zinc oxide 
nanoparticles is featured in Figure 5.
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Doublet peak shown in the Figure 5 which corresponds 
to the core level spectra of Zn2þ1/2 and Zn2þ3/2 ions 
of ions is shown. The binding energy of Zn2 þ 3/2 and 
Zn2þ1/2 orbitals appeared at (531.2 eV, 529.7 eV), (531.26 
eV, 529.46eV) which corresponded to ZFLi, ZFNa and 
ZFK NPs. The doublet peak of the binding energy was 
transfigured towards the lower energy region when Nickel 
dopant was added. Thus, the divalent state of Zn ions was 
confirmed by the difference in the position of the doublet 
peaks from which the spin split value was calculated 
(Kezhen et al. 2020; Maleki et al. 2021).

Morphology Analysis: The morphology of ZnO-xNi 
(x = 0.3, 0.6 and 0.9) as-synthesized nanocrystals 
were investigated with High resolution transmission 
electron microscopy (HR-TEM) and shown in Figure 6. 
Selected area electron diffraction (SAED) patterns were 
also presented. HR-TEM images displayed two types 
of morphologies, slightly rectangular and cubic. The 

nanoparticles were arbitrarily selected from the micrograph 
in order to measure the particle-size distribution via image 
J. Figure 6 showcase the TEM images of the Nickel doped 
Zinc oxide nanoparticles at a concentration of 0.3, 0.6 and 
0.9 % by weight. This particle distribution plays a vital role 
in determining the magnetic behaviour of the sample also 
provides the information regarding the coupling of spin 
(Sa- nguanprang et al. 2019; Naskar et al. 2020).

Annealing To C			   Atomic	 Uncertainty
600oC	 Element	 Series	 Weight 	 Count	 K factor
			   (Weight %)	 (Weight %)	 (Weight %)

Pure ZnO 	O		   62.46	 28.93	 5.57
	 Zn		  37.54	 71.07	 1.79
0.3 % of Ni 		K  - Series
	 Zn		  35.56	 51.66	 1.52
	O		   34.38	 12.22	 3.96
	 Ni		  24.13	 31.46	 0.94
	C l		  5.92	 4.66	 0.28
0.6 % of Ni 		K  - Series
	O		   58.50	 27.48	 6.58
	 Ni		  21.56	 37.55	 1.05
	 Zn		  16.64	 27.12	 1.05
	C l		  3.29	 2.91	 0.23
0.9 % of Ni 
	O		   38.86	 14.50	 4.69
	 Zn		  30.37	 46.31	 1.47
	 Ni		  25.37	 34.73	 1.07
	C l		  5.40	 4.47	 0.29

Table 3. Elemental composition of undoped and 
Nickel doped Zinc oxide nanoparticles

Figure 5: XPS peak of Nickel doped Zinc oxide 
nanoparticles

Figure 6: TEM image with SAED pattern of undoped and 
Nickel doped Zinc oxide nanoparticles

Figure 7: SEM topography of undoped and Nickel doped 
Zinc oxide nanoparticles



SEM Analysis: The formation of the particle in the nano 
range was confirmed from the SEM images shown in Figure 
7 which were in good accordance with the particle size 
estimated from the XRD pattern depicted in the Figure 7 
that the particles were spherical in shape.

From the results obtained, it was seen that that the prepared 
sample powders were in nano range with a very low 
dimensions and the size varied with the increase in the 
Nickel content. It was also observed that while increasing 
the Nickel doping, the size of nanoparticles was decreased 
slightly which was already proved by the crystallite size 
calculation from XRD pattern in above section. Hence 
the SEM outcomes were in good correlation with XRD 
pattern, which was well defined that there was a decrease 
in the particle size as the concentration of the dopants was 
increased. Zinc oxide when doped with Nickel leads to 
nanopores which was shown in Figure 7 and it was seen as 
the doping concentration was increased resulted with the 
change in the formation exhibiting rod shaped into nano 
fakes indicated the effect of doping concentration (Beazer 
et al. 2021; Khan et al. 2021).

VSM Analysis: The M-H loop of the synthesized 
nanoparticles were shown in Figure 8.  The samples pass 
origin of coordinates, the remanent magnetization (Mr), 
and coercivity (Ch) were found to be zero. The saturation 
magnetization, retentivity, and the coercive force values 
were given in Table 3. It is evident from Figure 8 that a 
transition from the paramagnetic state to the ferromagnetism 
state occurred when doping concentration was increased.

Figure 8: M-H curve of undoped and Nickel doped Zinc 
oxide nanoparticles

Compound	 doping 		  Parameters
	 concentration 	 Magnetization 	 Retentivity	 Squarness  	 Coercivity
	 by weight (%)	 Ms (emu)	 M r (emu)	 M r /Ms	H  c (Oe)

Pure ZnO		  140.35	 122 	 1.150	 654
Ni 	 0.3	 132.45	 120	 1.103	 546
	 0.6	 127.25	 116	 1.096	 335
	 0.9	 113.75	 108	 1.053	 203

Table 3. Various parameters obtained from VSM analysis

Figure 9: Zone of inhibition of undoped and Nickel doped 
Zinc oxide nanoparticles

The ferromagnetism of the Zinc oxide doped with Nickel 
nanoparticles could arise from two possible sources. One 
is extrinsic magnetism and the other is intrinsic magnetism. 
Extrinsic source includes the formation of clusters 
of transition elements or secondary phase. Exchange 
interactions come under intrinsic source of magnetism. The 
probability of ferromagnetism exhibition due to formation 
of secondary phases and metallic clusters was entirely 
ruled out in case of Nickel doped sample. It was observed 

in the present work, that the oxygen mediated exchange 
interaction took place among the dopant ions (Ni) leading 
to the ferromagnetic behaviour and magnetic saturation of 
Nickel -doped zinc oxide samples (Jeyasubramanian et al. 
2019; Satpathy et al. 2021).

It was evident from the XRD analysis that when Nickel 
was perfectly incorporated into the ZnO lattice. In view 
of the Ni3+ ions substituted into ZnO lattice, the origin 
of magnetism in the samples was due to the exchange 
interaction between local spin polarized electrons (such as 
the electrons of Ni3+ ions) and the conductive electrons. 
Such interaction could lead to the spin polarization of 
conductive electrons. Consequently, the spin-polarized 
conductive electrons underwent an exchange interaction 
with local spin-polarized electrons of Ni3+ ions. Thus, after 
a successive long-range exchange interaction, almost all 
Ni3+ ions exhibited the same spin direction, which resulted 
in the ferromagnetism of the material (Pallavi et al. 2019; 
Khalid et al. 2021).

Anti-microbial mechanism: Nickel incorporated Zinc 
oxide nanoparticles were tested for its anti-microbial 
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mechanism against gram positive Staphylococcus Aureus. 
Figure 9 shows the antimicrobic action of Nickel doped   
Zinc oxide nanoparticles for Staphylococcus Aureus. The 
zone of inhibition (mm) of gram positive were ordered in 
Table 4. which were maintained in nutrient broth.

The analysis of the biological activity of Nickel assisted 
Zinc oxide nanoparticles were tested for different organisms 
in sterilized petri dishes adopting agar diffusion technique 

for the sample annealed at 600 oC. The nutrient agar 
ambience was processed by incapacitating at about 121˚C. 
It was then sterilized, aseptically engulfed in petri plates and 
permitted to densify.  Each petri plates were swabbed with 
the bacterial broth using a sterilized twig. Then the wells 
were aseptically added with the organic solvent extracts of 
leaves. The cell culture dish was detected to spot its zone of 
inhibition incubated at 37˚C for 24 hrs.  The MIC of Zinc 
oxide with Nickel was thus calculated.

SAMPLE	   Zone of inhibition (mm/ml) of  against Staphylococcus aureus
	 25 m/ml	 50mm/ml	 75 m/ml	 100 mm/ml	 Dominion

Pure ZnO	 16	 13	 12	 15	 14
0.3 % Ni 	 12	 15	 17	 16	 15
0.6 % Ni 	 14	 16	 19	 20	 17
0.9 % Ni 	 16	 19	 22	 26	 22

Table 4. Inhibition zones against different Staphylococcus aureus

Table 4 indicate the zinc oxide nanoparticles doped with 
Nickel had moderate activity with the concentration of 75 
and 100 mg/mL and the following values were observed 
with respect to the control, against Staphylococcus aureus. 
The growth of all the microbes was inhibited by undoped 
Zinc oxide and Nickel doped Zinc oxide MCs. An increase 
in ZOI with the increase in the Nickel doped Zinc oxide 
-MCs concentration was observed in Figure 9. According 
to the results, gram-positive microbes, were more sensitive 
to Nickel doped Zinc oxide -MCs. Then the pure ZnO 
and becomes still resistant with the increase in the doping 
concentration. Thus, from the above table it was clear 
that as the doping concentration was increased the sample 
showed a drastic improvement in resisting the bacteria 
Staphylococcus aureus. Hence nickel incorporated Zinc 
oxide could be employed in treating skin diseases (Silva et 
al. 2019; Khalid et al. 2021). 

Conclusion

The findings of the present study determines that XPS 
studies has proved the Nickel dopant to be located exactly 
into the Zinc oxide lattice that does not alter the structure. 
The enhanced optical studies further proved that doping 
Nickel with Zinc oxide makes it a good candidate in 
the field of optoelectronic devices. Among transition 
metal, Zinc oxide when doped with Nickel could produce 
augmented changes without altering the structure leading 
to many applications. The anti-microbial mechanism of 
Nickel doped zinc oxide showed a strong resist against 
gram positive bacteria when the doping concentration was 
increased from 0.3 % to 0.9 % concentration by weight and 
could employed making ointment and lotions for treating 
skin diseases in pharmaceutical applications.
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