
 
Volume 16, Number 3, 2023. pp. 373-380 

Corresponding Author:  Suhad A. Hamdan                        Email: Suhadah22@gmail.com 

Jordan Journal of Physics 
 
ARTICLE 
  

Annealing Effect on Nickel Oxide Nanoparticles Properties 
 
 

Suhad A. Hamdan 
 

Physics Department, College of Science, University of Baghdad, Al-Jadiriyah, Iraq. 
 
Doi: https://doi.org/10.47011/16.3.12 
Received on: 20/11/2022;        Accepted on: 09/01/2023 
 
Abstract: Sodium hydroxide and nickel chloride have been used in the effective chemical 
precipitation process to create nickel oxide (NiO) NPs. We investigate how the 
morphological, structural, magnetic, and optical characteristics of nanocrystalline NiO are 
affected by annealing at temperatures of 300, 400, and 500 °C. Field emission scanning 
electron microscope (FE-SEM), X-ray diffractometer (XRD), vibrating sample 
magnetometer (VSM), and ultraviolet-visible (UV-vis) spectrophotometer have been 
utilized in order to characterize NiO-NPs. XRD pattern indicates the material's excellent 
crystallinity. At the same time, the FESEM study of the synthesized samples reveals that 
the annealing temperature has a considerable impact on the films' surface morphology. The 
average crystallite size of NiO samples falls within the range of 29–30.9 nm., whereas the 
average grain size of synthesized NiO-NPs, as determined by FESEM images, is between 
25 and 29.6 nm. We demonstrate that as the annealing temperature rises, grains’ average 
size increases, but their shape remains  spherical. In addition to that, the UV-Vis 
spectroscopy analysis shows the particles’ significant absorption peak in the UV region. 
Our investigation reveals that the synthesized samples have direct band gaps. Before 
annealing, the energy gap measures 2.4 eV; however, by raising the annealing temperature, 
we were able to attain a broader range of band gap energies for NiO-NPs, with values 
spanning between 4.05 and 4.95 eV. The created NiO-NPs demonstrate superparamagnetic 
behavior, which was found in the VSM results examination. 

Keywords: Nickel oxide nanoparticles, Annealing, Chemical precipitation, Magnetic 
properties. 

 
 

1. Introduction 
NiO is a significant transition metal oxide 

characterized by a stable wide direct band-gap 
(3.56 eV), a cubic lattice structure, weak 
absorption bands, and p-type semiconducting 
activity. NiO thin films present appealing 
materials that may be employed as functional 
sensor layers for antiferromagnetic layers, 
chemical sensors, p-type layers for UV detectors, 
as well as active electrodes in electrochromic 
devices and electrochromic devices [1–5]. 
Nanosized NiO materials can exhibit both 
superparamagnetic and superantiferromagnetic 
properties [4]. Due to their potential for use in a 
number of applications, including gas sensors 

[9], battery cathodes [10, 11], catalysis [12], and 
electrochromic films [13], NiO-NPs have gained 
growing attention. Various synthesis techniques 
have been explored for the production of NiO-
NPs, including precipitation [14] solvothermal 
process [15], as well as microwave [16-18], 
hydrolysis precipitation [19], hydrothermal [20], 
and sol-gel technique [21] approaches.  

In a process called the sol-gel approach, 
followed by the heat treatment, Gao et al. have 
synthesized the NiO-NPs and nanotubes. In this 
experiment, the researchers observed 
ferromagnetic properties at room temperature, 
characterized by non-zero coercive fields and 
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hysteresis loops. [22]. Kemary et al. have 
described NiO-NPs synthesis through chemically 
reducing nickel chloride with hydrazine at room 
temperature and thermally decomposing 
precursor nickel hydroxide NPs [23]. NiO-NPs 
with diameters ranging from 3.5 to 12.4 nm have 
been synthesized through the thermal 
decomposition of nickel acetate at various 
temperature degrees in salt solutions of Li2CO3 
and NaCl, according to a paper by Duan et al. 
[24]. Mohammadyani et al. have used a quick 
microwave-assisted approach to rapidly 
synthesize and analyze NiO-NPs, utilizing a 
microwave-improved homogeneity and reduced 
mean particle size in NiO powder that was 
created [25].  

In 2021, E. J. Vishaka et al. synthesized pure 
nickel oxide (NiO) nanoparticles from nickel 
acetate by co-precipitation method. Their 
findings indicated that  the average size of NiO 
nanoparticles was 30.1052 nm. Additionally, 
their investigation of the PL in the NiO 
nanoparticles revealed the blue and green 
emissions. Furthermore, their UV-vis spectra 
analysis showed the absorption edges 
corresponding to NiO at 327 nm [26].  

By using a sol-gel combustion synthesis 
technique, Tadic et al. have created NiO-NPs 
that were dispersed in an amorphous silica 
matrix. The sample was then analyzed. The NPs 
were spherical and had a narrow particle size 
range with an average size of approximately 5 
nm. The magnetization measurements identified 
two maxima at 5oK and 56oK in the zero-field 
cooled curve of magnetization. The researchers 
have come to the conclusion that NiO-NPs' small 
size and crystal lattice flaws are to blame for 
their magnetic characteristics. NiO-NPs' 
magnetic characteristics are highly dependent on 
their crystal structure, size, and morphology 
[27]. The first study on NiO's size-dependent 
magnetic characteristics was published by 
Richardson et al. [28]. Extensive research has 
been conducted on the relationship between a 
particle size and its magnetic characteristics [29, 
30].  

There are several challenges involved in 
comparing the magnetic behavior of a sample 
containing NPs of various sizes. These 
challenges include variations in the sample's 
density as particle size changes, fluctuations in 
particle size with temperature variations, and 
alterations in the structural properties of the 

particles as their size changes. However, it has 
been noticed that as particle size decreases, the 
saturation magnetization for magnetic materials 
also decreases. This phenomenon restricts the 
use of nanostructured magnetic materials in 
magnetic recording [31]. The decrease in 
saturation magnetization in nanostructured 
magnetic materials has been attributed to the 
presence of non-magnetic layers on the surfaces 
of the tiny particles.  Additionally, this effect can 
be compounded by the existence of even finer 
particles in the superparamagnetic range [31, 
32].  

In the present study, NiO-NPs films were 
prepared by using the chemical precipitation 
technique and annealed at temperatures of 300, 
400, and 500 °C. The purpose of this work was 
to examine how the annealing temperature 
affects the morphological, structural, magnetic, 
and optical properties of the synthesized NiO 
nanostructures. 

The structure related to the NiO 
nanostructures was analyzed with the help of the 
Shimadzu 6,000 XRD system and the intensity is 
recorded as a Bragg angle function. We 
employed  Cu (Kα) with λ= 1.5405 Å 
wavelength as the radiation source. For the 
voltage and current settings, values of 40 kV and 
30 mA were used, respectively. The scanning 
angle 2θ was varied between 20 and 60 degrees, 
at a speed of 4 degrees per minute, with a preset 
time of 0.24 seconds. For analyzing the 
morphology of the samples, a FESEM was used 
(MIRA3 model-TE-SCAN, Dey Petronic Co.). 
To investigate the optical characteristics of the 
prepared thin films, including absorbance-based 
absorbance spectra and optical energy gaps, a 
UV-visible spectrophotometer (Meterrech SP – 
8001 with a wavelength of 190-1100 nm) was 
utilized. In addition, the optical energy bandgap 
was determined using the Tauc relation method. 
During magnetic experiments with the use of a 
VSM, M-H curves were recorded for the 
samples using an AGFM-VSM model 117.  

2. Experimental Methods 
The chemical precipitation process was used 

to create NiO-NPs. Both the necessary 
concentrations of NaOH and NiCl2.6H2O 
aqueous solutions were dissolved separately in 
distilled water. The NaOH solution has been 
added dropwise to the NiCl2.6H2O solution 
while stirring. The resultant solution was stirred 
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at a temperature of 80°C  for five hours. To 
remove the unreacted salts, the resultant green 
solution was filtered through filter paper, washed 
once with ethanol, three times with distilled 
water, and finally once with acetone. After that, 
it was dried in a hot air oven for four hours at 
100 °C . Using a pestle and mortar, the dried 
Ni(OH)2 material was ground into powder. This 
acquired dried powder was annealed at 
temperatures of 300, 400, and 500 °C  for 4 h to 
produce powder that is NiO-NPs in a black 
color. 

3. Results and Discussion  
In Fig. 1, the NiO powders synthesized at 

various annealing temperatures are depicted with 
their XRD patterns. Polycrystalline is visible in 
XRD patterns. The amorphous silica matrix is 
responsible for the broad peak which could be 
seen at 2θ = 25°; the other peaks emerge nearby 
at 2θ = 35° and 43°, corresponding to 111 and 
200 planes. The cubic structure of NiO is well-
allocated to such peaks (space group Fm3/m; a = 

4.176Å; JCPDS 78-0423). With the use of the 
Debye-Scherrer equation, the average crystallite 
size (Dave) of NiO may be determined [33]: 

D = k λ/ β cosθ             (1) 

where θ stands for the angle of Bragg’s 
diffraction, λ denotes Cu-Kα radiation 
wavelength, k represents constant 
(approximately 0.9), and β is FWHM peak 
intensity.  

The estimated average crystallite sizes of the 
samples that were annealed at temperatures of 
300, 400, and 500 °C  were 29.12, 30.89, and 
30.91 nm, respectively. This indicates that when 
temperature rises, crystallite size somewhat 
increases. This behavior was anticipated since 
heating promotes particle diffusion and 
agglomeration [34–36]. Since the crystallite size 
will be huge at higher temperatures, the 
diffraction peaks will become stronger. This is 
promoted by thermally induced crystallite 
growth [37].  

 
FIG. 1. XRD patterns of NiO-NPs that have been prepared at various temperatures of annealing.  

The samples’ particle size and surface texture 
have been examined by using morphology 
analysis. Magnified FESEM images of NiO-NPs 
are depicted in Fig. 2. The findings show that the 
agglomeration process has caused the particles to 
take on a spherical shape and form nanoclusters. 
According to [38–42], the average NiO-NP grain 
sizes for samples that were annealed at 300, 400, 
and 500 °C, were 25.903, 27.802, and 29.642 
nm, respectively. Our XRD pattern showed that 
as the temperature rises, the grain size increases. 
Particle sizes have increased and grain 
agglomeration has occurred at temperatures up 
to 500 oC. 
 

UV-visible absorption measurements were 
conducted using the solution, and Fig. 3 presents 
the UV-visible absorption spectra of the NiO-
NPs. As can be seen, the absorbance regarding 
NiO-NPs was found to be connected to the UV 
region in the 230–317 nm range, and absorbance 
values decreased as the annealing temperature 
was raised. In general, NPs showed a modest 
absorption in the UV region because of their 
growing particle size and decreasing surface area 
[43]. NiO-NPs, on the other hand, have a larger 
surface area and a small size, which allows them 
to demonstrate a strong ability to efficiently 
receive photons and show intense absorption 
[44].  
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FIG. 2. FESEM images of NiO-NPs at different annealing temperatures. 

 
FIG. 3. UV-Vis absorption spectra NiO-NPs. 

When compared to the edge of the absorption 
of bulk NiO, which is at about 340 nm, it could 
be noticed that the sharpest absorption edge of 

NiO-NPs appears at roughly 288nm [45]. This 
results from the quantum confinement effect. 
With the use of the well-known Tauc relation, 
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we specified the energy band gap of NiO-NPs 
[33]. 

(αhν)n = A (hν–Eg)            (2) 

where hν denotes the photon energy, α represents 
the absorption coefficient, Eg stands for the 
optical band gap, A denotes absorbance, and n 
signifies the number characterizing the nature of 
the transition process. For indirect transition n = 
1/2,  whereas for the direct transition n = 2.  

As a result, projecting the linear section of (α 
hν)2 Vs h ν curve to the energy axis, as 
illustrated in Fig. 4, will yield the optical band 
gap for the absorption edge. The sample’s 
energy gap value before annealing is 2.4 eV. 

However, with annealing temperatures of 300, 
400, and 500 °C, the corresponding band gap 
energy values obtained from this curve changed 
to 4.05, 4.08, and 4.97 eV. These band gap 
energy values obtained after annealing 
significantly exceed the 3.65eV band gap of bulk 
NiO [45, 46]. 

Therefore, it was proven that NiO particles 
that have been synthesized are nanoscale. The 
energy band gap is shown to expand with 
annealing and the reduced defects caused by 
annealing temperature lead to modest changes in 
shorter wavelengths [47]. 

 
FIG.4. Plot of Tauc relation for NiO-NPs. 
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TABLE 1. Results from UV–Vis analysis and bandgap Eg of NiO-NPs. 
Temperature(oC) λmax. (nm) Absorbance Eg (eV) 
Before annealing  317 0.708 2.4 
300  288 0.798 4.05 
400  287 0.632 4.08 
500  230 0.237 4.97 

 
The VSM analysis was performed in order to 

look into the magnetic characteristics of 
synthesized NiO-NPs at 300, 400, and 500 °C. 
Figure 5 shows the magnetization M curve of the 
synthesized NiO-NPs in relation to the applied 
magnetic field H. Table 2 presents several 
metrics, including remanent (Mr), magnetism 
saturation (Ms), and coercivity (Hc). As the 
temperature rises, the magnetic parameters 
become less effective. 

Due to the lack of hysteresis, remanent 
magnetization (Mr), and coercive force (Hc), the 
synthesized NiO-NPs exhibited 
superparamagnetic behaviors [48]. The prepared 
NPs' low saturation magnetization, as compared 

to the bulk form of the NiO (54 emu/g), could be 
related to the impacts of NP size, which could 
lower the magnetization [49]. The results of the 
FESEM and XRD have also shown a decrease in 
particle size. The process of making NiO-NPs 
might result in a decrease in particle size and 
exhibit superparamagnetic behavior [50, 51]. 
Additionally, this superparamagnetic behavior 
might be caused by structural flaws that resulted 
in an oxygen gap from thermal processes that led 
to interactions between bound magnetic polarons 
(BMPs) [52]. The results have been in agreement 
with the studies of Bharathy and Raji [53] and 
Suresh et al. [54].  
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FIG. 5. M-H curves for NiO- NPs annealing at temperatures of 300, 400, and 500 oC. 

 

TABLE 2. Magnetic parameters for NiO NPs annealing at temperatures of 300, 400, and 500 oC. 
Annealing temperature 

(oC) Ms (memu/g) Mr (memu/g) Hc (Oe) 

300 2.82 0.144 50.59 
400 3.05 0.417 96.14 
500 3.81 0.313 53.34 
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4. Conclusion  
Efficient synthesis of nanostructured NiO 

particles was achieved through chemical 
precipitation. Extensive investigations were 
conducted to explore the chemical and physical 
properties of these nanoparticles. The 
nanocrystalline nature of the synthesized 
particles was confirmed by the XRD data, and it 
was discovered that the crystallite size increases 
with higher annealing temperatures. Synthesized 
NPs had a spherical form and an average particle 
size of between 25 and 29 nm, according to the 

FESEM examination. UV-visible absorption 
studies revealed that the synthesized samples 
exhibited a higher band gap compared to NiO 
before annealing and in bulk. Furthermore, it 
was observed that an increase in annealing  
temperature causes a blue shift in absorption 
spectra. Due to the reduced dimensions of the 
synthesized samples, their superparamagnetic 
characteristics were investigated using VSM 
analysis. 
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