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INTRODUCTION
The distribution of electrons in orbitals, optical 

absorption behavior, and electron charge mutation 
properties of often metallic oxides and sulfides 
make them feasible to use as a photocatalyst [1-
6]. Nanoparticles of metal sulfides and oxides 
are usually prepared by materials that include 
solvents, reducing agents, and inorganic and 
organic compounds. Sol-Gel technique [7, 8], 
precipitation and co-precipitation reactions [9-11], 

thermal decomposition [12-14], hydrothermal 
route [9, 15, 16], microwave-assisted polyol 
method [17], green route [18], and ship-in-a-bottle 
procedure [19], are some of the routes involved 
for synthesizing nanostructured metal oxides and 
sulfides for different applications.

Phyto-synthesis of nanoparticles using the 
green method is a newfangled technique that 
has gained more attention in recent years going 
to its accessibility, low cost, and eco-friendly 

The nano-nickel oxide particles have been prepared by the biosynthesis 
method from a reaction of Ni(NO3)2.6H2O with the help of Phyto-
constituents present in the garlic extract solution as both capping and 
stabilizing agents, and heating sediment at 400 °C for five hours. The 
surface of nano-NiO particles was rectified by palmitic and stearic acids. 
The change of property of hydrophobic of coated nano-NiO particles was 
proved via lipophilic degree (LD) tests. These results proved that the LD 
of the coated nano-NiO particles increased with increasing the rectifier 
values to up to 5.0 wt%. Optimal surface coating of nano-NiO particles was 
also achieved at 35 °C during a reaction time of 150 min. The coated nano-
NiO particles were identified by XRD pattern, EDX and FT-IR spectra, 
TGA analysis, and SEM images. The results showed that the chains of 
palmitic and stearic acids have been effectively connected onto the surface 
of nano-NiO particles and that percentage of grafting can reach 2.1 and 2.7 
wt% respectively. The SEM images show a good dispersity after the coating 
of nano-NiO particles by fatty acids. This betterment in the dispersal of 
nano-NiO particles indicated that grafted chains of fatty acids on nano-
NiO particles could markedly prevent aggregation of nano-NiO particles 
in acetone and liquid paraffin. The photocatalytic behavior of improved 
nano-NiO particles was also investigated for the destruction of methyl 
orange (MO). The results proved that catalytic destruction of nano-NiO 
particles decreases when anchored by palmitic and stearic acids.
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over the formal chemical-physical methods [20]. 
The use of plant extract is generating interest 
from researchers in the cost-effective and eco-
friendly green synthesis of nanoparticles. For 
example, CuO NPs were synthesized using coffee 
powder extracts by the sol-gel method at different 
calcination temperatures [21]. 

Green syntheses are required to avoid the 
production of unwanted or harmful by-products 
through the build-up of reliable, sustainable, and 
eco-friendly synthesis procedures. The use of 
ideal solvent systems and natural resources (such 
as organic systems) is essential to achieve this 
goal [22]. Typically, CuO NPs synthesized by an 
implicitly environmentally benign process using 
Acanthospermum hispidum L. aqueous plant 
extract as an effective bio-oxidizing/bio-reducing 
agent. Phytochemical screening of the fresh 
aqueous leaves extract showed the presence of 
coumarins, tannins, saponins, phenols, flavonoids, 
sterols, and volatile oils. CuO NPs evinced 
highly robust antimicrobial, antimalarial, and 
antimycobacterial activity [23]. 

Green synthesis methodologies based on 
biological precursors depend on various reaction 
parameters such as solvent, temperature, pressure, 
and pH conditions (acidic, basic, or neutral) [24]. 
Modi et al. reported the green synthesis of ZnO 
NPs by Allium sativum skin (garlic skin) extract. 
The ZnO NPs synthesized using garlic skin are 
expected to have applications in biotechnology, 
biomedical, catalysis, coatings, sensors, and water 
remediation [25]. 

For the synthesis of metal/metal oxide NPs, 
plant biodiversity has been broadly considered 
due to the availability of effective phytochemicals 
in various plant extracts, especially in leaves 
such as ketones, aldehydes, flavones, amides, 
terpenoids, carboxylic acids, phenols, and ascorbic 
acids. These components are capable of reducing 
metal salts into metal NPs [26, 27]. Phytochemicals 
in garlic extract can play the role of reduction of 
metal ions and capping for nanoparticles, thus 
leading to green synthesis. Garlic (Allium sativum 
L.) includes a wide range of materials, such as 
sulfur and polyphenolic compounds, which have 
advantages for human health. Both phenolic and 
sulfur compounds take part in antioxidant activity 
in Allium species [28-30]. 

The biosynthesis of oxide semiconductor 
NPs using materials found in nature opens a 
wide field of study focused on sustainability and 

environmental protection. Biosynthesized NPs 
can eliminate organic dyes, which pollute water 
and cause severe damage to the environment. 
The green synthesis of zinc oxide (ZnO) NPs was 
carried out using Capsicum annuum var. Anaheim 
extract [31].

The surface of inorganic compounds like 
metallic oxides is polarized and that’s why they 
have a water-loving character. They, so, have a 
minor inclining to dispersity in an organic solvent 
that restricts their utilization of them in organic 
media [32]. A good route to vin these restrictions 
is the coating of nano-inorganic compounds with 
organic and bioinorganic molecules. 

Fatty acids were used as a modifier for surface 
modification of NPs that are being developed. 
For example, Wang et al. coated the surface of 
nano-calcite and nano-alumina with lauric acid. 
Then the degree of activation of NPs as well as the 
volume of sedimentation was measured for them. 
The results showed that by increasing the degree 
of activation, sedimentation volume was reduced; 
the hydrophilic character of the nanomaterials 
inorganic changed to hydrophobic [33].

A green and facile approach to the efficient 
surface modification of alumina and other metal 
oxide NPs with fatty acids has been proposed. 
Only water was used as the dispersing medium, 
the modified metal oxide NPs were automatically 
separated from water, and water can be recycled. 
The modification efficiency, using oleic acid as an 
example, of this water-alone method was 36% 
higher than that of the water-ethanol method. 
The modification efficiency increases with 
increasing chain length of the fatty acids [34].

A novel superhydrophobic alumina surface 
is fabricated by grafting a stearic acid layer onto 
the porous and roughened aluminum film. 
Results show that a super water-repellent surface 
with a contact angle of 154.2° is generated. 
Furthermore, the roughened and porous alumina 
surface is coated with a layer of hydrophobic alkyl 
chains which come from stearic acid molecules. 
Therefore, both the roughened structure and the 
hydrophobic layer endue the alumina surface with 
the superhydrophobic behavior [35].

Covering the surface of NPs tends to create 
different chemical and physical properties on their 
surfaces. For example, when the surface of ZnO 
NPs coated using oleic acid via covalent bonds 
resulting from the reaction of hydroxyl groups 
on the superficial and hydrogen of the carboxylic 
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acid groups. The stability of ZnO NPs in the organic 
matrix increases and this, in turn, will increase the 
dispersibility [36-38]. The photocatalytic activity 
of nano-ZnO coated using SiO2 greatly decreases 
due to the protective layer [36]. 

The silane-modified ZnO NPs showed 
strong hydrophobicity and good compatibility 
with organic media, as well as remarkably 
reduced photocatalytic operation [39]. Yu et al. 
proposed a facile method for the preparation of 
superhydrophobic chitosan composite films by 
deposition of ZnO NPs, followed by stearic acid 
modification. The wettability of the chitosan films 
was a function of the film surface roughness and 
the low surface energy of stearic acid. Importantly, 
the chitosan composite film had high resistance to 
water droplets, low adhesion, good stability, long-
term durability, and excellent oil–water separation 
capacity [40]. 

Different surface treatments including stearic 
acid, mercerization, and growth of ZnO nanorods 
as well as their combinations were exploited to 
address their effects on the properties of green 
composites based on polylactic acid (PLA) and 
flax fabrics. The tensile and flexural properties of 
composites produced by compression moulding 
were significantly influenced. The presence of ZnO 
nanorods promoted an increase in flexural and 
tensile stiffness by 58% and 31%, respectively [41]. 

A superhydrophobic coating material (PA-ZnO) 
with a static water contact angle (WCA)>160° has 
been synthesized by modifying ZnO NPs with 
palmitic acid (PA). ZnO NPs (size ~ 24 nm) with 
hexagonal wurtzite structure are prepared by 
hydrothermal method.  This superhydrophobic 
nature of PA-ZnO has been attributed to the 
grafting of palmitic acid on the ZnO surface 
which is confirmed by conducting the WCA 
measurement of PA-ZnO samples after heating at 
different temperatures [42].

Nam and his coworker also used stearic 
acid for the surface coating of nano-TiO2. 
The surface treatment makes nano-TiO2 
hydrophobic with a contact angle of 119° [43]. 
The surface of nano-TiO2 particles was coated 
using 3-aminopropyltrimethoxysilane and 
3-isocyanatopropyl trimethoxysilane in an aqueous 
process. The rate constant of TiO2 photocatalytic 
activity for degradation of the malachite green 
solution was decreased by increasing the 
organosilane ratio up to 20 %wt [44].

2D Janus sheets with stearic acid at one side 

and TiO2  at the other side of the same plane, 
which was called vertical STA-TiO2  Janus sheets 
(V-STA-TiO2 JNs), were prepared via a simply and 
easily operated impregnation method. Dispersion 
behavior and contact angle both demonstrated 
that V-STA-TiO2  JNs were amphiphilic. V-STA-
TiO2 JNs can be used as an emulsifier to prepare 
Pickering emulsion and existed vertically at the 
oil–water interface observed by a polarized 
optical microscope. V-STA-TiO2 JNs showed higher 
catalytic activity in the photocatalytic degradation 
of nitrobenzene (NB) and kerosene in wastewater 
[45]. 

Hydrophobic Co3O4 NPs with excellent surface 
self-cleaning were made by surface modification 
using stearic acid. The results showed that after 
surface modification the hydrophobic character of 
NPs is excellent with a contact angle of 155 °, and 
is stable at pH between 3.0 and 14.0 [46]. 

The nano-CuO particles are prepared by 
chemical precipitation and followed by the heating 
of sediment at 500 °C. The surfaces of nano-CuO 
particles were coated using stearic acid. The 
experimental results displayed the photocatalytic 
destruction of MO was reduced when nano-CuO 
particles were coated by stearic acid [47].

The development of nano lubricants has 
increased rapidly in recent years. With the addition 
of nano-additives to conventional oils to enhance 
tribological properties, the stability of NPs remains 
a challenge, which can be ruled out with the help 
of surface modification of nanoparticles.  So, 
surfaces of metal oxide NPs (Al2O3, CuO, and SiO2) 
are done with the help of oleic acid (OA) [48]. 

Among oxides, nickel oxide has been very much 
considered owing to its usage in a lot of fields, 
like catalysis, magnetic materials, gas sensors, 
photovoltaic devices, and fuel cells [49-53]. The 
nanostructured nickel oxide has many usages as a 
p-type semiconductor and a stable wide-band gap 
(3.11–3.86 eV) [54, 55].

Adding carbon compounds such as activated 
carbon (AC), graphene oxide (GO), and reduced 
graphene oxide (RGO) to nano-NiO particles 
increases its photocatalytic activity. For example, 
A modest hydrothermal approach is adopted 
to build NiO/RGO NCs. It exhibited remarkable 
photocatalytic behavior for the destruction of 
MO, demonstrating that MO has a degradation 
efficiency of 50 min 99.9% [56]. NiO/RGO 
nanocomposites were prepared through an 
optimized hydrothermal method. The bandgap 
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of nano-nickel oxide particles decreased after 
incorporation with RGO. NiO/RGO nanocomposites 
show more suitable photocatalytic performance 
to remove RhB dye. NiO/RGO nanocomposites 
had the highest rate constant of 0.016 min-1, which 
is about 1.5 times higher than nano-NiO particles 
[57].  

AC-supported nano-NiO particles were 
prepared to utilize thermal decomposition. These 
AC-NiO composites (NCs) were stabilized on 
alginate layers to obtain the 3D network structure 
of Alg@AC-NiO NCs layers. These NCs were utilized 
for the catalytic reduction of Congo red (CR) dye. 
The revival of CR was investigated under the 
influence of NaBH4 concentration, catalyst dosage, 
and CR dye concentration. Statistical modeling of 
optimal catalytic conditions for NaBH4 of 0.05 M, 
catalyst of 11 mg, and CR of 80 ppm was obtained, 
which resulted in 99.67% of CR conversion [58].

While the addition of some other carbon 
compounds such as fatty acids to NiO NPs lowers 
its photocatalytic activity [59].  The organic surface 
modifiers are particularly preferred, to deactivate 
the photocatalytic of nano-NiO particles. Fatty 
acids have special significance for the deactivation 
of nano-NiO particles. Therefore, the surface of 
nano-NiO particles has been modified using fatty 
acids to realize photocatalytic deactivation and 
promote organic layer compatibility of nano-NiO 
particles. They will act as UV-shielding compounds 
in cosmetics and sanitary. Because of this, stearic 
and palmitic acids were used for the surface 
coating of nano-NiO particles. It is hoped that 
this will remarkably reduce the photocatalytic 
activity of nano-NiO particles and increase their 
compatibility with organic media in sunscreen 
sanitary and cosmetics.

In continuation of our previous work [60, 61], 
here are reported nano-NiO particles prepared by 
green route from the reaction of Ni(NO3)2.6H2O 
with garlic extract as reducing and stabilizing 
parameters, and then the heating of sediment at 
400 °C for five hours. 

To date, the preparation of nano-NiO particles 
by garlic extract has not been reported. It seems 
that the Phyto-synthetic method of nano-NiO 
particles is low-cost and promises an alternative 
to conventional methods. Among the advantages 
of the preparation method in this research work: 
Extraction from garlic cloves is a cheap and 
accessible material, extraction is a simple and 
easy method to prepare a natural and harmless 

reducing, and using the extract instead of a 
potentially dangerous and toxic chemical such as 
hydrazine, sodium borohydride, etc.

The surfaces of as-prepared nano-NiO 
particles were then coated using stearic and 
palmitic acids. The bare nano-NiO particles and 
their modifications were confirmed by EDX and 
FT-IR spectra, XRD patterns, TGA analysis, and 
SEM images. The optimal conditions including 
the amount of modifier, time, and temperature 
reaction were measured by determining the LD 
of modified nano-NiO particles. The dispersion of 
surface-coated nano-NiO particles in an organic 
solvent and their photocatalytic deactivation were 
tested for the destruction of MO aqueous.

MATERIALS AND METHODS
Chemicals and Methods

In the present project, compounds like 
Ni(NO3)2.6H2O, ethanol, palmitic acid, stearic acid,  
chloroform, methanol, methyl orange, paraffin, 
and acetone were purchased from Aldrich and 
Merck.

The XRD patterns were achieved on the D8-
Brucker, and the UV-Visible spectroscopy was 
recorded by Shimadzu UV-160 spectrophotometer. 
The EDX analysis of the compound was done 
with the help of JEOL JSM-7600F for composition 
analysis. The surface morphology of nanoparticles 
and nanocomposite were investigated by SEM, 
Hitachi Japan, S4160, and the FT-IR diagrams 
were investigated on FT-IR Rayleigh WQF-510 
spectrophotometer. The thermogravimetric curve 
was done on a TG-209 thermoanalyzer with a rate 
of 10 ºC/min. The photocatalytic performance of 
particles was studied with the ultraviolet light of 
a mercury lamp of 50 Watts. A thermal furnace of 
Raypa by an HM-9 model was utilized for annealing 
particles. 

Synthesis and surface modification of nano-NiO
Garlic cloves were peeled and washed with 

water to eliminate any contamination. Garlic 
extract was got by crushing 20 g of garlic cloves 
in 200 mL of water with the help of a mortar 
and pestle. The extract was then filtered and the 
filtrate was stored in the refrigerator for later use.

Aqueous extract of garlic was added to 50 mL of 
Ni(NO3)2·6H2O 0.1 M along with stirring for 20 min. 
This mixture was stirred vigorously for two hours 
at 70 °C until reduced to a light green paste. The 
paste was heated at 400 °C for five hours to get 
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nano-NiO particles.
For surface modification of NPs typically, 1.0 g 

of nano-NiO particles were subjoined to a solution 
of 100 mg stearic acid (and or palmitic) in 15 mL 
CHCl3. The reaction mixture was stirred at 35 °C 
for four hours. The coated nano-NiO particles 
separated, washed twice with 10 mL CHCl3 and 
dried at 90 °C for 30 h. 

Antioxidant function
The antioxidant performance of garlic extract 

was determined by the DPPH method. First, 5.0 
mL of 0.004% DPPH in ethyl alcohol was added 
to various amounts (100, 200, 300, 400, and 
500 mg/L) of garlic extract. These mixtures were 
shaken vigorously and incubated in the dark for 45 
minutes.

The absorbency of the arouses solution was 
determined at a wavelength of 517 nm. The 
ascorbic acid (4.0 g in 10.0 ml water) was utilized as 
a standard solution. A decrease in the absorption 
of the solution proved a higher percentage of the 
inhibition performance. The inhibitory action of 
DPPH is determined by Eq. 1:

 
%	Inhibition = 	 ("!#"")

"!
× 100	 	                            (1)

Where As and Ab is the absorbency of the extract 
and blank solution, respectively.

The measure of the lipophilic degree
A route to determine the LD of the surface 

of particles to disperse a specified number of 
modified nanoparticles in water and titrates by 
an organic compound such as ethanol and or 
methanol [60, 61]. When bare nano-NiO particles 
are poured into water, the precipitate is formed 
rapidly, whereas the coated nano-NiO particles 
by stearic and palmitic acids float on the surface 
of the water. By pouring methanol dropwise into 
a dispersed solution of coated nano-NiO particles 
(20 mg/ 20.0 mL of water), the coated particles 
gradually formed sediment. By measuring the 
content of methanol consumed, the LD of coated 
particles calculated by Eq. 2:

                                                                                     (2)LD =	 %
(%&'()

× 100	 	
 

Where, V is the content of methanol consumed 
in mL, and 10 is the primary content of water in 
suspension. The LD of coated nano-nickel oxide 
particles is due to various amounts of stearic 

and palmitic acids was determined by the upper 
procedure. The measure of LD was employed as a 
way to evaluate the surface coating process.

Dispersibility in organic media 
A certain amount of coated nano-NiO particles 

(2.5, 5, 10, 15, 20 %wt) was dispersed in each of the 
solvents of acetone, ethanol, and liquid paraffin 
(10.0 mL), and subjected to ultrasonic waves for 
45 min. These samples were then allowed to 
remain in the laboratory for 72 hours without 
shaking, after which the particles in suspension 
were precipitated. The sediment was centrifuged 
and dried at 65 °C for 30 hours. The mass of 
stable particles in the dispersed suspension was 
measured by the gravimetric method (%wt).

Photocatalytic deactivation
 Various reports and experiments have shown 

that the nano-NiO particles have a low energy gap 
with semiconductor properties, and this behavior 
allows them to destroy dyes and pigments such as 
methylene blue, methyl red, and methyl orange 
[62-67]. 

In our experiments, nano-NiO particles and also 
their modified photocatalyst (50 mg) was added to 
100 mL of MO (20 ppm), and the reaction mixture 
was stirred and radiated in a photoreactor. The 
mixture was kept in darkness for 45 min before 
UV irradiation was produced from a 50 W mercury 
lamp.

Then, after every two hours of irradiation on 
the reaction mixture, 5.0 mL was withdrawn 
and the suspended particles were separated 
by centrifugation (3500 rpm at 15 min) and the 
absorbency of the solution was recorded at 
464 nm. At last, the photocatalytic destruction 
percentage (PDP) of nano-NiO particles and their 
modification were determined according to Eq. 3:

 
                                                                                      (3)%	PDP =	 ("##"$)

"#
× 100	 	

Where At  is the absorbency of the MO at time 
t, A0 is the initial absorbency. In the same way, the 
PDP of the coated nano-NiO particles by stearic 
acid was investigated with various amounts of 
modifiers (2.5, 5, 7.5, 10, 12.5, and 15 % wt), and 
the efficiency of destruction was determined. 

RESULT AND DISCUSSION
For the first time, the nano-NiO particles were 

prepared using an environmentally friendly strategy 
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and the use of garlic extract. Aqueous extract 
of garlic has rich sources of active species such 
as organosulfur compound L-cysteine  peptides, 
L-cysteine sulfoxides, flavonoids, polyphenols, 
allicin, alkaloids, and proteins. The phenolic 
compounds have a desirable effect on the synthesis 
of nanoparticles. Hydroxyl groups of polyphenols 
and ketone groups(C=O) of flavonoids bonded 
with metal ions and form stable coordination 
compounds [68]. These compounds decompose 
directly at high temperatures and form metallic 
oxide particles.

In the present work, the polyphenols present 
in the garlic extract with the loss of hydrogen ion 
converted stable nickel-phenolate coordination. 
Next, the resulting compound is decomposed at 
400 °C in the calcination process and nickel oxide 
nanoparticles are formed.

Separately nickel oxide NPs interact with up to 
two surface modifiers, namely stearic and palmitic 
acids. In a condensation process, the carboxyl 
groups of stearic and palmitic acids interact with 
the hydroxyl groups on the surface of nano-nickel 
oxide particles, as such the fatty acids bind to the 
nickel oxide NPs. As a result, the surface of nano-
NiO particles was coated by two suitable coatings 
(palmitic acid and stearic acid). Fig. 1 displays 
the surface coating of nano-NiO particles using 
palmitic and stearic acids. 

Antioxidant assay
The antioxidant performance of plant extracts 

includes phenolic compounds due to their ability 
to donate free electrons and hydrogen atoms. 
DPPH free radical test is a suitable way to detect 
the antioxidant behavior of substances. The 
mechanism of this behavior includes a hydrogen 
atom transfer as well as an electron transfer. 
2,2-diphenyl-1-picrylhydrazyl is a sustainable 
active radical whose purple changes to yellow in 
the vicinity of antioxidants.

The DPPH experiments show that garlic extract 
has a considerable antioxidant futuristic. This 
behavior happens due to a shortage of hydrogen or 
electron acceptors. The reducing capability of garlic 
extract was determined by spectrophotometric 
analysis by an absorption band at 517 nm due to 
the change in the color of DPPH from purple to 
yellow [69]. Inhibition was high in garlic extract 
because garlic acts as a well antioxidant that can 
lose electrons. The DPPH experiments displayed 
effectively free radical deterrence by garlic 
extract (Table 1). These results displayed that as 
the concentration of the extract increases, the 
absorption of its solution at 517 nm decreases, 
which means that the inhibition of DPPH radicals 
has occurred. Electrons present in plant chemicals 
are paired in the vicinity of a radical scavenger. In 
this condition, absorption is lost, and the radical 

 
  

Fig. 1. The surface coating of nano-NiO particles by stearic acid and palmitic acid.

 
Concentra*on [ppm] 100 200 300 400 500 

Scavenge of DPPH [%] 41 46 50 62 74 

 
  

Table 1. Potential of garlic extract for inhibition of PDDH radical.
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changes color [70]. An antioxidant effort stops 
oxidation by neutralizing the free radicals formed. 
Antioxidants themselves go through oxidation 
to deactivate free radicals [71]. Therefore, garlic 
extract can act as a stabilizing and reducing species 
to prepare nano-metal particles and nano-metal 
oxide particles.

FT-IR Spectra
Examination of broken chemical bonds, as well 

as bonds formed in the coating process, the FT-
IR analysis of nano-nickel oxide particles, were 
recorded in the surface coating by stearic and 
palmitic acids. The FT-IR spectrum of nano-nickel 
oxide particles formed by the garlic extract is 
illustrated in Fig. 2. 

The strong band observed at the lower 
frequency, at 480 cm-1, can be imputed to the 
stretching frequency of the nickel-oxygen bond 
[71, 72]. The bands observed in regions 3450, 
3125, 2930, 2850, 1625 and 1460 cm-1 can be 
imputed to the O-H phenol, C-H aromatic, C-H 
aliphatic, carbonyl, and C=C aromatic functional 
groups present in the garlic extract [73-76]. 
These functional groups indicate the presence of 
polyphenols in garlic extract. The phytochemicals 
of garlic extract remain on the surface of nickel 
oxide nanoparticles and these materials are 
separated by heat at 400 °C. 

These FT-IR spectra are displayed in Fig. 3. A 
band at 484 cm-1 of bare nano-NiO particles (Fig. 
3a) may be imputed to the stretching frequency of 

 

 

 

  

 

 
  

Fig. 3. FT-IR analysis of (a) nano-NiO particles; (b) nano-NiO 

Fig. 2. The FT-IR analysis of nano-NiO particles formed by the garlic extract.  



882

O. K. Yousefi, and E. Soleimani / Eco-Friendly of Nano-Nickel Oxide Particles

J Nanostruct 14(3): 875-892, Summer 2024

Ni-O in nickel oxide [77]. While in the FT-IR spectra 
of nano-NiO particles coated using stearic acid 
(Fig. 3b) and palmitic acid (Fig. 3c), in addition to 
the nickel-oxygen vibration band, other bands are 
observed in the region of 2914, 2814, 1622 and 
1466 cm-1. 

The bands at 2914 and 2846 cm-1 belong to 
stretching frequencies of the CH3 and CH2 group 
of fatty acids coating on the surface of nano-NiO 
particles [33, 47]. The other two bands at 1466 
and 1622 cm-1 may be attributed to symmetric 
and asymmetric vibrations of the carboxylate 
half of the fatty acids that coated the surface of 
nano-NiO particles respectively [78, 79]. The 
difference bands at about 156 cm-1 confirm that 
the carboxylate (-COO-) acts as a bidentate chelate 
and is grafted to the surface of nano-NiO particles 
[36, 47]. The observations of these four bands 

in infrared confirm that the surface of nano-NiO 
particles was coated by stearic and palmitic acids.   

XRD patterns
X-ray diffraction pattern of nano-nickel oxide 

particles was recorded for surface coating using 
stearic and palmitic acids, and outcomes are 
displayed in Fig. 4. 

The special angles with 2θ of 37.2, 43.3, 62.8, 
75.2, and 79.4 º correspond to the cubic crystal of 
nickel oxide and lattice parameter a= 4.193 Å. It 
fits well with the standard card of JCPDS-04-0835 
[61, 80, 81]. These angles are attributed to the 
diffraction of crystal sheets of (111), (200), (220), 
(311), and (222) of the FCC phase of nickel(II) oxide 
respectively. Other signals were not observed, so 
nickel oxide nanoparticles with high purity were 
prepared.

 
  

Fig. 4. XRD diagrams of (a) nano-NiO particles; (b) nano-NiO coated by palmitic acid; (c) nano-NiO particles 
coated by stearic acid.
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In Figs. 4a and 4b observed that the 
characteristic angles did not change after coating 
the surface using fatty acids, and the angles are 
the same as those observed in nano-nickel oxide 
particles with fcc phase structure. The intensity 
signals of the XRD pattern showed that nano-NiO 
particles were highly crystalline. Average sizes of 
nickel oxide and nano-NiO particles coated using 
palmitic and stearic acids that were determined 
from XRD patterns and the Debye-Sherrer formula 
(Eq. 4):

                                                                                     (4)D =	
K. λ

β. cosθ	

were 80 and 95 nm respectively. The constant 
value K, in the equation, is 0.89, the wavelength of 
the scattered light is 1.54 Å, and β means half the 
width of the highest signal.

The SEM pictures and EDX spectra 
Nanomaterials tend to be agglomerated and 

aggregated because of their high surface energy. 

 

 
  

Fig. 5. The SEM pictures of (a) uncoated nano-NiO particles, (b) the nano-NiO particles 
coated by palmitic acid, and (c) the nano-NiO particles coated by stearic acid.
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Therefore, coatings on their surface are expected 
to reduce agglomeration and aggregation and 
improve their dispersibility. For the study of 
particle morphology and dispersion, SEM pictures 
of nanomaterials samples were recorded before 
and after coating using stearic and palmitic acids, 
and these pictures are shown in Fig. 5.

As seen in Fig. 5a, the uncoated nano-
NiO particles are strongly agglomerated. The 
dispersion of the particles improved with its 
surface coated using stearic and palmitic acids 
and the particles became slightly larger (Figs. 5b 
and 5c). This improvement in the dispersion of 
the nanomaterials confirms once again that the 
surface of nickel oxide is coated using palmitic 
and stearic acids. The average sizes of nano-NiO 
particles and nickel oxide coated by palmitic and 
stearic acids in SEM pictures are 95 and 100 nm, 
respectively. The values obtained have good 
compatibility with particle size determined from 
the XRD patterns.

The EDX analysis of nano-NiO particles and 
nickel oxide coated using stearic acid (SA) are 
displayed in Fig. 6. The EDX analysis in Fig. 6a 
showed nickel and oxygen as the only elements 
present in nano-NiO particles. The presence of 
nickel, oxygen, and carbon atoms in coated nano-
NiO particles (Fig. 6b) proves that the surface of 
nickel oxide was coated using stearic acid (SA).

TGA thermograms
TGA thermogram can be used to affirm 

the incorporation of a certain number of fatty 
acids on the superface of nickel oxide. The TGA 
thermograms of nickel oxide and its coated by 
palmitic and stearic acids are shown in Fig. 7. There 
is a weight loss of 4.7 % when uncoated nano-NiO 
particles are heated from 215 to 430 ºC, which 
can be imputed to the outflow of absorbed water 
(Fig. 7a). The nano-NiO particles coated using 
palmitic acid (PA) loss weight by 6.8 % when the 
temperature changed from 270 to 420 ºC, which 
can be related to the removal of surface water, and 
the burning of palmitic acid (PA) on the surface 
of coated nano-NiO particles (Fig. 7b). A similar 
performance was seen in nano-NiO particles 
coated using stearic acid (SA), with a mass loss of 
7.4 %, when the temperature changed from 240 
to 410 ºC (Fig. 7c). Compared to uncoated nano-
NiO particles, the mass loss of nano-NiO particles 
showed that the amounts of palmitic acid (PA) and 
stearic acid (SA) incorporation were 2.1 and 2.7%, 
respectively.

The effective factors on LD 
The lipophilic degree (LD) of the coated nano-

NiO particles was employed in good circumstances 
for the superficial coating of the nickel oxide 
nanomaterials. To achieve this goal, different 

 

 

  

Fig. 6. The EDX diagrams of (a) nano-NiO particles, and (b) nano-NiO particles coated by stearic acid.



885J Nanostruct 14(3): 875-892, Summer 2024

O. K. Yousefi, and E. Soleimani / Eco-Friendly of Nano-Nickel Oxide Particles

agents namely reaction temperature and time, 
and the amount of coating agent was considered. 
The outcomes showed that LD increased as long 
as the content of the coating agent on the surface 
of the particle is increased to 5 wt%. The optimal 
conditions of surface coating nanomaterials were 
also achieved at 35 ºC and 150 min for contact 
time.

Dispersity of the modified NiO NPs
The use of modified NPs applied processes 

depends very much on the suitability of the 
environment. Therefore, to find the best conditions 
it was planned to test the dispersity of surface-
modified NPs in different solvents. To do this, a 
certain number of nano-NiO particles coated using 

palmitic and stearic acids were dispersed in each 
of the organic solvents such as ethanol, acetone, 
and liquid paraffin. The primary weight percentage 
of the coated nano-NiO particles varied from 2.5 
to 20 %wt. The samples were then incubated at 
the environment temperature for three days. 
The sediment portion of particles was separated 
and the value of the stable particles in dispersion 
was measured gravimetric method (%wt). These 
outcomes are displayed in Table 2.

As shown in the above table, these results 
indicate the majority of coated nano-NiO particles 
precipitate in ethanol; while coated particles 
formed a stable dispersion in liquid paraffin. This is 
a good indication of the compatibility of nano-NiO 
particles coated with organic environments. Also, 

 
  

 

Dispersion in liquid paraffin 
, [% wt] 

Dispersion in acetone, [% wt] 

Dispersion in ethanol 
, [% wt] 

 Ini*al weight percent nano-
NiO,[% wt] 

PA ST PA ST PA ST 

2.11 2.05 1.95 1.71 0.62 0.51 2.5 

4.04 3.96 3.25 3.15 1.25 1.12 5 

8.25 8.14 6.44 6.41 2.53 2.24 10 

12.11 11.92 10.41 10.38 3.39 3.36 15 

16.08 15.75 11.85 11.79 4.96 4.88 20 

 
  

Table 2. Dispersion of nano-NiO particles modified by stearic (ST) and palmitic (PA) acids in several organic solvents (% wt).

Fig. 7. The TGA thermograms of (a) nano-NiO particles; (b) nano-NiO particles 
coated by palmitic acid; (c) nano-NiO particles coated by stearic acid.
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the organic chains bound to the surface of nano-
NiO particles create repulsive forces between 
particles and therefore prevent agglomeration 
and aggregation [47]. Moreover, the hydrophilic 
surface of nano-NiO particles changes drastically 
and now becomes hydrophobic. So, surface 
modification can prevent aggregation, and 
improve dispersion in organic media. 

Photocatalytic de-activities
The UV–Visible spectra of bare and stearic-

capped nano-NiO particles dispersed in ethanol are 
shown in Fig. 8. These peaks at 370 nm and/ or 355 

nm are assigned to intrinsic bandgap absorption 
of nickel oxide owing to electron jump from the 
valence to the conduction band (O2p→Ni3d). The 
sharp signal denotes that the particles are in the 
nano dimension and the size distribution is narrow 
[82]. Therefore, nano-NiO particles prepared by 
this method could be a promising photocatalytic 
material. 

The optical band gap was suggested by Tuac’s 
equations [83]: (αhν)2 = A(hν-Eg), where hν, α, and 
A are the photon energy, absorbency constant, and 
a constant relative to the compound, respectively. 
The plots of (αhν)2 against hν for nano-NiO 

 

 

  

 
  Fig. 9. The optical band gap plot of (a) nano-NiO particles, and (b) nano-NiO particles 

coated by stearic acid.

Fig. 8. The UV–Visible spectra of (a) nano-NiO particles, and (b) nano-NiO particles coated 
by stearic acid.
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particles have been produced, from which a direct 
bandgap was found (Fig. 9). 

Through the extrapolation on the linear region of 
this curve, the bandgap was estimated to be about 
3.26 eV for bare NiO NPs and 3.75 eV for stearic-
capped NiO NPs. Such an increase in the bandgap 
may correspond to the quantum confinement 
effect created by the stearic surfactant [84]. These 
bandgap values suggest that nano-NiO particles 
are a semiconductor. This value of Eg is in the 
same range where highly efficient photocatalytic 
materials are located. The resultant values of Eg of 
NiO NPs are found to be less than that obtained 

by the Salavati-Niasari group [85, 86]; this may be 
due to the preparation method used.

The photocatalytic behavior of nano-NiO 
particles was examined in the destruction of MO by 
UV light at various times (Fig. 10). By determining 
the absorbance at λmax=464 nm for various times 
(2, 4, 6, and 8 h) PDP was determined from Eq. 2.  

As seen in Fig. 10, the absorption of methyl 
orange decreases with prolonged irradiation. 
This indicates the molecular structure of MO is 
destroyed in the solution containing nano-nickel 
oxide particles under ultraviolet irradiation. The 
utmost absorption of MO at wavelength 464 nm 

 
  

 

 

Fig. 10. The UV-Vis diagrams of MO in the presence of nano-NiO particles at 
different times under ultraviolet irradiation.

Fig. 11. The PDP of methyl orange in the vicinity of nano-NiO particles and its coated by stearic 
acid against UV light time.
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owing to the azo group in its molecular structure 
[87]. Therefore, the decrease in absorption for MO 
is because of the destruction of the azo bond after 
that the color of the media disappears.

In the next test, the absorbance of the solution 
was determined at the primary value of 10 ppm 
methyl orange, and various amounts of nano-NiO 
particles coated using stearic acid (2.5, 5, 7.5, and 
10 % wt) by UV light at various times (2, 4, 6 and 8 
h). Afterward, PDP was determined and the results 
were plotted as the percentage of MO destruction 
against irradiance time (Fig. 11).

As seen in Fig. 11, the uncoated nano-NiO 
particles have the highest photocatalytic activity; 
whereas the nanoparticles coated using stearic 
acid have a lower photocatalytic operation. This 
is because nano-NiO particles have a hydrophilic 
character and can absorb more MO from the 
aqueous media. This, in turn, increases the 
effective contact and the ultraviolet light engenders 
hole-electron pairs on nano-NiO particles which 
produce active hydroxyl radicals and destroys 
methyl orange in an aqueous solution [62, 88].

The nano-NiO particles coated using stearic 
acid are hydrophobic and become floated on the 
methyl orange solution. So, fewer hydroxyl radicals 
are generated, which subsequently results in less 
MO being lost [88]. In addition, UV absorption 
of nano-NiO particles can be decreased owing to 
coated stearic layers [87]. Similarly, this process 
also results in fewer hydroxyl radicals being 
formed, thereby reducing the photocatalytic 
behavior of nano-NiO particles [88-90]. 

At last, by increasing the amount of the modifier, 
the thickness of the organic layers increases 
with the hydrophobic nature. Subsequently, 
the buoyant on the MO solution increased and 
the photocatalytic destruction decreased [62]. 
However, the internal surface of nano-NiO particles 

is fully active and produces hole-electron pairs by 
ultraviolet irradiation, but they cannot present 
their route to the external surface of coated nano-
nickel oxide particles. Thus, they cannot interact 
effectively with the solution [44, 88, 91]. 

In carbon compounds attached to the surface 
of nano-NiO particles, such as stearic acid 
(SA) and palmitic acid (PA), which do not have 
delocalized π-electrons and are not electrically 
conductive, electron relay does not occur and 
the photocatalytic activity of nano-NiO particles 
decreases [37, 44, 47]. While the carbon atoms 
attached to the surface of nano-NiO particles, 
such as RGO, which have delocalized π-electrons 
and are electrically conductive, the electron relay 
is performed well and the photocatalytic activity 
of nano-NiO particles increases [56-58].

The PDP of bare nano-nickel oxide particles 
and their coated with stearic acid are quite 
different under similar laboratory conditions. The 
destruction performance of nano-nickel oxide 
particles is decreased after coating using stearic 
acid. PDP of MO was decreased by 65% for eight 
hours in the presence of nano-NiO particles, while 
it was reduced by 27% in the vicinity of nano-NiO 
particles coated using stearic acid. 

A few similar works to ours were reported 
in which methyl orange (MO) was degraded by 
nanoparticles under UV-irradiated. The destruction 
percentage of MO by various nanoparticles under 
ultraviolet light is shown in Table 3.

As can be seen, the photocatalytic activity 
of the nanoparticles decreases when their 
surface is covered by the capping agents. Bare 
NiO nanoparticles have higher photocatalytic 
performance because about 65% of MO was 
destroyed after 8 h. In contrast, stearic acid-grafted 
NiO NPs, which are hydrophobic, levitate on the 
MO solution and were approximately 27% of MO 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

  

Nanopar*cles Photodegrada*on 
Percentage/% 

Time reac*on/h References 

ZnO 80 4 42 ZnO-Polystyrene 0 
ZnO 95 6 41 

ZnO-Polystyrene 0 
CuO 62 

8 31 CuO-Stearic acid 18 
NiO 65 

8 This work NiO-Stearic acid 27 

Table 3. Destruction percentage of MO using nanoparticles under UV irradiated.
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degraded. However, degradation is not observed 
if the surficial of the particles is decorated by a 
polymer that has a long chain.

CONCLUSION
The nano-NiO particles were prepared by the 

green route from the interaction of Ni(NO3)2.6H2O 
and garlic extract and then heated at 400 °C 
for five hours. The hydrophilic character of the 
surficial nano-NiO particles was converted to 
a hydrophobic nature by coating them with 
palmitic and stearic acids. The presence of long-
chain carboxylic acids on nano-NiO particles was 
confirmed using FT-IR analysis, and the results 
showed that palmitic and stearic acids were 
connected on nano-NiO particles via carboxylate 
form. The change like the surface of nano-NiO 
particles was also proved by the percentage of 
lipophilicity test. These outcomes showed that LD 
increases by the rise of coating value up to 5 wt% 
for palmitic and stearic acids. Optimal conditions 
for surface coating of nano-NiO particles were also 
achieved at 35 ºC and 150 min for reaction time. 
The dispersion of coated nano-NiO particles in 
organic solvents was investigated. The examined 
results revealed that the lowest dispersity for 
modified nano-NiO particles occurred in ethanol 
and the highest in liquid paraffin. The lipophilicity 
and stability of coated nano-NiO particles were 
increased in organic media without any change 
in their structure. TGA analysis for nano-NiO 
particles showed that palmitic and stearic acids 
incorporation rates were 2.1 and 2.7 wt%, 
respectively. The photocatalytic performances of 
nano-NiO particles and they are modified were 
determined in the destruction of MO. These 
outcomes showed that the catalytic performance 
of nano-NiO particles decreases when it is coated 
using stearic acid.
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