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Abstract

Nickel oxide (NiO) nanoparticles (NPs) were successfully synthesized by utilizing the waste shell 
powder of Prunus dulcis (almond) through a simple, environmentally sound, cheap, and novel green 
approach. The almond shell powder was used as a stabilizing and reducing agent for the synthesis  
of NiO nanoparticles from NiNO3.6H2O solution at 60 ºC and pH 12. FTIR studies verified the synthesis 
of NiO NPs by the appearance of a characteristic vibrational peak at 611.97cm-1 whereas an absorption 
peak at 267 nm appeared in the UV-Visible spectrum. However, the XRD and SEM analyses have 
shown the amorphous nature of synthesized NiO NPs. The cyclic voltammetry (CV) curve of NPs 
clearly indicated the redox reaction and the reversible behavior of NiO NPs. The galvanostatic charge 
discharge (GCD) curves have shown a higher charging time as compared to the discharging time.
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Introduction

Nanotechnology plays an important role in different 
disciplines of life [1], including water treatment [2], 
biomedical services [3], drug delivery [4], photo-
electrochemical applications, catalysis [5], cosmetics 
[6], optics [7], etc. Currently, the green synthetic 
methodology is a fast-growing approach that involves the 
use of numerous organisms or plants for the synthesis of 
NPs [8]. Biocompatibility, cost effectiveness, and many 
other factors are driving the green production of NiO 
NPs [9]. Moreover, this method is rapid, more secure, 
eco-friendly, sustainable, and is associated with many 
ecological benefits [10, 11]. NiO-NPs were reported 
earlier owing to their clinical and catalytic applications, 
enzyme inhibition, remediation, antioxidant, anticancer, 
cytotoxic, antifungal, and antibacterial properties 
[12]. They are highly reactive and eco-friendly and 
are employed in magnetic separations [13], automatic 
catalytic converters, magnetic fluids, propellants, 
and sintering additives, fast separations [13], and the 
absorption of inorganic pollutants and harmful dyes 
[14]. They are used in optoelectronic devices as catalysts 
for benzyl alcohol oxidation [15]. Because of their 
smaller size (4.5 nm diameter) and large surface area, 
NiO NPs have shown good electrical activity and were 
reported as an electrode material in super capacitors 
[16]. Nickel nanoparticles (NPs) have the potential 
to be used in a variety of fields, such as biomedicine 
[17], magnetism [18], electronics [19], and energy 
technology [20]. They are used to catalyze a variety of 
organic reactions, such as the reduction of aldehydes 
and ketones [21], the hydrogenation of olefins [22], the 
synthesis of stilbenes from alcohol through Witting-
type olefination [23], the alkylation of methyl ketone 
[24], and also for photocatalytic hydrogen evaluation 
by using an aqueous methanol solution [25]. NiO NPs 
capped with biomolecules like glucose demonstrate 
significantly increased biocompatibility, making them 
useful as biosensors and heat nonmediators for cancer 
hyperthermia [26]. 

Currently, plant-mediated synthesis of NPs has 
attracted the attention of researchers due to its cost-
effectiveness, sustainability, and useful applications  
[27, 28]. Plants have been considered important sources 
for green syntehsis due to their easy availability [29]  
and useful phytochemical ingredients [30, 31]. 
The almond (also known as Prunus dulcis, Prunus 
amygdalus, or Amygdalus communis) is a tiny deciduous 
tree that relates to the Rosaceae subfamily Prunoideae 
and bears an almond-like fruit [32]. Kernel, hull, and 
shell are three components of almonds [33]. The edible 
portion of the nut is the kernel. Almond shells are totally 
contained in about ¾ portion of total almond fruit.  
The shell is the central portion of the external kernel 
and hull. Hemi-cellulose, cellulose, and starch make 
up the majority of the almond shell; the ratio between  
these components determines the strength of the shell 
[34]. After the use of the kernel (edible portion) of an 

almond, its shell (not edible) is discarded as waste 
material. 

The primary goal of this research is to utilize the 
waste shell material of Prunus dulcis (almond) for the 
synthesis of nickel oxide nanoparticles through a green 
route. The synthesized NPs have been characterized by 
XRD, FTIR, UV-Visible, and SEM analyses, and they 
were also subjected to electrochemical studies by cyclic 
voltammetry and galvanostatic charge-discharge (GCD) 
testing.

Materials and Methods

Nickel (II) nitrate 6-hydrate, sodium hydroxide, and 
methanol were used in this study; they were purchased 
from Sigma Aldrich and were used without further 
purification. The powder extract of Prunus dulcis 
shell (a waste material) was used as a reducing agent. 
A Bruker AXS, D8 Advance X-ray diffractometer 
(XRD) instrument was used to analyze the structural 
information of JSM-6480LV. The synthesized NPs were 
tested for their optical properties by using a UV-Visible 
Spectrophotometer (UVD-3500, Lambod, Inc., UAS, 
Double Beam). The functional group analysis was 
performed with an FT-IR Spectrometer (Cary 630, 
Agilent Technology, USA). The electrochemical 
applications of NiO NPs were determined from Cyclic 
Voltammetry (CV) by Potentiostate/Galvonostate of 
model CS300.

Green Synthesis of Ni Nanoparticles by 
Using Prunus dulcis Shell Powder Extract

Preparation of Plant Extract

Prunus dulcis (almond) with shells (Fig. 1a) were 
purchased from a local market in Lahore, Punjab, 
Pakistan, in August 2022. The Prunus dulcis shells 
(Fig. 1b) were washed with distilled water to remove 
dirt and contaminants and dried at 80ºC for 4 hours, 
then the almond shells were ground by a steel grinder 
into a homogenized almond shell powder (Fig. 1c).  
30 g of Prunus dulcis shell powder was soaked in 
100mL of 40% methanol. The solution was stirred for  
24 hours at ambient temperature. The extract was 
filtered, centrifuged to remove any impurities, and 
refrigerated at 4ºC for its usage within a week.

Procedure for the Synthesis of Ni Nanoparticles

30 mL of 5% nickel (II) nitrate hexa-hydrate was 
taken in a 250 mL beaker. Then 30 mL of almond shell 
extract was added to it, and the pH of the solution was 
maintained at 12 by adding a drop-wise NaOH solution 
(0.1 N). The solution was stirred for 2 hours at 60ºC, 
cooled, and centrifuged at 2000 rpm for 15 minutes 
at ambient temperature. The color of the solution was 
changed from dark green to light green, confirming the 
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synthesis of NiO NPs. The solution was finally filtered, 
and the obtained nanoparticles (residue) were dried in an 
oven at 100ºC; finally, they were stored for analysis and 
further usage.

Results and Discussion

FT-IR Spectroscopy

The FTIR spectrum of the synthesized nanomaterials 
was recorded in the range of 4000-500 cm-1; the obtained 
spectrum has been shown in Fig. 2. The different peaks 
could be interpreted as representatives of the vibrational 
modes of the nanoparticle. The spectrum has shown  
a very clear Ni-O vibrational stretch of medium 
intensity at 611.97 cm-1. The C-O bond stretching  
band was reflected by the large absorption peak at 
1344.25 cm-1, whereas a peak at 1625.97 cm-1 existed due 
to the C=O group of the carbonyl group. The stretching 
bands at a frequency of 3368.37 cm-1 were attributed to 

the presence of O-H groups. The simultaneous existence 
of C-O, C=O, and O-H peaks evidently depicts the 
presence of carboxylic acid moieties on the surface of 
the synthesized NPs. It commonly occurs in plant-
mediated NP synthesis, where the plant material acts as 
a coating on the surface of NPs and also prevents their 
agglomeration.

UV-Visible Spectroscopy

UV-Visible spectroscopy is a very important 
tool for the verification of NiO-NPs. The formation 
of synthesized NPs can be verified by measuring  
the highest absorption peak and analyzing the collective 
oscillations of conduction band electrons in response 
to the electromagnetic pulses. UV-Visible spectroscopy 
(Fig. 3) has shown a maximum absorption band  
at 267 nm, which verified the presence of NiO NPs 
(Ikuhara al., 2012). 

 

Fig. 1. a) Prunus dulcis (almond with shells) b) Broken shells of Prunus dulcis after separation of its seeds (nuts) c) Fine powder of 
Prunus dulcis shells.

Fig. 2. FTIR spectrum of the synthesized NPs.
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Structural Studies

X-ray powder diffraction (XRD) is typically 
employed for characterizing crystalline materials and 
can yield data on the dimensions of their unit cells. 
Analyzing X-ray diffraction (XRD) data carefully 
can provide valuable information and also assist in 

correlating microscopic findings with the bulk sample 
because XRD patterns seem different for specimens 
of nanomaterials having varying shapes and sizes.  
The XRD spectra of the synthesized NPs were recorded 
between 2θ values of 10 and 80º; the respective patterns 
are shown in Fig. 4. The XRD patterns have shown no 
distinct peak for NiO nanoparticles, demonstrating the 
amorphous nature of the synthesized material. So, it 
was not possible to determine the crystallite size due 
to its amorphous nature, which is also verified from the 
SEM images (next section). Here, almond shell powder 
acts as a stabilizer or capping agent, demonstrating 
the amorphous behavior of nickel nanoparticles. This 
might be due to the low-temperature synthesis method 
(ImranDin, 2016).

SEM Analysis

A scanning electron microscope (SEM) was used 
to investigate the morphology of synthesized NPs.  
The obtained SEM images of NiO NPs at 50 μm and  
100 μm are shown in Fig. 5.

The SEM results completely support the findings 
of the XRD analysis, as discussed in the last section. 
Since XRD studies confirmed the amorphous nature of 
synthesized NiO-NPs, it was not possible to determine 

Fig. 3. UV-Visible spectrum of NiO NPs.

Fig. 5. SEM images of NiO-NPs at 50 μm (Left) and 100 μm (Right).

Fig. 4. XRD picture of synthesized NiO NPs.
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neutralizing electrons across the electrolyte. In this way, 
electrons from an external circuit infiltrate into the 
electrode material, where they mix with surface-bound 
ions. Therefore, the electrochemical reaction takes place 
close to the NiO electrode’s surface. 

The observed redox potential of NiO NPs was 0.0892 
V at a scan rate of 100 mVs-1, whereas the redox current 
was found to be 1.0284 mA.

Galvanostatic Charge and Discharge (GCD)

The GCD curve (Fig. 7) showed the charging 
and discharging peaks of NiO NPs. The charging 
capacitance is 13.924, 61.32, 18.95, 2.411, and 7.620 at 
an applied current of 1,2,3,4, and 5A. Moreover, the 
discharging capacitance is 1.369, 0.746, 0.746, 2.614, 
1.169, and 2.260 at the applied current. The GCD curve 

their morphology and size. The results indicated that 
nickel nanoparticles are amorphous in nature.

Electrochemical Studies of NiO NPs

Cyclic Voltammetry

The kinetic irreversibility of the redox reaction 
causes an asymmetry between the oxidation and 
reduction peaks throughout the anodic and cathodic 
scans. The cyclic volta-gram of the synthesized NPs is 
shown in Fig. 6. As with the cathodic scan, the Ni2+ in the 
KOH electrolyte is oxidized to Ni3+ during the scanning 
of the anode from –1.000-1.000 V. In the presence of 
an electrical field, ions migrate across the electrolytic 
solution to the NiO electrode. Since the electrolyte does 
not transport electrons, it prevents the transfer of charge-

Fig. 6. Cyclic Volta-gram of the synthesized Ni-O NPs. 

Fig. 7. GCD curve of the synthesized Ni-O NPs. 

material, where they mix with surface-bound ions. Therefore, the electrochemical reaction takes 

place close to the NiO electrode's surface.  

The observed redox potential of NiO NPs was 0.0892 V at a scan rate of 100 mVs-1, whereas the 

redox current was found to be 1.0284 mA. 

 

Fig. 6. Cyclic Volta-gram of the synthesized Ni-O NPs.  

Galvanostatic Charge and Discharge (GCD) 

The GCD curve (Fig. 7) showed the charging and discharging peaks of NiO NPs. The charging 

capacitance is 13.924, 61.32, 18.95, 2.411, and 7.620 at an applied current of 1,2,3,4, and 5A. 

Moreover, the discharging capacitance is 1.369, 0.746, 0.746, 2.614, 1.169, and 2.260 at the 

applied current. The GCD curve showed that charging time is greater than discharging, which 

demonstrated that NPs are good irreversible materials. 

 

Fig. 7. GCD curve of the synthesized Ni-O NPs.  
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showed that charging time is greater than discharging, 
which demonstrated that NPs are good irreversible 
materials.

Conclusion

Nickel oxide (NiO) nanoparticles were successfully 
synthesized by treating NiNO3.6H2O with the waste 
shell powder of Prunus dulcis (almond) and using 
a simple, environmentally sound, cheap, and novel 
green approach. FTIR and UV-Visible spectroscopies 
verified the formation of Ni-O nanoparticles. However, 
XRD and SEM analyses demonstrated the amorphous 
nature of NPs. There was a coating of carboxylic acid 
moieties on the surface of the NPs. The electrochemical 
studies were performed by cyclic voltammetry and 
GCD. Cyclic voltammetry has shown the redox nature 
of the synthesized NiO NPs. The charging time of the 
synthesized nickel oxide NPs was higher as compared to 
the discharging time. 

Acknowledgments

The authors are grateful to the Researchers 
Supporting Project number (RSPD2024R728), King 
Saud University, Riyadh, Saudi Arabia. 

Conflict of Interest

The authors declare no conflict of interest

References

1.	 MCNEIL S.E. Nanotechnology for the biologist. Journal of 
Leukocyte Biology, 78 (3), 585, 2005.

2.	 REHMAN H., ALI Z., HUSSAIN M., GILANI S., 
SHAHZADY T., ZAHRA A., HUSSAIN S., HUSSAIN H., 
HUSSAIN I., FAROOQ M. Synthesis and characterization 
of ZnO nanoparticles and their use as an adsorbent for the 
arsenic removal from drinking water. Digest Journal of 
Nanomaterials and Biostructures, 14 (4), 1033, 2019.

3.	 NOSHEEN S., IRFAN M., ABIDI S.H., SYED Q., HABIB 
F., ASGHAR A., WASEEM B., SOOMRO B., BUTT 
H., AKRAM M. A review: Development of magnetic 
nano vectors for biomedical applications. GSC Advanced 
Research and Reviews, 8 (2), 085, 2021.

4.	 ZULFIQAR H. Nature of nanoparticles and their 
applications in targeted drug delivery. Pakistan Journal of 
Science, 72 (1), 30, 2020.

5.	 JAVED M., ABID M., HUSSAIN S., SHAHWAR 
D., ARSHAD S., AHMAD N., ARIF M., KHAN H., 
NADEEM S., RAZA H. Synthesis, characterization and 
photocatalytic applications of s-doped graphitic carbon 
nitride nanocomposites with nickel doped zinc oxide 
nanoparticles. Digest Journal of Nanomaterials and 
Biostructures, 15, 1097, 2020.

6.	 KING M.F.L., NITHYA S.S. Applications of Nanoparticles 
in the Cosmetic Field. In Sustainable Utilization of 

Nanoparticles and Nanofluids in Engineering Applications, 
IGI Global: pp.102, 2023.

7.	 HASSAN N.K., KHALID F.G., EKSHAYESH 
A.A., IBRAHIM R.K., SALIM E.T., FAKHRI M.A., 
ABDULWAHHAB A.W., ALSULTANY F.H., GOPINATH 
S.C., DAHHAM O.S. Optical investigations of gold nano 
rods and gold nano rods doped with ZnO nanoparticles for 
optoelectronic applications. Journal of Optics, 1, 2023.

8.	 BARAKAT A., AL-NOAIMI M., SULEIMAN M., 
ALDWAYYAN A.S., HAMMOUTI B., BEN HADDA 
T., HADDAD S.F., BOSHAALA A., WARAD I. One 
step synthesis of NiO nanoparticles via solid-state 
thermal decomposition at low-temperature of novel aqua 
(2, 9-dimethyl-1, 10-phenanthroline) NiCl2 complex. 
International Journal of Molecular Sciences, 14 (12), 
23941, 2013.

9.	 MOODLEY J.S., KRISHNA S.B.N., PILLAY K., 
GOVENDER P. Green synthesis of silver nanoparticles 
from Moringa oleifera leaf extracts and its antimicrobial 
potential. Advances in Natural Sciences: Nanoscience and 
Nanotechnology, 9 (1), 015011, 2018.

10.	 ASGHAR A., MABARAK S., ASHRAF B., RIZWAN M., 
MASSEY S., ASGHAR B.H., SHAHID B., RASHEED T. 
A sustainable approach for the removal of chlorpyrifos 
pesticide from aqueous phase using novel nano magnetized 
biochar. Inorganic Chemistry Communications, 159, 
111790, 2024.

11.	 RIAZ T., ASGHAR A., SHAHZADI T., SHAHID S., 
MANSOOR S., ASGHAR A., JAVED M., IQBAL S., 
ALOTAIBI M.T., ALTHOBITI R.A. Green synthesis of 
ZnO and Co-ZnO using Brassica rapa leave’s extract and 
their activities as antioxidant agents, efficient adsorbents, 
and dye removal agents. Journal of Saudi Chemical 
Society, 27 (5), 101716, 2023.

12.	SANA S.S., SINGH R.P., SHARMA M., SRIVASTAVA 
A.K., MANCHANDA G., RAI A.R., ZHANG Z.-
J. Biogenesis and application of nickel nanoparticles:  
A review. Current Pharmaceutical Biotechnology, 22 (6), 
808, 2021.

13.	 SIMONSEN G., STRAND M., ØYE G. Potential 
applications of magnetic nanoparticles within separation in 
the petroleum industry. Journal of Petroleum Science and 
Engineering, 165, 488, 2018.

14.	 PANDIAN C.J., PALANIVEL R., DHANANASEKARAN 
S. Green synthesis of nickel nanoparticles using Ocimum 
sanctum and their application in dye and pollutant 
adsorption. Chinese journal of Chemical engineering, 23 
(8), 1307, 2015.

15.	 SUDHASREE S., SHAKILA BANU A., BRINDHA 
P., KURIAN G.A. Synthesis of nickel nanoparticles 
by chemical and green route and their comparison in 
respect to biological effect and toxicity. Toxicological & 
Environmental Chemistry, 96 (5), 743, 2014.

16.	 XU C., LEI C., YU C. Mesoporous silica nanoparticles for 
protein protection and delivery. Frontiers in Chemistry, 7, 
290, 2019.

17.	 MARIAM A.A., KASHIF M., AROKIYARAJ S., 
BOUOUDINA M., SANKARACHARYULU M., 
JAYACHANDRAN M., HASHIM U. Bio-synthesis of 
NiO and Ni nanoparticles and their characterization. 
Digest Journal of Nanomaterials and Biostructures, 9 (3), 
1007, 2014.

18.	 VENKATALAKSHMI N., KINI H.J., NAIK H.B. 
Green-synthesized Nickel oxide nanoparticles: Magnetic 
and biomedical applications. Inorganic Chemistry 
Communications, 151, 110490, 2023.



Green Synthesis of NiO Nanoparticles... 7

ACCEPTED MANUSCRIPT ACCEPTED MANUSCRIPT

19.	 UMARBEK A., VAXITOVICH A., RAXIMOVA Y., 
KARABAYEVA M., SAIDKULOV D., MATYAKUBOV 
B. An Investigation of the Electrophysical Properties 
of Composite Ceramic Materials Containing Nickel 
Nanoparticles. Physical Chemistry Research, 11 (2), 231, 
2023.

20.	TAMADONI SARAY M., YURKIV V., SHAHBAZIAN-
YASSAR R. Role of Kinetics and Thermodynamics in 
Controlling the Crystal Structure of Nickel Nanoparticles 
Formed on Reduced Graphene Oxide: Implications 
for Energy Storage and Conversion Applications. ACS 
Applied Nano Materials, 6 (12), 10033, 2023.

21.	 MUTHUVINOTHINI A., STELLA S. Surface modified 
nanoparticles: a green catalyst for the reduction of ketones. 
Inorganic and Nano-Metal Chemistry, 52 (3), 397, 2022.

22.	AVELLO M.G., GOLLING S., TRUONG-PHUOC L., 
VIDAL L., ROMERO T., PAPAEFTHIMIOU V., GRUBER 
N., CHETCUTI M.J., LEROUX F.R., DONNARD M. 
(NHC-olefin)-nickel (0) nanoparticles as catalysts for 
the (Z)-selective semi-hydrogenation of alkynes and 
ynamides. Chemical Communications, 59 (11), 1537, 2023.

23.	ALONSO F., RIENTE P., YUS M. Wittig‐Type Olefination 
of Alcohols Promoted by Nickel Nanoparticles: Synthesis 
of Polymethoxylated and Polyhydroxylated Stilbenes. 
Wiley Online Library, 2009.

24.	ALONSO F., RIENTE P., YUS M. Alcohols for the α‐
Alkylation of Methyl Ketones and Indirect Aza‐Wittig 
Reaction Promoted by Nickel Nanoparticles. Wiley Online 
Library, 2008.

25.	AGEGNEHU A.K., PAN C.-J., RICK J., LEE J.-F., SU 
W.-N., HWANG B.-J. Enhanced hydrogen generation by 
cocatalytic Ni and NiO nanoparticles loaded on graphene 
oxide sheets. Journal of Materials Chemistry, 22 (27), 
13849, 2012.

26.	VASEEM M., TRIPATHY N., KHANG G., HAHN Y.-
B. Green chemistry of glucose-capped ferromagnetic 
hcp-nickel nanoparticles and their reduced toxicity. RSC 
Advances, 3 (25), 9698, 2013.

27.	 HUSSAIN S., ALI MUAZZAM M., AHMED M., 
AHMAD M., MUSTAFA Z., MURTAZA S., ALI J., 
IBRAR M., SHAHID M., IMRAN M. Green synthesis 
of nickel oxide nanoparticles using Acacia nilotica leaf 
extracts and investigation of their electrochemical and 

biological properties. Journal of Taibah University for 
Science, 17 (1), 2170162, 2023.

28.	HUSSAIN S., AZIZ I., WAQAS M., AHMAD T., 
AHMAD I., TAHIR M.B., AL HUWAYZ M., ALWADAI 
N., IQBAL M., NAZIR A. Potential Antifungal and 
Antimicrobial Effects of Nano Zinc Oxide Particles 
Obtained from Cymbogobon citratus Leaf Extract Using 
Green Technology. Polish Journal of Environmental 
Studies, 32 (5), 4065, 2023.

29.	 YASMEEN G., HUSSAIN S., TAJAMMAL A., 
MUSTAFA Z., SAGIR M., SHAHID M., IBRAR M., 
ELQAHTANI Z.M., IQBAL M. Green Synthesis of Cr2O3 
Nanoparticles by Cassia Fistula, their Electrochemical and 
Antibacterial Potential. Arabian Journal of Chemistry, 16, 
104912, 2023.

30.	HUSSAIN S., JAVED W., TAJAMMAL A., KHALID 
M., RASOOL N., RIAZ M., SHAHID M., AHMAD 
I., MUHAMMAD R., SHAH S.A.A. Synergistic 
Antibacterial Screening of Cymbopogon citratus 
and Azadirachta indica: Phytochemical Profiling and 
Antioxidant and Hemolytic Activities. ACS Omega, 8 (19), 
16600, 2023.

31.	 MAHMOOD N., MUAZZAM M.A., AHMAD M., 
HUSSAIN S., JAVED W. Phytochemistry of Allium 
cepa L. (Onion): An Overview of its Nutritional and 
Pharmacological Importance. Scientific Inquiry and 
Review, 5 (3), 41, 2021.

32.	MITRA S., SERÇE Ç.U., GAZEL M., UN NABI S., 
ZAMHARIR M.G., RAO G.P. Updates on phytoplasma 
diseases associated with fruit crops in Asia. In 
Phytoplasma Diseases of Major Crops, Trees, and Weeds, 
Elsevier: pp. 45, 2023.

33.	 BARRECA D., NABAVI S.M., SUREDA A., 
RASEKHIAN M., RACITI R., SILVA A.S., 
ANNUNZIATA G., ARNONE A., TENORE G.C., 
SÜNTAR I. Almonds (Prunus dulcis Mill. DA webb): A 
source of nutrients and health-promoting compounds. 
Nutrients, 12 (3), 672, 2020.

34.	FRANKLIN L.M., MITCHELL A.E. Review of the 
sensory and chemical characteristics of almond (Prunus 
dulcis) flavor. Journal of Agricultural and Food Chemistry, 
67 (10), 2743, 2019.


