
ABSTRACT
Zinc oxide (ZnO) nanoparticles (NPs) were successfully synthesized using green synthesis techniques, which was the focus of 
this study by using Portulaca oleracea extract, a reducing, capping, and stabilizing agent alongside with zinc acetate dihydrate 
acts as a precursor. The functionalization of Zn nanoparticles is investigated through (UV-vis) spectroscopy, X-ray diffraction 
(XRD), Fourier transform infrared (FTIR) spectroscopy, field emission scanning electron microscopy (FE-SEM), transmission 
electron microscopy (TEM), thermal gravimetric-differential thermal analysis (TG-DTA), dynamic light scattering DLS and 
zeta potential, energy dispersive X-ray spectroscopy (EDX), and Brunauer-Emmett-Teller (BET) analysis. UV-Vis- analysis 
revealed that the indirect bandgap of the biosynthesized ZnO NPs is 3.54 eV. In addition, the XRD and EDX analysis found 
that the structure of the nanoparticles is Wurtzite hexagonal with an average crystalline size of 16.58 nm. Moreover, the FT-IR 
spectra revealed the functional groups and the presence of ZnO NPs. According to the FE-SEM study, the average diameter 
of the grains was 95.53 nm. TEM analysis showed that the shape of the biosynthesized ZnO NPs was quasi-spherical, and 
their diameter was around 21.13 nm. Furthermore, DLS analysis demonstrated that the particle size distribution of ZnO NPs 
ranged from 40–55 nm. This study has that the specific surface area to volume ratios of the biosynthesized ZnO NPs was 
equal to 5.8772 m2/g.
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INTRODUCTION
Nanotechnology is the most energetic investigation in 
current condensed material science, including nanoparticles. 
Nanoparticles are materials that include structures, devices, 
spherical, tubes, amorphous, and systems with different 
properties and roles, a 3D structure, changing in the magnitude 
of their atoms from one of the dimensions in 1–100 nm scale 
range.1,2

The importance of nanotechnology has received remarkable 
attention in science and is extensively used in biomedical 
technology, engineering, and medical applications due 
to its high surface area. Therefore, nanomaterials have 
been applications in numerous fields, such as catalysis, 
biomedicines, pharmaceutics, healthcare, food technology, 
textile industry, optics, optoelectronic devices, solar energy, 
magnetic field, etc.3

Metal and metal oxide nanoparticles have excellent 
antioxidant properties. They significantly inhibit microbial 
growth at low concentrations, which are commonly used.to 
detect pathogenic microbes and diagnose cancer progression.2

However, metal oxide nanoparticles such as calcium, 
magnesium oxide nanoparticles as reducing agents, and 
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silver nanoparticles were synthesized using a green synthesis 
approach and demonstrated excellent antioxidant and 
antibacterial properties, but were less cytotoxic,4-7 and zinc 
nanoparticles, with unusually unique optical, electrical, and 
magnetic capabilities, as well as a direct wide bandgap (3.3 
eV) and considerable excitation binding energy (60 meV), 
have recently attracted a lot of attention because of their 
properties.8,9

Generally, ZnO nanoparticles can be synthesized 
through many different physicochemical methodologies, i.e., 
sol-gel processes that give homogenous precipitation,9 laser 
vaporization, hydrothermal and solvothermal methods,10 
chemical vapor decomposition, mechanochemical milling, and 
molecular, microemulsion, and ball milling.11,12

Commonly, these preparation methods have several 
limitations due to their being not environmentally friendly, 
high cost, large area required for equipment set up, and other 
use of toxic chemicals.13 To overcome these limitations, various 
methods were implemented to produce (ZnO) nanoparticles 
using different sources: plants extracted, bacteria, and 
fungus, but green chemistry synthesis in comparison with 
other physical and chemical methods is much safer and 
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environmentally friendly. Rapid, and low-cost, procedures 
have been attracted that do not produce toxic products for 
human use, and synthesis on a large scale without using high 
pressure, temperature, and energy.14,15 

A green nanoparticle synthesis is a tool of choice that 
can be easily prepared. Researchers have recently explored 
synthesizing (ZnO) NPs using plants, leaves, fruits, and 
vegetables through a green synthesis method. Plant extracts are 
important because of an enormous number of phytochemicals, 
i.e., f lavonoids, glycosides, polyphenol, terpenoids, and 
enzymes, acting as reducing, capping, and stabilizing agents.16

Here, zinc oxide ZnO NPs were synthesized using aqueous 
fruit extracts of Myristica fragrans as a reducing agent, and 
have anti-microbial, antileishmanial, anti-diabetic, antioxidant, 
anti-larvicidal, and protein kinase inhibitory activity.17

The green synthesis of ZnO NPs from Euphorbia petiolate 
and Petroselinum crispum using leaf extract plant with zinc 
nitrate hexahydrate salt as a precursor is performed in another 
study.18,19 The anti-microbial and antioxidant properties of ZnO 
NPs with zinc nitrate hexahydrate have been reported along 
with substantial anti-microbial properties with Escherichia 
coli and Staphylococcus aureus bacteria.20-22

Abel synthesized ZnO NPs from aqueous leaf extracts of 
coffee, which were discovered to have a cubic form structure 
and diameters of 300 nm.23

Rubus fairholmianus root was used by Naresh Kumar 
Rajendran to synthesize ZnO NPs. Further, he studies the 
biosynthesized ZnO nanoparticles for antibacterial activity.24

This effort belongs to the green synthesis of nanoparticles 
area, and its application as a catalyst, gas sensor, drug delivery, 
biosensing, molecular diagnostics, solar cells, cell labeling, 
imaging, and optoelectronics.13,25-27

This study used a green synthesis method to prepare zinc 
oxide (ZnO) nanoparticles (NPs) from P. oleracea, often 

known as purslane. P. oleracea is a prominent edible annual 
herb found in Europe, Africa, North America, Australia, and 
Asia and can grow up to 30 cm tall with tiny leaves of oval 
shape and dark green color.27

The name, from the Latin, means “milk.” Since the plant 
contains milky juice, it grows in orchards, gardens, crop 
fields, and on roadsides. P. oleracea is termed as a “vegetable 
for long life” in Chinese medical culture because it has been 
used in folk medicine to treat a wide range of illnesses, such as 
constipation.28 Because it has a wide range of pharmacological 
effects, it is used as a pharmacopoeia.29,30 Its chemical 
composition contains high levels of proteins, carotenoids, 
polysaccharides, and sterols.31 It is an essential source of 
omega-3 fatty acids.32,33 It also contains a lot of vitamins A, 
C, and E, as well as some B-complex vitamins and minerals 
(Se Ca, Fe, Mn, P, and P).

In addition, some literature has investigated the phenolic 
profile, antioxidant activity, and determination of volatile 
compounds, amino acids, anti-microbial assays, tocopherols 
etc. of P. oleracea.34,35 

In the present study, ZnO NPs were synthesized for the 
first time using local P. oleracea, a reducing, capping, and 
stabilizing agent (Figure 1). Our study’s development can be 
showcased via a detailed analysis of several factors influencing 
the ZnO nanoparticles morphology.36

MATERIALS AND METHODS

Plant Collection and Experimental Procedures
The P. oleracea plant  was picked in July 2021 in Erbil, 
Iraq’s Kurdistan region. The leaves steam of the P. oleracea 
plant  (Figure 1). Dirty ads are collected and washed using 
deionized water to eradicate them. The 25 g of fresh P. oleracea 
plant were washed thoroughly and cut into smaller parts, which 

Figure 1: Flow chart for the synthesis of ZnO nanoparticles using portulaca oleracea plant extracts and zinc acetate
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were placed in 250 milliliters of distilled water to form a paste, 
and then heated at 80°C for 40 minutes before being filtered 
and stored in a freezer for future use.

Materials used in the experiments were zinc acetate and 
Zn (CH3CO2).2H2O. Merck supplied the molecules [with a 
molecular weight of 297.48 g/mol and a purity greater than 
98.0%]. To make the nanoparticles, 100 mL of plant extract 
from the P. oleracea plant was used. It was added to 100 mL of 
zinc acetate, which is zinc (CH3CO2)2H2O.1 g of zinc acetate 
was dissolved in 50 mL of distilled water with magnetic stirring 
at 70°C for 30 minutes.

Then the color of the solution changed, and some snowy 
sedimentation occurred, which means that the reaction started 
and was separated by centrifugation at 8000 rpm at 60°C for 15 
minutes. The solid powder was cleaned to remove the possible 
contamination and other organic materials with methanol and 
distilled water several times as a sign of the formation of ZnO 
NPs, and the residue was dried at 80°C for 2 hours in a hot air 
oven until dried. 
Characterization of Zn Nanoparticles 
The ZnO NPs structure morphology was characterized by 
UV-Vis spectroscopy double beam at a wavelength between 
200 and 800 nm. FTIR spectrophotometer samples were 
recorded on a Perkin Elmer spectrophotometer with 200 
potassium pressed into a pellet for FTIR characterization at 
the resolution of 4 cm-1 groups of prepared nanoparticles. This 
was used for the investigation of the functional group. 

An XRD analysis was performed on an X-ray diffractometer 
using analytical X- Pert PRO (Cu Ka = 1.5406 A°). The 
scanning rate was 1º/ min in the θ–2θ range of 20 to 80°. X-ray 
crystallography determines the crystal density, purity, and size 
of the nanoparticles. Also, the shape and size were analyzed 
by FE-SEM (Quanta 4500). The chemical composition of the 
synthesized nanoparticle was characterized using an EDX. 

Other than that, the morphological features of the particles 
were obtained through Transmission electron microscopy) 
(TEM; Philips CM120) using a Philips EM201C apparatus 
operating at 80 kV. Brunauer-Emmett-Teller (BET) surface 
area measurements were used to analyze the biosynthesized 
ZnO NPs surface area.

RESULT AND DISCUSSION 

UV-vis Analysis
The optical features of phytochemicals present in the plant 
extract can reduce metal ions to metal nanoparticles. This 
was investigated by UV-vis spectroscopy and presented in 
Figure 2a. The absorption peak at 260 nm and 320 nm confirmed 
the phenolic compounds; tocopherol was the main vitamin 
E isoform. Because of available OH groups, this vitamin is 
considered the major phytochemical component of P. oleracea 
plant extract. For biosynthesized ZnO NPs, the absorption in 
the range of 250–270 nm is reported in the literature.36

Furthermore, the main sugars in the stems and leaves were 
glucose and fructose, which had omega-6 and omega-3 fatty acids, 
as well as more palmatic and linoleic acids than other sugars.31

The synthesis of ZnO NPs was also confirmed by (UV-vis) 
spectroscopy, as demonstrated in (Figure 2b). Additionally, an 
absorption peak was observed around 350 nm when the reaction 
between zinc acetate (Zn (CH3CO2).2H2O) and P. oleracea was 
extracted. The color of the mixture changed, which confirmed 
the formation of ZnO NPs. This is attributed to the electron 
transitions from the valence band to the conduction band. An 
indistinguishable result of the absorption band representing 
ZnO NPs was also obtained from other research with the 
absorption band range of 300 to 380 nm, similar to our study. 
In addition, the straightforward bandgap energy (Eg) for the 
ZnO NPs was calculated by fitting the reflection data to the 
straight transform Formula 1. E = the straight bandgap h = is 
blank constant, c = speed of light, λ = wavelength, which can be 
obtained from Figure 1. The wavelength of 350 nm corresponds 
to the indirect bandgap of the biosynthesized ZnO NPs is 3.54 
eV.37 Similar UV absorption was achieved at 366 nm by using 
polyol chemistry.38

	 E = hv=hc/λ 	 (1)
Scanning Electron Microscopy (SEM) and Transmission 
Electron Microscopy (TEM)
FESEM analysis was conducted to analyze the surface 
morphology of biosynthesized ZnO NPs (Figure 3a). 

Figure 2: A- UV-vis spectrum of P. oleracea plant, b- UV-vis spectrum 
of ZnO NPs.

a

b
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According to the FE-SEM investigation, hexagonal NPs 
with an average diameter of 95.53 nm was found in the fresh 
leaves aqueous extract of the plant biosynthesized ZnO NPs 
in different magnification ranges for instance, a range of 200 
nm.18,39 Besides, the ZnO NPs were prepared by precipitation 
and sol-gel procedures using zinc nitrate and zinc (II) 
acetylacetonate as ZnO precursors, with a size of 100 nm.40

The most significant amount of the ZnO NPs have the 
same dimension when seen collectively. Furthermore, broad 
findings confirmed somewhat agglomerated ZnO NPs, typical 

of green synthesis nanoparticles. This is since biosynthesis 
ZnO NPs possess a higher surface area, and the agglomeration 
may be caused by the polarity and electrostatic attraction of 
ZnO NPs.17,39

Figure 3(b) shows transmission electron microscopy 
(TEM) images of biosynthesized ZnO NPs from the extracted 
plant. It is made up of agglomerated Nano-scaled particles that 
are quasi-spherical in shape. According to TEM analysis, the 
shape of the biosynthesized ZnO NPs was quasi-spherical, 
with a diameter of roughly 21.13 nm; our findings were 
consistent with prior publications.41,42 Furthermore, the size 
was 25 nm, as reported in the chemical synthesis of ZnO NPs 
by hydrothermal method.43

DLS and Zeta Potential
Dynamic light scattering investigations of biosynthesized ZnO 
NPs helped obtain the size distribution image of the particles 
(Figure 4a). The size distribution of ZnO NPs was between 
40 and 55 nm. The average particle size distribution is 50 nm, 
which is more significant than SEM observations. The zeta 
potential of the biosynthesized ZnO NPs defines the colloidal 
stability and is a typical measurement of the surface charge on 
a particle in suspension, macromolecule, or material surface.44

The results of this study indicated a sharp peak at -39.5 mV 
(Figure 4b). The nanoparticles’ surface is negatively charged 
and dispersed into the medium showing their stable and 
repulsive nature.45

EDX Analysis
The sample spectrum is confirmed via the EDX (Energy 
dispersive X-ray spectroscopy) analysis. Figure 5 shows 
the EDX spectrum of prepared nanoparticles. The element 
composition of the samples was determined using the EDX. 
The data was made up of three elements: Zn (51.29 %), O 
(26.41%), and C (26.41%), (22.30%). The presence of carbon in 
the suggested amount is due to the plant phytochemical group 
engaged in reducing and capping the biosynthesized ZnO 
NPs.46,47 The weight percentages of Zn and O are close to the 
ZnO NPs prepared via a simple sol-gel method.48

XRD Analysis
X-ray pattern of biosynthesized ZnO NPs from aqueous plant 
extracted is shown in (Figure. 6) revealed the 2θ characteristic 
peaks of NPs at 31.85°, 34.51°, 36.35°, 47.67°, 56.75°, 63.03°, 
66.42°, 68.10°, 69.28°, 72.69° and 77.19° for (100), (002), (101), 
(102), (110), (103), (200), (112), (201), (004) and (202) planes 
(Table 1) (Figure 5).

The peaks agreed with the given standard XRD (JCPDS 
Card) and suggest the possibility of hexagonal Wurtzite 
form of ZnO NPs. The peak showed in a narrow and robust 
direction. This indicates the optimum crystalline structure of  
ZnO NPs (Figure 6). 

The average crystalline structure (D) was calculated 
according to Debye-Scherrer’s formula using Debye–Scherrer’s 
equation, D = k./. cos θ. Where 0.89 refers to Scherrer’s constant, 
is λ a wavelength of X-rays equal to 0.15406 nm, θ refers to the 
direction angle, and is full width at high maximum [FWHM] 

 a

 b

Figure 3.a: SEM image of biosynthesized ZnO NPs of prepared using 
zinc acetate as the Starting material. 3.B: TEM images of prepared ZnO 

NPs
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of diffraction Peak in Table 1, and the crystalline size of 
biosynthesized ZnO NPs was determined to be 16.50 nm.

Related results have been reported for flower extracts of 
Nyctanthes arbor-tristis with a crystalline size of 16.58.49 

Besides, the size was larger than 16.50 nm, and smaller than 
the 5.3689 reported in the chemical synthesis of ZnO NPs. 
The results confirmed that the ZnO NPs are of the wurtzite 
hexagonal type structure.50,51

Thermal stability
A thermo gravimetric analysis (TGA) has been conducted on 
the biosynthesized ZnO NPs. The decomposition behavior of 
green synthesized ZnO NPs was shown in Figure 7, throughout 
the temperature range of 100 to 600°C in an N2 atmosphere. 
The first degradation process, which resulted in a 0.74% 
weight loss, began at 150°C and finished around 300°C, and 
was caused by evaporation of surface-adsorbed water. The 
second thermal degradation process, which began at 400 ° with 
weight loss 2.20 and ended around 500°C, could have been 
caused by the degradation of the condensation dehydration of 
the hydroxyls. Similar weight loss was also reported in other 

Figure 6: X-ray diffract gram of ZnO NPs

Table 1: The X-ray diffraction parameters and crystallite size of ZnO 
NPs using zinc acetate dihydrate with aqueous portulaca oleracea plant 

extracts

Average D (nm) D (nm) FWHM Peak position 20 (dgree)

16.50

10.582702 0.7872 10.2546
14.128691 0.5904 11.8032
14.156576 0.5904 13.8159
14.614714 0.5904 31.8505
14.716129 0.5904 34.5102
14.791916 0.5904 36.3528
18.437576 0.492 47.678
19.168215 0.492 56.7588
16.485544 0.5904 63.0323
20.157659 0.492 66.4274
16.962817 0.5904 68.1087
20.498297 0.492 69.2819
20.938311 0.492 72.6943
15.413517 0.6888 77.1983

Figure 5: EDX spectrums of biosynthesized ZnO NPs using the extract 
of portulaca oleracea

Figure 4: a- DLS size distribution potential and, b- ζ-potential 
distribution of P. oleracea plant extracted synthesized nanoparticles.

 a

 b
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research.41,51-53 In addition, the degradation weight obtained 
from TGA agrees well with the curves of ZnO NPs synthesized 
using a mechanochemical method.54

Brunauer-Emmett-Teller (BET)
BET analysis of pore volume and average diameter (BJH) 
provides the evaluation of a precise specific surface conducted 
with high purity nitrogen at 77 K. as a function of relative 
pressure using a fully automated analyzer.5

The total specific surface area yielded valuable knowledge 
to explore the effects of surface porosity and particle size. 
The BET equation (2) was used to find the surface area of 
biosynthesized ZnO NPs. (Figure 8) illustrates nitrogen (N2) 
adsorption-desorption isotherms of ZnO NPs, as well as a 
typical type IV adsorption obtained from biosynthesized 
NPs, as classified by the IUPAC.55 The isotherm relative was 
observed to have small adsorbent interaction potentials and was 
also associated with pores in the 1.5–100 nm range. The ZnO 
NPs powder has a specific surface area of S of 5.8772 m2/g, 
which correlates to hexagonal particle size. A similar finding 
was discovered earlier.56 While BET analysis revealed a surface 
area, pore volume and pore diameter of 9.259 m2/g, and 9.87 

nm, respectively, they were prepared via a facile one-pot 
chemical precipitation approach.51

	 	 (2)
W= weight of gas adsorbed
P/P0 =relative pressure
Wm = weight of adsorbate as monolayer
C = BET constant

FTIR Spectroscopy Analysis
The typical FTIR spectrum is shown in Figure 9. This was 
performed to investigate and determine the functional group 
involved in biosynthesized ZnO NPs, which showed a peak 
in the (400–4000 cm-1) spectral range. The samples have a 
typical FTIR spectrum for pure ZnO NPs, with absorption at 
533 cm-1, the characteristic absorption of the Zn-O bond, and 
broad absorption. The broadband at 3431.36 cm-1, on the other 
hand, can be attributable to the phenolic compound’s typical 
absorption of hydroxyl. This data is consistent with what others 
have found (Figure 9).57-59

These findings indicate that the Portulaca oleracea extract 
contains flavonoids, polyphenolics, and derivatives. Any shift 
or change in position or intensity was correlated to a functional 
group interaction with ZnO NPs. The appearance of new Peaks 
at 702.09 and 2492.03 cm-1 demonstrated that ZnO NPs had 
underwent.

The peaks at 1425.40 and 1487.12 cm-1 corresponded to the 
C–O and C–H bending and the carboxylic acid group stretching 
by 2492 cm-1. At 1153 cm-1, the bending vibration of the 
alcoholic –C–OH, –C=O groups from the aromatic ring with 
conjugation and the secondary alcoholic group was reflected. 
The FTIR analysis indicates that the prepared extract and ZnO 
NPs were rich in phenol and flavonoid components.60,61 

CONCLUSIONS
ZnO NPs were positively synthesized from a green method 
using P. oleracea extract for the first time through a simple, 
cost-effective, and eco-friendly approach. Furthermore, this 
study indicated that the extract of P. oleracea has a potential 
impact. It helps as an effective reducing, capping, and 
stabilizing agent for the biological synthesis of ZnO NPs. The 

Figure 9: FT-IR spectrum of biosynthesized ZnO NPs

Figure 8: BET surface area analysis: Adsorption-desorption isotherms 
of ZnO NPs

Figure 7: Thermo gravimetric analyses (TGA) of the biosynthesized 
ZnO NPs
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biosynthesized ZnO NPs were characterized using techniques 
such as (UV-vis) spectroscopy, FTIR, SEM, TEM, EDX, XRD, 
DLS, TGA and BET analysis. 

TGA analysis showed that the biosynthesized ZnO NPs 
possess thermal stability up to 500°C. The XRD analysis 
determines the crystallinity of the biosynthesized ZnO NPs, 
and presents all direction peaks fit well with the standard 
hexagonal Wurtzite structure. Moreover, XRD analysis 
showed that the average crystalline size of ZnO NPs was 
about 16.58 nm. TEM analysis showed that the biosynthesized 
nanoparticles’ morphology was predominantly hexagonal. 
Finally, EDX analysis ensures the purity of ZnO NPs, and 
the optical band-gap energy is determined from UV-vis, was 
3.54 eV.
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