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Abstract

To create nanoparticles of zinc oxide (ZnO), a green chemistry method
was used. Using Cordia myxa (ZnO-C) and Ziziphus spina (ZnO-Z)
extracts works like natural reduction and stabilization properties. The
green process provided enhanced phytochemical interactions, which
facilitated nanoparticle formation and improved stability. The
concentrations of Zn and O elements were validated using energy-
dispersive X-ray spectroscopy. The ZnO-C and ZnO-Z polycrystalline
structures with a hexagonal wurtzite phase were validated by X-ray
diffraction (XRD), where the average crystalline size is about 17.54 nm
for ZnO-C, while for ZnO-Z it is equal to 16.809 nm. Field emission
scanning electron microscopy (FESEM) micrograph of ZnO-C observed
to be spherical, aggregated, and ranging between 35 and 52 nm in size,
whereas the FESEM micrograph of ZnO-Z showed slightly larger
particles ranging from 35 to 55 nm, which were also spherical to quasi-
spherical particles with a tendency to form aggregated clusters. The
optical properties of ZnO nanoparticles were examined using UV-Vis
spectroscopy, indicating that ZnO-C has a 3.23 eV band gap, while for
ZnO-Z it is 3.37 eV. As a result, ZnO nanoparticles have been confirmed
to be created using an ecofriendly method for various applications.
Keywords: Green synthesis, Zinc oxide Nanoparticles, Structure,

Morphology and optical properties

1.Introduction

Research on nanomaterials has been advancing quickly and holds promise for a number of
fields, such as biomedicine, optoelectronics, magnetic sciences, biosensors, and catalysis,
because of their simple work-up procedure, natural environmental friendliness, affordability, and
reusability’. Metal nanoparticles are metals with sizes between 10 and 100 nanometers. Metallic
nanoparticles have special characteristics®. Green synthesis of nanomaterials, including zinc
oxide, magnesium oxide, cerium oxide and titanium dioxide has been carried out extensively in
recent years>>.
Environmentally friendly processes were used to create different metal oxide nanoparticles °.
Green syntheses are the processes that have been proposed. The green synthesis technique
creates nanoparticles by combining plants with salts like nitrates, chlorides, or sulfates ’.
Reducers and capping agents are contained in plant extracts. Different nanoparticles have been
made from many parts of a plant that can be harvested, including the stem, leaves, roots, seeds,
fruits, and flower buds®.
Zinc oxide (ZnO) has high chemical and mechanical stability, as well as a wide range of
electrical and optical properties; it has gained technological significance, allowing it to be used
for engineering and medical applications such as gas sensors, flat panel displays, and
antibacterial agents * '°. ZnO, an n-type semiconductor of the I1-VI group, consists of wurtzite
crystals and has a broad, straight band; there is an energy gap of 3.37 eV. It is commonly found
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in optoelectronic devices such as laser diodes, which emit blue and ultraviolet light ***3. Due to
their unique shape (shape, size, crystalline structure, cost-effectiveness, low toxicity, and
biocompatibility), ZnO nanoparticles are considered some of the most important metal oxide
nanoparticles ***°. This research paper aims to prepare and characterize ZnO nanoparticles using
Cordia myxa and Ziziphus spina extracts and investigate their structural and optical
characteristics.

2. Materials and Methods

2.1. Materials

Cordia myxa and Ziziphus spina plant leaves were collected from the University of Baghdad's
College of Science's garden, and zinc chloride (ZnCl,), and ammonium hydroxide (NH4OH)
were purchased from the Alpha Chemika India Company and deionized water (DW).

2.2. Methods

2.2.1. Biosynthesis of Plant Extracts and ZnO Nanoparticles (ZnONPs)

Multiple fresh tree leaves such as (Cordia myxa and Ziziphus spina, were brought) and washed
thoroughly with triple distilled water and then were later dried. Zinc chloride (ZnCl,) and
ammonium hydroxide (NH4OH) were purchased from the Alpha Chemika India Company, and
deionized water (DW) was used. With an electric grinder, the dried leaves of the plant (cordia
myxa and ziziphus spina) were ground, and plastic containers held their powder.

A regulated amount of distilled deionized water was mixed with the plant powder (1:10), i.e., 10
milliliters of water for every gram of plant, after 30 minutes of vigorous stirring at 70°C.

The extracts were filtered using Whatman filter paper No. 1, and the filtrate was then stored in a
refrigerator at 4°C °. Each extract was prepared separately. In a green method, to reach a
concentration of (1M), ZnO nanoparticles were produced by adding ZnCl, to 100 ml of DW
using Equation 1'":

Mo = (MWVIt/t) * (@) €

Where M, represents the concentration in molar terms (mol/L), M.W; stands for molecular
weight (g/mol), W, is weight (g), and V is solution volume (mL). After that, 25 ml of plant
extract is added, followed by 98% pure (NH,OH) and stirring at 70-80°C for 1 hour. During
centrifugation, the sediment was spun at 4,000 rpm for 15 minutes.

To achieve a pH of 7, several washes of DW were conducted™®. After the mixture was prepared,
in a 400°C crucible, it was heated for two hours ** 2.

The thickness of the drop-cast for ZnO thin films produced by the green method was estimated
using the gravimetric method (around 200 nm).

To calculate the mass difference (Am), the glass substrates were precisely weighed both before
and after the deposition procedure using an analytical balance. The film thickness (t) was
calculated using Equation 2 22

t =AdAm /pA (@)
Where p is the ZnO density and A is the effective coated area. The study's goal is to investigate
ZnO nanoparticle manufacturing using aqueous extracts of Cordia myxa plant leaves as a
stabilizing and reducing agent®® and Ziziphus spina plant leaves as a capping and stabilizing
agent to prevent the agglomeration of the nanoparticles ** °, as well as how this procedure
affects the resulting nanoparticles' composition and characteristics. Figure 1 illustrates all these
processes.
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Figure 1. Diagram of ZnO nanoparticle synthesis.

2.2.2. Characterization of ZnONPs

In this study, the samples’ composition was determined using energy dispersive X-ray
spectroscopy (EDX), and the produced ZnO nanoparticles were characterized. ZnO nanoparticles
structure and crystallite size have been characterized by X-ray diffraction. In order to find out the
morphological characteristics of the produced nanoparticles, a field emission scanning electron
microscopy (FESEM) was utilized, and to examine their optical properties, UV-Vis spectroscopy
was used.

3. Results

3.1. Energy Dispersive X-ray Spectroscopy (EDX)

Figures 2 and 3 showed the EDX analysis, which was used to analyze and confirm the elemental
composition (quantitative elemental structure) of greenly synthesized ZnO nanoparticles using
ZnO-C and ZnO-Z extracts. The EDX spectrum of ZnO NPs using Cordia myxa and Ziziphus
spina extract made it evident distinct peaks are present; the first for zinc is the K, line (8.6-8.7
keV), Kg (9.5-9.6) keV, and L, (1.0 - 1.1) keV), and the second for oxygen is at (K, =0.525
keV). With changes based on the plant extract utilized in the synthesis, these data demonstrate
that Zn and O are the main elements in both samples.

I Site 3 {196 676 counts)

Figure 2. EDX for ZnO-C-NPs
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3.2. X-Ray Diffraction (XRD)
X-ray diffraction (XRD) patterns of ZnO NPs nanoparticles were used to determine the
nanoparticle structure, Miller modulus, phase, and crystallite size. A zinc oxide X-ray diffraction
(XRD) pattern was shown in Figure 4a for Cordia myxa extract ZnO- C powder, while Figure
4b illustrated the zinc oxide X-ray diffraction (XRD) patterns that were prepared using Ziziphus
spina extract ZnO-Z. Tables 1 and 2 showed the X-ray parameters for ZnO-C and ZnO-Z
respectively. These results are in agreement with other researchers.

IHIPAS. 2026; 39(2): 150-159

Figure 3. EDX for ZnO-Z-NPs
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Figure 4. XRD pattern for a. ZnO-C NPs ,b. ZnO-Z NPs.
Table 1. The X-ray parameters of ZnO-C NPs.
20 (Deg.) Exp 20 (Deg.) Std FWHM (Deg.) dex,,(A°) C.S(nm) dpa (A°) Phase
32.2708 31.928 0.4518 277177 11.8 100
34.9349 34.625 0.4366 2.56626 12.9 002
36.7528 36.445 0.3173 2.44339 23.5 101
48.0409 47.810 0.3346 1.89233 19.2 102
57.0539 56.898 0.3735 1.61295 17.2 110
63.313 63.243 0.3886 1.46772 26.2 103
66.313 66.744 0.9364 1.40403 11 200 Hexagonal
68.3716 68.345 0.349 1.37094 23 112 JCPDS card :(
69.4944 69.478 0.3778 1.3515 26.4 201 96-230-0114)
77.2869 77.424 1.3457 1.23352 4.2 202

Average of C.S =17.54 nm
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Table 2. The X-ray parameters of ZnO-Z NPs.

20 (Deg.) Exp 20 (Deg.) Std FWHM (Deg.) de,(A) C.S (nm)  dyg(A) phase
32.2998 31.928 0.4494 2.76935  12.5 100

34.9527 34.625 0.4594 2.56500 123 002

36.7736 36.445 0.3704 2.44206  20.1 101

48.0486 47.810 0.3432 1.89205  19.1 102

57.059 56.898 0.3727 1.61282 18 110

63.3075 63.243 0.4181 1.46784 252 103 Hexagonal
66.6683 66.744 0.7863 140176 8.7 200 JCPDS card : (96-230-0114)
68.3688 68.345 0.4140 1.37098  21.5 112

69.4806 69.478 0.3799 135174  22.7 201

73.0367 73.050 0.3783 1.29445 21.3 004

77.3203 77.424 1.6016 1.23307  3.50 202

Average of C.S = 16.809 nm

3.3. Field Emission Scanning Electron Microscopy (FESEM)
Field emission scanning electron microscopy was employed to examine the surface morphology
and microstructural characteristics of the synthesized nanoparticles. This technique provides
high-resolution imaging that enables accurate observation of particle size, shape, distribution,
and surface texture. FESEM analysis is essential for confirming the successful formation of
nanostructures and evaluating any agglomeration or morphological features that may influence
their physical properties. The obtained images offer detailed insight into the nanomaterial’s
structural uniformity and help correlate the morphology with the synthesis conditions used.
Figures 5a and 5b displayed the FESEM images of ZnO nanoparticles utilizing Cordia myxa
extract ZnO-C and Ziziphus spina extract samples ZnO-Z, respectively.
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3:34:41 PM| 3.5 1.32e-3 Pa 8.9 mm 120 000 x|ETD|30.00 kV inspect f 50-FE| Company ;‘ 23 3.5 1.73 3.3 mm 120 000 x|ETD 30.00 kV_ inspect f 50-FEI Company

Figure 5. Field emission scanning electron microscopy images for a. ZnO-C b. ZnO-Z

3.4. Optical Properties

ZnO nanoparticles prepared from Cordia myxa extract and Ziziphus spina extract are commonly
characterized optically, particularly with UV-Vis spectroscopy to determine their absorption
behavior and band gap energy, providing a preliminary assessment of the produced
nanoparticles' optical performance. For the ZnO-C sample, the variation of the absorbance
spectrum was shown in Figure 6a, whereas the variation of (chv)? with hv was shown in Figure
6b. Figures 7a and 7b illustrated the variation of absorbance with wavelength and the variation
of (ahv)?with hv for the ZnO-Z sample, respectively.
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Figure 6. a. Absorbance vs. wavelength of ZnO-C, b. Variation of (ahv)? vs hv of ZnO-C
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Figure 7. a. Absorbance vs. wavelength for ZnO-Z, b. Variation of (¢hv)? vs hv of ZnO-Z.
4. Discussion

According to Figures 2 and 3, the energy dispersive X-ray spectroscopy determines their
purity and elemental composition; it is providing information on the percentage of the materials
that each element occupies. For ZnO-C, the atomic percentages determined for Zn and O were
64.2% and 35.8%, respectively; it is nearly at the anticipated ZnO stoichiometry, and the weight
percentages of Zn are 88.0% and O are 12.0%. The higher weight percentage of Zn is due to Zn
being a heavier element compared to oxygen; these values agree with other researchers®.In the
EDX analysis of ZnO-Z elemental composition, the atomic percentages of Zn and O were 71.8%
and 28.2%, respectively, and the weight percentages of Zn and O were 91.2% and 8.8%. When
compared to ZnO-C, the ZnO-Z sample showed a greater atomic percentage of Zn (71.8%). This
rise could be explained by the Ziziphus spina extract capping and stabilizing actions, which
result in more noticeable ZnO particle nucleation. Reduced oxygen content can also indicate
fewer surface-bound oxygen-related flaws. These values were in agreement with that shown for
other researchers?’. The EDX results verify that zinc oxide nanoparticles were successfully
formed in both ZnO-C and ZnO-Z samples. The presence of only Zn and O signals without
detectable impurities suggests that chemically pure ZnO structures were produced by the
biosynthesis process; the slight variations in elemental ratios between the two samples can be
attributed to the impact of the plant extracts used during fabrication. For Figure 4a, the XRD
pattern of ZnO-C prepared samples, the patterns indicated a hexagonal wurtzite phase. The
sharp, intense diffraction peaks are observed at diffraction angles of 20 = 32.2708°, 34.9349°,
36.7528°, 48.0409°, 57.0539°, 63.313°, 66.313°, 68.3716°, 69.4944°, and 77.2869°,
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corresponding to the (100), (002), (101), (102), (110), (103), (200), (112), (201), and (202)
planes, respectively. The structural parameters of ZnO-C were displayed in Table 1, matching
the data on the JCPDS card :( 96-230-0114)%. The dominant peak for ZnO-C was for plane
(101); to determine the dhkl value, Bragg's law was used, according to Equation 3%°:
niA=2dnysin 0 (3)
However, with the Scherrer formula, average crystallite size was calculated for ZnO-C and ZnO-
Z nanoparticles, which came out to be 17.54 nm and 16.809 nm, respectively 2, according to
Equation 4:

CS=kl/BcosB 4)
Where C.S. means the crystallite size of the crystal, k is the shape parameter (0.9), A is the X-ray
wavelength (0.15406 nm), B is the width of the XRD peak at half height, and 0 is the Bragg
diffraction angle®. Figure 4b displayed the X-ray diffraction (XRD) patterns of zinc oxide that
were made using Ziziphus spina extract. All of the samples possessed a polycrystalline structure,
as indicated by the X-ray diffraction peaks, which included eleven peaks at 20 = 32.2998°,
34.9527°, 36.7736°, 48.0486°, 57.059°, 63.3075°, 66.6683°, 68.3688°, 69.4806°, 73.0367°, and
77.3203°. These crystals were composed of the hexagonal phase of (ZnO-Z) in accordance with
the lattice planes (100), (002), (101), (102), (110), (103), (200), (112), (201), (004), and (202),
respectively. The values in the standard card number (96-230-0114) match with these values®.
The dominant peak for ZnO-Z was for plane (101), and Table 2 demonstrates the X-ray peak
parameters of ZnO-Z.In general, in the green-synthesized ZnO nanoparticles’ XRD pattern, a
slight shift was observed between the experimental 20 values and the standard 26 positions
(JCPDS card: 96-230-0114)%. Such deviations are commonly reported for ZnO prepared via
green synthesis and may be attributed to lattice strain, crystallographic defects (such as oxygen
vacancies and zinc interstitials), and the influence of phytochemical compounds from the plant
extract used during synthesis. Overall, these small variations confirm the formation of ZnO with
good crystallinity and are consistent with the nanostructured nature of the prepared material. The
FESEM images of ZnO nanoparticles utilizing Cordia myxa extract ZnO-C were observed in
Figure 5a to be spherical, aggregated, and range between 35 and 52 nm in size; the size
distribution appears to be moderately wide. Such an aggregation tendency was frequently seen in
ZnO that has been green-synthesized 2. Furthermore, based on XRD analysis, the
nanoparticles were hexagonal wurtzite, ZnO's most thermodynamically stable crystal structure.
This combination of spherical shape and hexagonal crystal structure was in line with earlier
research on the green-synthesized ZnO; research has shown that phytochemicals from plant
extracts work as reducing and stabilizing agents®*. Whereas the FESEM image of ZnO
nanoparticles by Ziziphus spina extract sample ZnO-Z. The aggregation and partial clustering are
attributed to the bioactive phytochemicals in the extracts, which act simultaneously as reducing
and capping agents, promoting nucleation of ZnO nanocrystals while also inducing particle-to-
particle interactions ***, and range between 35 and 55 nm in size. Both samples have a rough,
porous surface shape, which is useful for processes like photocatalysis and antibacterial activity
that need a lot of surface area, as shown in Figure 5b. Figures 6a and 7a displayed ZnO
nanoparticles produced with Cordia myxa extract and Ziziphus spina extract analyzed by UV-Vis
spectra, respectively. This is because of the valence band's electronic transition to the conduction
band; the ZnO-C NPs obtained a strong 384 nm absorption peak. In ZnO, this is due to its
intrinsic band-gap absorption. A sharp UV absorption edge confirms ZnO nanoparticle
formation. One can conclude that the material is optically transparent by observing the decrease
in absorbance with increasing wavelength toward visible and near-infrared wavelengths. This
result goes in line with other researchers®. The ZnO-Z sample, which was prepared by Ziziphus
spina extract absorption peak, was shown at 378 nm. This is in agreement with other
researchers®®. Energy gap (E,) was determined by plotting (chv)? versus hv as illustrated in
Figures 6b and 7b, which represent the optical energy gap of ZnO-C, which was equal to 3.23
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eV and 3.37 eV, the energy gap for (ZnO-Z). These results are in agreement with the outcomes
of other researchers *"%,

5. Conclusions

Utilizing extracts from Ziziphus spina and Cordia myxa in an aqueous solution of ZnCl, as
natural reducing and stabilizing agents, ZnO nanoparticles were successfully produced in this
study utilizing a green technique. EDX, XRD, FESEM, and UV-VIS were the diagnostic
methods used to describe the composition, structure, morphology, and optical characteristics of
the generated particles. Their purity, nanoscale size, and polycrystalline hexagonal wurtzite
structure were all validated by the characterization. This inexpensive and environmentally
acceptable method describes how ZnO nanoparticles can be synthesized by plant-mediated
synthesis, ZnO-C, and ZnO-Z that are appropriate for optoelectronics, antibacterial, and
environmental applications.
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