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ARTICLEDETAILS ABSTRACT

Article history: In this present work, the synthesis of zinc oxide (ZnO) nanoparticles (NPs) carried out at room
Received 25 July 2026 temperature via green method (plant mediated) using Coriandrum sativum leaf extract. The prepared
Accepted 21 August 2026 nanoparticles were characterized by FTIR, UV-Visible, XRD and SEM techniques to confirm its formation.

Available online 26 August 2026 It is observed from the FTIR spectrum that Coriandrum sativum leaf extract is significantly rich in
different chemical groups such as -OH, -COOH and amine. Absorption UV-spectra analysis of
synthesized ZnONPs was performed to study the optical property, found to be the band width of 3.8 eV
and to confirm the presence of zinc oxide nanoparticles. The absorption spectrum reveals strong
absorption peak at 272 nm within the absorption range 200-650 nm, which confirms formation of ZnO
nanoparticles. The XRD pattern shows sharp and narrow diffraction peaks suggest that synthesized
product has the good crystallinity with relatively larger crystallites, and signifies the effects of
experimental conditions on the nucleation and growth of the crystal. The XRD patterns shows the
noticeable peaks corresponding to 26 values of 31.64°, 34.43°,36.28°,47.75°,56.52°, 63.45°,67.91° and
69.25°. The calculated value of crystalline size was found to be 60 nm and closely matched with wurtzite
structure of ZnO. The SEM images showed that the particles are well shaped and spherical in the size
range 30-150 nm, and there is fairly large number of individual small nanoparticles along with very few
agglomerated relatively bigger particles. Further, these nanoparticles were applied as green catalyst in
the synthesis organic chemistry transformations. ZnONPs used as heterogeneous green catalyst in the
preparation of chalcones (E)-N-phenyl-3-(substituted)-acrylamide 3(a-f) (chalcones) by the
condensation of aromatic aldehydes and acetanilide is reported. This method includes, cost effective,
high yields, easy workup procedure, short reaction time at room temperature are the main advantages
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of this procedure is described.

1. Introduction

Metal oxide nanoparticles are of great interest for both fundamental
research and technological development [1,2]. Several investigators are
trying to develop the proper growth and processing techniques for the
synthesis and to manipulate the features of metal oxide nanoparticles
(NPs). Among various metal oxide nanomaterials, zinc oxide nanoparticles
(ZnONPs) have attracted significant attention because of their excellent
optical, electrical, catalytic, and antimicrobial properties [3,4], as well as
their chemical stability, biocompatibility, low toxicity, and cost-
effectiveness [5,6]. It is worth noting that zinc oxide nanoparticles can be
used in various applications such as biotechnology, drug delivery, medical,
optical devices, DNA labelling, bio molecular detection, diagnostics [7]
optoelectronics, nanogenerators, biosensors, solar cells, photocatalysts
lubricants, rubber, photo detectors, cement ceramics sensors [8,9]. The
ZnONPs can be synthesized by the chemical, physical, or biological
methods. The physical and chemical methods include sol-gel,
hydrothermal, chemical precipitation, microwave-assisted synthesis,
chemical vapor deposition, and thermal decomposition. However, the
chemical and physical methods are expensive due to costly
stabilizing/reducing agent and equipment as well as having toxic
byproducts. Therefore, green synthesis has been explored as an approach
to synthesize metal NPs with controlled size and shape [10]. Green
synthesis utilizes pollutant-free chemicals and solvents such as water and
natural extracts to synthesize NPs [11]. The green method has no
requirement of high temperature for synthesis and calcinations and can be
easily scaled up. Recently, adopting eco-friendly protocols to synthesize a
wide range of nanoparticles and hybrid materials has become more
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popular [12]. In addition, plant-mediated green synthesis has gained much
attention due to the use of natural capping agents and the absence of toxic
chemicals [13]. Plant leaves are widely regarded as suitable materials for
the green synthesis of ZnO nanoparticles because they are rich in
phytochemicals, have more H* ions to reduce zinc acetate dehydrate (the
precursor) into ZnO NPs [14]. Among the various plant species
investigated, Cassia fistula [15], Moringa oleifera [16], Laurus nobilis [17],
Caralluma fimbriata [18], Vitis labrusca [19], Artocarpus heterophyllus
[20], Aristolochia indica [21], and Carica papaya [22] have been
successfully employed for the green synthesis of ZnONPs. Chalcones,
chemically known as o,3-unsaturated aromatic ketones, is found to be the
biologically active compounds and versatile intermediates in organic
synthesis. Chalcone derivatives exhibit diverse pharmacological activities,
including anticancer, antimicrobial, anti-inflammatory, antidiabetic,
antipyretic, anti-allergic, analgesic, and antimalarial effects [23-26]. In
addition to their medicinal significance, chalcones are widely employed in
the development of fluorescent probes [27], corrosion inhibitors [28],
pesticides [29], and liquid crystalline materials [30,31]. They also act as
key synthetic precursors for the preparation of numerous biologically
important heterocyclic compounds, such as flavones, isoxazoles,
pyrazoles, pyrazolines, pyrimidines, thiazines, and imidazolines [32-37].
The classic method for synthesizing chalcones is the base-catalyzed
Claisen-Schmidt condensation reaction [38, 39]. Other notable techniques
include microwave irradiation [40] and ultrasound irradiation [41],
Suzuki reaction [42], Friedel-Crafts reaction, Photo-Fries rearrangement.
[43, 44], solvent-free grinding [45, 46] were reported in the literature.

In this context, herein, this paper report green synthesis of ZnO
nanoparticles and stabilized using Coriandrum sativum (annual herb) leaf
extract by the bio reduction method without using any harmful reducing
and capping agent. Further, applications of ZnONPs as green catalyst in
organic transformations is described. The Coriandrum sativum is a
medicinal plant also known as ‘Dhania’ belongs to family Apiaceae [47, 48].
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2. Experimental Methods

2.1 Materials and Preliminary Characterization

All the chemicals were obtained from commercial sources as analytical
grade and used without further purification. The melting points of
synthesized products were determined in an open capillary method were
uncorrected. Merck, precoated silica gel 60 F2s4 (Aluminum sheets) plates
were used for analytical TLC. All known organic products were identified
by comparison of their physical and spectral data with those of authentic
samples. IR spectra were recorded on FTIR-Shimadzu spectrometer

2.2 Preparation of Coriandrum sativum Leaves Extract

Fresh leaves of Coriandrum sativum were washed thoroughly 4-5 times
with biodegradable and distilled water to remove the dust particles and
other unwanted impurities and cut it into fine pieces. The 50 g of dried
Coriandrum sativum leaves was mixed with 200 mL of deionized water in
a 500 mL glass beaker and boiled at 60 °C for 30 minutes. The color of
mixture was changed to dark yellow. Then, the mixture was cooled to
room temperature and filtered using Whatman filter paper. The filtrate
was collected & the extract was stored in glass bottle.

2.3 Synthsis of Zinc Oxide Nanoparticles (ZnONPs)

20 mL of 0.02 M zinc acetate dihydrate (ZnCsHs0) was take to 50 mL
distilled water. The mixture was stirred using magnetic stirrer (200 rpm)
for 10 min. Thereafter 1 mL of the aqueous leaf extract of Coriandrum
sativum was added into the solution. The pH of the solution was adjusted
to 12 by 2.0 M NaOH until pale white aqueous solution formed. The
mixture was stirred again (1000 rpm) for 2 h until white precipitate was
formed. The white precipitate was separated by centrifugation (4000
rpm) for 25 min. The precipitate was washed once with 5 mL of distilled
water and 95% ethanol for 1 min to remove impurities. The precipitate
was dried at 100 °C in an oven for overnight to obtain pale white ZnONPs
powder and calcined at 550 °C in furnace for 13 h to obtain fine white ZnO
nanoparticles. The schematic way of synthesis of ZnONPs represented in
Fig. 1.

Fig. 1 The schematic way of synthesis of zinc oxide nanoparticles (ZnONPs)

2.4 Characterization of ZnO Nanoparticles

The crystal structure of the synthesized nanoparticles was examined
with powder X-ray diffraction (XRD) and the pattern were recorded using
X-ray diffractometer (Phillips X Pert model) equipped with CuKa radiation
(A = 0.1542 nm) within the 26 range of 10°-70°. Morphological
characteristics, size and composition of nanoparticles were determined by
scanning electron microscopy (SEM) equipped with the X-Ray energy-
dispersive spectrometry (EDX). SEM images were captured on a LEO-435
VP instrument operated at 25 kV. FTIR-Shimadzu spectrometer was used
to theorize the functional groups involved in the synthesis. The optical
properties of synthesized nanoparticles were deliberated using Shimadzu
UV-Visible spectrophotometer.

2.5 Synthsis of (E)-N-Phenyl-3-(Substituted)Acrylamide 3(a-f)

An equivalent mixture of acetanilide (0.005 M) and aromatic
benzaldehyde (0.005 M) in methanol (2 mL) was taken in mortal and
pastel. The catalyst ZnONPs (0.1 g in 5 mL water) was added drop wise at
room temperature. The reaction mixture was grinding for 20-25 minutes.
The completion the reaction mixture was monitored by thin layer
chromatography (TLC). After completion of the reaction, poured into ice-
cold water and neutralized with dilute HCI. The solid obtained was filtered
over Buchner funnel and washed freely with distilled water. The crude
https://doi.org/10.30799/jnst.377.26110507

product was separated, filtered and crystallized from suitable solvent. The
heterogeneous catalyst (ZnONP) was separated as residual part. The yield
and melting point of product was recorded.

3. Results and Discussion

The green synthesis of zinc oxide nanoparticles was carried out using
Coriandrum sativum leaf extract, which contains minerals and vitamins,
including calcium, phosphorus, iron, and sodium, as well as organic acids.
These bioactive constituents are present in significant amounts and are
responsible for the reduction process [49]. Furthermore, the
characterization of green-synthesized ZnO nanoparticles using various
analytical techniques reveals their structural and optical properties.

3.1 Fourier Transform Infrared Spectroscopy Study (FTIR)

The FTIR spectra of synthesized ZnO nanoparticles was shown in Fig. 2.
The spectra were recorded in the series of absorption band 500-4000 cm-
1. The band at 3500 cm! is attributed to the O-H stretching of hydroxyl
group, whereas the stretching frequency observed at 1630 cm! identifies
the presence of asymmetrical stretching of carboxylate (COO-). Broad peak
at 1029 cm! occurs due to the stretching vibration between C-N bonds of
amine. Moreover, absorption band at 548 cm-! identifies the occurrence of
Zn0 nanoparticles. Thus, it can be observed from the FTIR spectrum that
Coriandrum sativum leaf extract is significantly rich in different chemical
groups such as -OH, -COOH and amine. This IR spectral data is in
agreement with reported literature [50-52].
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Fig. 2 FTIR spectrum of ZnO nanoparticles synthesized using Coriandrum sativum
leaf Extract

3.2 Absorption UV-Visible Spectroscopy Study

Absorption UV-spectra analysis of synthesized ZnONPs was performed
to study the optical property and to confirm the presence of zinc oxide
nanoparticles. The absorption spectrum is shown in Fig. 3. It reveals
strong absorption peak at 272 nm within the absorption range 200-650
nm, which confirms formation of ZnO nanoparticles [53]. The band gap
energy was determined using Tauc equation ahv=p(hv-Eg)™ for direct
band gap material, where, a is the absorption coefficient for direct band
gap material, {8 is the constant and has different values for the different
transitions. Eg is the energy gap and hv is the photon energy while m
denotes an exponent which have values %2, 3/2, 2 and 3 depending on the
electronic transition [54].
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Fig. 3 Absorption spectral analysis of synthesized ZnONPs

Tauc plot as shown in Fig. 3(b)(inset), the photon energy (hv) on the X
axis and a quantity (a¢hv)? on the Y axis; and extrapolating the linear
portion of the curve to the X axis yields the energy band gap of the material.
The gap was found to be 3.8 eV which is comparable to the values obtained
by others [55,56]. It is found that, our calculated value is higher than that
of bulk ZnO (3.3 eV), which indicates that the as prepared ZnO
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nanoparticles exhibit strong quantum confinement by modifying valence
and conduction bands of ZnO semiconductor.

3.3 X-Ray Diffraction Pattern Study

XRD pattern of synthesized sample is shown in Fig. 4. The sharp and
narrow diffraction peaks suggest that synthesized product has the good
crystallinity with relatively larger crystallites, and signifies the effects of
experimental conditions on the nucleation and growth of the crystal. The
XRD patterns shows the noticeable peaks corresponding to 26 values of
31.64°, 34.43°, 36.28° 47.75° 56.52°, 63.45° 67.91° and 69.25°. The
prominent peaks correspond to (hkl) values of (100), (002), (101), (102),
(110),(103),(112) and (201). These plane values are closely matched with
wurtzite structure of Zn0O. Additionally, no characteristic peaks other than
the ZnO appears which in turn specify the high purity of our sample. The
average crystalline size of nanoparticles was estimated using the Debye-
Scherer formula [57], D =0.891/Cos6, where, A (1.54 A) is the wavelength
of X-ray, 6 being Bragg’s diffraction angle and f is the full width at half
maximum. The calculated value of crystalline size was found to be 60 nm,
which obviously supports the SEM.

(101)

ZnO-NP

(100)

(002)

)

-

—
%‘1102)

JCP2 card no. 36-1451

Intensity (a.u)

T T T T T T T T

T
25 30 35 40 45 50 55 60 65 70 75 80
20 (degrees)

Fig. 4 XRD pattern of synthesised zinc oxide nanoparticles

3.4 Scanning Electron Microscopy Study (SEM)

The typical SEM images of the ZnO nanoparticles are shown in Fig. 5.
SEM images showed that the particles are well shaped and spherical in the
size range 30-150 nm, and there is fairly large number of individual small
nanoparticles along with very few agglomerated relatively bigger particles
[58].
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Fig. 5 SEM images of ZnO nanoparticles synthesized using Coriandrum leaf extract

3.5 Synthesis of Chalcones by ZnONPs

Further, these synthesized ZnONPs was used as green catalyst for the
synthesis of chalcones using Claisen-Schmidt condensation. Here, the
condensation of aromatic aldehydes with acetanilide using zinc oxide
nanoparticles as catalyst in presence of aqueous methanol at grinding
under mortal pastel at room temperature is described (Scheme 1). The
time for complete the reaction was 20-30 minutes. The workup procedure
and separation of products was easy as shown experimental section. The
physical and analytical data of synthesized compounds shown in Table 1.
These formation products and characterization were confirmed with

reported literature [59].
https://doi.org/10.30799/jnst.377.26110507
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Scheme 1 Synthesis of (E)-N-phenyl-3-(substituted) acrylamide 3(a-f) using
ZnONPs as green solid catalyst

Table 1 Physical and anaytical data of synthesized cocmpounds (3a-f)

Entry R Mol. Formula Rx» time (min) Yield (%) M.P. (°C)
3a OCH3 C16H12NO2 20 88 126-128
3b CHs C16H1sNO 25 85 158-160
3c cl C15H12NOCI 20 85 166-168
3d N(CH3)2  Ci7H1sN20 25 80 132-136
3e NO: C15H12N203 28 75 200-202
3f H C15H13NO 22 82 150-152

4. Conclusion

In the summary, the present methodology is reveals with the green
synthesis, zinc oxide nanoparticles carried out at room temperature via
green route using Coriandrum sativum leaf extract. The prepared
nanoparticles were characterized by Fourier transform infrared
spectroscopy (FTIR), UV-visible spectroscopy, X-ray diffraction (XRD) and
scanning electron microscopy (SEM) to confirm its formation. The
absorption spectrum reveals strong absorption peak at 272 nm within the
absorption range 200-650 nm, which confirms formation of ZnO
nanoparticles. The XRD patterns shows the noticeable peaks
corresponding to 26 values of 31.64°, 34.43°, 36.28°, 47.75°, 56.52°,
63.45°, 67.91° and 69.25°. The calculated value of crystalline size was
found to be 60 nm and closely matched with wurtzite structure of ZnO. The
SEM images showed that the particles are well shaped and spherical in the
size range 30-150 nm. Further, the prepared nanoparticles were applied
for the synthesis of organic chemistry transformations. By using ZnONPs
as heterogeneous green catalyst in the preparation of chalcones (E)-N-
phenyl-3-(substituted)-acrylamide = 3(a-f)  (chalcones) by the
condensation of aromatic aldehydes and acetanilide has reported. This
method includes, cost effective, high yields, easy workup procedure, short
reaction time at room temperature are the main advantages of this
procedure. These formations of products were confirmed and matched
with reported literature data.
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