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a b s t r a c t
The study aims to synthesise zinc oxide nanoparticles (ZnO NPs) by green method using Coriandrum 
sativum leaf extract as a reduction and capping agent. ZnO NPs were calcined at two different tem-
peratures (100°C and 550°C). The optical properties of ZnO NPs were characterised by UV–Vis spec-
trophotometer, while the structural properties were characterised by field emission scanning electron 
microscopy (FESEM) with energy dispersive X-ray spectroscopy (FESEM/EDX), transmission elec-
tron microscopy (TEM), X-ray diffraction (XRD), and Fourier transform infrared spectroscopy 
(FTIR). ZnO NPs solution exhibited high absorbance at 213–330 nm, while the maximum absorbance 
values of ZnO NPs (100°C) and ZnO NPs (550°C) in diffuse reflectance mode were at 333 and 348 nm, 
which correspond to band gap energy of 3.56 and 3.72 eV, respectively. FESEM images showed that 
ZnO NPs were clearly distinguished as individual particles with little agglomeration. The size of the 
particles of ZnO NPs (100°C) is in the range of 58.2 to 216 nm and in the range of 84.8 to 113 nm for 
ZnO NPs (550°C) as determined by TEM analysis. Moreover, the XRD patterns of ZnO NPs (100°C) 
and ZnO NPs (550°C) confirmed the hexagonal wurtzite structure with an average crystallite size of 
60.85 and 55.13 nm, respectively. In contrast, FTIR revealed the characteristics of ZnO NPs (100°C) 
and ZnO NPs (550°C) vibrational modes at 500 and 600 cm−1, respectively. FTIR spectra confirmed 
the presence of –C–O, =C–H, C=C, –C–O–C, O–H and amide I bond in both types of ZnO NPs. These 
findings indicate that C. sativum leaf extract is an effective reducing/stabilising agent for the green 
synthesis of ZnO NPs. However, ZnO NPs (550°C) exhibited better structural properties compared 
with ZnO NPs (100°C).
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1. Introduction

Nanotechnology is one of the most promising mod-
ern technologies in various science fields such as environ-
mental health, food, cosmetics, feed, and space No. 92. 
Nanoparticles (NPs) are particles with a dimension of 100 nm 
or less and have a large surface-area-to-volume ratio. NPs 
show better properties compared with their bulk counter-
parts in terms of crystal structure, chemical composition, 
surface area, surface energy, surface roughness, and phys-
iochemical stability depending on their size, distribution, 

and morphology [1,2]. Zinc oxide (ZnO) has wide band gap 
of 3.2 eV and excitonic binding energy of 60 meV. It crystal-
lises in the wurtzite structure [3]. ZnO NPs are getting much 
attention in various applications such as in biomedicine, 
optoelectronic and photonic devices, solar cells, and photo-
catalysts [4,5]. NPs can be synthesised by chemical, physical, 
or biological methods. However, the chemical and physical 
methods are expensive due to costly stabilising/reducing 
agent and equipment as well as having toxic byproducts. For 
instance, utilisation of highly reactive reducing agents such 
as sodium borohydride (NaBH4) and hydrazine hydrate 
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(N2H4) can cause unwanted toxicity issues and the formation 
of toxic byproducts [6,7]. Therefore, green synthesis has 
been explored as an approach to synthesise metal NPs 
with controlled size and shape [8].Green synthesis utilises 
pollutant-free chemicals and solvents such as water and nat-
ural extracts to synthesise NPs [7]. The green method has no 
requirement of high temperature for synthesis and calcina-
tions and can be easily scaled up. In comparison, ZnO NPs 
synthesised using emulsion chemical requires a calcination 
temperature of 700°C–1,000°C [9,10], and vapour transport 
method needs high temperatures such as ~1,400°C [11]. In 
addition, plant-mediated green synthesis has gained much 
attention due to the use of natural capping agents and the 
absence of toxic chemicals [12]. Green leaves are the most 
suitable materials to synthesise ZnO NPs as they are the 
site of photosynthesis and have more H+ ions to reduce 
zinc acetate dehydrate (the precursor) into ZnO NPs [13]. 
Among several plant extracts, Cassia fistula [14], Moringa 
oleifera [15], Laurus nobilis [16], Caralluma fimbriata [17], Vitis 
labrusca [18], Artocarpus heterophyllus [19], Aristolochia indica 
[20], and Carica papaya [21] have been explored as natural 
reducing/capping agents for ZnO NPs synthesis. However, 
a little agglomeration was observed in the ZnO NPs pro-
duced from these plants, indicating the lesser effectiveness 
of these extracts as a reducing/capping agent. Therefore, in 
this study, Coriandrum sativum was explored as an alternative 
reducing/capping agent for the synthesis of ZnO NPs due 
to its abundance in phytochemicals.

Coriandrum sativum, also known as cilantro or Chinese 
parsley, is a widely available plant in tropical countries [22]. 
C. sativum contains phytochemicals such as flavonoids, ter-
penoids, phenols, alkaloids, carbohydrates, tannins, protein, 
gardiac glycosidase, and minerals. It also contains niacin, 
calcium, carotene, phosphorus, and iron, which are respon-
sible for the synthesis of metal NPs [2]. For instance, pheno-
lics have nucleophilic aromatic rings which have antioxidant 
potential and metal-chelating ability. Moreover, flavonoids 
are the most important bio-reducing agent of plant extracts 
because of their ability to donate electrons and hydrogen 
atoms. Similarly, proteins act as a reducing agent where 
they donate electrons to react with metal ions and their con-
sequent stabilisation that indicates the nanoparticle forma-
tion [23]. C. sativum leaf extracts have been explored in the 
synthesis of silver nanoparticles [2,24–26] via oxidation or 
reduction reactions. However, less attention is paid for the 
synthesis of ZnO NPs from C. sativum plant extract. In this 
study, ZnO NPs were synthesised at two different tempera-
tures (100°C and 550°C) to study the effects of calcination 
temperature on the optical and structural properties of ZnO 
NPs, since it has not been reported before. 

The effect of calcination at 60°C on the properties of ZnO 
NPs synthesized from C. sativum has been investigated by 
researchers in the literature [7,26]. Moreover, ZnO NPs syn-
thesized from C. sativum which was extracted by ethanol 
has been investigated by researchers in the literature [27]; 
meanwhile a study by Singh et al. [28] investigated the prop-
erties of ZnO NPs synthesized from powdered C. sativum 
where reaction with the precursor and C. sativum extract 
took place at 70°C. However, the phytochemical analysis 
of the C. sativum by GCMS used in the synthesis has not 
reported before. C. sativum has a complicated composition 
with high diversity of the chemical compounds, therefore, 

the phytochemical analysis is necessary to determine the 
main compounds involved in the formation of ZnO NPs. 
Moreover, the UV–Vis studies of C. sativum have not been 
reported by the previous studies. The investigation the UV–
Vis absorption analysis of C. sativum leaf extract is needed to 
enhance the determination of the fingerprint signals shown 
by C. sativum leaf extract. The present study aimed to use 
C. sativum leaf extract as a reducing and capping agent for 
green synthesis of ZnO NPs with zinc acetate dihydrate 
(ZnC4H6O4) as precursor where the reaction occurred at 
room temperature. ZnO NPs were characterised to deter-
mine its maximum absorbance, surface morphology, ele-
mental composition, internal structure size, crystallographic 
structures and the possible functional groups in ZnO NPs. 
both phytochemical analysis as well as UV–Vis studies of 
C. sativum was studied which emphasise the novelty of the 
current work.

2. Materials and methods

2.1. Preparation of C. sativum extract

Fresh C. sativum leaves were collected from in and around 
the regions of Taman Universiti, Batu Pahat, Malaysia.  
The leaf were shredded and washed several times with 
distilled water to remove impurities and dust particles. 
Clean C. sativum leaves were air-dried at room tempera-
ture (25°C ± 2°C) to remove residual moisture. A fixed 
weight (50 g) of the washed and dried leaves was mixed 
with 200 mL (w/v) of deionised water in a 500 mL glass bea-
ker. The mixture was stirred and boiled at 60°C for 30 min 
until the colour of the aqueous solution changed to dark 
yellow. The C. sativum extract was cooled to room tempera-
ture (25°C ± 2°C) and filtered using Whatman filter paper 
(No. 40) [2,26]. The filtrate was collected and the extract was 
stored in a glass bottle at 4°C for subsequent UV–Vis stud-
ies and phyto chemical analysis of extract and for synthesis 
of ZnO NPs.

2.2. Synthesis of ZnO NPs

ZnO NPs was synthesised by adding 20 mL of 0.02 M 
zinc acetate dihydrate (ZnC4H6O4) to 50 mL DW. The mixture 
was stirred using a magnetic stirrer (200 rpm) for 10 min. 
Thereafter, 1 mL of the aqueous leaf extract of C. sativum 
was added into the solution and the pH of the solution was 
adjusted to 12 by 2.0 M NaOH until a pale white aqueous 
solution formed. The mixture was stirred again (1,000 rpm) 
for 2 h until a white precipitate was formed. The white 
precipitate was separated by centrifugation (4,000 rpm) 
for 25 min. The precipitate was washed once with 5 mL of 
DW and 95% ethanol for 1 min to remove impurities. The 
precipitate was dried at 100°C in a drying oven (Binder, 
Germany) overnight to obtain pale white ZnO NPs powder. 
For the second type of ZnO NPs, the ZnO NPs are calcined 
at 550°C in a furnace (Protherm, Turkey) for 3 h after drying 
at 100°C to obtain ZnO NPs with high purity [27,28].

2.3. Characterisation of C. sativum leaf extract

The optical characteristics of C. sativum leaf extract were 
analysed with a UV–Vis absorption spectrophotometer, while 
the phytochemical properties were determined by using gas 
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chromatography–mass spectrometry (GCMS) as described in 
Sections 2.3.1 and 2.3.2, respectively.

2.3.1. UV–Vis absorption analysis of C. sativum leaf extract

The optical property of C. sativum leaf extract was anal-
ysed with a UV–Vis absorption spectrophotometer (DR6000) 
in the range of 190–1,100 nm to determine its fingerprint 
signals [21].

2.3.2. Phytochemical analysis of C. sativum leaf extract

Phytochemical compounds of C. sativum leaf extract was 
determined using GCMS using a thermal separation probe 
(GCMS [TSP]) (Agilent Technologies 7890B [GC], Central 
laboratory, Universiti Malaysia Pahang) equipped with an 
Agilent 5977A mass selective detector. C. sativum leaf extract 
was freeze-dried at −70°C overnight. The sample was placed 
inside an Agilent ultra inert glass microvial and inserted 
into the TSP. The samples were placed through thermal 
desorption by inserting the probe into a TSP adapter [28]. 
The injector and detector temperatures were set at 250°C 
and 290°C, respectively. The column temperature was 
initially programmed at 50°C for 5 min, followed by an 
increase of 5°C/min to 270°C, and maintained isothermally 
for 10 min. One microlitre of sample was injected to HP-5MS 
(5% phenyl methyl siloxane) capillary column of dimensions 
30 m × 250 μm × 0.25 μm. The carrier gas was helium with 
a flowrate of 1 mL min−1. The MS was operated at 70 eV, full 
scan in EI mode (40–600 amu), transfer line temperature 
of 270°C, and ion source temperature of 200°C. The iden-
tification of the compounds present in the C. sativum leaf 
extract was compared with the NIST library [21,29].

2.4. Characterisation of ZnO nanoparticles

The optical properties of ZnO NPs were characterised by 
UV–Vis absorption spectrophotometer (DR6000) as des-
cribed in Section 2.4.1, while the structural properties were 
characterised by field emission scanning electron micros-
copy (FESEM) with energy dispersive X-ray spectroscopy 
(FESEM/EDX) (Section 2.4.2), transmission electron micros-
copy (TEM) (Section 2.4.3), X-ray diffraction (XRD) (Section 
2.4.4), and Fourier transform infrared spectroscopy (FTIR) 
(Section 2.4.5).

2.4.1. UV–Vis spectroscopy analysis

The optical property of ZnO NPs solution was analysed 
via a UV–Vis absorption spectrophotometer (DR6000) in 
the range of 190–1,100 nm [21]. The absorbance of ZnO NPs 
powder was measured by a UV–visible near-infrared (UV–
Vis NIR) spectrophotometer (Shimadzu-Model UV-2600, 
Micropollutant research centre (MPRC)) with the wave-
length ranging from 200 to 1,000 nm in the diffuse reflectance 
mode to determine its band gap energy [30].

2.4.2. Field emission scanning electron microscopy and energy 
dispersive X-ray (FESEM/EDX)

The surface morphology and elemental composition of 
both types of ZnO NPs were analysed by FESEM/EDX [31].  

The sample was prepared by mixing two drops of 100% 
ethanol with 1 g ZnO NPs on clean silicon wafers, and then 
dried at 60°C for 2 min to completely eliminate the sol-
vent [16,32]. FESEM images and EDX spectra of the sam-
ples were obtained using field electron microscopy and 
Ion Company, United States (FEI) (Quanta 450) equipped 
with an energy dispersive X-ray analyser at an accelerating 
voltage of 20 kV.

2.4.3. Transmission electron microscopy analysis

The internal structure and size of ZnO NPs were deter-
mined by using FEI (TECNAI G2 20 TWIN [200 kV]) [33]. 
A fixed weight (0.9 g) of ZnO NPs was added in a 1.75 mL 
clear neutral wide mouth glass vial followed by the addi-
tion of 1 mL 95% ethanol. The vial was closed, sealed, and 
labelled, and then sonicated for 1 h. After sonication, the 
vial was opened and a single droplet of the sonicated liq-
uid sample was dropped onto a Formvar carbon-coated grid 
using a dropper. The droplet was air-dried, leaving only the 
solid nanoparticles on it. The grid was then transferred onto 
a sample holder for TEM observation [32].

2.4.4. X-ray diffraction analysis

XRD was conducted to get detailed information about 
the chemical composition and crystallographic structures of 
ZnO NPs [25]. XRD analysis of ZnO NPs was performed 
using a RIGAKU (Central laboratory, Universiti Malaysia 
Pahang), Miniflex II. Cu radiation (λ = 1.540598 Å). 1 g of 
ZnO NPs was spread in the holder ring and pressed using 
the powder press block. ZnO NPs that flowed out during 
pressing was scraped using the knife blade. Excess ZnO 
NPs above the rim of the holder ring was removed using 
the knife blade and dusting brush. The bottom plate was 
placed onto the holder ring and clamped in position gently 
to prevent the ZnO NPs from becoming loose or damaged. 
The sample holder was removed from the preparation table 
by turning it upside down and pressing the spring-loaded 
knob. Then, the ZnO NPs were analysed using High Score 
Plus software with measuring parameters of 40 kV, 30 mA 
with a rate of 2°/min and run at the 2θ range (10°–80°) with 
a step size of 0.05.

2.4.5. Fourier transform infrared spectra

Fourier transform infrared (FTIR) spectroscopy was 
used to detect the possible functional groups in ZnO NPs. 
The ZnO NPs were characterised using Nicolet iS50 (Thermo 
Scientific, United States) at a scanning range of 400–
4,000 cm−1 using attenuated total reflection (ATR) method. 
First, the crystal plate (sample holder) was cleaned with ace-
tone. 5 mg of sample was placed directly on the crystal plate 
and then pressed using the metallic pressing device. Lastly, 
the sample was scanned to get the IR spectrum [8].

3. Results and discussion

3.1. Characterisation of C. sativum leaf extract

The results of C. sativum leaf extract analysis by UV–Vis 
absorption spectrophotometer (DR6000) and GCMS analysis 
is described in Sections 3.1.1 and 3.1.2, respectively.
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3.1.1. UV–Vis studies of C. sativum leaf extract

The absorption spectrum of C. sativum extract by using 
UV–Vis spectrophotometry extract is shown in Fig. 1. 
The fingerprint signals appeared at around 404 nm (bond I) 
and 332 nm (bond II) which are attributed to the cinnamoyl 
and benzoyl systems of the flavonoid nuclei, respectively. 
This is due to the π → π* transitions of conjugated double 
bonds of the flavone nucleus [6,34]. Hence, the results prove 
the presence of flavonoid in the C. sativum extract. Besides 
that, beta-carotene (a type of terpenoid) absorbs strongly 
in the visible region between 400 and 500 nm. The strong 
absorption at 404 nm proves the presence of terpenoids 
in C. sativum extract. In comparison, the fingerprint sig-
nals of Euphorbia prolifera extract were at 320 (bond I) and 
247 nm (bond II) [34], Hippophae rhamnoides at 285 and 
245 nm [35], and Euphorbia heterophylla at 360 and 250 nm 
[36]. The absorption spectrum of C. sativum extract exhibited 
higher fingerprint signals compared with previous studies. 
This proves that C. sativum leaf extract works better with 
ultraviolet (UV, 190–400 nm) and visible (VIS, 400–800 nm) 
regions since the fingerprint signals appeared around 332 
and 404 nm.

3.1.2. Phytochemical properties of C. sativum leaf extract

The phytochemical properties C. sativum leaf extract as 
determined by GCMS is illustrated in Table 1. Forty-three 
compounds were recognised, in which the highest composi-
tion peaks were determined for 1(2H)-naphthalenone and 
2-anilino-4-methylquinoline (18.67%), isocoumarin-3-one, 
4,4,5,6,8-pentamethyl- and 6-methyl-2-oxo-1,2-dihydro-3,4- 
pyridinedicarbonitrile (17.17%), d-alloisoleucine and acet-
amide, N-methyl-N-(2-phenylethyl) (14.34%), 2,1,3-benzo-
thiadiazole, 2,3,5-trimethyl methylcarbamate, and 3,5-dime 
thylanisole (8.32%), benzoic acid, 4-amino-2-chloro-, 
-(diethylamino)ethyl ester and l-leucyl-p-nitroanilide (6.25%), 
ethyl diphenylphosphinite and hexahydrofluorene, 

3-me thoxy-6-methyl (5.89%), 2-methoxy-4-vinylphenol 
and 4-hydroxy-3-methylacetophenone (3.98%) and 3-meth-
yl-4-phenyl-1H-pyrrole, quinoline, 8-ethyl and 1,2,3,4-tetra-
hydro-cyclopenta[b]indole (2.95%), which represent the phy-
tochemicals of terpenoids, flavonoids, alkaloids, proteins, 
phenols, minerals, and quinone, respectively. These bioactive 
phytochemical constituents act as a key factor for the reduc-
tion of Zn ions to ZnO NPs and they are responsible for the 
potent antibacterial, antioxidant, and anticancer bioactivities 
enhanced by ZnO NPs derived from C. sativum leaf extract 
[29]. It has been suggested that the phytochemicals are 
involved directly in the reduction of the ions and formation 
of NPs, even though the mechanism involved in each plant 
is different as the phytochemicals in each plant vary [13]. 

3.2. Characterisation of ZnO NPs synthesised from leaf 
extract of C. sativum

3.2.1. UV–Vis properties of ZnO NPs

The UV–Vis properties of ZnO NPs are depicted in Fig. 2, 
which shows the changes in the C. sativum leaf extract colour 
from dark yellow to pale white after the addition of NaOH 
and to white after 2 h of stirring. These changes might be 
due to the excitation of surface plasmon vibrations with the 
ZnO NPs [12]. The changes in the colour confirmed the com-
pletion of reaction between C. sativum leaf extract and zinc 
acetate dihydrate, forming ZnO NPs. The surface plasmon 
absorption takes place due to the collective oscillation of 
the free conduction band electrons which are excited by the 
incident electromagnetic radiation and occurs as the diam-
eter of particles is smaller than the wavelength of incident 
light [37]. The formation of ZnO NPs was confirmed using 
a spectrophotometer (Fig. 3), which showed that the ZnO 
NPs exhibited high absorbance detected at 304, 293, 325, 329, 
325, 323, 330, and 213 nm after 1, 2, 3, 4, 5, 6, 7, and 30 d, 
respectively, due to the surface plasmon absorption of ZnO 
NPs which lies between the band gap wavelength of 333 and 
348 nm (Eg = 3.72 and 3.56 eV), respectively [38]. The absorp-
tion spectrum of ZnO NPs is an indication of ZnO excitation 
by UV and visible light [26]. The presence of band between 
213 and 330 nm is an indication of nanoparticle formation. 
The maximum absorbance of ZnO NPs synthesised from leaf 
extract of Buchanania lanzan was between 360 and 377 nm 
[37] and between 371 and 376 nm for ZnO NPs prepared by 
using Azadirachta indica [39]. Meanwhile, Suresh et al. [40] 
observed an absorption peak at 370 nm for ZnO NPs synthe-
sised from Pongamia pinnata leaf extract and Nagajyothi et al. 
[41] observed a strong UV absorption from 360 to 370 nm 
for ZnO NPs synthesised from Plectranthus amboinicus leaf 
extract. The shift of absorption edge to the lower wavelength 
or higher energy indicates a decrease in the NPs size [42]. 
These findings prove that the green synthesised ZnO NPs 
solution remained stable even after 30 d of reaction com-
pletion. Moreover, the sharp absorption of ZnO NPs shows 
that the nanoparticles are monodispersed [43]. The stability 
is not related to temperature, the absorbance was recorded 
over 30 d to determine whether there were any drastic 
changes in the absorbance over the period. However, there 
were no drastic changes in absorbance where it remained in 
the range of temperature, which proves the stability of the 
ZnO NPs solution.
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Fig. 1. Absorption spectrum of Coriandrum sativum extract.
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Table 1
GC–MS analysis report for the extract of C. sativum leaves extract

Peak 
No

Retention 
time (min)

Compound name Molecular formula Molecular 
weight 
(g/mol)

Peak 
area (%)

1 4.486 Butyrolactone, ethanamine, N-(ethoxymethyl)-N-ethyl C4H6O2, C2H7N, 
C7H17NO

86.09, 46.078, 
131.219

0.33

2 5.676 Pyrazine, trimethyl-, 3-butyl-2,5-dimethyl C7H10N2,
C10H16N2

122.171, 164.252 0.28

3 6.211 3(2H)-Isothiazolone, 2-methyl-, 2-butenediamide,  
(E)-, glutaric acid, hexyl octyl ester

C4H5NOS, C4H6N2O2

C18H34O4 
115.15, 114.104, 

314.466
0.22

4 7.063 Taurultam, taurolidine, N-nitroso-2-methyl-oxazolidine C3H8N2O2S, 
C7H16N4O4S2, 
C4H8N2O2

136.169, 
284.349, 
116.12

0.15

5 8.494 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl- C6H8O4 144.126 1.39
6 8.793 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-, 

Heptane, 2-6-dimethyl
C6H8O4

C9H20

144.126
128.259

0.32

7 10.047 Benzofuran, 2,3-dihydro, benzeneethanamine, 
 N-(3-chloropropyl)-alpha-methyl-, benzene, 
1-ethynyl-4-fluoro

C8H8O
C12H18ClN
C8H5F

120.151, 
211.733, 
120.126

0.86

8 10.511 Tridecane C13H28 184.367 0.30
9 10.925 Thiophene-2-sulfonamide, N-(4-methoxyphenyl)-5-

(2-pyridyl)-, pyridine-3-sulfonamide, 2-chloro-
N-(4-methoxyphenyl)-4,6-dimethyl-, pyrazine, 
3,5-dimethyl-2-propyl-

C14H15N3OS2 

C13H13ClN2O3S
C9H14N2

305.414
312.76
150.225

0.18

10 11.033 2-Methoxy-4-vinylphenol, 4-hydroxy-
3methylacetophenone

C9H10O2 150.177 3.98

11 11.574 Naphthalene,1,2-dihydro-1,5,8-trimethyl-, 
1,1,5-trimethyl-1,2-dihydronaphthalene

C13H16 172.271 0.19

12 12.153 2-Propenethioamide, 3-(acetyloxy)-N,N dimethyl-, (E)-,
N-Acetylmannosamine
1-Propanamine, N-nitro

C7H11NO2S, C8H15NO6, 
C3H8N2O2

173.23 221.209
104.1078

2.41

13 12.388 N,N-Dimethylacetoacetamide, propanamide
2-methyl-

C6H11NO2,

C4H9NO
129.159
87.1204

0.12

14 14.036 2,1,3-Benzothiadiazole, 2,3,5-trimethyl 
methylcarbamate, 3,5-dimethylanisole

C6H4N2S
C11H15NO2

C9H12O

136.172 
193.246
136.194

8.32

15 14.577 Bis-[(formyl-methyl-amino)-methyl-phosphinic acid, 
3,5-dihydroxycyclohexanamine,

Ethanol, 2-(butylamino)-

C6H13N2O4P
C6H13NO2

C6H15NO

208.152
131.173
117.192

0.36

16 14.863 D-Leucine, ethanol, 2-(butylamino)- C6H13NO2 C6H15NO 117.192
131.175

0.39

17 14.984 Bis-[(formyl-methyl-amino)-methyl]-phosphinic acid, 
D-leucine, 1-pentanamine,  
N-methyl-N-(1-methylethyl)-

C6H13N2O4P
C6H13NO2

C9H21N

208.152
117.192
143.274

0.80

18 15.276 3-Methyl-4-phenyl-1H-pyrrole, quinoline, 8-ethyl, 
1,2,3,4-tetrahydro-cyclopenta[b]indole

C12H11NO2

C12H11NO2

C11H11N

201.225
201.225
157.216

2.95

19 15.601 Acetamide, N-[2-(4-bromophenoxy)ethyl],
2-(Pentylamino)ethanol, cis-4-hydroxy-L-proline

C2H5NO
C7H17NO
C5H9NO3

59.07
131.219
131.131

2.66

20 15.671 Ethane, 1-[(2-diethylamino)ethylthio]-2- 
[(2-diethylamino) ethyldithio]-, D-alloisoleucine, 
N,N-methylisopropyltryptamine

C6H15NS
C6H13NO2

C15H22N2O

133.253
131.175
246.354

1.78

(Continued)
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21 15.852 L-Leucyl-p-nitroanilide, D-alloisoleucine, 
tenamfetamine

C12H17N3O3 C6H13NO2

C10H13NO2

251.28
131.175
179.219

2.03

22 16.192 Benzoic acid, 4-amino-2-chloro-, -(diethylamino)ethyl 
ester, L-leucyl-p-nitroanilide, D-alloisoleucine

C13H20Cl2N2O2 
C12H17N3O3 
C6H13NO2

307.216
131.175
179.219

6.25

23 16.523 D-Alloisoleucine, acetamide,  
N-methyl-N-(2-phenylethyl)-,

3-Methoxy, 3-(methylamino)-2-propenoic acid, methyl 
ester

C6H13NO2

C11H15NO
C6H7NO3

131.175
177.247
141.126

14.34

24 16.975 beta.-Carboline, 8-methoxy-1-methyl-,
5-Cyano-1,2,3,4 -tetrahydro-6-methyl-2-oxo-4-

phenylpyridine,
beta.-Carboline, 6-methoxy-2-methyl-

C13H12N2O
C11H7N3O2 C12H14N2O

212.252
213.196
202.257

0.42

25 17.859 6-Methylquinolinic acid,
Pth-threonine, 1,3-benzodioxole,  

4-methoxy-6-(2-propenyl)-

C11H9NO2

C11H12N2O2S
C11H12O3

187.19466
236.289
192.2112

0.33

26 17.987 6-Methoxy-2,4-dihydroxy-1,5-naphthyridine, 
6-hydroxy-9-[tetrahydro-2H-pyran-2-yl]-9H-purine, 
acetamide, N-isoxazolo[5,4-b]pyridin-3-yl-

C8H6N2O2

C10H12N4O2

C8H6ClN3O2

162.148 
220.22788

211.61

0.38

27 20.245 2(1H)Naphthalenone, 3,4,4a,5,6,7,8,8a.alpha.-
octahydro-5.alpha.-hydroxy-4a.alpha.,7,7-trimethyl-, 
acetate, 1,3-butanedione, 1-(4-methoxyphenyl)-, 
2,5-dimethoxy-4-propoxy-beta-methyl-beta-
nitrostyrene

C15H24 C11H12O3

C12H15NO4

204
192.214
237.255

0.99

28 20.875 Benzenamine, 2-methoxy-5-[5-(1H-pyrazol-1-yl)-1H-
1,2,3,4-tetrazol-1-yl]-

4-Methylesculetin, Benzoic acid, 4-pentyl-

C7H6ClN5

C10H8O4

C12H16O2

195.61
192.17
192.258

1.55

29 21.168 Isocoumarin-3-one, 4,4,5,6,8-pentamethyl-, 6-methyl-
2-oxo-1,2-dihydro-3,4-pyridinedicarbonitrile, 
naphthalene, 1,2,3,4-tetrahydro-1-methyl-8-(1-
methylethyl)-

C14H16O3

C13H10N2O
C15H22

232.275
210.236
202.341

17.17

30 21.473 2,3-Hexadienoic acid, 2-methyl-4-phenyl-, ethyl ester, 
ethyl diphenylphosphinite, 

Hexahydrofluorene, 3-methoxy-6-methyl

C15H18O2

C14H15OP
C15H20O

230.307
230.247
216.324

5.89

31 22.007 Furan-2-carboxylic acid, 5-(1-hexynyl)-, 2(1H)
Naphthalenone, 3,4,4a,5,6,7,8,8a.alpha-octahydro-
5beta-hydroxy 4a alpha, 7,7-trimethyl-, acetate

C11H12O3

C15H24

192.214
204

0.14

32 23.413 2-Propenoic acid, 2-cyano-3(3methoxyphenyl)-, ethyl 
ester,

2,6-Diphenylpyridine, Benzylidine-.beta.-
naphthylamine

C13H13NO3

C17H13N
C17H13N

231.251
231.298
231.298

0.40

33 24.533 Benzamide, 2,4-dichloro-N-(2,6-dimethyl-4-
nitrophenyl)-, 2,5-2,4-Dichloro- 
N-methylbenzamide

C8H9NO3

C8H7Cl2NO
167.164
204.05

0.56

34 24.673 Propiconazole, butyl 2,4-dichlorobenzoate, Benzoyl 
chloride, 2,4-dichloro-

C15H17Cl2N3O2

C11H12Cl2O2

C7H3Cl3O

342.22
247.118
209.45

0.43

35 25.449 6-Cyano-2-[p-cyanostyryl]pyridine, acetamide, 
2-[2-(2-thienyl)-3-indolyl]thio-N-(2-hydroxyethyl)-, 
dibenzo[a,e]cyclooctene

C8H8N2O
C16H12

148.165
204.272

0.99

Table 1 Continued

(Continued)
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3.3. Band gap measurement of ZnO NPs

The band gap energy (Eg) of ZnO NPs synthesised from 
C. sativum leaf extract was calculated from the intersection 
point of the vertical and horizontal part of the wavelength 

spectrum value as shown in Fig. 4 using the following 
equation:

E hc
g = λ λ

eV eV; 1240  (1)

The band gap energy was calculated by the above equa-
tion, where h is the Planck’s constant (6.626 × 10−34 J s), C is the 
light velocity (3 × 108 m/s), and λ is the wavelength (nm) [44]. 
The maximum absorbance was observed at 333 nm for ZnO 
NPs (100°C) and 348 nm for ZnO NPs (550°C), which corre-
sponded to band gap of 3.72 and 3.56 eV, respectively. The 
value is in good agreement with the band gap of ZnO NPs. 
These findings indicate that the increase in the calcination 
temperature caused an increase in ZnO NPs absorbance by 
decreasing the particle size [45]. Hence, the calcination tem-
perature affects the particle size, which supports the results 
observed in the current study. This is because the removal 
of lattice water during the calcination process has a great 
potential to reduce the size of the ZnO NPs. The results are 
consistent with previous studies which revealed that the 
band gap of ZnO NPs synthesised from Carica papaya was 
3.49 eV [22] and 3.32 eV from Nephelium lappaceum L. [26]. 

36 25.589 Indolizine, 7-methyl-, Indolizine, 5-methyl-, 
5-(4-Isobutoxyphenyl)hydantoin

C15H13N
C9H9N
C24H36N4O5

207.276
131.178
460.575

0.25

37 25.793 2,4(1H,3H)-Pyrimidinedione, 6-amino-1,3-di-2-
propenyl-, 2-heptadecenal, E-14-hexadecenal

C10H13N3O2

C17H32O
C16H30O

207.229
252.442
238.415

0.31

38 25.952 2(1H)-Naphthalenone, 3,4,4a,5,6,7,8,8a.alpha-octahydro-
5beta-hydroxy-4a alpha, 7,7-trimethyl-, acetate,

2,8-Dimethyl-2,3,4,5,6,7-hexahydro-1H-2-benzazonine, 
4-pyridazinecarbonitrile, 3-amino-5-(4-
chlorophenyl)-

C11H16O
C14H21N
C11H7BrN4

164
203.323
275.109

0.25

39 26.690 1(2H)-Naphthalenone, 3,4-dihydro-2-
(phenylmethylene)-, 2-anilino-4-methylquinoline

C17H14O, C16H14N2 234.298
234.296

18.67

40 27.708 2(1H)-Naphthalenone, 3,4,4a,5,6,7,8,8a alpha-
octahydro-5 beta-hydroxy-4a alpha,7,7-trimethyl-, 
acetate, 3-amino-4-(methylthio)benzotrifluoride

C11H16O
C8H8F3NS

164
207.214

0.22

41 28.153 1-Methyl-3-[4-(1-trimethylsilyloxy ethylidene)-
cyclohexa-3,5-dienylidene]-triazene, benz[e]
azulene-3,8-dione, 5-[(acet yloxy)methyl]-
3a,4,6a,7,9,10,10a,10b-octahydro-3a,10a-dihydroxy-
2,10-dimethyl-, (3a alpha.,6a alpha,10 beta,10a 
beta.,10b beta)-(+)-2-butenenitrile, 2-chloro-3-(4 
methoxyphenyl

C22H24O4

C11H10ClNO
352.43
207.657

0.12

42 29.489 4-Allyl-5-furan-2-yl-2,4-dihydro-[1,2,4]triazole-
3-thione, cyclopenteno[4.3-b]tetrahydrofuran, 
3-[(4-methyl-5-oxo-3-phenylthio)tetrahydrofuran-
2-yloxymethylene]-, Octasiloxane, 
1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-hexadecamethyl-

C9H9N3OS
C19H18O5S
C16H48O7Si8

207.251
358.408
577.23212

0.08

43 29.996 Adamantane-1-(3,3-dichloropropyn-1-yl),
1,4,7,10,13,16-Hexaoxanonadecane,
18-propyl-, 2,5,8,11,14-Pentaoxahexadecan-16-

C13H16Cl2

C16H32O6

C11H24O6

243.171
320.426
252.305

0.24

Table 1 Continued
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These differences in the value for the band gap energy might 
be related to the differences in the type and amount of phy-
tochemicals from different plant extracts.

3.4. Field emission scanning electron microscopy and energy 
dispersive X-ray analysis

The external morphology of ZnO NPs (100°C) and ZnO 
NPs (550°C) prepared with leaf extract of C. sativum is pre-
sented in Figs. 5a and b. The images revealed the formation 
of a hexagonal rod-like structure for ZnO NPs (100°C) and 
a spherical bead-like structure for ZnO NPs (550°C) with 

non-uniform distribution. These findings are consistent with 
the literature [46]. ZnO NPs synthesised from Pongamia pin-
nata leaf extract are mostly spherical [47,48] observed that 
the. Meanwhile, Karthik et al. [48] observed the shape of 
ZnO NPs synthesised from Pongamia pinnata extract to be 
spherical. In this study, both types of ZnO NPs were clearly 
distinguished as individual particles, which indicates the 
stabilisation of the ZnO NPs by the capping agent present 
in C. sativum leaf extract. Sundrarajan et al. [49] showed the 
FESEM images as individual and aggregate of particles. 
The study mentioned that the aggregation is due to the high 
surface energy of the particles. This indicates the effective-
ness of C. sativum leaf extract as an efficient capping agent 
compared with other plant extracts. Moreover, ZnO NPs 
synthesised at the lower temperature (100°C) have a big-
ger size compared with those prepared at 550°C, indicating 
the role of calcination temperature in producing nanopar-
ticles. These findings are consistent with those reported by 
Malaikozhundan and Vinodhini [43], who mentioned that 
the removal of lattice water during calcination has the ability 
to enhance NPs features. It can be concluded that the current 
study showed better FESEM results with less agglomeration 
of NPs as C. sativum leaf extract is an excellent capping and 
stabilising agent. 

The EDX results of ZnO NPs composition are depicted 
in Figs. 6a and b. EDX pattern confirmed the presence of 
chemical constituents for ZnO NPs (100°C), where the weight 
percentages were Zn = 67.67% and O = 22.5% and the atomic 
percentages were Zn = 41.55% and O = 56.44%. Meanwhile, for 
ZnO NPs (550°C), the weight percentages were Zn = 81.11% 
and O = 18.89% and the atomic percentages were Zn = 51.24% 
and O = 48.76%. The presence of signal for gold in the EDX 
spectra is due to the gold-coating process for SEM analysis. 
No other significant components were detected, indicating 
the high purity of ZnO NPs. The strong intensity and narrow 
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width of ZnO diffraction peaks indicate that the ZnO were 
highly crystalline in nature [25]. These findings are in close 
agreement with a previous report [50] but with a slight 
difference due to variations in the chemical composition of 
ZnO NPs.

3.5. Transmission electron microscopy analysis

TEM was performed for ZnO NPs (100°C) and ZnO NPs 
(550°C) to determine the crystalline characteristics and size 
of the NPs. ZnO NPs (100°C) were hexagonal and the diam-
eter ranged from 58.2 to 216 nm (Figs. 7a and b). In contrast, 
ZnO NPs (550°C) were quasi-spherical and hexagonal and 
the diameter was between 79.9 and 144 nm (Figs. 8a and 
b). Both types of ZnO NPs were transparent, which indi-
cates that they are thin. However, thick nanoparticles were 
also noticed as two to three nanoparticles were overlying. 
The average particle size decreased as the calcination tem-
perature increased. Both types ZnO NPs were enclosed by 
a thin layer of some capping of organic material from the C. 
sativum leaf extract. NPs showed individual dispersion with 

weak agglomeration. This might be due to the high surface 
energy of particles which attributed when the synthesis 
was performed in an aqueous medium or densification, 
resulting in narrow space between particles [29]. ZnO NPs 
synthesised from Ulva lactuca extract exhibited sponge-
like asymmetrical shape and consisted of agglomerated 
NPs with an average size of 10–50 nm [51]. However, Sai-
Saraswathi et al. [46] observed a spherical morphology with 
estimated average particle size of 40 nm. Momeni et al. [37] 
observed that the ZnO NPs synthesised from Buchanania 
lanzan agglomerated to form a foam-like bunch of particles 
while Geetha et al. [52] obtained quasi-spherical agglomer-
ated NPs. In the present study, the C. sativum leaf extract 
acted as a better capping agent, forming ZnO NPs with 
well-defined quasi-spherical and hexagonal particles and 
with less agglomeration compared with previous research 
as can be observed from the TEM images.

3.6. X-ray diffraction analysis

XRD was used to analyse the composition and the phase 
purity of the ZnO NPs synthesised using C. sativum extract. 
XRD diffraction patterns of ZnO NPs (100°C) and ZnO NPs 
(550°C) are presented in Figs. 9a and b. ZnO NPs (100°C) 
had high diffraction peak with 2θ values at 31.79°, 34.43°, 
36.28°, 47.57°, 56.62°, 62.88°, 66.42°, 67.96°, 69.10°, 72.56°, 
and 76.96°, corresponding to the crystal planes (h,l,k) of 
(010), (002), (001), (012), (110), (013), (020), (112), (021), (004), 

 

(a) 

 

 

(b) 

Fig. 5. FESEM images of external morphology ZnO NPs; 
(a) 100°C, and (b)550°C.

 

(a) 

 

(b) 

Fig. 6. (a) EDX spectra of ZnO NPs (100°C) and (b) EDX spectra 
of ZnO NPs (550°C).



G. Yashni et al. / Desalination and Water Treatment 167 (2019) 245–257254

and (022), respectively. ZnO NPs (550°C) exhibited high 
diffraction peak with 2θ values observed at 31.75°, 34.41°, 
36.24°, 47.54°, 56.59°, 62.86°, 66.37°, 67.95°, 69.10°, 72.57°, 
and 76.96°, corresponding to the crystal planes (h,l,k) of 
(010), (002), (001), (012), (110), (013), (020), (112), (021), (004), 
and (022). The (011) diffraction peak in the XRD of ZnO NPs 
(100°C) and ZnO NPs (550°C) is more intense compared 
with (010) and (002) peaks, which indicates that the prefer-
ential growth of NPs is in the (011) crystallographic plane. 
Sundrarajan et al. [49] observed that the diffraction peaks of 
ZnO NPs synthesised from leaf extract of Artocarpus hetero-
phyllus are positioned at 31.74°, 34.38°, 36.30°, 47.51°, 56.61°, 
62.81°, 66.36°, 68.98°, and 69.10° that can be indexed to the 
(100), (002), (101), (102), (110), (103), (200), (112), and (201) 
planes of ZnO, respectively. Furthermore, Vijayakumar 
et al. [16] and Ishwarya et al. [53] showed the diffrac-
tion peaks of ZnO NPs synthesised from Musa paradisiaca 

and Laurus nobilis leaf extract at (100), (002), (101), (102), 
(110), (103), (200), (112), (201), (004), and (202). In a study 
by Prachayasittikul et al. [22], ZnO NPs synthesised using 
Carica papaya seed extract have (101) compared with (100) 
and (002) peaks growth of NPs is in the (101) crystallo-
graphic plane. The sharp diffraction peaks in the XRD pat-
tern distinctly depict the crystalline nature of the sample 
[54]. The diffraction peaks represent the crystal structure 
of ZnO, which is hexagonal wurtzite according to standard 
JCPDS data card (JCPDS Card No: 00-001-1136) with lattice 
parameters a = 3.2540 Å, c = 5.2150 Å, c/a = 1.603 for ZnO NPs 
(100°C) and a = 3.2490 Å, c = 5.2050 Å, c/a = 1.605 for ZnO NPs 
(550°C), which matches the hexagonal wurtzite structure of 
ZnO NPs. Hexagonal wurtzite structure of ZnO is the most 
stable phase of ZnO [25]. Diffraction peaks of other impuri-
ties such as Zn(OH)2 or constituents of C. sativum leaf extract 
were not detected, indicating that relatively pure ZnO was 

 

(a) (b) 

Fig. 7. (a,b) TEM image of internal structure and size of ZnO NPs (100°C).

 

(a) (b) 

Fig. 8. (a,b) TEM image of internal structure and size of ZnO NPs (550°C)
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obtained. The result proves that the peaks observed in the 
XRD spectrum belonged only to ZnO. The broadening of the 
peaks in XRD indicates the formation of nanosized particles 
[12]. The XRD peaks are broader as the NPs size decreases 
[55]. The average particle size of ZnO NPs was calculated 
from the three most intense peaks using Debye–Scherrer’s 
formula, which gives a relationship between particle size 
and the peak broadening in XRD:

D K
=

λ
β θcos

 (2)

where D is crystal particle size, K is Scherrer’s constant (0.9), 
λ is the wavelength of X-ray (0.15406 nm), β is the full width 
at half maximum (FWHM) of the intensity peaks, and θ is 
the Bragg’s diffraction angle. Utilising the Scherrer formula, 
the average crystalline sizes of ZnO NPs (100°C) and ZnO 
NPs (550°C) were determined to be 60.85 and 55.13 nm, 
respectively.

3.7. Fourier transform infrared spectroscopy analysis

The FTIR spectrum of ZnO NPs was analysed in the 
range of 4,000 to 400 cm−1 (Fig. 10) to detect the possible bio-
molecules or functional groups involved in the green synthe-
sis procedure for the reduction of Zn2+ ions that leads to the 
stability of NPs. Metal oxides generally exhibit absorption 
bands in the fingerprint region (below 1,000 cm−1). This might 
be due to inter-nuclear vibrations [6]. For ZnO NPs (100°C), 
the peaks were detected at 1,566.19 and 1,412.07 cm−1, and at 
1,406 cm−1 for ZnO NPs (550°C). These peaks are assigned 
to C–O, =C–H, C=C, and –C–O–C stretching modes from 
the protein. These findings show that proteins can bind to 
ZnO NPs through the available amine groups or residues 
in the proteins. The band which appeared at 3,307.01 and 
3,394.25 cm−1 for ZnO NPs (100°C) and ZnO NPs (550°C), 
respectively, might be due to asymmetric and symmetric 
stretching hydrogen bond OH of alcohol or phenolic com-
pound [2]. Similarly, Sasirekha et al. [56] reported that bulk 

ZnO synthesised from leaf extracts of Plectranthus barbatus 
showed a high intensity broad band around 3,429 cm−1. The 
weaker band at 875.61 and 880.16 cm−1 for ZnO NPs (100°C) 
and ZnO NPs (550°C), respectively, corresponds to amide I, 
arising due to the carbonyl stretch in proteins. The IR spectra 
prove that the ZnO absorption band with stretching mode of 
Zn–O was between 500 and 600 cm−1 [25]. Hence, the region 
between 500 and 600 cm–1 is attributed to Zn–O group [43]. 
Consequently, the synthesised ZnO NPs were encompassed 
by proteins and metabolites, for example, terpenoids, a 
polyphenolic functional groups. The FTIR studies con-
firmed that the natural biological moieties could perform 
dual functions in the formation and stabilisation of synthe-
sised ZnO NPs in the aqueous medium [57,58]. Fowsiya et al. 
[59] observed a region in the lower energy at 428 cm−1 of the 
FTIR spectrum of ZnO NPs synthesised from Carissa edulis 
extract and attributed it to the ZnO bond bending vibration.

The utilization of environmentally benign plant extract 
makes the ZnO NPs have promising potential applications in 
catalysis, opto-electronics, gas sensing [60], agricultural [11], 
electrochemical sensor [61], biomedical [37], and medical 
devices [62].

4. Conclusion

ZnO NPs were successfully synthesised via green synthe-
sis method using C. sativum leaf extract. The green synthesis 
method using C. sativum leaf extract as a stabilisers/reducing 
agent in the current work was effective in stabilising the ZnO 
NPs. Moreover, an increase in calcination temperature for 
the synthesis of ZnO NPs resulted in better structural prop-
erties such as smaller nanosized particle and better crystal-
line phase from XRD analysis. From the XRD analysis, the 
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average crystalline size of ZnO NPs was between 55.13 and 
60.85 nm. Moreover, SEM and TEM analysis showed that the 
ZnO NPs can be clearly distinguished as individual particles 
with no agglomeration.
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