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Abstract
The present study focus on green chemistry in the synthesis of Zinc Oxide nanoparticles by Zinc nitrate and
utilizing the bio components of leaves extract of Murraya koenigii (Curry leaf). The Zinc Oxide nanoparticles are
known to be one of the multifunctional inorganic nanoparticles and Zinc Oxide crystallites have been synthesized
by simple and eco-friendly method. There is a growing attention to biosynthesis the metal nanoparticles using
organisms. Among these organisms, plants seem to be the best candidate and they are suitable for large scale
biosynthesis of nanoparticles. Nanoparticles produced by plants are more stable and the rate of synthesis is
faster than that in the case of other organisms. The particle size and morphology of the synthesized nanoparticles
is characterized by using Scanning Electron Microscope (SEM) and X-ray Diffraction (XRD). Functional groups
of the sample were identified by using Fourier transmission infrared (FT-IR) spectroscopy.
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1. Introduction
Nanotechnology is emerging as a rapidly growing field with
its application in science and technology for the purpose of
manufacturing new materials at the nano scale level.[1] Re-
cent advance in the field of nanotechnology, particularly the

ability to prepare highly ordered nanoparticles of any size and
shape, have led to the development of new biocidal agents.
Nano-materials are called ”a wonder of modern medicine”.[2]
Nanotechnology is a multidisciplinary scientific field under-
going explosive development. Nanometer sized particles offer
novel structural, optical and electronic properties that are not
attainable with individual molecules or bulk solids.[3]

The characters of metal and metal oxide nanoparticles
have been of great interest due to their distinctive feature
such as catalytic activity, optical, magnetic and electrical
properties.[3] Nanoparticles interaction with biological ma-
terials and established a series of nanoparticle / biological
interfaces that depend on colloidal forces as well as dynamic
bio-physicochemical interactions. These interactions lead to
the formation of new nanomaterials with control size shape,
surface chemistry, roughness and surface coatings.[4] The use
of plants for the synthesis of nanoparticles is novel and pro-
vides a cost-effective and environmentally friendly alternative
to chemical and physical synthesis. In addition, the use of
plants can be easily scaled up for large-scale synthesis with-
out the use of toxic chemicals or the need for high pressures,
energy and temperatures.[5] Nanoparticles present a higher
surface area to volume ratio with decrease in size, distribution
and morphology of the particles.[6]

Zinc oxide (ZnO) is considered to be a technologically
prodigious material having a wide spectrum of applications
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such as that of a semiconductor (Eg = 3.37 eV), magnetic
material, electroluminescent material, piezoelectric sensor
and actuator, nanostructure varistor, field emission displaying
material, thermoelectric material, gas sensor, constituent of
cosmetics etc. Often chemical synthesis methods like sol-
gel process, micelle, chemical precipitation, hydrothermal
method, pyrolysis, chemical vapour deposition etc. lead to
the presence of some toxic chemical species adsorbed on the
surface that may have adverse effect in medical applications.
Some reactions require high temperature or high pressure
for initiating the reaction, while some reactions require in-
ert atmosphere protection, and /toxic matters such as H2S,
toxic templeate and stabilizer, and metallic precursors.[7] In
nanoparticles synthesis chemicals used are toxic and lead to
non-ecofriendly by products. Use of biological organisms
such as micro organisms, plant extract or plant biomass could
be an alternative to chemical and physical methods for the
production an eco-friendly manner on of nanoparticles.[8]
Several biological systems including bacteria, fungi and yeast
have been used in synthesis of nanoparticles.[9]

Synthesis of nanoparicles using microorganism involves
elaborate process of maintaining cell cultures, intracellular
synthesis and multiple purification steps. In this regard using
”green” methods in the synthesis of Zinc oxide nanoparticles
has increasingly become a topic of interests as conventional
chemical compounds/organic solvents as reducing agents.[10]

Green nanotechnology has goals to produce nanomaterials
and products without harming the environment or human
health and producing nano-products that provide solutions to
environmental problems. It uses existing principles of green
chemistry and green engineering to make nanomaterials and
nano-products without toxic ingredients at low temperatures
using less energy and renewable inputs. Green synthesis
of nanoparticle is an innovative branch of nanotechnology.
Green principle spotlight on choosing reagents that pretense
the least risk and spawn only benevolent by products. Green
Synthesis of nanoparticle aims to protect the environment not
by cleaning up but by inventing new chemical process that do
not defile.

Green synthesis of nanoparticle depends on plant source
and the organic compound in the crude leaf extract. It has no
harmful particles to help in building better products. In the
midst of the assorted biosynthetic approaches the use of plant
extracts is easily available, safe to handle and cost effective.
An economic novel alternative choice for chemical and physi-
cal methods of nanoparticles synthesis is green method. [11]
Zinc oxide nanoparticles are presently under intensive study
for applications in the field of optical devices, sensors, catal-
ysis, biotechnology, DNA labeling, drug delivery, medical,
chemical and biological sensors and as catalyst. Nanosized
ZnO has been used in sun screen coatings and paints because
of its high UV absorption efficiency and transparency to visi-
ble light. [12]
The barks and roots are used externally to cure the bites of the
poisonous animals; the green leaves were eaten raw as a cure

for dysentery, diarrhea. Infusion of roasted leaves were given
in order to stop emesis .Furthermore, Murraya koenigiiwere
also used as blood purifier, tonic and cure for stomachache
and used as flavoring agents in curries and chutneys6 . Curry
leaves were also used as calcium source to those having cal-
cium deficiency besides that it also consist Vitamin A, Vitamin
B and B2, Vitamin C and iron. For the treatment of morning
sickness; fresh juice of curry leaves together with lime juice
and sugar is given and it is also applicable for vomiting due to
indigestion. In the case of stomach upsets, the curry leaves is
grounded to a fine paste and mixed with buttermilk and con-
sumed orally. A paste of curry leaves is applied on the boils for
swift relief, besides that, renal pain can be cured by consuming
the root as a juice .The fresh juice of curry leaves can prevent
the progression of cataract. Murraya koenigii will retain the
black color of the hair or in other words, it will prevent the
premature greying of the hair. Distribution According to the
author, Murraya koenigii is distributed and cultivated through-
out India. It is found from Sikkim to Garhwal, Bengal, Assam,
Western Ghats and Travancore-Cochin. The seeds germinate
without restraint under shade or partial shade. This curry
leaves can be found in moist forest of 500-1600 meters” in
height especially in Guangdong, S Hainan, S Yunnan. Bhutan,
Laos, Sri Lanka, Thailand, Nepal, Vietnam. Upon with the
South India immigrants the curry leaves arrives to Malaysia,
South Africa, and Reunion Island. The matured curry leaves
consist 63.2% of moisture, protein which is of about 1.15%
of nitrogen, carbohydrate 14.6% which is of total sugars and
total ash 13.06%. The bioactive components in curry leaves
are oxalic acid, resin, carbazole alkaloids and the major bioac-
tive compounds such as the koenigin, bicyclomahanimbicine,
cyclomahanimbine, murrayastine, coumarine, koenidine and
pypayafolinecarbazole has signaficant pharmacological ac-
tivities and the major portion of volatile oil consist of bicy-
clomahanimbicine, mahanimbicine. The roots of Murraya
koenigii consist bioactive compounds which is named as mur-
rayanol, murrayagetin, marmesin-1”-O-rutinoside. In addition
to that three monomeric and five binary carbazole alkaloids
namely mukoenine-A, B and C and murrastifoline-F.bis-2-
hydroxy-3-methyl carbazole, bismahanine, bi koeniquinone-
A and bismurrayaquinone-A were also extracted from the bark.
The benzene extract of roots consist of mukoline, mukolidine.
The root were also found to have girinimbine and the root bark
consist of koenoline which synonym to 1-methoxy-3-hydroxy
methyl carbazole. The fruit of the Murrayakoenigii consist of
mahanimbine and koenimbine upon extracted by petroleum
ether. Furthermore, isomahanine and murrayanol were iso-
lated together with mahanimbine, murrayazolidine, girinim-
bine, koenimbine and mahanine. Seed of Murraya koenigii
consist of bioctivecarbazole alkaloids which iskurryam, koen-
imbine and koenine. Furthermore, the seed also contain ma-
hanimbine, girinimbine, koenimbine, mahanine and isoma-
hanine. An indicolactone, anisoalctone and 2”,3”epoxyindi-
colactone which is a furocoumarin lactone were extracted
from the seeds and this would be the first furocoumarin with a
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mono terpenoid lactone chain found in the genus of the Mur-
raya and minor furocoumarins were also found in the seeds
of Murraya koenigii such as xanthotoxin, isobyaknagelicol,
byakangelicol and isogosferol. isoheraclenin, isoimperatonin,
oxypeucedanin, isopimpinellin and bergaptan were also found
in the seeds of Murrayakoenigii. Leaf of Murrayakoenigii
consist of koenimbine, O-methyl murrayamine, O- methyl
mahanine, isomahanine, bismahanine and bispyrayafoline,
koenigine, koenine, koenidine, mahanimbine, isomahanim-
bine, koenimbidine and murrayacine, isomahanimbicine, Eu-
chrestine B, bismurrayafoline E, mahanimbicine, bicycloma-
hanimbicine, cyclomahanimbine, bicyclomahanimbine, ma-
hanimbidine, mukonicine, 8,8”-bis koenigine which consist
monomer of koenigine and minor alkaloid; mahanine. The
dried leave consist of glycozoline, 1-formyl-3 methoxy-6-
methyl carbazole and 6, 7- dimethoxy-1- hydroxy-3 methyl
carbazole. The leaves of Murraya koenigii also consist of
protein, carbohydrates, fibre, minerals, carotene, vitamin C,
Nicotinicacid.

Increasing awareness towards green chemistry and biolog-
ical processes has led to the development of an eco-friendly
approach for the synthesis of nanoparticles. The plant phy-
tochemical with antioxidant property is accountable for the
preparation of Zinc oxide nanoparticle. To pursue a healthy
life and space it is imperative to develop a green synthetic
approach to obtain nanomaterials targeted on different appli-
cations. Dazzling to profuse interest this research opens with
a short course on how to synthesize Zinc oxide nanoparticle
in a natural scale. [13]

Azadirachta indica commonly known as neem will achieve
a height of 25-30 m in a relatively short period of growth.
Some of the most cautious researchers are saying that neem
deserves to be called a wonder plant because of its antifungal,
antidiabetic, antibacterial, antiviral, contraceptive property.

Neem oil is used to improve liver function, detoxify the
blood and balance blood sugar levels and is considered to have
no side effects. Active constituents of neem leaf extract in-
clude isomeldenin, nimbin, nimbinene, 6-desacetyllnimbinene,
nimbandiol, immobile, nimocinol, quercetin and beta-sitosterol.
Results prove that green ZnO nanoparticles show more en-
hanced biocidal activity against various pathogens when com-
pared to chemical ZnO nanoparticles. [14-17]

ZnO is one of the most promising materials for analyse
optical and electrical properties. The superiority of ZnO pho-
tocatalytic activity and semiconductor property because it is
direct band gap semiconductor of, bandgap of 3.37 eV. ZnO
has a wide range of applications in optoelectronic devices
such as light-emitting diodes, photodetectors, and p-n homo-
junctions lasers. ZnO has higher luminescence efficiency of
the emitted light even at room temperature. Many techniques
including chemical vapor deposition, pulsed laser deposition,
molecular beam epitaxy, sputtering, hydrothermal synthesis
and oxidation of metallic zinc powder have been used to
prepare ZnO in different forms and structures for various
applications. Nanoparticulate form enhances the catalytic

activity due to its large surface area and the presence of va-
cancies and uncoordinated atoms at corners and edges. The
photocatalytic activity is also improved by bandgap engineer-
ing, as a result of the quantum confinement effect. A well-
controlled synthesis process at room temperature is needed for
the economical use of ZnO in catalytic applications such as
water treatment and other environmental applications. Plant
crude contains novel secondary metabolites such as pheno-
lic acid, flavonoids, alkaloids and terpenoids in which these
compounds are mainly responsible for the reduction of ionic
into bulk Metallic nanoparticles formation. Plant metabolites
involved in the bio-reduction i.e Amine, Nitrile, Carboxyl
and Alkene group in the Leaf extract of Alternanthera Ses-
sile which one responsible for reducing ionic compounds into
Metal oxide nanoparticles. Nano particles synthesised by
green synthesis method, can be used for Anti oxidant and
antimicrobial activity. From biological approach using leaf ex-
tract of Alternanthera Sessile has been used for the first time as
a reducing material as well as surface stabilizing agent for the
synthesis of spherical-shaped ZnO-NPs. The structure, phase,
and morphology of synthesized product were investigated by
the standard characterization techniques.

Murraya koenigii is a culinary important plant of Indian
origin, and also been a component of many formulations used
in the Ayurvedic system of medicine since many centuries. A
scrutiny of literature reveals some notable pharmacological
activities of the plant. Carbazole alkaloids which are abun-
dantly present in the leaves, fruits, roots and bark of this plant,
have been reported for their antidiabetic, anticancer, antibacte-
rial, anti-nociceptive and antioxidant activities. Besides these
activities, the plant is described to have a wide array of ther-
apeutic activities. Phytochemistry and pharmacology of this
plant necessitates a comprehensive review of its prospects as
an important therapeutic agent for the management of numer-
ous diseases commonly affecting humans. The current review
provides a detailed report of the phytochemical, pharmacolog-
ical, clinical and pre-clinical works carried out on this culinary
plant and also throws light on its therapeutic prospects.

Curry leaves, an inevitable part of spicing up dishes are
not a part of mere garnishing. They are rich in medicinal, nu-
traceutical properties and have even cosmetic uses. But from
the age old days it is customary to pick up curry leaves from
dishes and throw it out first before even tasting it.Mustard
seeds sizzling in hot oil...into it go chopped onion and curry
leaf. No curry in South India is complete without this step. In-
dian cuisine experts, especially in South India made it a habit
to include curry leaves in our daily diet. More than adding to
the multi-hued look and spicy taste, there was definitely some
other reason why the wise Indian ladies included curry leaf a
necessary ingredient in all our dishes. Though it is customary
to remove these deep green leaves from dishes we are truly
unaware of its health benefits. In this article we are exploring
curry leaf health benefits besides the taste in our daily life.

India is rightfully called as the “Botanical garden of the
world”. It is the land of several medicinal plants and herbs
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that are traditionally used to cure ailments. Murraya koenigii,
is one such plant, also called the curry leaf. It belongs to the
family Rutaceae. It grows throughout the Indian subcontinent.
It has wide culinary use and is one of the main components
of formulations in the traditional Ayurvedic system. The
ethanobotanical, phytochemical, pharmacological and phar-
macognostic characteristics of Murraya have been studied in
great detail over the past years. Carbazol alkaloids are abun-
dantly present in its stem, leaf and root extracts. These have
antidiabetic, anticancer, antimicrobial, antioxidant and several
other beneficial properties. This review gives a description
of the structural features, history, ecology, composition as
well as applications of this incredible plant in medicine and
therapy

Essential oils are volatile, natural and complex compounds
characterized by a strong odor, formed by aromatic plants as
secondary metabolites from many parts of plants, including
the flowers, buds, seeds, leaves, twigs, bark, wood, fruit and
roots. In nature, it plays an important role in the protection
of the plants as antibacterial, antiviral, antifungal and insec-
ticides. Essential oils are valuable natural products used as
raw materials in many fields, including perfumes, cosmetics,
aromatherapy, medicine, Phytotherapy, spices and nutrition
plus insecticides. Many oils show antibacterial, fungicidal,
relaxing, stimulating, antidepressant effect and may be a very
effective therapeutic agent. Essential oils are known for their
therapeutic properties hence, used in the treatment of various
infections caused by both by pathogenic and non-pathogenic
diseases. Essential oils have been traditionally used for 35
differtent respiratory tract infections, and are used now a day
as ethical medicines for colds. In the medical field, inhala-
tion therapy of essential oils has been used to treat acute
and chronic bronchitis and acute sinusitis. Inhalation of va-
pors of essential oils or their individual volatile terpenes has
a significant role in controlling the central nervous system
and had an anti-inflammatory effect on the trachea and to re-
duce asthmatic symptoms. Essential oils and their individual
aroma components also showed cancer suppressive inactivity
when tested on a number of human cancer cell lines including
glioma, tumors, breast cancer, leukemia and others.

Murraya koenigii is widely used in Indian cookery from
centuries and have a versatile role to play in traditional medicine.
The plant is credited with tonic and stomachic properties. Bark
and roots are used as stimulant and externally to cure erup-
tions and bites of poisonous animals. Green leaves are eaten
raw for cure of dysentery, diarrhoea and vomiting. Leaves
and roots are also used traditionally as bitter, anthelmintic,
analgesic, curing piles, inflammation, itching and are useful
in leucoderma and blood disorders. Several systematic scien-
tific studies are also being conducted regarding the efficacy of
whole plant or its parts in different extract forms for the treat-
ment of different diseases. Murraya koenigii contains a num-
ber of chemical constituents that interact in a complex way
to elicit their pharmacodynamic response. A number of ac-
tive constituents responsible for the medicinal properties have

been isolated and characterized. This plant has been reported
to have anti-oxidative, cytotoxic, antimicrobial, antibacterial,
anti ulcer, positive inotropic and cholesterol reducing activi-
ties. Therefore the present review summarizes the available
literature till date on isolation of phytoconstituents, biologi-
cal activities of the isolated compounds and pharmacological
actions of extracts along with the clinical studies. Murraya
koenigii (Rutaceae) commonly known as Meethi neem, is an
aromatic more or less deciduous shrub or a small tree up to 6
m in height found throughout India up to an altitude of 1500
m and are cultivated for its aromatic leaves. In traditional
system of Medicine, it is used as antiemetic, antidiarrhoeal,
dysentery, febrifuge, blood purifier, tonic, stomachic, flavor-
ing agent in curries and chetneys. The oil is used externally
for bruises, eruption, in soap and perfume industry. The phy-
toconstituents isolated so far from the leaves are alkaloids viz.,
mahanine, koenine, koenigine, koenidine, girinimbiol, girin-
imibine, koenimbine, O-methyl murrayamine A, Omethyl ma-
hanine, isomahanine, bismahanine, bispyrayafoline and other
phytoconstituents such as coumarin glycoside viz., scopotin,
murrayanine, calcium, phosphorus, iron, thiamine, riboflavin,
niacin, vitamin C, carotene and oxalic acid. The essential
oil from leaves yielded di- alpha phellandrene, D-sabinene,
D-pinene, dipentene, D-terpinol and caryophyllene. It is re-
ported to possess antioxidant, antibacterial, antifungal, larvi-
cidal, anticarcinogenic, hypoglycemic, anti-lipid peroxidative,
hypolipidemic, antihypertensive activity and proactive effect
against carbon tetra chloride- induced hepatic damage in rats.
It is also reported to contain 5, 8-dimethylfuranocoumarin, 1-
al, 3[6’, 6’ dimethyl 5-hexene] carbazole and -sitosterol.

Among fourteen global species belongs to the genus of
Murraya, only Murraya koenigii Spreng and Murraya panic-
ulata (Linn) is available in India1 .Murraya koenigii which
belong to the family of Rutaceae represents more than 150
genera and 1600 species. The leaves of this plant has been
used widely in indian culinary and the chemical substance
which responsible for its aromatic characteristic is P- gur-
junene, P- caryophyllene, P- elemene and O- phellandrene.
The presence of β - pinene, β - caryophyllene, β - phellandrene
and α- pinene has ability to control the food spoilage either
alone or by combination. The author states that the three
different morphotypes of Murraya koenigii poses different
intensity in its flavor. The regular type of Murraya koenigii
is the fastest growing plant with good looking leaves and
with dark green in color. The dwarf type grows as shrub and
branches are spread and appears like bushy and the leaves are
in light green in color with little taller like regular type and
poses its own aroma. The brown type is the most fragrant one,
with thick and smallest leaf structure and in dark brown in
color.

Manokari et al. (2016) prepared ZnO nanoparticles from
zinc nitrate hexahydrate and aqueous extract of a medici-
nal plant (Micrococca mercurrialis) by sol-gel biosynthesis
method. The M. mercurialis plant is found to be high in pri-
mary and secondary metabolites such as proteins, steroids
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and alkaloids. The UV-Visible result shows that the prepared
ZnO nanoparticles from various parts extract such as leaves,
stems, roots and fruits corresponding to the absorbance peaks
at 305 nm, 299 nm, 311 nm and 302 nm respectively.[18]
Rajesh kumar et al. (2015) prepared zinc oxide nanoparti-
cles using Camellia sinensis leaf extract by sol-gel heating
method. The antimicrobial activity of ZnO nanoparticles has
the maximum zone inhibition for Pseudomonas aeruginosa
(32± 0.050) and minimum for Staphylococcus aureus (25±
0.100).[19] Ramesh et al. (2014) investigated ZnO nanopar-
ticles prepared from 1 mM of zinc acetate using Cassia au-
riculata flower extract by sol-gel method. Characterization
results reveal the presence of Zinc oxide nanoparticles.[20]
Bhumi and Savithramma (2014) studied ZnO nanoparticles
prepared from zinc acetate and sodium hydroxide using bio
components of Catharanthus roseus leaves extract by biolog-
ical synthesis method. ZnO Nanoparticles are found to be
spherical in shape and the average size of the particles in the
range of 23-57 nm.[21-32]

2. Materials and methods
2.1 Materials
Zinc nitrate (ZnNO3) and glassware was purchased from
Merck Chemical Reagent Co. Ltd. India. All glassware
was washed with distilled water and dried in an hot air oven
before use.

2.2 Preparation of leaf extract
Murraya koenigii leaves were collected from the campus of
Thanthai Hans Roever College (Autonomous), Perambalur,
Tamil Nadu, India. The leaves were identified and authenti-
cated by the Department of Botany, Annamalai University,
Chidambaram, Tamil Nadu, India. The leaves were washed
several times with water to remove the dust particles and then
dried light. The dried leaves were cutted and grinded for pow-
der. The extract used for the reduction of zinc ions (Zn2+)
to zinc nanoparticles (ZnO) was prepared by placing 20g of
washed dried fine powdered leaves in 250 ml glass beaker
along with 100ml of double distilled water. The mixture was
then boiled for 60 minutes until the colour of the aqueous so-
lution changes from to light yellow by using magnetic stirrer.
The extract was cooled to room temperature and filtered using
filter paper. The extract was stored in a refrigerator in order
to be used for further experiments.

2.3 Synthesis of zinc oxide nanoparticles using Mur-
raya koenigii leaf extract

The collected leaves were washed thoroughly 2–3 times with
running tap water and sterilized with double distilled water.
The leaves sample was allowed to dry in room temperature
(32 oC) and 20g was taken for synthetic purpose. 20g weighed
leaves were boiled with 100 mL of double distilled water for
20 min at 60 oC. During the procedure of boiling, a light
yellow colored solution was formed and it was cool at room
temperature. After that, the yellow colored extract was filtered

with filter paper (Whatmann No.1) and stored in refrigerator
until further use. Further, 20 mL of Murraya koenigii leaf
extract was taken from the stock solution (stored at refriger-
ator) and boiled at 60–80 oC. When the temperature of the
solution reached at 60 oC, 2g of zinc nitrate hexahydrate crys-
tals (Zn(NO3)2.6H2O) was added. The mixture was boiled
until the formation of golden brown colored paste. The paste
was transferred to a ceramic crucible cup and heated in muf-
fle furnace which was maintained at 400 oC for 2 hrs. The
obtained white colored powder was used for structural and
optical studies. The flow chart used for the preparation of
ZnO NPs is shown in Figure 1.

2.4 Characterization techniques
The UV-Vis spectrum of ZnO nanoparticles synthesized by
green method was recorded using JASCO Corp., V-570 spec-
trophotometer within the range of 200-800 nm. The presence
and interaction of chemical functional groups was analyzed
using FT-IR spectrophotometer (Perkin Elmer) at the range of
4000-400 cm-1. The X-ray diffraction (XRD) patterns were
obtained for the centrifuged and dried samples using X–ray
Rigaku diffractometer with Cu Kα source (30 kV, 100 mA), at
a scan speed of 3.0000 deg/min, a step width of 0.1000 deg,
in a 2θ range of 20-80?. The energy dispersive X-ray spectra
(EDS) were obtained with a JEOL JSM-5610 scanning elec-
tron microscope equipped with back electron (BE) detector
and EDS.

Figure 1. Flow chart for the preparation of zinc oxide
nanoparticles

3. Results and discussions
3.1 X-Ray Diffraction (XRD) Analysis
The XRD pattern of ZnO nanoparticles (Figure 2) recorded
in the range of 20◦ to 80◦, with a scanning step size 0.02◦.
All diffraction peaks attributed to crystalline of ZnO with the
hexagonal primitive structure (space group: P63mc (186);
a=3.249 nm, c=5.206 nm). The data obtained are in good
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agreement with the joint committee on powder diffraction
standards (JCPDS) card for ZnO (JCPDS 89-7102). The peak
at 2θ values 31.72, 34.32, 36.12, 47.37, 56.47, 62.62, 65.73,
67.67, 68.87, 73.57 and 76.32 is corresponding to the plane of
(??), (??), (??), (??), (??), (??), (??), (??) and (??) reflections
respectively. The average crystallite sizes (L) of the sol–gel
synthesized ZnO have been deduced as 19.53 nm. They have
been obtained from the full width at half maximum (FWHM)
(Figure 3a&b) of the most intense peaks of the respective
crystals using the Scherrer equation, L = 0.9 λ /βcosθ , where
λ is the wavelength of the X-rays used, θ is the diffraction
angle and β is the full width at half maximum of the peak, the
calculated surface area for ZnO 26.47 m2/g. The location of
the peaks was compared to literature values and the presence
of zinc oxide particles was confirmed.

3.2 Measurement Conditions
Dataset Name K
File name E:\X’Pert Data\Year-2017\Outsiders\Feb\13.02.17\Aruna\K.xrdml
Comment Configuration=Flatstage, Owner=User-1, Creation
date=6/7/2007 2:59:28 PM

Goniometer=PW3050/60 (Theta/Theta); Minimum step
size 2Theta:0.001; Minimum step size Omega:0.001

Sample stage=PW3071/xx Bracket
Diffractometer system=XPERT-PRO
Measurement program=Thin Film Samples - Gonio scan -

2 m, Owner=Scholars, Creation date=1/20/2015 5:28:33 PM
Measurement Date / Time 2/13/2017 1:57:29 PM
Operator Alagappa University
Raw Data Origin XRD measurement (*.XRDML)
Scan Axis Gonio
Start Position [◦2Th.] 10.0231
End Position [◦2Th.] 80.9231
Step Size [◦2Th.] 0.0500
Scan Step Time [s] 10.1600
Scan Type Continuous
PSD Mode Scanning
PSD Length [◦2Th.] 2.12
Offset [◦2Th.] 0.0000
Divergence Slit Type Fixed
Divergence Slit Size [◦] 0.4785
Specimen Length [mm] 10.00
Measurement Temperature [◦C] 25.00
Anode Material Cu
K-Alpha1 [Å] 1.54060
K-Alpha2 [Å] 1.54443
K-Beta [Å] 1.39225
K-A2 / K-A1 Ratio 0.50000
Generator Settings 30 mA, 40 kV
Diffractometer Type 0000000011024644
Diffractometer Number 0
Goniometer Radius [mm] 240.00
Dist. Focus-Diverg. Slit [mm] 91.00
Incident Beam Monochromator No
Spinning No

Figure 2. XRD spectrum of green synthesized ZnO
nanoparticles

Figure 3. Gauss and Lorentz fit spectrum of green
synthesized ZnO nanoparticles

3.3 Scanning Electron Microscope (SEM) Analysis

The SEM analysis was used to determine the structure of the
reaction products that were formed. Thin films of the sample
were prepared on a carbon coated copper grid by just dropping
a very small amount of the sample on the grid, extra solution
was removed using a blotting paper and then the film on the
SEM grid were allowed to dry by putting it under a mercury
lamp for 5 min.

The FE-SEM images (Figure 4) show distinguished spher-
ical morphology with a self-aligned prismatic nanoparticle.
The size and structure of the ZnO nanoparticle are in good
agreement with XRD result with some deviation. EDX spec-
trum (Figure 5) shows purity and composition of the green syn-
thesized ZnO nanoparticle. From the EDX spectrum strong
signal is observed from Zn element and light signals from
O, K and Ca elements. These weak signals are due to the X-
ray emission from the macromolecules like protein/enzymes/
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carbohydrate present in the cell wall of the plant leaf extract.

3.4 Fourier Transform Infrared (FT-IR) analysis
FT-IR spectra show the functional group of green synthesized
ZnO nanoparticle as shown in Figure 6. The broad absorption
band is observed in 3382 and 3491 cm−1 can be assigned to
O–H stretch and H–bonded in alcohol or phenol groups. The
weak absorption peaks are observed at 2928 and 2637 cm−1

corresponding to C–H stretching in alkanes. The medium
peak observed at 1372 cm−1 assign to C–C stretching in
aromatic groups. The weak absorption band at 534 cm−1 is
corresponding to the Zn–O. The region between 400 and 600
cm−1 is corresponding to metal-oxygen [33]. FT-IR spectra
clearly indicate O– H stretching which is more responsible
for the formation of ZnO nanoparticles because it is highly
shifted.

4. Summary

The biological production of metal nanoparticles is becoming
a very important field in chemistry, biology and materials
science. Metal nanoparticles have been produced chemically
and physically for a long time; however, their biological pro-
duction has only been investigated very recently. The rapid
biological synthesis of zinc nanoparticles using leaf extract
of Murraya koenigii (Curry leaf) provides an environmental
friendly, simple and efficient route for synthesis of nanopar-
ticles. The use of plant extracts avoids the usage of harmful
and toxic reducing and stabilizing agents. The synthesized
nano crystallites of ZnO are in the range of 19.53 nm. Zinc
nanoparticles can exist in ions only in the presence of strong
oxidizing substances. The synthesis of ZnO nano particles is
still in its infancy and more research needs to be focused on
the mechanism of nanoparticle formation which may lead to
fine tuning of the process ultimately leading to the synthesis
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Figure 4. SEM images of green synthesized ZnO
nanoparticles with different magnification

Figure 5. EDX spectrum of green synthesized ZnO
nanoparticles

Figure 6. FT-IR Spectrum of green synthesised ZnO
nanoparticles

of nanoparticles with a strict control over the size and shape
parameters.
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