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ABSTRACT

This research work describes a novel green apprdachthe synthesis of ZnO nanoparticles at ambiiewt/
temperature, where Ajwain (Carom — Trachyspermumgraeed extract functions as the zinc salt redyieigent.
Different synthesis conditions provide control afrtitle size and size-distribution of particle fation. X-ray
diffraction patterns confirm that ZnO nanoparticlegnthesized with carom seed extract is a poteoséiatlidate for
future experimentation and implementation in thenbédical field. The experimentally synthesized ZnO
nanostructures were characterized using the fiehission scanning electron microscopy (FE-SEM) aadider X-

ray diffraction (PXRD) pattern measured with Cux Kadiation. Moreover the photoluminescence (PL)
measurements excited by the 380 nm line from theCHdaser were done at room temperature. The UV-Vis
spectrum shows high absorption in the ultra-viotgion at about 383.5 nm which makes the matevidlet suitable

for UV filters. The average direct energy bandgapiétermined as 3.490 eV. The scanning electrorosdope
study reveals that the morphology of the crystah ithe hexagonal shape. The average crystallite & determined

as 34.27 nm. The analysis of EDAX has shown theepoe of zinc and oxygen. The FTIR study has skimsvn
presence of Zn-O bond, C-O bond, C-H bond and negigden bond.
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INTRODUCTION

Preparation of metal oxide nano particles employiathal constituents is important in the field ahntechnology
which is one of the most vibrant areas of rese@amcmaterial science [1]. The synthesis and chariaetigon of
noble metal oxide nanoparticles such as ZnO,,SMgO is an emerging field of research due to tlirejportant
applications in the fields of biotechnology, biogéreering, textile engineering, water treatmenttaileased
consumer products and other areas such as elegtroapnetic, optoelectronic and information storageO is a
nontoxic, safe inorganic antibacterial agent teatapable of killing various disease causing manganisms. Zinc
oxide is the active ingredient in many diaper rasgfmes, which is a pretty clear indication that g&entle and safe
for even the most sensitive skin [2-7].
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Ajwain-Trachyspermum amialso known as Ajowan caraway or bishop's weethorm, is an annual herb in the
family of Apiaceae. In Tamilnadu region it is kovas Omam. It is widely grown in arid and semi-argjions
where soils contain the high level of salts. Ajwaimprofusely branched annual herb, 60-90 cm $#m is striated,
inflorescence compound umbel with 16 umbelletsheaantaining up to 16 flowers. The seeds contaifh.484
brown colored oil known as ajwain oil. The main @mnent of this oil is thymol, which is used in tiheatment of
gastro-intestinal ailments, lack of appetite andnlhial problems. Ajwain is a traditional herb a@sdvidely used
for curing various diseases in humans and animals.

Many herbals in India are the chief and best soafaredicinal plants and plant products. From meayturies till
date especially in Tamilnadu, these medicinal gldr#tve been extensively utilized in Siddha medicitecently,
many such plants have been gaining importance du¢heir unique phytoconstituents and their versatil
applicability in various developing fields of resefa and development. Nano-biotechnology is onehef most
dynamic division of research in novel material sce whereby plants and different plant productsfiading an
essential use in the synthesis of nanoparticlesngpiticles).Genrally the plant sources containiihg
phytoconstituents viz., Tannins, Alkaloids, Polypbks, Flavonoids, Citric acid are good reducingrageMany
numbers of reducing agents have been associatedemironmental toxicity or biological hazards. Baey must
be eco, health friendly and safe to produce metialeonanoparticles in an agueous environment [8-Lhg green
synthesis of metal oxide nanoparticles using plhatsreceived more attention as a suitable aligentd chemical
procedure and physical methods [12-15]. Extractsfplants may act both as reducing and cappingtagemano
particle synthesis [16]. This is cost effective agcb friendly for the large scale production of ahebxide
nanoparticles. The synthesis of ZnO nanoparticEaguherbal seed extracts in antibacterial disoiplis very
interesting in the scientific and medical commusfilargely due to the physical and chemical ptegzeand is the
center of attention of this article.

MATERIALSAND METHODS

In the extract proces3rachyspermum amnsieeds were collected, washed thoroughly with dodidtilled water
and dried in air and powdered. About 15 gradichyspermum ammsieeds powder was mixed with 50 mL of double
distilled water and boiled for 10 minutes. Thisragt was filtered through nylon mesh, followed bylligore
hydrophilic filter (0.22 um) and used for furthexperiments. In the second step, about 2 ml of ttteaet was
slowly added drop wise to the 25 ml solution ofS0Md ZnNo; through a dropping funnel under constant magnetic
stirring for 2 hours at 50°C. In the third step theecipitate obtained was washed with ethanol, asgpd by
centrifuge and dried at room temperature at 35°@etaZnO nanoparticles in solid form as known asda a. The
same procedure was carried out in a similar wayHerpreparation of sample b and ¢ where the 4nahlGam| of

the Trachyspermum amnsieed extract solutions were added respectivelyhénpresent work, attempt has been
made to understand the structural, morphological aeptical properties of nano crystalline ZnO nanmtpias
prepared through co-precipitation method usinrgchyspermum amrsieed extract where the extract acts as the zinc
salt reducing agent as well as capping agent. Tégaped ZnO nanoparticles have been characterizpdwder X-

ray diffraction (PXRD), ultraviolet (UV) visible ggtrophotometer, photoluminescence (PL), field siois
scanning electron microscopy (FE-SEM) and energpeatisive X-ray analysis (EDAX). The highlight ofsttwork

is the antibacterial activity of green synthesiZexD Nanoparticles using the popular herbachyspermum ammi
carom seed extracts.

RESULTSAND DISCUSSION

3.1 PXRD ANALYSIS

The crystallinity was determined by XRD powder uifftion. Analysis was performed by using an XRD
SHIMADZU X-ray diffractometer equipped with a CuKA=1.54A) source. The XRD patterns of all sampleb a,
and ¢ of ZnO nanoparticles were recorded from 8080 for 20 angles with diffracted intensities as shown in
Fig.3.1. The diffraction planes with indices 10020101, 102, 110, 103, 200, 112, 201, 004, 202dcoe indexed
to the ZnO wurtzite structure and good they shomeegent with JCPDS Data Card No: 36-1451.
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Fig.3.1 XRD patternsof green synthesized ZnO Nanoparticlessamplesa, b, ¢

Wourtzite lattice parameters such as the values tfeddistance between adjacent planes in the Milltices (h k )
(calculated from the Bragg Equatidms2dsird), lattice constants a, b, and c, inter-planar@magid unit cell volumes
are calculated from the Lattice Geometry equatioh19]. The (101) peak with relativey high intepsitdicates the
preferred orientation of all the samples. Tabléwdvss that the Crystallite size, d - spacing, Ciiigta volume V,
Lattice parametersy/a ratio, cell volume v, number of unit cell NU, bofehgth1, dislocation density of ZnO
Nanopatrticles.

Table.1 Structural parameter sof green synthesized ZnO Nanoparticlesfor samplesa, b, ¢

D d Vv Lattice Constant s | NU § X 10*
sample| B nm A (P | al® [ cA) ca |V A x1¢ | A nm

a 36.277 | 39.51( | 2474 | 67.34( | 3.249¢ | 5.20¢ | 1.601¢ | 57.45: | 3.59¢ | 1.87¢ | 6.483¢
b 36.23¢ | 35.217 | 2.51f | 62.25¢ | 3.243( | 5.19¢ | 1.601: | 54.21« | 3.707 | 1.83¢ | 8.065:
c 36.245| 28.112 2.76% 60.258 3.24p1 5.190 1.6008.1550 3.956| 1.821] 12.653

3.2FE-SEM & EDAX ANALYSIS

The synthesized ZnO nanostructures are morpholbgidaaracterized by the FE-SEM images, as showfigr3.2.
The ZnO nanostructure shows the uniform hexagoteeg irregular and highly aggregated nanopastieléh
rough surface.

300 nm

Fig.3.2 FE-SEM images of green synthesized ZnO Nanoparticlesfor samplec
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The average diameter of the ZnO cluster is ~ 41ambeen observed. EDAX spectrum shows the highegabf
zinc (51%) and oxygen (29%) respectively as showthé Fig.3.3. These results confirmed the preseheic as a
majority label compared to oxygen in precursor miateThe EDAX analysis shows that the optical apson

peaks of ZnO Nanoparticles and these peaks whieldae to the surface plasmon resonance effectnef@iide

Nanoparticles. The origin of these elements liegh@ phyto components which are existed along Wit©
Nanopatrticles [20-23].
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Fig.3.3 EDAX spectrum of green synthesized ZnO Nanoparticlesfor sample C

33FT-IRANALYSIS

Phytoconstituents present in the extract play al vile for the reduction of ZnO and act as cap@Eggnt on ZnO
Nanoparticles. The FT-IR spectra of synthesized Zn®shown in Fig. 3.4. The absorption peaks atotds 449
cm?, 665 cnt and 672 cnif for the samples a, énd c indicate the presence of ZnO nanoparticlesthey are
related to the stretching vibrations of Zn-O bof®#s 25]. The sharp band around 1015 tfor the three samples,

indicates the symmetric stretching of C-O groupspre in the extract [26]. The FT-IR spectra alsovslihe
presence of bonds due to CH stretching around 2689
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Fig.3.4 Typical FTIR spectra of green synthesized ZnO Nanoparticlesfor samplesa, b and ¢

34 UV-VISANALYSIS

Optical absorption and optical energy bandgap nreasents were carried out on ZnO nanopatrticleslfdhathree
samples a, b, c. Fig.3.5 shows the variation ofatical absorbance with the wavelength. The optbaorption
coefficient has been calculated in the wavelengtiye of 300 - 800 nm. The absorption edge has digtaimed at a
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shorter wavelength. The broadening of the absorgdmectrum could be due to the quantum confineroEthe
nanoparticles. The ZnO Nanoparticles have goodtatiysty and show strong blue emission, promisifoy

applications in optical devices. UV absorption spen of ZnO nanoparticles show absorbance edge 3&anm,
which agrees with the reported value of 312 nnv-Z8]. An attractive result is that the bandgaprgy Eg
decreases from 3.592 to 3.383 eV as the quarftigxtoact increases from 2ml to 6ml namely for skrsm, b, ¢
respectively. It is depicted in the fig.3.6
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Fig.3.5 Uv-Vis Absorption curve of of green synthesized Fig 3.6 Band gap energy curve of green synthesized

ZnO Nanoparticlesfor samplesa, b and ¢ ZnO Nanoparticlesfor samplesa, b and c

3.5PL SPECTRA ANALYSIS

Fig. 3.7 shows the photoluminescence spectra of af@oparticles for samples a, b, ¢ over the waggtterange
350-450 nm on irradiating at excitation wavelength= 300 nm. In the photoluminescence (PL) spedtiZn®,
typically there are emission bands in the UV argiblé regions. In general, visible emission in Zs@ttributed to
different intrinsic defects such as oxygen vacandle, zinc vacancies ), oxygen interstitials [30]. The UV peak
is usually considered as the characteristic emissfaZznO and attributed to the band edge emissicthe exciton
transition. Several emission bands, including bedige emission at 396 nm and defect related ultietvémission
at 362 and 382 nm, violet emission at 420 nm and bmission at 445 nm were observed [31,32].

PL Intensity (a_u)

. : .
350 400 450
wavelength J (nm)

Fig 3.7 PL spectra green synthesized ZnO Nanoparticlesfor samplesa, b and c

3.6 ANTIBACTERIAL ACTIVITY

Antibacterial activity of the ethanolic extract tife compound for samples a, b, ¢ were determinetyusell
diffusion method. It is performed by sterilizing Eller Hinton agar media. After solidification, welvere cut on
the Mueller Hinton agar using cork borer. The tbatterial pathogens such as Staphylococcus auredis a
Pseudomonas aeruginosa were swabbed onto the eswffddueller Hinton agar plates. Wells were impraiga
with 25 pl of the test samples (ethanolic extrddhe compounds). The plates were incubated fom80to allow
the extract to diffuse into the medium. The platese then incubated at %7 for 24 hours, and then the diameters
of the zone of inhibition were measured in millierstas tabulated in Table.2.
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Also effect of varying the quantity of Carom seedract solution for samples a, b and c are reptesehy bar
diagram in the Fig. 3.7. Each antibacterial assay performed in triplicate and mean values werertegd.

Solvent used: Ethanol, Standard used Ampicillin 10 pg
Staphylococcus aureus : Zone of inhibition for Amp 10 pg - 17 mm
Pseudomonas aeruginosa : Zone of inhibition for Amp 10 pg - 12 mm

Table.2 The diameter s of the zone of inhibition of green synthesized ZnO Nanoparticlesfor samplesa, b, ¢

Test bacterial Zone qf inhibition in mm
pathogens (in diameter
S-a Sb Sc
Staphylococcus aureus 6 10 22
Pseudomonas aeruginoga 11 13 27

ma
b
Hc

Fig. 3.7 Effect of varying concentrations of Carom seed solution for samplesa, b and ¢ on the Zone of I nhibition

The antibacterial activity of green synthesized Zn@noparticles was investigated on both Gram pesiti
(Staphylococcus aureus) and Gram negatRse(domonas aerugingshacteria by zone inhibition methods. The
results of zone inhibition method as depicted ig. Bi.8. The diameter of inhibition zones in mm aeach well
with ZnO Nanoparticles by carrom seed extract temluare found the highest antimicrobial activitgamst
Pseudomonas aeruginos27 mm) than compared to standard tablet, as shimwthe Fig. 3.8. The ZnO
Nanopatrticles formed in this experiment is foundh@wve good antibacterial activities. From this gtulle
antibacterial activity for both gram positive andgative bacteria were found to increases when tgyasft seed
extract increases as 2ml, 4ml and 6 ml namelydar@es a, b and c. Also the inhibition efficiendytltese samples
is greater foPseudomonas aeruginosa thataphylococcus aureus.
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Staphylococcus aureus Pseudomonas aeruginosa

Fig.3.8 Zone of inhibition in mm for the green synthesized ZnO Nanoparticles against micr o-organisms
CONCLUSION

ZnO nanoparticles were successfully synthesizedusing Ajwain (Carom —Trachyspermum aminiextract
mediated reduction process. The structure, morpfyoémd size (dimension) of prepared ZnO nanopadialere
examined by FT-IR, XRD, and FE-SEM. FT-IR spectaealed the functional groups through stretchingdeor
ZnO nanoparticles which were found around 600—-480. cThe average diameter of the nanoparticles isrobde
around ~41 nm. From the XRD study the average gaia is found to lie between 30—-40 nm. As prepaed
nanoparticles show a direct transition in the rainge 3.529 to 3.383 eV. It has the strong emis&iand at 382 nm
and also a broad emission peak centered at 445 mmwisible region. The antibacterial activities oh@
nanoparticles for both gram positive and negatizetdria were found to increases when quantity efl sxtracts
increases. In conclusion, the present work is salyé¢o lend a hand to the scientific society foingsthe ZnO
nanoparticle as a potential agent to the biomeeifigld. In addition, it is cost effective, nontoxisafe and eco-
friendly for the human society.
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