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ABSTRACT

The synthesized zinc oxide nanoparticles were extensively studied by X-Ray Diffraction (XRD), Fourier
Transform Infrared (FT-IR), Field Emission Scanning Electron Microscopy (FE-SEM), and Energy Dispersive
X-Ray Spectroscopy (EDX), UV-visible (UV-Vis) and Photoluminescence (PL) analysis.
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5.1. INTRODUCTION

Nanotechnology is one of the technological innovations in 21st century. 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. Nanotechnology can be useful in diagnostic
techniques, drug delivery, sunscreens, antimicrobial bandages, disinfectant, a friendly
manufacturing process that reduces waste products (ultimately leading to atomically precise molecular
manufacturing with zero waste), as catalyst for greater efficiency in current manufacturing process by
minimizing or eliminating the use of toxic materials, to reduce pollution (e.g. Water and air filters) and
an alternative energy production (e.g. Solar cell and fuel cells) (Meruvu et al., 2011).

The techniques for obtaining nanoparticles using naturally occurring reagents such as
vitamins, sugars, plant extracts, biodegradable polymers and microorganisms as reductants and capping
agents could be considered attractive for nanotechnology. The fields of synthesis of nanoparticles and
assembly have turned to biosynthesis methods for nanoparticle production, which employ plants,
fungi, bacteria and enzymes and represent possible ecofriendly alternatives to chemical and physical
methods (Nagajyothi et al., 2014). These syntheses have led to the fabrication of limited number of
inorganic nanoparticles (mainly metal nanoparticles, although several metal oxides and salts are also
reported).

Microorganisms can also be utilized to produce nanoparticles but the rate of synthesis is slow
and only limited number of sizes and shapes are amenable compared to routes involving plant based
materials. Among the reagents mentioned above, plant based materials seem to be the best candidates
and they are suitable for large- scale ‘biosynthesis’ of nanoparticles. Plant parts such as leaf, root, latex,
seed and stem are being used for metal and metal oxide nanoparticle synthesis.

The use of plant extract has advantages such as easy availability, safe to handle and possess a

20040 www.ijariie.com 147



Vol-9 Issue-3 2023 IJARIIE-ISSN(O)-2395-4396

broad viability of metabolites. Plant extract has been used as reducing and capping agent for the
synthesis of nanoparticles which could be advantageous over photochemical reduction, heat
evaporation, electrochemical reduction, and chemical reduction methods (Hiremath et al., 2013). Green
synthesis of nanoparticles provides advancement over other methods as it is simple, cost-effective and
relatively reproducible, more stable materials and eliminate the need of using harsh or toxic chemicals
(Kharissova et al., 2013).

2. EXPERIMENTAL PROCEDURE
2.1. Materials

Fresh leaves of Mentha arvensis L. free from disease were collected early in the morning from
Thillainayagapuram (North), Chidambaram, Cuddalore District, Tamil Nadu, India. The leaves were
identified and authenticated by Department of Botany, Annamalai University. Chemical (Zn
(NO3)2.6H20) and glassware were procured from Sigma Aldrich, Pondicherry, India.

2.2. Synthesis of zinc oxide nanopatrticles using Mentha arvensis leaf extract

The amassed Mentha arvensis leaves had been washed with tap water and after that adopted with
distilled water for removing the unwanted impurities similar to scum, dirt and other materials. The leaves
pattern was allowed to dry in room temperature (320C) and 40 g was taken for synthesis intent. The
weighed of 40 g leaves were boiled with 200 mL of double distilled water for 40 min at 600C. Mild
yellow colored solution used to be formed and it was once cooled at room temperature. The yellow
colored extract was filtered with filter paper (Whatman No.1) and stored in refrigerator. In a typical
synthesis, the different volumes (10, 20 and 30 ml) of Mentha arvensis, aqueous extract were taken from
the stock solution (stored at refrigerator). Later 2 g of zinc nitrate hexahydrate crystal was dissolved in
different volumes of (10, 20 and 30 ml) Mentha arvensis extract solution under constant stirring using
magnetic stirrer. After complete dissolution of the mixture, the solution was boiled at 60-80°C by using
magnetic stirrer until the formation of deep yellow colored paste. The paste was transferred to a
ceramic crucible cup and heated in furnace at 400°C for 2 hr. The obtained light yellow colored powder
was used for the further studies.

3. Results and discussion
3.1. Structural analysis

The ZnO NPs were prepared from various volumes (20, 30 & 40 ml) of Mentha arvensis leaf extract with
fixed zinc nitrate precursor (2 g). The XRD patterns show the noticeable peaks of ZnO at 31.73, 34.43, 36.21,
47.55, 56.56, 62.82 and 67.92° corresponding to (100), (002), (101), 102, (110), (103) and (112) planes respectively
as shown in Fig.1. The plane values of XRD patterns are in good agreement with JCPDS No: 89-7102 (Rajiv et al.,
2013; Sangeetha and Kumaraguru, 2013). All recorded peaks intensity profiles were characteristics of the
hexagonal wurtzite structure of ZnO. There is no remarkable diffraction peaks and other crystalline impurities are
not observed. The relatively high intensity of the (101) peak is indicative of anisotropic growth and implies a
preferred orientation of the crystallites. The stiff and narrow diffraction peaks were observed for ZnO which
indicates that the product has bulk size and also well crystalline structure. In the case of green synthesized ZnO
exhibited a gradual decrease in the peak heights with concomitant increase volumes of leaf extract, further
supporting the increasing the values of FWHM.
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Fig. 1 XRD patterns of the green synthesized ZnO with various volume of Mentha arvensis leaf extract.

Moreover, green synthesized ZnO diffraction peaks were blue shifted when compared to Bare ZnO. The
blue shift indicates that the decrease of particles size to increasing volumes of leaf extract. The sizes of the particles
were calculated using Scherrer’s formula. The size of the particle was calculated using this equation listed in Table
1 The XRD results can be verified by considering the fact that at higher volume of leaf extract the particle
surface can effectively be capped to prevent the particle growth, resulting in smaller ZnO NPs. Additionally, the
crystal defect parameters like micro strain, dislocation density and lattice constant are calculated using following
formula and values are listed in Table 4.1. As in Table 1 the values of micro strain (¢) and dislocation density
increase with increasing the volumes of leaf extract due to the presence of active OH functional groups that may
inhibit the formation of ZnO in specific shape of lattice.

Table 4.1: Variation of crystallite size, dislocation density, strain and lattice parameters (a and c) for green
synthesized ZnO NPs.

Name of the [Particles size Strain Dislocation density (8) | Lattice parameters (4)
samples Ds10® m @103 f1old a=3.249
c=5.206
a ¢
Zn0: 10ml 2532 1368 15.59 3250 5.207
Zn0: 20ml 1741 1.990 3297 3.249 5.164
Zn0: 30ml 923 3.750 11721 3252 5.181

The result indicates high number of defects on the surface of smaller size ZnO NPs due to the high
surface to volume ratio. The defect related ZnO is more appropriate in photocatalytic and antimicrobial activity. The
lattice constants were calculated from (1 0 1) diffraction patterns for bare ZnO and green synthesized ZnO NPs. The
values are in close agreement with the literature reports (a = 3.249 A°; ¢ = 5.206 A° Joint Committee on Powder
Diffraction Standards file No. 89-7102) with slight deviation.

3..2. FUNCTIONAL ANALYSIS

FT-IR measurement was carried out in the wave number range from 400 to 4000 cm—1 using the KBr
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method at room temperature. The FT-IR spectra of Mentha arvensis leaf extract and green synthesized ZnO Fig.2.
The FT-IR spectrum of Mentha arvensis confirms the structure of functional with the absorption band at 3344,
2922, 1647, 1415, 1060 829 and 594 cm-1as shown in Table 2.
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Fig. 2 (a-b) FTIR Spectra of green synthesized ZnO nanoparticles and Mentha arvensis leaf extract.

Table 2 Wave number, stretching and functional groups of leaf extract, green synthesized ZnO.

Wave number (cm-1) )
Stretching Functional
N = Groups
Leaf Green
extract In0 NPs
3344 3419 0O- Alcohols, Phenols
2022 2026 C- Alkanes
1647 1616 C=C.N-H I0amines
1415 1429 C-C,O0-H Aromatics
1319 1390 C=0,C-H Alkanes
. Alcohol,
1244 1192.1111 C- Carboxylic Acids,
o Ester, Ethers
1060 1043 C- Aliphatic Amines
820 873 C Aromatics
504 522424 Zn-0O

These bands occurred due the enriched photochemical present in the leaf extract such as amino acids,
alkaloids, flavonoids and phenolics (Moyo et al., 2012). From FT-IR spectrum of green synthesized ZnO the bands
appeared in the lower energy region at 522- 424 ¢m—1 showing the ZnO bond bending vibration. The region
between (600-400) cm-1 is attributed to metal-oxygen (Kundu et al., 2014; Selvarajan and Mohanasrinivasan, 2013;
Vimala et al., 2014). The broad band in higher energy at 3419 cm-1 is due to the stretching vibration of the O—H
group. The C—H stretching vibration band arises at 2926 cm—1 and depicts the presence of an alkanes group. The
band around 1647 cm—1 is due to the amide I and amide II regions that are characteristic of proteins/enzymes. The
intense bands observed at (1111-1043) cm—1 C-O and C-N stretching vibration depicts the presence of alcohol,
carboxylic acids, ester, and ethers groups. The weaker band located at 873 cm-1 is indicating the presence of C—H
(aromatics) group compounds. The overall observation from the Table 2 intensity of peaks are relatively significant
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and also proves the existence of some phenolic compounds, terpenoids or proteins that are bound to the surface of

ZnO NPs.
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Fig.3 The mechanism of ZnO NPs stabilization from ascorbic acids of Mentha arvensis leaf extract

Changes observed in FTIR spectrum of green synthesis ZnO NPs after bioreduction indicated the
participation of polyols, terpenoids and proteins having functional groups of amines, alcohols, ketones, and
carboxylic acid in bioreduction reactions. Terpenoids are poorly water-soluble and hence may not be among
prime moieties involved in the bioreduction reaction.However, proteins seemed to exhibit little importance
in biosynthesis of nanoparticles as reported earlier. Therefore, water-soluble p henolic acid and flavonoid
compounds are believed to play a major role in bioreduction reaction. The reduction mechanism of tannin with
silver nitrate may also involve in the reduction of silver nitrate to silver nanoparticle. The possible mechanism for
the green synthesis of ZnO NPs involves reduction of zinc nitrate ions that can form intermediate complexes with
phenolic OH groups present in hydrolysable tannins, which subsequently undergo oxidation to quinine forms with
consequent reduction of zinc to zinc oxide nanoparticle. The formation of ZnO NPs can be related to the interactions
between reducing phenolic acids such as ascorbic, cardiac glycoside, gallic acid and zinc ions. The mechanism of
ZnO NPs stabilization from of Mentha arvensis leaf extracts as shown in the Fig 3.

However the possible mechanism is still unclear and needs further investigation. On the other hand the FT-
IR spectrum of bare ZnO indicates that the lower intensity few bands when compared to the green synthesized ZnO
and leaf extract. These results confirm the surface of Bare ZnO free from phytochemical.

3.3. FESEM WITH EDX ANALYSIS

Later on the ratification of the FT-IR result the sample was further subjected to FE-SEM studies. Fig.4
(a&b) shows the FESEM image of green synthesized ZnO NPs at different magnifications. The image has showed
individual ZnO NPs as well as number of aggregates, particles are spherical and granular nanosized in nature. When
an excess of leaf extract (30 ml) was used to reduce the aqueous zinc nitrate the bio-molecules acting as capping
agents strongly shaped spherical nanoparticles. Consequently the presence of large quantity of leaf extract, causes
strong interaction between protective bio-molecules and surfaces of nanoparticles preventing growth of ZnO
nanoparticles and leading to size reduction of spherical nanoparticles (confirmed by XRD results).

The EDX analysis was used to confirm the chemical composition of the ZnO NPs. From EDX spectrum the
strong and weak peaks are observed from Zn and O atom as shown in from Fig 4 (c). Additionally, the chemical
composition in the Tables 3 clearly indicates atomic and weight percentage of Zn and O elements such as 58.75,
41.25, 25.48 and 74.52
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Fig.4 FE-SEM images of different magnification of ZnO nanoparticles (a) X30, 000 (b) EDX spectrum

Tables 3 Chemical composition of green synthesized ZnO

Elements Atomic Series Weight %o Atomic %
number
O 8 k-series 25.48 58.75
Zn 30 k-series 74.52 41.25
Total 100.00 100.00
3.4 OPTICAL STUDIES

3.4A. UV-Vis Absorption spectroscopy analysis

The formation of green synthesized ZnO NPs was confirmed by UV- Vis absorption spectroscopic study
performed at room temperature with water at 0.1% wt. concentration. The spectrum reveals that the characteristic
absorption peak of ZnO at 372 nm (Fig.5a). This peak is originated due to the electron transitions from the valence
band to the conduction band (O2p — Zn3d) of ZnO. The band gap energy can be determined by substituting the
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value of the absorption peak wavelength using following equation. Applying above equation, band gap energy (Eg)
for the green synthesized ZnO nanoparticles was found to be 3.31 eV, The band gap energy can be used to
determine the particle size.

3.4B. Photoluminescence spectral analysis

The photoluminescence study is used to investigate the optical properties of as prepared sample. The PL
spectrum of ZnO NPs synthesized from the leaf extract of Mentha arvensis is shown in Fig 5 (b). The presence of
the peak at 398 nm corresponds to the UV emission in ZnO NPs. The UV emission is attributed to the recombination
of free excitons between the conduction and valance bands.
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Fig 5 (a&b) UV-vis spectrum and PL spectrum of ZnO nanoparticles synthesized from Mentha arvensis.

The peak observed at 415 nm corresponds to defect related ultraviolet emission. The emission peaks
observed at 461 and 479 are assigned to blue emission originates due to transition involving zinc vacancy.
Generally, the luminescent region between wavelength 415 nm to 479 nm results due to various defects such as
interstitial Zn and the presence of the acceptor and donor states in the region between the valence and conduction
bands.

The blue—green emission is assigned to the radiative recombination of photo-generated holes with electrons
occupying the oxygen vacancies. The peak observed at 526 nm indicates the presence of green emission originated
from the recombination of the hole with the electrons occupying the singly ionized oxygen vacancies. The ZnO NPs
show strong, visible emission due to the comportment of a big number of open flaws. This is due to the high surface
to volume ratio of ZnO NPs as size decreases; as a result, a large number of defects will be found on the surface.

20040 www.ijariie.com 153



Vol-9 Issue-3 2023 IJARIIE-ISSN(O)-2395-4396

The PL intensity ratio of the UV band to the blue—green band is proportioned to the defect density in ZnO samples.
If higher the PL intensity ratio, the lowers the defect density in the sample.

3. CONCLUSION

The ZnO NPs were prepared from various volumes of Mentha arvensis leaf extract (10, 20 and to 30 ml)
with fixed zinc nitrate crystals (2g). The XRD patterns of the ZnO NPs exhibited a gradual decrease in the peak
heights with concomitant increase in the width of the peaks further supporting the gradual decrease of particle size
(25-9 nm). The FT-IR spectra observed peak in the lower energy region at 522 - 424 cm—1 assigned to the ZnO
bond bending vibration.The FE-SEM images show the individual ZnO NPs as well as number of aggregates and
particles are spherical and granular nanosized in nature. The size measured and correlated well with the XRD
results.In addition, shape of the particles has good agreement with FESEM result. The EDX analysis confirms the
chemical composition of the ZnO NPs (Strong peaks and weak peaks are observed from Zn and O atom). The band
gap energy (Eg) for the green synthesized ZnO nanoparticles was found to be 3.31 eV. The band gap energy can be
used to determine the particle size. In green synthesis process leaf extract acts as capping agent and control the
growth of particles size..
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