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ABSTRACT

A green synthesis using a simple precipitation method produced zinc oxide (ZnO),
leaf extractions of zinc oxide as Aerva lanata (Al-ZnO) and Millettia pinnata (Mp-ZnO),
copper-doped Al-CZnO and Mp-CZnO nanoparticles (NAPs). They were characterized for
their functional group, structural, antibacterial, and luminescence properties. The grown
NAPs were examined by Ultraviolet-visible (UV-Vis), Photoluminescence (PL), Fourier
Transform-Infrared (FT-IR) spectroscopy, X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM), Transmission Electron Microscopy (TEM) and antibacterial activity. The
XRD analysis confirms that all NAPs have a hexagonal structure and no impurity phases
other than Cu. In consequence of this, Cu ion has been successfully incorporated into the
standard ZnO structure. The calculated crystalline size through the XRD pattern of pure ZnO,
Al-ZnO, Mp-ZnO, Al-CZnO, and Mp-CZnO NAPs and the average grain size were 81.37,
52.08, 63.24, 37.54, and 30.71 nm, respectively. The optical absorption spectra show that
adding Cu reduces the band gap. FTIR is used to assess the functional group and chemical
interaction of leaf extraction and Cu-doped ZnO at various peaks. In addition, its functional
groups are observed to correspond to the ZnO bands in all the samples. The microstructure
analysis of SEM confirms that all the NAPs are agglomerated by adding the dopant, which
turns into a particle-like structure. The antibacterial activity of the NAPs against Escherichia
coli was measured using the agar well diffusion technique, and the optimum zone of
inhibition (ZOI) was found to be 21 mm. Overall, the obtained results revealed that the Mp-
CZnO NAPs is a novel and efficient bacterial pathogens present in the aqueous medium.

Hence, it is a good representation for future biomedical applications.
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1. INTRODUCTION

Nanotechnology is a rapidly expanding area that focuses on the fundamental
knowledge of the physical, chemical, and biological characteristics of NAPs. At the atomic
and subatomic levels, with possible applications in electronics and cosmetics (Raghavendra et
al., 2017; Manikprabhu et al.,, 2014; and Shakeel et al 2017). ZnO is a versatile
semiconducting oxide with extensive applications due to its wide range and direct band gap
(3.37 eV at room temperature) semiconductor with a strong cohesive energy of 1.89 eV and
large exciton binding energy of 60 meV (Vishnukumar et al., 2018; Jafar et al., 2021).
Nanostructures, such as nanowires, nanoarrays, and nanorods, have piqued the interest of
researchers over the last decade due to their superior characteristics to bulk materials. NAPs
exhibited as excellent crystalline quality, large aspect ratio, and quantum confinement effects
(Padmanaban et al., 2021; Jeevanandam et al., 2018). ZnO nanoparticles have become
considerably more concentrated as a result of their many uses such as photocatalysis, fuel
cells, solar cells, gas sensors, and antibacterial activity (Tayyab Noman et al., 2021).
Prototype ZnO NAPs are extensively utilised as vaccine delivery methods, anti-cancer
medications, biomedicine, and as an addition in organic industrial goods (Sharma et al.,
2019). It is being given more attention over the years due to its inexpensiveness, nontoxicity,
and environmental safety.

ZnO nanoparticles progressiveness and effectiveness may be increased by enhancing
and changing their surface area using dopants such as Ag, Fe, Mn, Al, Co, Cr, Pd, and Cu.
(Murugadoss et al., 2022; Labhane et al., 2015; Sih-Sian et al., 2019; Shanmugam et al.,
2016; Lupan et al., 2011). The optical, magnetic, and electrical characteristics of these

transition metals doped with ZnO are improved. Among these, Cu has very high electronic
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conductivity, absorption changes and other chemical or physical characteristics. It is
abundant in the Earth's crust and inexpensive, making it a vital metal for doping (Labhane et
al., 2015). Several techniques for producing ZnO and transition metal doped ZnO
nanoparticles have been devised. The Cu is a preferred for dopant in ZnO over other
transition metals due to its easy overlapping valance band, enhanced electronic and magnetic
properties, antibacterial and antioxidant properties, and acceptability for biomedical
applications (Manibalan et al., 2021; Ijaz et al., 2017; Shankar et al., 2014). The Cu doped
ZnO NAPs have exhibited biological, photocatalytic, optical, and magnetic properties, and
the ability to get a lesser particle size compared to ZnO NAPs due to the enhancement of the
surface area (Tee et al., 2015; Teng et al., 2016). Murugadoss et al,. 2013, has been applied to
the optical and structural characterization of CdS/ZnS and CdS:Cu?'/ZnS core—shell
nanoparticles. In recent years, Murugadoss et al. 2022, has been proposed the construction of
novel quaternary nanocomposite and its synergistic effect towards superior photocatalytic and
antibacterial application.

At present, material scientists have concentrated on friendly environment ways for the
synthesis and fabrication of NAPs. However, finding a suitable and non-toxic natural
compound as well as an eco-friendly solvent solution for green synthesis of metal NAPs is a
challenging endeavor (Sankar et al., 2014). Most plants are capable of reducing and capping
different metals and metal oxides into NAPs, while certain plants are more capable than the
others. These plants play vital roles in the bioreduction, and consequently the formation of
NAPs due to their unique phytochemical elements (Safawo et al., 2018). Millettia pinnata
(L.) belongs to the semi-mangrove plant family, which is an intervenient type between
halophytes and glycophytes. It includes a diverse spectrum of physiologically organic
substances, including terpenoids, flavonoids, phenols, alkaloids, saponins, and vitamins.

Aerva lanata (Al) and Millettia pinnata (Mp) have been chosen for their useful qualities such



as anti-inflammatory, antimicrobial, antidiarrhoeal, antioxidant, antiulcer, antifungal,
antilipidoxidative, and antihyperammonic (Chopade et al., 2008; Baswa et al., 2001;
Vetrichelvanet al., 2002; Shirwaikaret al., 2004). Many synthesis methods have been
followed by Cu doped ZnO nanoparticles, including chemical precipitation, microemulsion,
hydrothermal, microwave irradiation, sol-gel process, solid-state reaction, sonochemical
preparation, and spray pyrolysis methods (Ahmed et al., 2017; Renuka et al., 2017). Among
these methods, the chemical precipitation is the most rapid, highly pure, cheap raw materials,
easy handling, large scale production, and it is used in industrial applications (Murugadoss
2014). We are the first report to synthesis of copper doped ZnO from two different leaf
extractions. Hence, the present study is aimed to producing cost-effective; ecofriendly Cu
doped ZnO NAPs using leaf extraction of Aerva lanata (Al) and Millettia pinnata (Mp) and to

explore its potential antibacterial activity.

2. MATERIALS AND METHODS
2.1 Materials

Aerva lanata (Al) and Millettia pinnata (Mp) (Common name- Sirupeelai and Pungan)
leaves were collected from Kumbakonam (31°51'59.3"N, 116°39'34.5"W), Tamilnadu, India.
The collected leaves were cleaned twice with running tap water, followed by distilled water.
To remove all the dust from the surface of the leaves, the 25 g of sliced leaves were dripping
mnto 250 ml of distilled water and heated at 60°C for 30 min. And then, the infusion was
through Whatman40 filter paper to remove all the remains, was stored in refrigerator (4°C)
for further analysis. In addition, zinc acetate dihydrate (Zn (CH3COO,. 2H»0), NaOH, copper
nitrate hexahydrate (Cu (NO3)2 .6H20), were purchased from Merck.
2.2 Synthesis of Zinc Oxide nanocrystals

In the synthesis of ZnO NAPs, 0.6 M of zinc acetate dihydrate was dissolved in 60 ml

of deionized water and then stirred vigorously by using a magnetic stirrer. Moreover, 0.2 M



of NaOH in 40 ml of deionized water was added drop by drop to the zinc acetate dihydrate
solution with vigorous stirring until it forms a white precipitate (Shanmugam et al., 2016;
Renuka et al., 2017). The complete reaction of the ZnO synthesis can be expressed as,
Zn (CH3COQ),. 2H20+ 2NaOH— 2CH3COONa+2H,0+Zn (OH)a. ----- (1)

The precipitate was collected and three times washed with distilled water and ethanol.

Consequently, the washed precipitate was dried at 100°C for two hours to form the ZnO.
Zn (OH); > ZnO+HO (2)

2.3 Green synthesis of ZnO nanoparticles

The green synthesis of ZnO nanoparticles by leaf infusion of Millettia pinnata (Mp-
Zn0) using the method of Ahmed et al. 2017. The 0.6 M of zinc acetate dihydrate was added
to 60 ml of distilled water. After 10 min of stirring, 20 ml of leaf infusion of Aerva lanata
was added drop by drop, followed by 0.2 M NaOH, and the white precipitate was obtained
(Al-ZnO). The same procedure has been followed for the preparation of (Mp-ZnO) NAPs by
adding Millettia pinnata (Mp) extract with ZnO.
2.4 Green synthesis of Cu-ZnO nanoparticles

By vigorous stirring, zinc acetate dihydrate (0.6 M) was allowed to dissolve in
distilled water, and then it was added to 20 ml of leaf infusion of Aerva Lanata, followed by
0.2 M of copper nitrate. After 2 hours of stirring (500 rpm) at 80°C the above solution, 0.2 M
NaOH was added drop wise to get white precipitate. Subsequently, the precipitate was
washed three times with distilled water and ethanol to dispose of impurities, followed by
filtering with Whatman40 filter paper. It was dried at 80 °C in a hot air oven to get the
synthesized leaf extract AlI-CZnO NAPs. The same procedure has been followed for the
preparation of Millettia pinnata Cu-ZnO (Mp-CZnO) NAPs. Afterward, these synthesized
NAPs were pulverized and stored for future studies.

2.5 Antimicrobial activity assay



The antimicrobial activity of the ZnO, Al-ZnO, Mp-ZnO, Al-CZnO and Mp-CZnO
NAPs were assessed by a well diffusion method (Suresh kumar et al., 2021). The sterile
Muller Hinton agar was flooded into petri dishes for gelatinization. Within 24 hours, the
Gram-negative E. coli bacterial culture was cultured in nutrient broth. Using a cotton swab,
this seed was applied aseptically to the respective agar plates. And then, using a sterile gel
puncher, a 6 mm width well was made on the top of the agar plate. The concentration of all
the NAPs were taken in the range of 5, 15, 30 and 45 pg/ul were filled into the wells and the
plates were incubated at 37 °C for 24 hours. The diameter of inhibition zone was measured
and expressed in millimetres (mm).
3. RESULT AND DISCUSSION

3.1 Optical study

The synthesized NAPs were dispersed in double distilled water, and the absorption

properties were analyzed by a UV-Vis spectrophotometer in the range of 200 to 700 nm.
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Figure 1. UV-Vis analysis result of as synthesized a) ZnO, leaf (4derva Lanata, Millettia
pinnata) extracted ZnO and Cu doped leaf extracted ZnO.



The transitions can occur only for higher photon energies, according to the Fermi exclusion
principle, and the shift from the valence band to the conduction band is dependent on the
individual dopants. The absorbance wavelengths of all the samples are shown in Figure 1.
The absorption peaks recorded for all the samples prepared by ZnO, Al-ZnO (Aerva lanata),
Mp-ZnO (Millettia pinnata) and Cu doped Al-CZnO and Mp-CZnO were 301, 300, 273, 300
and 264 nm respectively. When compared to bulk ZnO, all of the absorption peaks are blue
shifted (345 nm) (Murugadoss 2012). This blue shift indicates the change in band gap along
with exciton features, and can be measured by size distribution and particle size is due to the
quantum confinement effect (Shanmugam et al., 2016). The band gaps of all the samples

were calculated using a simple wave-energy equation,

Where h is Planck’s constant, ¢ is the light velocity, and A is the absorption wavelength. The
band gaps of ZnO, Al-ZnO, Mp-ZnO, Al-CZnO and Mp-CZnO were about 4.11, 4.13, 4.54,

4.13, and 4.69 eV respectively.
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Figure 2. Photoluminescence spectra as synthesized a) ZnO, leaf (derva Lanata, Millettia

pinnata) extracted ZnO and Cu doped leaf extracted ZnO.



The PL spectrum shows (Figure 2) a very strong UV emission peak at 361 nm (3.40
eV), which corresponds to the near band edge emission of ZnO. The significant broad visible
emission band was found between 495 and 536 nm (2.50-2.31eV), and it was linked to the
shift between the electron near the conduction band and the hole at the vacancy associated

with surface imperfections (Zhang et al., 2010).

3.2 X-ray diffraction Analysis

Figure 3 represents XRD patterns of un-doped ZnO, Al-ZnO, Mp-ZnO, Al-CZnO and
Mp-CZnO synthesized NAPs. The Bragg’s reflection peaks are at 31.62°, 34.88°, 36.50°,
39.34°, 47.24°, 57.24°, 63.85° 66.26° and 69.27° which correspond to the hexagonal ZnO
lattice planes at (100), (002), (101), (102), (110), (103) and (200) respectively. The JCPDS
Card No.: 00-001-1136 ZnO hexagonal (wurtzite) structure was used as a standard to identify
the lattice planes depending on the XRD peaks, which demonstrated a considerable

agreement. The incorporation of Cu into the aforementioned structure shows a minor
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Figure 3. XRD patterns of a) ZnO, b) Al-ZnO c) Mp-ZnO, d) AI-CZnO, and e¢) Mp-CZnO.



intensity and peak broadening changes, which shows that the Cu is incorporated in the ZnO
structure. There were no impurities or diffraction peaks observed, revealing that just ZnO was
present. The average size of the un-doped ZnO and Cu doped ZnO NAPs were derived from
the three maximum intense peaks using Debye-Scherer’s formula (Dhanaraj, Suresh, 2018).

oo K
- BCos6é (4)

Where, D- particle size in nm, A- X-ray wavelength, f- FWHM, 6- Bragg’s angle of
reflection. The average size of the synthesized nanoparticles ZnO, Al-ZnO, Mp-ZnO, Al-
CZnO and Mp-CZnO were found to be 81.37, 63.24, 52.08, 37.54 and 30.71 nm respectively.
3.3 Functional group analysis
The FTIR spectra of un-doped ZnO and Cu-doped ZnO NAPs are shown in Figure 4. Plant
extract biomolecules embedded in NAP surfaces were discovered to be responsible for

biological activities. Metal oxides normally show absorption bands in the fingerprint region
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Figure 4. FT-IR spectra of a) ZnO, b) Al-ZnO c) Mp-ZnO, d) Al-CZnO, and e¢) Mp-CZnO.
(within 1000 ¢cm™!), which are due to inter-atomic vibrations. The present study of FTIR

spectra (Figure 4a) confirmed that the stretching mode ZnO absorption band was between



500 to 590 cm'. The probability of a metal-oxide bond corresponds to the hexagonal ZnO

wurtzite structure. The fundamental mode of absorption at 3434 cm™'

corresponds to the
asymmetric and symmetric stretching H-O-H vibration, which is due to the bending
vibrations of chemisorbed water (Handago et al., 2019). The absorption occurring at about
1635 cm™! was due to the aromatic C=C ring stretching, although the high-intensity peak at
1387 cm ! was due to the -CH> bending mode of aldehydes and ketones. The vibration bands
observed at 1006 and 880 cm ™! were due to the presence of stretching and bending of C-O
and C-H, respectively. The bands 3000 — 3650 cm ! are due to the adjustable dissociative
absorption of hydrogen on zinc along with the oxide site. There were no additional distinctive
peaks in the spectrum (Figures 4b and 4d) that indicate the presence of biomolecules and
polyphenols from plant extracts (Mp and Al) in the prepared NAPs through chemisorbed
formation. From Figures 4c and 4e, Cu-doped plant extracts ZnO show that there are more
characteristic peaks associated with polyphenols and biomolecules. The additional two bands
in the spectra were 1109 cm™ (C-N) and 2431 cm™ (C-H) stretching, which are due to the
incorporation of Cu in the Zinc Oxide lattice (Ma et al., 2014).
3.4 Morphological analysis

The micrographs of the ZnO, plant extract ZnO, and plant extract Cu-ZnO NAPs,
which were deliberated by SEM, are shown in Figure 5 (a-e). It clearly shows that the
particles are homogeneous and equally distributed above the surface of NAPs. On the other
hand, Figure 5 (a-c) show that the agglomerated particles and the addition of Cu to ZnO show
dispersed (Figure 5 e-f) particles. The SEM measurements showed that the nanoparticles had
an average size of less than 100 nm, which was in accord with the XRD findings. The TEM

images of Al-CZnO and Mp-CZnO are shown in Figure 6, and the Al-CZnO NAPs were

agglomerated and had a poorly defined structure. In Mp-CZnO, the particles are clearly



distinct and have not aggregated which indicates complete nucleation growth and is well in

accordance with the SEM result.

Figure 5. SEM images of a) ZnO, b) Al-ZnO c¢) Mp-ZnO, d) Al-CZnO, and ¢) Mp-CZnO.
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Figure 6. TEM images a) Al-CZnO and b) Mp-CZnO.
3.5 Antibacterial activity
An agar-well diffusion test was used in the current study to assess the antibacterial

characteristics of all the substances against the bacterial strain E. coli (Dhanaraj et al., 2021;

Figure 7. The effect of antibacterial activity with different (5, 15, 30 and 45 pg/ul)
concentration on the E.coli for a) ZnO, b) Al-ZnO c) Mp-ZnO, d) Al-CZnO, and e) Mp-
CZnO.



Suresh Kumar et al., 2021). The results are illustrated in Figure 7. The initial line of defence
may be harmed as a result of the NAPs' direct interaction with the bacterial cell wall or
membrane, which releases metal ions that alter cell permeability (Gupta et al., 2018). From
the zone of inhibition, Mp-CZnO NAPs have the ability to control microorganisms. Among
these discoveries, Mp-CZnO (45 g/l) has a significant antibacterial effect against E. coli
(Table 1). This observation is consistent with recent research by Dobrucka et al. (2018), and
it suggests that Gram-negative bacteria may be more resistant to antibiotics if they have an

outer membrane. Furthermore, Mp-CZnO is to be used for biomedical applications.

Table 1 Antibacterial activity of ZnO, Al-ZnO, Mp-ZnO, Al-CZnO, Mp-CZnO NAps.

Zone of inhibition (mm)

Sample ID 5 15 30 45
pg/ml  pg/pl pg/ipl - pg/iul

ZnO 0 0 0 8

Al-ZnO 0 0 10 12

Mp-ZnO 0 0 10 9

Al-CZnO 0 0 8 15

Mp-CZnO 0 0 13 21

4. CONCLUSION

The synthesis of Cu doped ZnO NAPs with two different leaf extracts (Aerva lanata
and Millettia pinnata), which function as an effective, reducing, and stabilizing capping
agent, was achieved by the simple precipitation method. The prepared Mp-CZnO NAPs had a
large surface area compared to ZnO NAPs. The UV-Vis and photoluminescence studies
express that excitation at 264 nm and emission at 536 nm confirms the defect in ZnO NAPs.
The XRD results confirm that the ZnO NAPs have a hexagonal wurtzite structure, and the

optimum NAPs size is 37.54 nm for Mp-CZnO. The microstructure analysis showed that leaf



extract had an impact on the form and morphology of the particles, causing the agglomerated
particles to resemble dispersed particles. The antibacterial studies of the synthesized
composite materials revealed the synergetic effect of leaf-extracted Mp-CZnO NAPs on the
gram negative E. coli, which has been well established. The green synthesis of ZnO NAPs
forms particle structures, and the leaf extract may enhance their performance. Overall, the
present work reported a green, ecofriendly, high yield, and cost-effective method. In the
future, leaf-extracted Mp-CZnO can be explored as an antibacterial agent, which will have an
extensive range of biomedical applications in various fields.
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