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A green synthesis method is adopted to prepare emerging low cost ZnO (ZNP) and Ca
substitute ZnO nanoparticles (CZNP) using Psidium guajava fruit (PGF) extract as an
effective reducing and capping agent. An X-ray diffraction study of the synthesized
nanoparticles revealed that they have a hexagonal wurtzite structure. The elemental
compositions and oxidation states of ZNP and CZNP surfaces are quantified. The HR-
SEM image shows the nano-flake like structure of the synthesized nanomaterials ZNP and
CZNP samples. The elemental compositions were identified using EDAX spectra. From
the Raman spectra, the low wavenumber region of 2" order Raman modes at 341 and 346
cm’! were ascribed to the difference Ex"eh-E,'°Y. Kubelka—Munk (K—M) method is used for
estimating direct band gap and it is 3.3 eV and 3.04 eV for ZNP and CZNP respectively.
Due to the zinc and oxygen vacancies, six different bands were observed in the
photoluminescence spectra. The TG analysis was observed 5.6% of weight loss for ZNP
and 5.8% of weight loss for CZNP sample. The Magnetization—Field (M—H) hysteresis
curves revealed the appearance of diamagnetic behavior at room temperature. The as-
fabricated pure ZnO and Ca-doped ZnO nanoparticles were evaluated for the antibacterial
activity. The Ca substituted ZnO sample showed higher antibacterial activity than pure
ZnO sample.
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1. Introduction

Nanoparticles have attracted a lot of attention recently in a variety of applications as it has
unique structural, optical, surface and magnetic properties as compared to their bulk compounds.
ZnO nanomaterial have wide direct band gap of 3.36 eV and large exciton binding energy of 60
meV and it is suitable material for various applications in spintronics, catalysis, sensors,
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semiconductor device [1-7], cosmetic colorings matter, SAW equipment fabrication, electrical
resistance, optical materials, heterogeneous catalyst, UV radiation absorbers, and window layers of
solar cells [8], OLEDs [9], lasers and antibacterial activities. Researchers explore the unique
properties of ZnO for the above mentioned applications and its electrical and optical properties can
be further improved by doping with metal elements. ZnO doped with metal elements is widely
used for fabrication of optoelectronic devices [10]. In early literature, Geetha Devi et al. (2016)
and Umaralikhan et al. (2017) showed that the optical behavior of the core material could be
enhanced by reducing the defect level through the dopant [11, 12, 13, 14, 15].

Nanoparticles are synthesized by various methods. Among the various methods, we
concentrate on the eco-friendly green synthesis method. The green synthesis technique is a
promising and eco-friendly method [14].In green synthesis, we prefer Psidiumguajava fruit (PGF)
extract to synthesize nanoparticles. Vitamin A, C, iron, phosphorus, calcium, saponin, oleanolic
acid, morin-3-O-L-lyxopyranoside, morin-3-O-L-arabopyranoside, guaijavarin, quercetin, and
flavonoids are all found in PGF skin [15, 16].Cancerous cell curing and ageing skin in young
people can be prevented through the phenolic compounds of PGF.

In the present work to prepare ZnO and Ca substitute ZnO nanoparticles were fabricated
using PGF extract as a reducing and capping mediator by the eco-friendly green synthesis. The
fabricated materials were investigated by structural, optical, and thermal properties zinc oxide and
calcium doped zinc oxide materials. In optical observance, results show a defect level reduction on
CZNP and ZNP samples, the CZNP sample shows the maximum optical properties. The as-
fabricated CZNPs were then investigated for antibacterial activity to determine potential
applications for them in the future.

2. Experimental

2.1. Preparation of Psidiumguajava fruit (PGF) extracts
25g of fresh little bits of PGF were added to 200 ml of deionized water then heated for 20
minutes at 60 °C and filtered. Finally, it was transferred to 250 mL Erlenmeyer flask.

2.2. Preparation of pure ZnO and Ca substitute ZnO nanostructures

To synthesize the ZnO sample, the following steps was employed. First, the brown-
colored like a solution was obtained by mixing 100 ml of PGF extract and 0.1moleofzinc (II)
nitrate hexahydrate solution. Second, the solution was stirred for 4 to 6 hours at 80°C and finally
calcination was done at 700 °C for 2 h, for the production of pure crystalline ZnO nanoparticles
[14].

To synthesize the Ca-doped ZnO sample, the following steps was employed. First, mixing
100ml of PGF extract solution to 100ml of zinc (II) nitrate hexahydrate with calcium nitrate tetra
hydrate (0.95 moles and 0.05 moles) to get brown-colored solution. Second, the solution was
stirred for 4 to 6 hours at 80°C and finally calcination was done at 700 °C for 120 minutes as a
result in the development of nanomaterials Ca-doped ZnO nanoparticles [14]. The prepared ZnO
and Ca-doped ZnO samples are labeled ZNP and CZNP, respectively.

2.3. Characterization

An X-ray diffractometer (model: X'PERT PROP Analytical) was used to examine the
produced samples. The diffraction patterns of synthesized materials in the 20°-80° range were
recorded using a A = 1.54A monochromatic light. An FEI-QUANDA 200F microscope at 30 kV
was used to perform HRSEM with EDAX is used for elemental composition. Bruker RFS 25
spectrometer was used to record FT-Raman spectra. A JOVIN YVON FLUROLOG-3-11
spectrometer was used to analyze photoluminescence (PL) 450-600 nm wavelength range. A TGA
Q500 U20.10 Build 36 thermal analyzer was used to measure the TG-DTA of synthesized
samples. A PMC Micro Mag 3900 type VSM equipped with a 1 T magnet is used to study
magnetization curves at room temperature.



1589

2.4. Antibacterial Activity

The antimicrobial activity of ZNP and CZNP nanoparticles was examine during the agar
well diffusion method. This was carried out in accordance with Clinical and Laboratory Standards
Institute against gram-positive (S. aureus, S. pneumonia) and gram-negative (K. pneumonia, E.
coli) pathogenic bacterial strains on Muller-Hinton agar. The media plates was streaked with
bacteria 2-3 times and then rotated at 60 °C angles for each streak in order to maintain the
uniformity of the mixture. S. aureus, S. pnemoniae, K. pneumoniae, and E. coli overnight cultures
in 100 mL were swabbed onto the agar plates using a sterile L-shaped glass rod. Wells of depth 6
mm were made in each petri dish using a sterilized corkborer. The petri plates were then filled
with ZNP and CZNP (1 mg for both gram-positive and gram-negative microorganisms). The plates
were kept at 37 °C for 1 day to allow bacteria to grow. The diameter of the zone of inhibition was
measured after the incubation period. To examine the efficacy of the test samples, a standard
antibiotic (Amoxicillin) was utilized as a positive control against human pathogens.

3. Results and discussion

3.1.XRD analysis

The diffraction patterns of ZnO and Ca-substituted ZnO nanoparticles were recorded in
the 26 range between 20° to 80° at room temperature using X-ray diffractometer (Fig. 1a). The X-
ray diffraction peaks exhibit hexagonal wurtzite structure, which is well-matched with JCPDS
Card No. 79-2205. There is no impurity phases are observed, implying that ZnO structure is not
disturbed by doping calcium ions [15].
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Fig. 1. (a-b). X-ray diffraction pattern of ZNP and CZNP samples.

The XRD peaks of pure ZNP and CZNP samples under investigations were indexed using
Bragg’s law. The prominent Bragg reflections planes of pure ZNPs were observed at 20 values are
31.68°, 34.36° and 36.18° which are assigned to be (100), (002) and (101) crystallographic planes.
Besides, the peaks observed at 26 values are 31.66°, 34.34° and 36.16° correspond to the (100),
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(002) and (101) Braggs reflection planes of CZNPs [17]. The lattice parameter of ZnO and Ca
substituted ZnO nanoparticles were calculated based on the X-ray diffraction patterns using eqn.

(1).
i_i(hz+hk+k2]+lz )

d> 3 a’ c?
where the lattice constants are a (b), ¢, and d is the lattice constants. Fig. 1b displayed the
maximum intensity diffraction peaks shift toward a lower angle as the doping Ca*", which
indicating that the lattice constant a and ¢ are increased from3.248 to 3.250 A and 5.205 to 5.211
A. This lattice expansion can be caused by the partial substitute of larger ionic radius of rc,”" =
0.099 nm by the smaller ionic radius rz,>" = 0.074 nm. On the other hand, substitution of calcium
by zinc site changes the ionic radius and causes variations in interatomic distance (‘d’) resulting in
a lower angle shift [18].

The average nano-crystalline of the pure ZNP and CZNP samples are evaluated from the
Debye—Scherrereqn. (2) [19, 20] as follows,

__Kk4 ©)
P cosO

where k is a constant of 0.89, X-ray source wavelength (1) is 0.15406 A, and diffraction angle (6)
follows Bragg's law, £ is a diffraction peaks were prepared nanomaterials in full with half
maximum. Scherrer's equation revealed that for pure ZNPs and CZNPs, the average crystallite size
was 40 nm and 37 nm, respectively [21, 22] which confirms the nanometer dimensions of the
synthesized nanoparticles. Also, from the evaluation it was found that the average crystalline size
of CZNP sample is less when compared to ZNP sample. The growth and nucleation of major
material (ZNP) was controlled by the dopant Ca®‘ions, due to this reason CZNP samples size
decrease [23, 24].

3.3. HR-SEM and EDX analysis

The surface morphology of both ZnO and Ca substitute ZnO nanoparticles is shown in
Fig. 2(a-b) as it develops. The synthesized nanoparticles have the formation of nano-grains with
nano-flakes and/or flower like nanostructures which were revealed using SEM study. The HR-
SEM images was used to compute the grain sizes of the ZNP and CZNP nanoparticles, which were
found to be 57 nm and 47 nm, respectively. The grain size of doped nanoparticles was decreasing
compared to pure nanoparticles, which is due to Ca?" ion distortion on the ZnO surface when
doping. Also, it is evident that the grain sizes are lightly variant from X-ray diffraction, as the HR-
SEM is related to aggregate clusters size and the XRD is related domain size in ZNP and CZNPs.
The element composition of ZNP and CZNP samples was analyzed using energy dispersive X-ray
(EDX) analysis and is shown in Fig. 2¢ and d. The zinc (Zn), calcium (Ca), and oxygen (O) peaks
were confirmed in the figures to be present in the ZNP and CZNP samples, and Table 1 provided
the elemental composition of atomic and weight percentage.
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Fig. 2. (a-b).FESEM image of ZNP and CZNP and (c-d) EDAX spectra of ZNP and CZNP samples.

Table 1. The elemental composition of ZNP and CZNP samples.

Percentage (%)
Sample Code 7n 0 Amoupt of Total
doping
ZNP 43.34 56.66 - 100%
CZNP 44.42 53.66 1.92 (Ca) 100%

3.3. Fourier Infrared Raman spectroscopy studies

Raman spectroscopy can be used to study the photon and phase transition peripheries. Fig.
3(a-b) depicts the wavenumber vs. Raman intensity graphs of ZNP and CZNP samples. Each of
the four atoms in a simple ZnO cell occupies the C3v site. As a result, there are 12 phonon
branches (nine optical and three acoustic). ZnO NPs have a phonon dispersion relation with 12
branches, which may be decomposed into the following phonon modes using group-theoretical
analysis at the Brillouin zone center (q=0).

I' =2(A+B+E+E,)

Among them there are acoustic modes with "acous. = A;+E; and optical modes with 'opt.
= A+2B+E+2E;.
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Fig. 3. (a-b).FT-Raman spectra of ZNP and CZNP samples.

The B; mode is silent, whereas the others are Raman active. The two splits of phonons
with A; and E; symmetry of polar phonons are TO (transverse optical) and LO (longitudinal
optical). Raman and IR activity is the phonon modes A; and E;. The two non-polar mode vibration
phonons of E, are E,'*" and E;"&". The vibrations of the heavy Zn sub-lattice are related to the
lower frequency mode E, and the higher frequency mode E,, which are both related to oxygen
atoms. Infrared is inactive, and Raman is active in the E; non-linear mode. The Raman modes are
listed in Table 1. Due to vibration of the Zn sub-lattice in ZNP, the ZNP peak detected at 98 cm
corresponds to E,'*V. However, due to the inclusion of Ca®" ions on the ZnO matrix, CZNP has a
slight shift (102 cm™). The other Raman mode, E,"¢", identified in ZNP and CZNP samples at 443
and 445 cm’', was primarily attributed to oxygen vibrations. The lattice disorder and harmonic
phonon-phonon interactions are responsible for their high asymmetry [17]. The A; (LO) mode for
ZNP and CZNP samples at 564 and 571 cm™ and the E; (LO) mode for ZNP and CZNP samples at
584 and 598 cm™ have relatively comparable wave numbers and increase from the background,
which is caused by 2™ order Raman scattering. The presence of Ca impurities or imperfections can
have an impact on both this mode and the E; (LO) mode. This is due to the effect of phonons
outside the Brillouin Zone's core. The discrepancy between E,"€"-E, is attributed to the low
wavenumber area of the 2™ order Raman mode at 341 and 346 cm.

The 2"-order aman modesforA; symmetry such as 482, 810, 467,728 and 789cm 'were
ZNP and CZNP samples. The CZNP samples have some small shift due to Ca** ions in ZnO
matrix, so that reason lattice disorder obtains in ZNP samples. Raman peak at 1000cm™'described
to the overtones and/or combination bands. In CZNP samples, Phonon absorption bands are
washed-out due to Ca*" ions decrease the spin phonon interaction constant through induced tensile
stress [21-24].

3.4. Optical properties

Fig. 4 shows the optical band gap of ZNP and CZNP samples were evaluated by diffuse
reflectance spectroscopy. Diffuse reflectance is typically converted into similar absorption
coefficients over the equation (4) using the Kubelka-Munk (K-M) function in order to derive the
optical band gap as modified Tau'c eqn. (3) and the powder samples[25-27].
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where,

a — absorption coefficient,

h — Planck’s constant,

F(R) - kubelka - Munk function,
R — reflectance,

A — constant,

E, — direct transitions of optical band gap

INP e CINP

E nergy (eV) Energy (V)

Fig. 4. (F(R)hv)? versus energy (hv) ofZNP and CZNP samples.

The band gap values are obtained via extrapolating the linear region to the K-M function,
which is equal to zero, on a graph between the K-M function vs energy. The optical band gap
value of ZnO nanoparticle is found to be 3.30 eV, which is lower than the earlier reported value
3.36 eV, due to quantum confinement effect. Then, the optical band gap decrease (3.04 e¢V) as
Ca”" doping, due to the localized ‘d’ electrons are exchange interactions between sp-d shell [28].

3.5.TG analysis

The TG curve for ZNP and CZNP samples is shown in Fig. 5, recorded in the temperature
range of 30—-800 °C in a nitrogen atmosphere. 5.6% weight loss and 5.8% weight loss are observed
for ZNP and CZNP samples. Due to water evaporation on the surface of synthesized samples,
weight loss occurs.
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Fig. 5.Thermal gravimetric analysis of ZNP and CZNP samples.

3.6. Magnetic properties

The magnetism of zinc oxide and calcium doped zinc oxide crystal were measured through
VSM analysis and results of magnetization (emu/g) versus applied field (KOe) are shown in Fig. 6.
From this graph zinc oxide and calcium doped zinc oxide samples exhibit diamagnetic behavior.
The coercivity value is 225.11 Oe and then decreases to 142.27 Oe, which is due to the calcium
doping with zinc oxide. Further, M; and Mgvalues decreased from 6.90 to 4.35 memu/g and 0.35 to
0.27 emu/g, respectively. The observed drop in magnetization values is caused by magnetic super
exchange interactions, lattice defects and random magnetic orientation. The low retentivity and
magnetic saturation may be magnetically clean materials and formation of defects. The current
system, diamagnetic behavior caused by the effect of surface size, and oxygen vacancy as a crucial
element [29].
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Fig. 6. Magnetic hysteresis curves of ZNP and CZNP nanoparticles.
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Fig. 7. Antibacterial activity of ZNP and CZNP tested again gram positive and gram negative bacteria’s.

3.7. Antibacterial activity

The green synthesis of ZNP and CZNP was tested against gram-positive bacteria (S.
aureus and B. subtilis) and gram negative bacteria (K. pneumonia and E. coli) strains by the agar
well diffusion method as shown in Fig. 7. The ZNP and CZNP exhibit more antibacterial activity
than the Amoxicillin (standard antibiotic) pharmaceutical formulation. The mechanism of ZnO
NP's antibacterial action is still being debated. A ZnO nanoparticle's ability to produce reactive
oxygen species (ROS) such as O,, HO,, and H,O,, which can destroy cellular components like
DNA, proteins, and lipids, is one of the most well-known antimicrobial activity mechanisms [30,
31]. Also, the oxidative stress inside the bacterial cell was seen which may be due to higher
number of oxygen vacancies, the potential of reactant molecules to diffusion (doping of Ca*"), and
the release of Zn*" ions.

As a result, producing reactive oxygen species (ROS) is strongly promoted. PL tests show
a higher number of oxygen vacancies (Oy) at 551 nm for CZNP compared to 545 nm for ZNP
which is because of the increased number of ROS created in the CZNP samples. [30, 31]

4. Conclusion

In summary, the ZNP and CZNP samples were synthesized using PGF extract by green
synthesis method. The synthesized nanoparticles showed hexagonal wurtzite structures was
confirmed from the XRD studies. The average crystallite size for samples of ZNP and CZNP was
revealed to be 40 nm and 37 nm, accordingly. In HR-SEM images showed that the nano-sized
crystallized grains with nano-flakes and/or flower like nanostructures. The Raman spectra, E,"¢"
mode was observed at 443 & 445cm™ dominantly assigned to the vibrations of oxygen for ZNP
and CZNP samples and which was asymmetry ascribed to the lattice disorder, and also a harmonic
phonon-phonon interactions. The optical band gap was found to be 3.30 eV for ZNP and 3.04 eV
for CZNP nanoparticles. The weight loss of samples due to the evaporation of water on the surface
used thermogravimetric analysis.
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The Magnetization—Field (M—H) hysteresis curves revealed the appearance of diamagnetic
behavior at room temperature. Subsequently, the pure ZNP and CZNP samples were investigated
for superior antibacterial activity. The comparison of two metal-oxides, the CZNP (Ca-doped
ZnO) sample exhibit potential antibacterial activity against human pathogens.
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