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Magnesium oxide nanostructured particles (NP) were prepared using a simple
solution combustion technique using different leaf extracts such as Mangifera
indica (Mango - Ma), Azadirachta indica (Neem—Ne), and Carica papaya
(Papaya—Pa) as surfactants. The highly crystalline phase of MgO
nanostructures was confirmed by PXRD and FTIR studies for 2 h 500°C
calcined samples. To analyze the characteristics of obtained material–MaNP,
NeNP, and PaNP for dosimetry applications, thermoluminescence (TL) studies
were carried out for Co-60 gamma rays irradiated samples in the dose range
10–50 KGy; PaNP and NeNP exhibited well-defined glow curve when compared
with MaNP samples. In addition, it was observed that the TL intensity decreases,
with increase in gamma dose and the glow peak temperature is shifted towards
the higher temperature with the increase in heating rate. The glow peak was
segregated using glow curve deconvolution and thermal cleaningmethod. Kinetic
parameters estimated using Chen’s method, trap depth (E), and frequency factor
(s) were found to be 0.699, 7.408, 0.4929, and 38.71, 11.008, and 10.71 for PaNP,
NeNP, andMaNP respectively. Thewell-resolved glow curve, good linear behavior
in the dose range of 10–50, KGy, and less fading were observed in PaNP as
compared with MaNP and NeNP. Further, the antibacterial activity was checked
against human pathogens such as Escherichia coli, Staphylococcus aureus, and
Pseudomonas aeruginosa. A visible zone of clearance was observed at 200 and
100 μg/mL by the PaNP and NeNP, indicating the death of colonies by the
nanoparticles. Therefore, PaNP nanomaterial is a potential phosphor material
for dosimetry and antibacterial application compared to NeNP and MaNP.
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1 Introduction

Nanoparticles are increasingly gaining attention in various
domains of their applications in materials science, energy science,
medicine, and biotechnology (Khan et al., 2019). These nanosized
materials can be used in ceramics, catalysis, electronics, coatings,
petrochemical products, metallic ceramics, and fiber boards.
Nanoparticles are efficient in biological and medical applications
viz., sensors, medical and optical devices, drug delivery,
bacteriostatic, dye degradation, and, DNA labeling, etc., (Archana
et al., 2021; Ananda et al., 2022). These applications are attributed to
its large surface: volume ratio and smaller size. Synthesizing the
nanostructured materials can be accomplished through physical,
chemical, and bio-based methods (KrishnaMoorthy et al., 2015; Rao
and Singh, 2017; Ijaz et al., 2020). The different methods used for
chemical synthesis such as precipitation, pyrolysis, micelle,
hydrothermal and sol-gel processes render it toxic and a threat to
the ecology and environment (Patil et al., 2021; Manjula et al., 2022).
To minimize this negative effect on the environment, green
synthesis becomes a savior. The biological raw materials for
green synthesis can be microorganisms, algae, and plants.
(Thunugunta et al., 2015; Praveen Kumar et al., 2020).

Green synthesis is one of the widely used, cost-efficient, non-
toxic, and non-hazardous techniques for the preparation of simple
metal oxides (Patil et al., 2021; Khandaker et al., 2022; Manjula et al.,
2022; ShilpaMayegowda et al., 2022). Nanoparticles obtained by the
green synthesis technique have diverse applications such as-anti-
inflammatory, antimicrobial activity, effective drug delivery,
bioactivity, tumor targeting, anti-cancer, and bio-absorption apart
from biological applications they are also used in transistors,
magnetic devices, photocatalysts, microelectronic devices,
anticorrosive coatings, electrocatalysts and in powder metallurgy
(Ijaz et al., 2020; Salem and Amr, 2021; Mayegowda et al., 2022a;
Mayegowda et al., 2022b; Samuel et al., 2022; Wu and Mu, 2022).
Different parts (root, stem, leaves, floor, seeds) of plant extracts are
used for material preparation in the green synthesis technique. The
extracts contain various phytochemicals, namely, flavonoids,
alkaloids, phenolics, and other phytochemicals (Ugo et al., 2019),
that are rich in carbon, hydrogen, and nitrogen compounds. The
plant extract reacts with metal salts leading to the formation of
nanoparticles of different sizes, shapes, and surface areas. (Shah
et al., 2015).

Though the nanoparticles and metal oxide nanoparticles can be
synthesized by seeds, bark, flowers, tuber, and root extracts, leaves
are mostly preferred as a major resource for metabolites as they
regenerate and they are also safe to use when compared to bacteria,
algae, or any other plant tissue as plant leaves are preferably non-
pathogenic (Ahmad et al., 2019). Also, a unique feature that adds on
to the property is the leaf extracts have a faster reduction rate than
algae or bacteria (Singh et al., 2018).

The plant extracts contain phytochemicals that play a vital role
in the reduction of metal ions and form metal nanoparticles. The
functional amino groups lead to a reduction of the metal oxide (Ugo
et al., 2019). The oxygen present in the atmosphere or degrading
phytochemicals reduces metal ions. Due to electrostatic attraction
that mediates metal oxide formation and stabilizes the
phytochemicals leading to agglomeration of particles. The
superoxide is the main source of reactive oxygen species and is

subdued by phenolic compounds with carboxyl and hydroxyl groups
of the plant (Ugo et al., 2019). It is observed that high and low-
weight phytochemicals, proteins, and starch mixtures present in the
plant extract formmetal nanoparticles due to the proteins present in
the plant extract (Mittal et al., 2013; Ahmad et al., 2019; Ugo et al.,
2019).

The term thermoluminescence (TL) is the combination of heat
and emission of light. TL phenomenon is usually observed in
crystalline material; the crystalline samples are pre-exposed to
radiations and energy gets accumulated in the crystal samples,
when crystals are heated, they re-emit energy in the form of
light, absorbed previously by the crystalline material (Sunta, 2015).

Defects are the main cause of the generation of luminescence.
Defects can be generated in two ways, viz., i) Structural defects
created during material preparation and ii) defects created by adding
doping material into the host material; in a few cases defects can also
be created by exposure to radiations. The defects should be capable
of holding the electrons and holes when exposed to ionizing
radiations (Souadi et al., 2022). The trapped electrons/holes
stored inside the material reach the optimized temperature by
producing TL emissions in the crystalline material. TL material is
more efficient when they have a high concentration of trap due to the
creation of structural defects and by addition of impurities (Furetta,
2003).

TL dosimeters look forward to material that exhibits good linear
dose-response, reusability, high sensitivity, and tissue equivalent
materials (Bos, 2007). From the literature, the materials such as
oxides, borates, fluoride, silicate, phosphate, and sulfate have shown
very good TL behavior (Azorin, 2014; Patle et al., 2021; Sonsuz et al.,
2022).

The diagnosis and treatment of numerous infectious diseases
have been transformed in recent decades by nanomaterials and
nanoparticles. Due to their numerous advantages, such as their high
surface area to mass ratio, extremely small diameters, and special
physical and chemical properties, antimicrobial nanoparticles are
very promising. These can be the future alternative in the medical
domain for bacterial infections (Rodrigues et al., 2019; Nafari et al.,
2020; Raura et al., 2020). The nanoparticles synthesized using
different metal oxides have proven to be toxic against bacterial
cells as they can rapidly penetrate the cell wall and speeds up the
formation of the ROS (reactive oxygen species) or degrades the
enzymes in the bacterial cell wall and eventually lead to death
(Mayegowda et al., 2022a; Mayegowda et al., 2022b). Many metal
oxide nanoparticles synthesized via the green route, namely, ZnO-
Nps are reported to be toxic against Pseudomonas aeruginosa and
Streptococcus mutans. Au-Nps and Ag-Nps are reported to be toxic
against Bacillus subtilis, Bacillus cereus, and P. aeruginosa. The
bimetallic Ag/Cu and Cu/Zn bimetallic nanoparticles were
studied for antibacterial activity against Alcaligenes faecalis,
Staphylococcus aureus, Citrobacter freundii, Klebsiella
pneumoniae, and Clostridium perfringens. (Merugu et al., 2021).

In a comparative study conducted by Sabeena and coworkers in
2022 (Sabeena et al., 2022), the antibacterial efficacy of CuO-Nps
was tested against S. aureus, Escherichia coli, Enterobacter, B. subtilis
and P. aeruginosa by the nanoparticles synthesized using the green
route and chemical method. They concluded that green CuO-Nps
showed higher antibacterial efficacy over chemically synthesized
CuO-NPs.
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Though there are many metal oxides such as ZnO, CuO, MgO,
TiO, CdO, etc., amongst magnesium oxide has unique properties
such optical, electronic, thermal, mechanical, and chemical
properties compared to other metal oxides (Diachenko et al.,
2016). It is a very stable and safe material to be used in different
fields of applications and has high melting point, wide energy
bandgap, high reactivity, and low heat capacity (Abdoul et al.,
2020; Fatiqin et al., 2021). In the present paper, we have made
an effort to do a comparative study of MgO Nanostructures
prepared using mango, neem, and papaya leaf extracts on
structural, morphological, luminescence, and antibacterial studies.

2 Materials and methods

Magnesium sulfate, used for nanoparticle synthesis, was
procured from Fischer scientific (purity 99.5%). The healthy
plant leaves–Carica papaya (Papaya-Pa), Azadirachta indica
(Neem-Ne), and Mangifera indica (Mango-Ma) were collected
from Yelahanka, Latitude N 13°6′ 11.7756 and Longitude E
77°36′15.044 of Bangalore, Karnataka.

The healthy plant leaves were brought to the laboratory and
washed with 1% sodium hypochlorite followed by distilled water
to remove the dirt, wiped, and allowed to dry under shade for
8 days and powdered. 10 g of the leaf powder was mixed with
100 mL distilled water and placed in the shaker incubator at
130 rpm for 8 h. Post extraction, the solution was filtered and the
filtrate was used for nanoparticle synthesis. 3 mM MgSO4 was
added to 50 mL filtrate and boiled to 100°C for 30 m. Color
change from green to brown was observed indicating the
synthesis of nanoparticles. The brown color solid obtained by
evaporation was calcined at 500°C and used for structural and

morphological characterization (Ambika et al., 2015). The
process of preparation MgO NP sample is illustrated in Figure 1.

2.1 Characterization and TL studies

The calcinated samples were subjected to structural,
morphological, and luminescence studies by using different
characterizing tools such as Powder X-ray diffraction (PXRD)
patterns of MgO NPs were recorded using XPERT-3, PXRD
instrument (Panalytic-make) using CuKα radiation of wavelength
1.54 nm, in the 2θ range of 20°–80°. Fourier transform infrared
spectroscopy (FTIR) spectra were recorded in the range of
500–4,000 cm−1 using an alpha II spectrometer (Bruker -make).
Surface morphology was analyzed using a Scanning electron (SEM)
microscope (VEGA3 LMU). Absorption spectra were analyzed by
Evolution 201 UV-visible spectrometer instrument (Thermo
scientific–make) recorded in the range of 200–800 nm. Gamma
irradiation in the dose range 10–50 KGy was done using Co-60
(BRIT-make) before TL studies and TL reading was recorded in the
temperature range of 40°C–450°C at a heating rate of 2.5 Cs−1 using
TL 1009I reader (Nucleonix-make).

2.2 Antibacterial activity

Preparation and dilution of nanoparticles for antibacterial
activity: In this study, we used the gel diffusion method for
checking antibacterial activity on three green synthesized NPs
including papaya, neem, and mango as PaNP, NeNP, and MaNP,
respectively. These NPs were processed together to avoid
experimental unfairness. (Ambika et al., 2015).

FIGURE 1
Procedure of preparation of magnesium oxide nanoparticles by simple solution method.
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Bacterial strains used: Three human pathogenic bacteria, Gram-
negative Pseudomonas aeruginosa (gastrointestinal infections, several
systemic infections) and Escherichia coli (diarrhea, pneumonia), and
Gram-positive Staphylococcus aureus (abscesses, furuncles, and
cellulitis) were procured from biotechnology training institute
(Azymes Biosciences Pvt. Ltd., Bengaluru). In the current study, we
have used three pathogens which are known to be nosocomial
organisms found normally on the skin and mucous membranes and
cause primary and secondary infections when contracted by a patient
while under medical care. The green NPs are known to pose several
bactericidal and bacteriostatic bioactive compounds like tannins,
flavonoids, alkaloids, glycosides, and saponins (Jadimurthy et al., 2022).

The required concentration of NPs was diluted using autoclaved
distilled water to obtain various concentrations (200, 100, 50, and
25mg/mL).

The microbiological technique used:
Freshly procured bacterial strains were cultured by inoculating in

nutrient broth (Hi-Media,Mumbai, India) and cultureswere incubated for
18–24 h at 37°C these cultures were grown on nutrient agar (NA) as well.
Overnight cultures were re-inoculated on the Luria-Bertani agar (Hi-
Media, Mumbai, India), which gives excellent growth. Later, these cultures
were grown overnight in the NB and checked for viability and density of
the bacterial cultures by adjusting to 0.5 McFarland standard (Acharya
et al., 2020). In parallel, the autoclaved NA/sterilizedMueller–Hinton agar
(Hi-Media, Mumbai, India) plates were prepared for antibacterial activity
by using earlier standardized protocols (Archana et al., 2021; YadavReddy
et al., 2021; Ananda et al., 2022). After the solidification of the media,
individual 25 µL of overnight cultures were spread on the agar plate by an
L-shaped spreader. This step was repeated for both samples across four
strains of bacteria used. As the methodology employs paper discs that are

labeled with their respective concentration. In the current study, we used
paper discs thatwere imbibedwith 50 μLof diluted samples, and the paper
disc was partially air-dried and placed equidistantly on the inoculated
plates. These antibacterial plates also had paper discs soaked in DMSO,
assisted as a negative control, and amoxicillin (30mcg/disc) (Hi-Media,
Mumbai, India) as a positive control. After 24–36 hrs, antibacterial activity
was evaluated by measuring the diameter of the clear zone of inhibition
around the discs. The assay was repeated thrice. Antibacterial activity was
expressed as the mean zone of inhibition diameters (mm) produced by
three NPS.

3 Result and discussion

3.1 Powdered X-ray diffraction (PXRD)

The PXRD analysis of synthesized MgO nanoparticles was
performed to study the crystalline structure, size, and phase
purity of the sample. From Figure 2. The PXRD pattern was
recorded for MgO nanostructures prepared using different plant
extracts such as Ma, Ne, and Pa. The prepared MaNP, NeNP, and
PaNP nanostructures exhibited peaks at (1 1 1), (2 0 0) (2 2 0), (4
0 0), and (3 1 1) planes respectively. The diffraction peaks were in
accordance with the JCPDS No. 87–0653 exhibiting polycrystalline
cubic structure (Diachenko et al., 2016). The reducing elements such
as oxygen, hydrogen, and carbon elements in Ma and Ne might not
be sufficient to complete the reaction. Hence, PaNP samples have
fewer impurities than MgO prepared by Ma and Ne. In addition,
these impurity peaks might be due to the phytochemicals present in
the leaf extract. These extracts have a major impact on the size,

FIGURE 2
(A) PXRD pattern and (B) W-H plot of Pa, Ne, and Ma nanostructures.
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structure, and phase of MgO nanoparticles. The average crystallite
size and strain of the particles were estimated by Williamson–Hall
(W-H) plot method (Williamson and H Hall, 1953). The crystallite
size and strain values were estimated for MgO nanoparticles
prepared using Ma, Ne, and Pa extracts are given in Table 1.
From Table 1 it is observed that the crystallite size varies for
MgO prepared by using different plant extracts that induce strain
during the material preparation. The biosynthesis yields
nanoparticles with different sizes and structures–Pa-derived NPs
is 20.82 nm; Ne-derived NPs is 27.08 nm and Ma-derived NPs are
10.25 nm in size.

3.2 Fourier infrared reflectance
spectroscopy (FTIR)

FTIR analysis determines the functional groups such as phenolic
groups and metal ion bonding. Figure 3 shows the FTIR spectra of
MgO nanostructures prepared using Pa, Ne, and Ma. The
absorption peak observed at 3,182, 3,191 and 3,427 cm−1

respectively correspond to hydroxyl stretching O-H bond. The
peak at 2,318 and 2,314 cm−1 in MaNP and NeNP respectively
corresponds to C-H stretching bond of aromatic aldehyde. Peak
absorbed at 1,615 cm−1 in MaNP corresponds to C = O carbonyl
groups and 1,048 cm−1 corresponds to C-O indicating the presence
of saturated primary alcohol (P. Y Wu, 2016). The peak absorbed in
the range 1,404–1,422 cm−1 corresponds to αCH2 bending,
indicating aromatic tertiary amine group/aldehyde and ketones.

The Absorption peak at 1,137 and 1,123 cm−1 in MaNP and
NeNP respectively indicate the presence of carboxylic acid, ester
and alcohol. The absorption peak in the range 625–611 cm−1 and
870–861 cm−1, corresponds to Mg-O indicating the presence of
MgO nanoparticles (Durgalakshmi et al., 2019; Wong et al.,
2020). The comparative table indicating the presence of metals,
carboxyl, and alcohol is given in Table 2.

3.3 Scanning electron microscope (SEM)

The surface morphology of MaNP, NeNP, and PaNP
nanostructures are shown in Figures 4A–C. The MgO
nanoparticles exhibit varied morphological features due to their
varied carboxyl and hydroxyl compound composition in plant
extracts. Pa extract-derived samples exhibit spherical structured
particles, whereas Ne extract-derived samples showed fused
irregularly shaped particles, and a thin irregular flake-like
structure was observed in Ma derived MgO samples.

3.4 UV- visible spectroscopy

The optical property of a metal nanoparticle strongly depends
on the size, shape, and interaction between the particles present on
the surface of the material. Absorption spectra of Mgo
nanostructures were recorded at room temperature in the range
200–800 nm and the same is shown in Figure 5A. The absorption
peak for MgO prepared by leaf extract of Ma, Ne, and Pa was
observed at 291, 288, and 288 nm respectively. Further, the energy
band gap was determined by Tauc and Wood plot equation
(Nagaraja et al., 2020).

αhν( )1/r � β hν − Eg( ) (1)

where, α-absorption coefficient; β-constant, h- Planck’s constant, ν-
absorption frequency E.g., is the energy band gap r = 1/2 for direct
band gap, r = 2 for indirect band gap.

TABLE 1 Crystallite size and strain values estimated for MgO nanoparticles.

MgO Crystallite size (nm) Strain (10−3)

PaNP 20.82 2.778

NeNP 27.08 1.867

MaNP 10.25 3.741

FIGURE 3
FTIR Spectra of Pa, Ne, and Ma nanostructures.

TABLE 2 The absorption peaks recorded for Pa, Ne and Ma nanostructures.

Chemical bonding PaNP NeNP MaNP

Mg-O 611 cm−1 620 cm−1 625 cm−1

Mg-O 870 cm−1 870 cm-1 861 cm−1

C-O (Stretching) — 1123 cm−1 1137 cm−1

ACH (Bending) 1422 cm−1 — 1413 cm−1

C-H (Bending) 1480 cm−1 1480 cm-1 1476 cm−1

C-O (stretching) — — 1048 cm−1

C=O (stretching) — — 1615 cm−1

C-H (stretching) — 2314 cm−1 2318 cm−1

C=C (stretching) 2073 cm−1 — —

O-H (Stretching) 3427 cm−1 3191 cm−1 3182 cm−1
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Figure 5B shows the Tauc plot of MgO nanostructure prepared
by using different plant extracts. The energy band gap determined
for MgO nanostructures prepared by using Pa, Ne, and Ma is 6.06,

5.90, and 6.16 eV respectively. The variation in the energy band gap
might be due to the change in size and shape of the particle.

3.5 Thermoluminescence (TL) studies

A detailed study of TL properties in MaNP, NeNP, and PaNP
nanostructures was made for gamma ray irradiated samples in the
dose range of 10–50 KGy. Then, the irradiated samples were used for
recording the TL glow curves in the temperature range of 40–450°C
at a heating rate of 3 Cs−1

Figures 6A–C. Shows the TL glow curves of MgO
nanoparticles–MaNP, PaNP, and NeNP, irradiated in the dose
range 10–50 KGy. The MaNP did not exhibit any prominent
glow peak other than a hump-like structure in the temperature
range of 290–300°C. This indicates the formation of a shallow traps
in the material. Whereas the NeNP samples showed two glow peaks
at 217 and 334°C observed in 1 and 5 KGy, whereas a single glow
peak at 143°C for lower and higher doses. The PaNP shows a
prominent TL peak at 167°C and a shoulder peak at 217°C.

From Figure 6, it is clear that the nature of the glow curve depends
on the type of fuel used during material preparation. The difference in
the glow curve structure might be due to the creation of different trap
location centers and defects during the material formation (Abdoul
et al., 2020). Mango leaves extract tends to create very less defects, and
there were no prominent glow peaks where observed.

Figure 7. Represents the variation of TL glow curve intensity
variation with Co-60 gamma dose in PaNP, NeNP, and MaNP
samples. It is observed that the TL glow curve intensity varies
linearly up to 5 KGy and decreases with further increase in the
gamma dose. As the gamma dose increases the trap centers get filled
with charge carriers, further due to thermal simulation the trapped
charge carriers become free and recombine with their counterparts
at the recombination centers. However, at a certain optimum dose
value, all the charge carriers get released and there are no more
charge carriers for ionization (Souadi et al., 2022).

3.6 Heating rate effect

Figure 8. Shows the TL glow curves of PaNP, NeNp and MaNP
recorded for 5 KGy gamma ray irradiated samples at different

FIGURE 4
SEM images of MgO nanostructures prepared using (A) Pa, (B) Ne, and (C) Ma plant extracts.

FIGURE 5
(A) UV-Visible absorption spectra and (B) Tauc plot of MgO
nanoparticles prepared using Pa, Ne, and Ma plant extract.
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heating rates varying from 2–5 Cs−1 range. It was observed that the
glow peak temperature slightly shifted towards higher temperatures,
and the area under the curve decreases. In PaNP, the structure of the
glow curve slightly varies and higher temperature glow peak
vanishes as the heating rate increasesas shown in Figure 8C. A

similar kind of behavior was recorded in 5.12 Gy irradiated MgO:
Al3+, Li+ where the glow curves are shifted to higher temperatures
and the intensity is quenched with increments to the heating rate
(Mofokeng et al., 2020). The shifting of the glow curves was
attributed to temperature lagging, and the lowering of intensity
to thermal quenching (Dogan et al., 2017; Singha and Kaintha,
2018).

3.7 Thermal cleaning

The thermal cleaning method is used to resolve the overlapped
peaks in the glow curves. The isolated glow peaks of 5 KGy gamma
ray irradiated PaNP, NeNP and MaNP are shown in Figure 9. The
phosphor material showing a simple glow curve structure has two or
more peaks overlapped. Each peak has a maximum temperature at
T1 < T2< . . . <Tn (Manjunatha et al., 2013). The sample is heated at a
temperature beyond the maximum temperature of the first peak and
cooled immediately. This method removes all the traps which lead to
the first peak. This method was repeated for consisted peaks.

3.8 Kinetic parameter of TL glow curve

The deconvolution of glow curves was carried out using
ORIGIN 9 software in support of the thermal cleaning method
to disclose that it contains multiple TL trap depths (Jacob and Isac,
2014; Ramakrishna et al., 2014). And the deconvoluted glow curves
of 5 KGy irradiated PaNP, NeNP andMaNP are shown in Figure 10.
Further, the deconvoluted peaks were utilized for the estimation of
trapping parameters using Chen’s peak method (Premkumar et al.,
2012).

The activation energy(E) and frequency factor (s) (Furetta, 2003;
Ramakrishna et al., 2014) were determined using the equations
given below

FIGURE 6
Thermoluminescence glow curve of (A) PaNP, (B) NaNP, and (C)
MaNP at dose range from 10 to 50 KGy.

FIGURE 7
Variation of TL intensity with gamma dose in PaNP, NeNP, and
MaNP.
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E � Cγ
kT2

m

γ
( ) − bγ 2KTm( ) (2)

βE

kTm
2 � s exp

−E
kTm

2{ } 1 + b − 1( )Δm[ ] (3)

The order of kinetics (b) was determined by calculating the
geometrical shape factor (μg)

μg � T2 − Tm( )
T2 − T1( ) (4)

FIGURE 8
The TL glow curves recorded for different heating rate in (A)
PaNP, (B) NeNP, and (C) MaNP.

FIGURE 9
Thermally cleaned TL glow curves of (A) PaNP, (B) NeNp, and (C)
MaNP.
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where γ represents τ, δ and ω

τ � Tm − T1, δ � T2 − T1, ω � T2 –T1 (5)
b and Cγ are constants that depend on the order of kinetics and glow
curve temperature width.

Cτ � 1.510 + 3.0 μg − 0.42( ); bτ � 1.58 + 4.2 μg − 0.42( ) (6)
Cδ � 0.976 + 7.3 μg − 0.42( ); bδ � 0 (7)
Cω � 2.52 + 10.2 μg − 0.42( ); bω � 1 (8)

T1 and T2 are the temperature values of half intensity at the low
and lower half intensity of the glow curve. Tm is the temperature of
the maximum intensity, β and K they are heating, rate, and
Boltzman constant values. The kinetic parameters estimated are
given in Table 3.

3.9 Fading

Fading is one of the major properties in studies of dosimetry
applications, which shows the loss of TL signal with time. The

FIGURE 10
Deconvoluted glow peaks of (A) PaNP; (B) NeNP and (C) MaNP.

TABLE 3 Estimated kinetic parameters of Pa, Ne, and Ma nanostructures.

MgO Peaks Tm μg B Eave (eV) S (102) (s-1)

PaNP 1 137 0.48 2 0.746 59.09

2 174 0.52 2 0.665 32.22

3 232 0.47 2 0.688 24.84

NeNP 1 189 0.48 2 4.027 5.93

2 216 0.5 2 5.837 11.13

3 265 0.5 2 7.404 12.05

4 314 0.5 2 9.078 12.83

5 363 0.48 2 10.694 13.1

MaNP 1 336 0.48 2 0.642 11.49

2 285 0.48 2 0.599 12.16

3 262 0.5 2 0.234 8.3

FIGURE 11
Fading characteristics shown in PaNP, NeNP, and MaNP.
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charge carrier may escape from their trap centres at room
temperature due to thermal fading. It is said to be an
incredibly sensitive material that must be stored with extreme
caution in a container that is entirely closed to avoid fading from
outside light sources. The transition between localised bands
at recombination sites, which results in the tunneling of the
trapped charges, is another source of fading. Figure 11 shows
variation of glow peak intensity with days in MaNP, NeNP, and
PaNP samples irradiated at 5 KGy gamma irradiation. It
is observed that MaNP shows high fading of 70% where
as NeNP and PaNP shows less fading of 27% and 30%
respectively.

Thermoluminescence properties of different rare Earth or
transition metal ion-doped nanomaterials have been studied
by several researchers. The materials such as MgO: Ca2+, Eu,
Dy, and Sm doped La2MoO4, SrGd2O4:Sm

3+, Ca2Al2SiO7:
Dy3+, Al2O3: C and Al2O3:Cr, Ni, ZnO; Gd3+ have shown
their capability of capturing electrons/holes in the
forbidden band due to the presence of dopant ion,
particularly suitable to the development of materials for
thermo-luminescent dosimeters (Kumamoto et al., 2018;

Isik and Gasanly, 2019; Ayvacikli et al., 2020; Sarasola-
Martin and CorrecherGarcia-Guine, 2021; Saraswathi et al.,
2022; SarıkcıTopaksuBakrCan, 2022). Our results are in
agreement with these works, confirming that the
nanoparticles synthesized using PaNP plant extracts are
mostly suitable for Dosimetric applications.

3.10 Antibacterial activity

The results were interpreted depending on the clearance
zone seen in each of the particulates. The current analysis in
Figure 12, demonstrated excellent inhibition by PaNP and
NeNP in comparison to MaNP across all pathogenic
microbes used in the study (Adarsha et al., 2022). However,
a higher concentration of both the samples showed a zone of
clearance for Gram-Positive and Gram-Negative with
Escherichia coli lower compared to the o other two. The
study also highlighted the remarkable inhibition of
Staphylococcus aureus with the use of natural NPs, as an
effective bactericidal agent. Figure 13 depicts the comparison

FIGURE 12
Zone of inhibition of three microorganisms by the naturally synthesized NPs from neem, papaya, and mango which are named NeNP, PaNP, and
MaNP, respectively. Dilution used 1–200 mg/mL; 2–100 mg/mL; 3–50 mg/mL; 4–25 mg/mL; 5-negative control (autoclaved distilled water) and center
amoxicillin -positive control.
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of the zone of inhibition by the synthesized MgO NPs. Area of
inhibition seen the media indicates the death or lysis of bacterial
cell due to action of NPs used in the current study. This is the
place where bacteria are unable to grow or become static with
the given NP at minimum inhibitory concentration which
prevents visible growth of a microorganism after overnight
incubation with media similar to several of antibiotics used
in the treating infections (Jadimurthy et al., 2022).

The effect of the nanoparticles on each of the selected pathogenic
bacteria is compared and it was found that PaNPs are indicating
lower rate of inhibition against Pseudomonas aeruginosa compared
to NeNP and MaNP at all the four different concentrations—25, 50,
100 and 200 mg/mL. PaNP and NeNP are showing similar
inhibition rate against E. coli. MaNP is comparatively showing
less inhibition rate. The inhibition rate against S. aureus is higher
in NeNP followed by PaNO and MaNP. This study implies that the
Pa-derived and Ne-derived MgNPs are effective antibacterial
potency against the human pathogens, as compared to MaNPs.

4 Conclusion

Ma, Ne, and Pa were used as reducing agents during the
preparation of MgO nanostructured material by using a simple
solution combustion method. The 500°C calcinated MgO
nanostructure exhibited a well-defined diffraction pattern having a
cubic structure and crystallite size varying between 10.25–27.08 nm.
FTIR spectra revealed the stretching bond corresponding to Mg-O,
carboxyl, and hydroxyl groups. The effect of reducing agents on

morphological features was observed in SEM micrographs. MaNP,
NeNP, and PaNP exhibited irregular flakes, fused particles, and
spherical structured particles respectively. Further, the energy band
gap estimated using by Tauc plot was found to be 6.16, 5.90, and 6.06 eV
for MaNP, NeNP, and PaNP respectively. Well-defined TL glow curves
were observed in PaNP at 167°C to 217°C and NeNP at 217°C and
334°C respectively. The good linear behavior, less fading, and simple
glow curve structure are the important characteristics to be used for
dosimetric applications. Amongst, PaNP nanostructure exhibits good
TL behavior when compared to NeNP andMaNP. Hence, PaNP can be
used as a potential material for dosimetry application. In this study, we
also observed a better bacteriostatic potency of both PaNP andNeNP at
200 and 100 μg/mL by blocking the growth of communalistic pathogen
nanoparticles. This trend of growth inhibition seen by a zone of
clearance can be strongly correlated to the death of the colonies
mediated by NPs. Many studies have revealed that NP-mediated
bacterial inhibition may be due to leaky walls, damaged genetic
material, malfunctioning of cell organelles, lipid peroxidation, and
many more owed by free radicals triggered by NPs. Our
investigation reveals the use of green synthesized as the replacement
antibiotics (Saran et al., 2021), (Bos et al., 2006), (Krishna Reddya et al.,
2018).

Data availability statement

The raw data supporting the conclusion of this
article will be made available by the authors, without undue
reservation.

FIGURE 13
Antimicrobial activity of naturally synthesized NPs from neem, papaya, and mango which are named NeNP, PaNP, and MaNP, respectively against
3 pathogenic strains by Gel diffusionmethod. Pseudomonas aeruginosa (PA) Escherichia coli (EC) and Gram-positive Staphylococcus aureus (SA) (Values
represent the Mean S.E. for n = 4 replicates. [***] p < 0.001; [**] p < 0.01 and [*] p < 0.05 compared PaNP with two concentration (200 and 100) all other
pathogenic strains used in the study. [###] p < 0.001 and [##] p < 0.01 compared NeNP with two concentration (200 and 100) all other pathogenic
strains used in the study.

Frontiers in Chemistry frontiersin.org11

Rotti et al. 10.3389/fchem.2023.1143614

https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2023.1143614


Author contributions

RR, DS, RM, AR, SM and AG conceptualized, designed and
written the initial manuscript draft the manuscript, RR, AR, RM,
SM, AG, DS, SdA, MzA, OA, MmA, AdA, AaA, SA, and AB
prepared the figures and tables, edited and revised the manuscript
critically. Final manuscript has been approved by all the authors.

Funding

The work was funded by the Seed money fund granted by REVA
University.

Acknowledgments

Authors are thankful to their university for providing the
platform to carry out the research work. Authors are also
thankful to Seed money fund granted by REVA University.

Present research work is supported by Taif University
Researchers Supporting Project number (TURSP-2020/358), Taif
University, P.O Box 11099, Taif 21944, Saudi Arabia.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Abdoul, N. Y., Farag, M. M., and Abd-Allah, W. M. (2020). Thermoluminescent
properties of nano-magnesium phosphate ceramic for radiation dosimetry. EPJ Plus 135
(3), 317, doi:10.1140/epjp/s13360-020-00310-1

Acharya, P., Jayaprakasha, G. K., Crosby, K. M., Jifon, J. L., and Patil, B. S. (2020).
Nanoparticle-mediated seed priming improves germination, growth, yield, and quality
of watermelons (Citrullus lanatus) at multi-locations in Texas. Sci. Rep. 10 (10), 5037.
doi:10.1038/s41598-020-61696-7

Adarsha, J. R., Ravishankar, T. N., Ananda, A., Manjunatha, C. R., Shilpa, B. M., and
Ramakrishnappa, T. (2022). Hydrothermal synthesis of novel heterostructured Ag/TiO
2/CuFe 2 O 4 nanocomposite: Characterization, enhanced photocatalytic degradation of
methylene blue dye, and efficient antibacterial studies.WER 94 (6), e10744. doi:10.1002/
wer.10744

Ahmad, S., Munir, S., Zeb, N., Ullah, A., Khan, B., Ali, J., et al. (2019). <p>Green
nanotechnology: A review on green synthesis of silver nanoparticles — An
ecofriendly approach</p>. Int. J. Nanomedicine 14, 5087–5107. doi:10.2147/
IJN.S200254

Ambika, S., Sundrarajan, M., and Bharathi, K. (2015). Plant-extract mediated
synthesis of ZnO nanoparticles using Pongamia pinnata and their activity against
pathogenic bacteria. Adv. Powder Technol. 26 (5), 1294–1299. doi:10.1016/j.apt.2015.
07.001

Ananda, A., Ramakrishnappa, T., Archana, S., Reddy Yadav, L. S., Shilpa, B. M.,
Nagaraju, G., et al. (2022). Green synthesis of MgO nanoparticles using Phyllanthus
emblica for evans blue degradation and antibacterial activity. Mat. Today Proc. 49,
801–810. doi:10.1016/J.MATPR.2021.05.340

Archana, S., Jayanna, B. K., Ananda, A., Shilpa, B. M., Pandiarajan, D.,
Muralidhara, H. B., et al. (2021). Synthesis of nickel oxide grafted graphene
oxide nanocomposites - a systematic research on chemisorption of heavy metal
ions and its antibacterial activity. Environ. Nanotechnol. Monit. Manag. 16,
100486. doi:10.1016/j.enmm.2021.100486

Ayvacikli, M., Kaynar, H. U., Karabulut, Y., Guinea, J. G., Bulcar, K., and Can, N.
(2020). Cathodoluminescence properties of La2MoO6:ln3+ (ln: Eu, Dy, and Sm)
phosphors. Appl. Radiat. Isot. 166, 109434. doi:10.1016/j.apradiso.2020.109434

Azorin, Juan (2014). Preparation methods of thermoluminescent materials for
dosimetric applications: An overview. Appl. Radiat. Isot. 83, 187–191. doi:10.1016/j.
apradiso.2013.04.031

Bos, A. J. J. (2007). Theory of thermoluminescence. Radiat. Meas. 41, S45–S56. doi:10.
1016/j.radmeas.2007.01.003

Bos, A., Proki´c, M., and Brouwer, J. (2006). Optically and thermally stimulated
luminescence characteristics of MgO: Tb3+. Radiat. Prot. Dosim. 119, 130–133. doi:10.
1093/rpd/nci641

Diachenko, O. V., Opanasuyk, A. S., Kurbatov, D. I., Patel, S. S., Desai, R. R.,
Lakshminarayana, D., et al. (2016). Structure and substructure properties of magnesium
oxide thin films. IJST 9 (2), 72. doi:10.5958/2454-762X.2016.00002.0

Dogan, T., Yuksel, M., Akca, S., Portakal, Z. G., Balci-Yegen, S., Kucuk, N., et al.
(2017). Normal and anomalous heating rate effects on thermoluminescence of Cedoped
ZnB2O4. Appl. Radiat. Isot. 128, 256–262. doi:10.1016/j.apradiso.2017.07.032

Durgalakshmi, D., Ajay Rakkesh, R., Kamil, S., Karthikeyan, S., and Balakumar, S.
(2019). Rapid dilapidation of alcohol using magnesium oxide and magnesium aspartate
based nanostructures: A Raman spectroscopic and molecular simulation approach.
J. Inorg. Organomet. Polym. Mater 29 (4), 1390–1399. doi:10.1007/s10904-019-01105-3

Fatiqin, A., Amrulloh, H., and Simanjuntak, W. (2021). Green Synthesis of MgO
nanoparticles using Moringa oleifera leaf aqueous extract for antibacterial activity. Bull.
Chem. Soc. Ethiop. 35 (1), 161–170. doi:10.4314/bcse.v35i1.14

Furetta, C. (2003). Handbook of thermoluminescence. World Scientific, Singapore

Ijaz, I., Gilani, E., Nazir, A., and Bukhari, A. (2020). Detail review on chemical,
physical, and green synthesis, classification, characterizations, and applications of
nanoparticles. GCLR 13 (3), 223–245. doi:10.1080/17518253.2020.1802517

Isik, M., and Gasanly, N. M. (2019). Gd-doped ZnO nanoparticles: Synthesis,
structural and thermoluminescence properties. J. Lumin 207, 220–225. doi:10.1016/j.
jlumin.2018.11.022

Jacob, R., and Isac, J. (2014). Band gap energy profile of BSFT (BaSr.9Fe.1TiO4.
IJSRP., 12, 4, https://www.ijsrp.org/research-paper-1214.php?rp=P363435.

Jadimurthy, R., Mayegowda, S. B., Nayak, S. C., Mohan, C. D., and Rangappa, K. S.
(2022). Escaping mechanisms of ESKAPE pathogens from antibiotics and their
targeting by natural compounds. Biotechnol. Rep. 34, e00728. doi:10.1016/j.btre.
2022.e00728

Khan, I., Saeed, K., and Khan, I. (2019). Nanoparticles: Properties, applications, and
toxicities. Arab. J. Chem. 12 (7), 908–931. doi:10.1016/j.arabjc.2017.05.011

Khandaker, M. U., Nawi, S. N. M., Lam, S. E., Bradley, D. A., Abdul Sani, S. F.,
Faruque, M., et al. (2022). Studies of defect states and kinetic parameters of car
windscreen for thermoluminescence retrospective dosimetry. Appl. Radiat. Isot. 186,
110271. doi:10.1016/j.apradiso.2022.110271

Krishna Moorthy, S., Ashok, C. H., Rao, K. V., and Viswanathan, C. (2015). Synthesis
and characterization of Mgo nanoparticles by neem leaves through green method.Mat.
Today Proc. 2, 4360–4368. doi:10.1016/j.matpr.2015.10.027

Krishna Reddya, G., Hari Krishna, R., Jagannatha Reddy, A., Monika, D. L.,
Manjunath, C., et al. (2018). Facile self-propagating combustion synthesis of MgO:
Eu3+ orangered nanophosphor and luminescence investigation by judd-ofelt intensity
parameters. Opt. (Stuttg.) 174, 234–243. doi:10.1016/j.ijleo.2018.08.047

Kumamoto, N., Kato, T., Kawano, N., Okada, G., Kawaguchi, N., and Yanagida, T.
(2018). Scintillation and dosimeter properties of Ca-doped MgO transparent ceramics.
Nucl. Instrum. Methods Phys. Res. Sect. B Beam Interact. Mat. Atoms. 435, 313–317.
doi:10.1016/j.nimb.2018.01.023

Manjula, N. G., Sarma, G., Mayegowda Shilpa, B., and Suresh Kumar, K. (2022).
Environmental applications of green engineered copper nanoparticles. Phyt. Ed. by
Maulin P. Shah Arpita Roy., 255–276. doi:10.1007/978-981-19-4811-4_7

Frontiers in Chemistry frontiersin.org12

Rotti et al. 10.3389/fchem.2023.1143614

https://doi.org/10.1140/epjp/s13360-020-00310-1
https://doi.org/10.1038/s41598-020-61696-7
https://doi.org/10.1002/wer.10744
https://doi.org/10.1002/wer.10744
https://doi.org/10.2147/IJN.S200254
https://doi.org/10.2147/IJN.S200254
https://doi.org/10.1016/j.apt.2015.07.001
https://doi.org/10.1016/j.apt.2015.07.001
https://doi.org/10.1016/J.MATPR.2021.05.340
https://doi.org/10.1016/j.enmm.2021.100486
https://doi.org/10.1016/j.apradiso.2020.109434
https://doi.org/10.1016/j.apradiso.2013.04.031
https://doi.org/10.1016/j.apradiso.2013.04.031
https://doi.org/10.1016/j.radmeas.2007.01.003
https://doi.org/10.1016/j.radmeas.2007.01.003
https://doi.org/10.1093/rpd/nci641
https://doi.org/10.1093/rpd/nci641
https://doi.org/10.5958/2454-762X.2016.00002.0
https://doi.org/10.1016/j.apradiso.2017.07.032
https://doi.org/10.1007/s10904-019-01105-3
https://doi.org/10.4314/bcse.v35i1.14
https://doi.org/10.1080/17518253.2020.1802517
https://doi.org/10.1016/j.jlumin.2018.11.022
https://doi.org/10.1016/j.jlumin.2018.11.022
https://www.ijsrp.org/research-paper-1214.php?rp=P363435
https://doi.org/10.1016/j.btre.2022.e00728
https://doi.org/10.1016/j.btre.2022.e00728
https://doi.org/10.1016/j.arabjc.2017.05.011
https://doi.org/10.1016/j.apradiso.2022.110271
https://doi.org/10.1016/j.matpr.2015.10.027
https://doi.org/10.1016/j.ijleo.2018.08.047
https://doi.org/10.1016/j.nimb.2018.01.023
https://doi.org/10.1007/978-981-19-4811-4_7
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2023.1143614


Manjunatha, C., V Sunitha, D., Nagabhushana, H., Singh, F., Sharma, S. C.,
Chakradhar, R. P. S., et al. (2013). Thermoluminescence properties of 100MeV Si7+
swift heavy ions and UV irradiated CdSiO3:Ce3+ nanophosphor. J. Lumin. 134,
358–368. doi:10.1016/j.jlumin.2012.08.020

Mayegowda, S. B., Ng, M., Alghamdi, S., Atwah, B., Alhindi, Z., and Islam, F. (2022).
Plant-Derived Bioactive Compounds as an Antidiabetic Agent. 2022, 2500613, doi:10.
1155/2022/2500613Role of antimicrobial drug in the development of potential
therapeutics

Mayegowda, S. B., Sureshkumar, K., Yashaswini, R., and Ramakrishnappa, T. (2022).
Phytonanotechnology for the removal of pollutants from the contaminated soil
environment. Editor Phytonanotech, Springer, Berlin, Germany, 319–336. doi:10.
1007/978-981-19-4811-4_7

Merugu, R., Gothalwal, R., Deshpande, P. K., De Mandal, S., Padala, G., and Chitturi,
K. L. (2021). Synthesis of Ag/Cu and Cu/Zn bimetallic nanoparticles using toddy palm:
Investigations of their antitumor, antioxidant and antibacterial activities. Mat. Today
Proc. 44, 99–105. doi:10.1016/j.matpr.2020.08.027

Mittal, A. K., Chisti, Y., and Banerjee, U. C. (2013). Synthesis of metallic nanoparticles
using plant extracts. Biotechnol. Adv. 31 (2), 346–356. doi:10.1016/j.biotechadv.2013.
01.003

Mofokeng, S. J., Noto, L. L., Mlotswa, D. V., Orante-Barron, V. R., and Dhlamini, M.
S. (2020). Thermoluminescence properties of MgO:Al3+,Li+ prepared by microwave-
assisted solution combustion method. Phys. B Condens 582, 412008. doi:10.1016/j.
physb.2020.412008

Nafari, A., Cheraghipour, K., Sepahvand, M., Shahrokhi, G., Gabal, E., and
Nanoparticles, M. (2020). Nanoparticles: New agents toward treatment of
leishmaniasis. Parasite Epidemiol. control. 10, e00156. doi:10.1016/j.parepi.2020.e00156

Nagaraja, S., Bharati, B., and Basavaraja, S. (2020). Green fabrication of MgO
nanostructure for morphology and optical studies. J. Adv. Chem. Sci. 6, 674–675.
doi:10.30799/jacs.221.20060104

Patil, N., Bhaskar, R., Vyavhare, V., Dhadge, R., Khaire, V., and Patil, Y. (2021).
Overview on methods of synthesis of nanoparticles. Int. J. Curr. Pharm. 13 (2), 11–16.
doi:10.22159/ijcpr.2021v13i2.41556

Patle, Y., Brahme, N., Bisen, D. P., Richhariya, T., Chandrawanshi, E., Choubey, A.,
et al. (2021). Study of photoluminescence, thermoluminescence, and afterglow
properties of Dy3+ doped Ba2ZnSi2O7 phosphor. Optik 226, 165896. doi:10.1016/j.
ijleo.2020.165896

Praveen Kumar, P., Laxmi Deepak Bhatlu, M., Sukanya, K., Karthikeyan, S., and
Jayan, N. (2020). Synthesis of magnesium oxide nanoparticle by eco-friendly method
(green synthesis) – a review. Mat. Today Proc. 37 (2), 3028–3030. doi:10.1016/j.matpr.
2020.08.726

Premkumar, H. B., Sunitha, D. V., Singh, F., Nagabhushana, H., Sharma, S. C.,
Nagabhushana, B. M., et al. (2012). Luminescence and defect studies of YAlO3:Dy3+,
Sm3+ single crystals exposed to 100 MeV Si7+ ion beam. J. Lumin. 132, 2679–2683.
doi:10.1016/j.jlumin.2012.04.030

P. Y, Wu, Y.P, Jiang, Q.Y, Zhang, Y., Jia, D.Y, Peng, and W., Xu, Comparative study
on arsenate removal mechanism of MgO and MgO/TiO2 composites: FTIR and XPS
analysis, New J. Chem., 2016,40, 2878–2885. doi:10.1039/C5NJ02358K

Ramakrishna, G., Nagabhushana, H., Sunitha, D. V., Prashantha, S. C., Sharma, S. C.,
and Nagabhushana, B. M. (2014). Effect of different fuels on structural, photo and
thermo luminescence properties of solution combustion prepared
Y2SiO5 nanopowders. SAA 127, 177–184. doi:10.1016/j.saa.2014.02.054

Rao, M. S., and Singh, S. (2017). Nanoscience and nanotechnology: Fundamentals to
Frontiers. Wiley, Hoboken, NJ, USA.

Raura, N., Garg, A., Arora, A., and Roma, M. (2020). Nanoparticle technology and its
implications in endodontics: A review. Biomater. Res. 24 (1), 21–28. doi:10.1186/
s40824-020-00198-z

Rodrigues, G. R., López-Abarrategui, C., de la Serna Gómez, I., Dias, S. C., Otero-
González, A. J., and Franco, O. L. (2019). Antimicrobial magnetic nanoparticles based-
therapies for controlling infectious diseases. Int. J. Pharm. 555, 356–367. doi:10.1016/j.
ijpharm.2018.11.043

Sabeena, G., Rajaduraipandian, S., Pushpalakshmi, E., Alhadlaq, H. A., Mohan, R.,
et al. (2022). Green and chemical synthesis of CuO nanoparticles: A comparative study
for several in vitro bioactivities and in vivo toxicity in zebrafish embryos. J. King Saud.
Univ. Sci. 34 (5), 102092. doi:10.1016/j.jksus.2022.102092

Salem, S. S., and Amr, F. (2021). Green synthesis of metallic nanoparticles and their
prospective biotechnological applications: An overview. Biol. Trace Elem. Res. 199 (1),
344–370. doi:10.1007/s12011-020-02138-3

Samuel, M. S., Ravikumar, M., Ashwini John, J., Selvarajan, E., Patel, H., Chander, P.
S., et al. (2022). A review on green synthesis of nanoparticles and their diverse
biomedical and environmental applications. Catalysts 12 (5), 459. doi:10.3390/
catal12050459

Saran, M., Sahare, P. D., and Chauhan, R. KumarMandlik, V. N. T. (2021).
Thermoluminescence in Eu doped NaLi2PO4TLD nanophosphor: Effect of particle
size on TL characteristics. J Lumin 238, 118207. doi:10.1016/j.jlumin.2021.118207

Sarasola-Martin, I., and CorrecherGarcia-Guine, V. J. (2021). Characterization of the
red thermoluminescence emission of doped alumina: A case study for Al2O3:C and
Al2O3:Cr,Ni. Jl Alloys Compds 886, 161262. doi:10.1016/j.jallcom.2021.161262

Saraswathi, A. V., Prabhu, N. S., Naregundi, K., Sayyed, M. I., Murari, M. S.,
Almuqrin, A. H., et al. (2022). Thermoluminescence investigations of Ca2Al2SiO7:
Dy3+ phosphor for gamma dosimetry applications. Mat. Chem. Phys. 281, 125872.
doi:10.1016/j.matchemphys.2022.125872

SarıkcıTopaksuBakrCan, S. M. M. N. (2022). Structural and analyses of
thermoluminescence glow curves in Sm doped SrGd2O4 phosphor. J Alloys Compds
911, 165008. doi:10.1016/j.jallcom.2022.165008

Shah, M., Fawcett, D., Sharma, S., Tripathy, S., and Poinern, G. (2015). Green
synthesis of metallic nanoparticles via biological entities. Materials 8 (11), 7278–7308.
doi:10.3390/ma8115377

Shilpa, Mayegowda, B., Rashmi, R., Manjula, N. G., and Sreekantha, A. (2022).
“Bioremediation of heavy metal contaminated sites using phytogenic nanoparticles,”.
Phytonanotech. Editors M. P. Shah and A. Roy (Singapore: Springer), 227–253. doi:10.
1007/978-981-19-4811-4_11

Singh, J., Dutta, T., Kim, K. H., Rawat, M., Samddar, P., and Kumar, P. (2018). Green’
synthesis of metals and their oxide nanoparticles: Applications for environmental
remediation. J. Nanobiotechnol 16, 84. doi:10.1186/s12951-018-0408-4

Singha, R., and Kaintha, H. S. (2018). Effect of heating rate on thermoluminescence
output of LiF: Mg, Ti (TLD100) in dosimetric applications. Nucl. Instrum. Methods
Phys. Res. 426, 22–29. doi:10.1016/j.nimb.2018.04.025

Sonsuz, M., Topaksu, M., and Hakami, J., (2022). Synthesis and
thermoluminescence study of Eu doped novel LaBO3 phosphor: Heating rate,
dose response, trapping parameters. Radiat. Phys. Chem. 201, 110412. doi:10.1016/
j.radphyschem.2022.110412

Souadi, G., Kaynar, U. H., Oglakci, M., Sonsuz, M., Ayvacikli, M., Topaksu, M., et al.
(2022). Thermoluminescence characteristics of a novel Li2MoO4 phosphor: Heating
rate, dose response and kinetic parameters. Phys. Chem. 194, 110025. doi:10.1016/j.
radphyschem.2022.110025

Sunta, C. M. (2015). Springer Series in Materials Science. New Delhi, Delhi: Springer
India.

Thunugunta, T., Reddy, A. C., and Lakshmana Reddy, D. C. (2015). Green synthesis
of nanoparticles: Current prospectus. Nanotechnol. Rev. 4 (4), 303–323. doi:10.1515/
ntrev-2015-0023

Ugo, J., NwamarahRaymond Ade, A., and Asogwa Tochi Joy (2019). Nutrient
composition of Carica papaya leaves extracts. J. Food Nutr. Res. 2 (3), 274–282.
doi:10.26502/jfsnr.2642-11000026

Williamson, G. K., and H Hall, W. (1953). X-ray line broadening from filed
aluminium and wolfram. Acta Metall. 1 (1), 22–31. doi:10.1016/0001-6160(53)
90006-6

Wong, C., San Chan, Y., Jeevanandam, J., Pal, K., Bechelany, M., Abd Elkodous, M.,
et al. (2020). Response surface methodology optimization of mono-dispersed MgO
nanoparticles fabricated by ultrasonic-assisted sol–gel method for outstanding
antimicrobial and antibiofilm activities. J. Clust. Sci. 31 (2), 367–389. doi:10.1007/
s10876-019-01651-3

Wu, H., and Mu, W. (2022). Application prospects and opportunities of inorganic
nanomaterials for enzyme immobilization in the food-processing industry. Curr. Opin.
Food Sci., 2022 (47), 100909. doi:10.1016/j.cofs.2022.100909

Yadav Reddy, L. S., Shilpa, B. M., Suma, B. P., Venkatesh, R., et al. (2021). Synergistic
effect of photocatalytic, antibacterial and electrochemical activities on biosynthesized
zirconium oxide nanoparticles. EPJ Plus 136 (7), 764. doi:10.1140/epjp/s13360-021-
01606-6

Frontiers in Chemistry frontiersin.org13

Rotti et al. 10.3389/fchem.2023.1143614

https://doi.org/10.1016/j.jlumin.2012.08.020
https://doi.org/10.1155/2022/2500613
https://doi.org/10.1155/2022/2500613
https://doi.org/10.1007/978-981-19-4811-4_7
https://doi.org/10.1007/978-981-19-4811-4_7
https://doi.org/10.1016/j.matpr.2020.08.027
https://doi.org/10.1016/j.biotechadv.2013.01.003
https://doi.org/10.1016/j.biotechadv.2013.01.003
https://doi.org/10.1016/j.physb.2020.412008
https://doi.org/10.1016/j.physb.2020.412008
https://doi.org/10.1016/j.parepi.2020.e00156
https://doi.org/10.30799/jacs.221.20060104
https://doi.org/10.22159/ijcpr.2021v13i2.41556
https://doi.org/10.1016/j.ijleo.2020.165896
https://doi.org/10.1016/j.ijleo.2020.165896
https://doi.org/10.1016/j.matpr.2020.08.726
https://doi.org/10.1016/j.matpr.2020.08.726
https://doi.org/10.1016/j.jlumin.2012.04.030
https://doi.org/10.1039/C5NJ02358K
https://doi.org/10.1016/j.saa.2014.02.054
https://doi.org/10.1186/s40824-020-00198-z
https://doi.org/10.1186/s40824-020-00198-z
https://doi.org/10.1016/j.ijpharm.2018.11.043
https://doi.org/10.1016/j.ijpharm.2018.11.043
https://doi.org/10.1016/j.jksus.2022.102092
https://doi.org/10.1007/s12011-020-02138-3
https://doi.org/10.3390/catal12050459
https://doi.org/10.3390/catal12050459
https://doi.org/10.1016/j.jlumin.2021.118207
https://doi.org/10.1016/j.jallcom.2021.161262
https://doi.org/10.1016/j.matchemphys.2022.125872
https://doi.org/10.1016/j.jallcom.2022.165008
https://doi.org/10.3390/ma8115377
https://doi.org/10.1007/978-981-19-4811-4_11
https://doi.org/10.1007/978-981-19-4811-4_11
https://doi.org/10.1186/s12951-018-0408-4
https://doi.org/10.1016/j.nimb.2018.04.025
https://doi.org/10.1016/j.radphyschem.2022.110412
https://doi.org/10.1016/j.radphyschem.2022.110412
https://doi.org/10.1016/j.radphyschem.2022.110025
https://doi.org/10.1016/j.radphyschem.2022.110025
https://doi.org/10.1515/ntrev-2015-0023
https://doi.org/10.1515/ntrev-2015-0023
https://doi.org/10.26502/jfsnr.2642-11000026
https://doi.org/10.1016/0001-6160(53)90006-6
https://doi.org/10.1016/0001-6160(53)90006-6
https://doi.org/10.1007/s10876-019-01651-3
https://doi.org/10.1007/s10876-019-01651-3
https://doi.org/10.1016/j.cofs.2022.100909
https://doi.org/10.1140/epjp/s13360-021-01606-6
https://doi.org/10.1140/epjp/s13360-021-01606-6
https://www.frontiersin.org/journals/chemistry
https://www.frontiersin.org
https://doi.org/10.3389/fchem.2023.1143614

	Green synthesis of MgO nanoparticles and its antibacterial properties
	1 Introduction
	2 Materials and methods
	2.1 Characterization and TL studies
	2.2 Antibacterial activity

	3 Result and discussion
	3.1 Powdered X-ray diffraction (PXRD)
	3.2 Fourier infrared reflectance spectroscopy (FTIR)
	3.3 Scanning electron microscope (SEM)
	3.4 UV- visible spectroscopy
	3.5 Thermoluminescence (TL) studies
	3.6 Heating rate effect
	3.7 Thermal cleaning
	3.8 Kinetic parameter of TL glow curve
	3.9 Fading
	3.10 Antibacterial activity

	4 Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


