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Abstract

Potentially useful MgO NPs were synthesized via rapid eco-friendly one-pot microwave-assisted green techniques using
Taxus wallichiana leaf extract. The development, morphology, and other physicochemical properties of nanoparticles were
further analyzed by UV visible spectrometer, FTIR, XRD, SEM, and EDX analysis. The developed nanoparticles were uni-
formly distributed having particle sizes less than 30 nm. The XRD and SEM analysis of the developed nanoparticles reveals
that it is crystalline having almost spherical. Phenol red and rhodamine B are used as potential organic pollutants for the
evaluation of the photocatalytic activity of the developed nanoparticles. For the screening of the antibacterial efficiency of
the biogenic nanoparticles, five different bacterial pathogens were used. The nanoparticles exhibited significant antibacte-
rial potential against the Bacillus spp., Klebsiella pneumonia, and Staphylococcus aureus with a zone of inhibition 23 mm,
20 mm, and 21 mm. The nanoparticles also show moderate antibacterial activity against Escherichia coli and Pseudomonas
spp- with the zone of inhibition 14 mm and 16 mm. Furthermore, the antioxidant potential of the developed nanoparticles
was investigated by using a DPPH radical scavenging assay. The present research showed that the developed nanoparticles
were the potential low-cost and effective photocatalyst in the treatment of wastewater and also act as potential antibacte-
rial and antioxidants. The use of Taxus wallichiana leaf extract in the fabrication of MgO nanoparticles was the first time
reported in the present research work.
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1 Introduction sensors, pharmaceutical applications, and the field of bio-

technology [2, 3]. The application of nanomaterials in vari-

Nanotechnology is a transdisciplinary area of science and
technology that is involved in the synthesis application
and handling of material with a size of less than 100 nm.
During the last few decades, nanotechnology has become
an emerging field of research interest [1]. Metal and metal
oxide nanoparticles have captivated scrupulous research
interest due to their extensive aptness in the diverse field
of applications like the manufacturing of optical devices,
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ous fields increases extensively and it received much priority
as compared to the bulk material due to their large surface
area [4]. The nanomaterials exhibit unique physical and
chemical properties and the prominent reason behind their
unique properties is their very high surface-to-volume ratio.
Another important parameter that makes nanomaterials
more useful as compared to bulk materials is their discrete
energy levels. The bulk material has a continuous energy
level [5]. The development of novel and sustainable methods
for the manufacturing of inorganic metal oxide nanoparti-
cles is a great dynamic area of research. Methods involved
in the fabrication of nanomaterial are largely classified into
two main categories, physical and chemical methods, but
these methods are not very suitable for the synthesis of the
materials utilized in the field of biological and medicinal
applications [6, 7]. Recently, green technology has drawn
more attention to the development of potentially useful
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ceramic nanoparticles during the last few decades due to
certain advantages over the available ancient methods [8].

Green technology uses various kind of plant material and
microorganism in the fabrication of different kind of poten-
tially useful nanomaterials and the use of these materials
significantly reduce the use of harmful toxic chemical [9].
Hence, green route for the fabrication of nanoparticles is
one of the most convenient and eco-friendly approaches for
the development of nanoparticles. Different phytochemicals
like polyphenols, flavonoids, vitamins, amino acids, and
polysaccharides play a prominent role in the development
of nanoparticles via the green route. These phytochemicals
have remarkable medicinal value and have eco-friendly
behavior. They are good replacements for harmful reducing
agents like formaldehyde and sodium borohydride. There is
an immense scope to develop new green technology meth-
ods for the development of different kinds of nanomaterials
having adequate antibacterial antifungal and photocatalytic
activity [10-12]. The use of the green synthesis method in
the manufacturing of nanomaterials enhances the biomedical
application of these materials [13].

The phytoconstituents play a prominent role in the devel-
opment of nanomaterials. These phytoconstituents not only
play as a capping, stabilizing, and reducing agent but also
play a crucial role in the modification of the shape and size
of the nanoparticles [14].

Clean and safe water is one of the most essential parts
of the entire living organism. Water contamination of the
present water resources has become one of the most serious
issues due to rapid industrialization. Heavy metal ions, dyes,
and residues of pharmaceutical and agricultural waste are
the major sources of water contamination [15]. Nanoma-
terials especially metal oxide nanoparticles receive much
attention in the treatment waster by the advanced oxidation
process. In the advanced oxidation process, highly reactive
reaction intermediates such as hydroxyl free radical play a
prominent role in the treatment of wastewater and the metal
oxide nanoparticles can efficiently produce these reactive
species on exposure to solar and UV light [16].

The ceramic nanoparticles have noticeable optical, physi-
cal, chemical, mechanical, and thermo-mechanical proper-
ties due to their very high surface-to-volume ratio. Among
them, particularly magnesium oxide nanoparticles have
notable properties and show excellent photocatalytic bio-
medical and pharmaceutical applications. It acts as an effi-
cient photocatalyst in the treatment of wastewater due to its
wide band energy gap, high thermal conductivity, and good
mechanical strength. Tremendous application of magnesium
oxide nanoparticles in the field of sensing, wastewater treat-
ment, as an antimicrobial, in the electronics in clothing, and
photography increased its market value enormously [17].

The use of microwaves in the field of synthesis of materi-
als has been increasing rapidly due to their rapid heating and
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consequently reduces the time of synthesis by increasing
the rate of reaction [18]. Not very much significant work
has been reported on the use of microwaves in the devel-
opment of magnesium oxide nanoparticles via the green
route. Hence, in this manuscript, we highlight a simple
low-cost eco-friendly robust method for the fabrication of
MgO NPs by utilizing the aqueous leaf extract of the Taxus
wallichiana.

2 Experimental
2.1 Materials

The materials used in this study are ethanol (99%), mag-
nesium nitrate (99%), NaOH (99%), phenol red (90%), and
rhodamine B (90%). All these chemicals are purchased from
the Sisco Research Laboratory Pvt., Ltd. The plant materi-
als are collected from different parts of Uttarakhand, India.
The plant materials are authenticated by the Botany Depart-
ment of the FRI Dehradun. The bacterial strains used in this
study are received from the Microbiology Department of
the university.

2.2 Isolation of leaf extract

The isolated leaf was washed properly with double distilled
and it was kept in the room for 4-5 days to remove the mois-
ture. The dried leaf is cut into fine pieces and then converted
into fine powder by using an electric blender. Twenty-five
milligrams of fine powder of leaf along with 250 mL of
ethanol as a solvent was placed into the Soxhlet extraction
assembly. The process of extraction is completed in approxi-
mately 4-5 h. When the extraction was completed the iso-
lated leaf extract was stored in an airtight container [19].

2.3 Microwave-assisted green synthesis of MgO NPs

For the microwave-assisted green synthesis of MgO NPs,
10 mL isolated leaf extract of Taxus wallichiana was mixed
in the 50 mL (0.2 M) of freshly prepared Mg (NOj3), 6H,0.
The prepared mixture was now subjected to microwave irra-
diation for about 40-50 s. The rapid change from colorless
to brown of the reaction mixture was observed. The color
change initially indicates the development of MgO NPs. The
developed nanoparticles were collected by centrifugation of
the test solution at 20,000 rpm for about 30 min [20].

2.4 Characterization
The UV spectroscopic analysis of the developed nanoparti-

cles was performed by using UV visible spectrophotometer
(Systonics double-beam spectrophotometer) in the range of
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200-800 nm. To appraise the presence of different func-
tional groups on the surface of the developed nanoparticles
as reducing and stabilizing agents, FTIR analysis was per-
formed by using Thermo Scientific Nicolet Summit LITE
iD1 FTIR. The crystallographic behavior of the developed
nanoparticles was explored by using a Rigaku X-ray dif-
fractometer in this analysis; the wavelength of the radiation
is 1.5406 A and operated at 40 kV and 40 mA (26=10-80).
The particle size distribution and the morphological behav-
ior of the developed nanoparticles were estimated by using
FE SEM (Zeiss evo-18). The metallic compositions of the
developed nanoparticles were examined by using (EDX)
energy-dispersive X-ray analyzer.

2.5 Photocatalytic activity

The photocatalytic potential of the developed nanoparticles
were examined against the phenol red dye and rhodamine B
dye. The 0.25 g of the biologically synthesized MgO NPs
was dispersed in the 100 mL aqueous solution of the phenol
red and rhodamine B dye. The prepared dye solution was
stirred for about 18 h in the dark to establish adsorption and
desorption equilibrium between the dye and the prepared
nanoparticles. Now the solution was placed in the solar light
and UV light (310 nm) and observed any color variation.
The photocatalytic potential of the fabricated nanoparticles
was evaluated by measuring the absorbance of the centri-
fuged aliquot (2 mL) of the test solution at a regular interval
of 10 min. The maximum absorbance (4,,,,) of phenol red
and rhodamine B dye was measured by UV spectrophotom-
eter. The maximum absorbance for phenol red and rhoda-
mine was observed at 560 nm and 530 nm, respectively [21].

2.6 Antibacterial study

The antibacterial efficacy of the biologically synthesized
MgO NPs was examined by a well-diffusion method. For an
antibacterial study, the bacterial microorganisms Bacillus
spp., Pseudomonas, Klebsiella pneumonia, Staphylococ-
cus aureus, and Escherichia coli were obtained from the
Microbiology Department of the university. The E coli is a
rod-shaped gram-positive human pathogenic bacteria. The
Bacillus spp. and Staphylococcus aureus are gram-positive
bacteria. The Pseudomonas and Klebsiella pneumonia
(anaerobic, rod-shaped bacteria that causes nosocomial
infection) are also gram-negative human pathogenic bac-
teria. The bacterial culture spread on the Mueller—Hinton
agar medium at 35 °C. After the solidification of the agar
medium, 6-mm-diameter four wells were formed by punch-
ing with a borer. In the three wells, 30 uL of the different
concentrations (20%, 40%, and 60%) of green synthesized
MgO NPs were inoculated with the help of a micropipette,
and in one well gentamycin (50 pg/L) was inoculated as

a positive control. The developed plates were incubated at
37 °C for about 24 h and the diameter of the zone of inhi-
bition was measured in mm. The diameter of the zone of
inhibition was measured by using the transparent ruler from
the back of the bacterial plate [22].

2.7 Antioxidant study

The antioxidant activity of the developed nanoparticles was
investigated by utilizing the 2,2-diphenyl picrylhydrazyl
(DPPH) radical scavenging assay. To perform the antioxi-
dant activity first prepare the different concentration (20, 30,
40, 50, 60, 70 pg/mL) of the MgO nanoparticles. Now, 1 mL
(0.1 mM) of the DDPH solution was mixed in to test the
solution of the MgO NPs, and the test tube was kept in the
dark for about 30 min. After 30-min incubation, the absorb-
ance of the test solution was evaluated at 517 nm. Ascorbic
acid is used as a reference compound in this study [23]. The
following equation (Eq. 1) was used in the evaluation of the
radical scavenging activity of the developed MgO NPs.

PN Ao _Al
% inhibition = —a x 100 €Y
0

where A represents the absorbance of control and A, repre-
sents the absorbance of the sample.

3 Results and discussion
3.1 Characterization

The UV visible spectral analysis is one of the simplest
methods to evaluate the optical properties of microwave-
assisted biologically developed MgO NPs. The UV spectra
of the developed MgO NPs can be examined in the range of
200-800 nm. The figure shows a strong absorption peak at
330 nm [24, 25]. The appearance of an absorption peak at
330 nm indicates the formation of MgO nanoparticles (Fig. 1).

3.2 Characterization of green synthesized MgO NPs
by XRD analysis

The XRD analysis of the developed MgO NPs is depicted
in Fig. 2. The developed nanoparticles were found to be
nanocrystalline in the nature on the basis of their XRD pat-
tern. The different intense diffraction peak appears at 20 value
of 37.86°,43.13°, 64.87°, 74.86°, and 78.95°. These 20O values
are assigned to the (111), (200), (220), (311), and (222) cubic
plane of the developed MgO NPs [26]. The average crystalline
size of the biologically developed MgO NPs is 22.5, which is
evaluated by Debye Scherrer’s formula (Fig. 2).
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Fig.1 UV visible absorption spectra of the prepared MgO NPs
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Fig.2 XRD pattern of the developed MgO NPs

3.3 FTIR

The bonding and the chemical behavior of the fabricated
nanoparticles were evaluated by using FTIR analysis. The
FTIR analysis is shown in the figure. The peaks found at
3425 cm™! ascribed to the presence of the OH group which
is probably due to the presence of the phenolic group
(Fig. 3). The peak appears at 2410 cm™! indicating the pres-
ence of the alkynes. The band observed at 1640 cm™' is
probably due to the C =C stretching of alkenes. A band that
appears at 1380 cm™' is probably due to the aromatic rings.
Moreover, the band at 2840 cm™" is assigned to the stretch-
ing vibration of the C—H bond of the C=C. The band that
appears at 863 cm™! is due to the sulfur compound. The band
appears at 685 cm™! associated with the stretching vibration
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Fig.3 FTIR spectrum of the fabricated MgO NPs

of the Mg-O-Mg. Further, the peak that appears at 493 cm™!
could be attributed to the stretching vibration of the C—Cl
bond of the alkyne group [27-29].

3.4 SEM and EDX studies

The detailed morphological analysis of the biogenic devel-
oped MgO NPs was carried out by using SEM analysis and it
indicates that the particles are round with partially agglom-
erated (Fig. 4). The agglomerations of the fabricated nano-
particles are basically due to the van der Waal forces. The
developed nanoparticles have different particle sizes and the
size was found closer to 24 nm. The SEM analysis pictures
of the fabricated nanoparticles are shown in the figure. The
surface morphological studies of the fabricated nanoparti-
cles are helpful in the identification of their photocatalytic
and medical applications [30].

The fabrication of MgO NPs was further confirmed by
EDX analysis. EDX profile of the developed MgO NPs
shows strong absorption peak for Mg and O. The other
peaks for different elements are most probably present
to the phytoconstituents used in the fabrication of MgO
NPs (Fig. 5).

3.5 The antibacterial study

The dose-dependent manner is utilized to evaluate the
antibacterial efficacy of the developed nanoparticles
against the selected bacterial pathogen. The antibacterial
potential of newly synthesized MgO NPs is demonstrated
in Table 1.

The microwave-assisted green synthesized MgO NPs
significantly lethal to the selected microbial organism.
The newly synthesized MgO NPs show great antibacterial
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Fig.4 The SEM micrograph for the developed MgO NPs
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Fig.5 EDX spectrum for the developed MgO NPs

Table 1 Antibacterial efficiency of the developed MgO NPs

Name of microorganism The zone of inhibition measured in mm
against different concentration

Control 20 mg/mL 40 mg/mL 60 mg/mL

E. coli 25 10 13 14
Bacillus spp. 27 10 14 23
Pseudomonas spp. 26 12 15 16
Klebsiella pneumonia 24 14 16 20
Staphylococcus aureus 23 13 15 21

activity against Bacillus spp., Klebsiella pneumonia, and
Staphylococcus aureus and further show less activity
against E. coli and Pseudomonas spp. The result of the
antibacterial study also established that the antibacterial
potential against all the selected pathogens increased as
the concentration of the synthesized nanoparticles was
increased (Fig. 6).

5.00 6.00 7.00 8.00 9.00

Resolution:(eV) : 128.3

3.6 Mechanistic study of the antibacterial activity

The synthesized nanoparticles show antibacterial behavior in
three well-defined ways: (i) the synthesized nanoparticles are
lethal against the bacterial strain because of their small size
they readily rapture the cell wall of the bacterial strain, (ii)
the entered nanoparticles damage the intercellular structure
like mitochondrial vacuoles and ribosomes of the bacterial
strain, and (iii) another way which was generally involved in
the antibacterial phenomenon of the developed nanoparticles
was the production of reactive oxygen species; these species
were responsible for cellular toxicity and oxidative stress [31].
This ultimately causes the death of the bacterial strain (Fig. 7).

3.7 The photocatalytic activity

The photocatalytic efficacy of the developed MgO NPs was
attributed to exploring their ability to remove organic dyes
like phenol red and rhodamine B from the wastewater released
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Fig. 6 Disk diffusion assay

for evaluating the antibacterial
potential of the developed MgO
NPs against (a) E. coli, b Bacil-
lus spp., ¢ Pseudomonas spp., d
Klebsiella pneumonia, and (e)
Staphylococcus aureus

from various industries. The maximum absorbance of the phe-
nol red and rhodamine B was measured as a time interval. The
measurement was carried out at its maximum absorbance. The
degradation efficiency of the developed nanoparticles against
the phenol red and rhodamine in the presence of solar light
and UV light (310 nm) was demonstrated in Figs. 8 and 9. The
result of the photocatalytic activity indicates that the maxi-
mum absorption band of both dyes decreases subsequently
with time. According to Lambert-Beer law, concentration is
directly proportional to absorbance; hence, the degradation
potential can be evaluated by the following equation (Eq. 2).

@ Springer ﬂlm el o
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R={(Cy=C)/Cy} %100 )

where C, and C represent the concentration of dye at time
t=0and t=t.

3.8 Mechanistic study of the photocatalytic
behavior of the developed MgO NPs

The mechanism behind the photocatalytic degradation of dye
in solar light and in UV light in the presence of green synthe-
sized MgO NPs is almost similar. The main reaction involved
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Fig.7 Possible mechanism of
the antibacterial effect of the
developed MgO NPs
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Fig. 8 Photocatalytic degradation of phenol red in presence of MgO
NPs
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Fig.9 Photocatalytic degradation of rhodamine B in presence of
MgO NPs
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Fig. 10 Possible reactions involve in the MgO NPs induced degrada-
tion of dyes

in the photodegradation of dye is the photooxidation of dye by
the reactive oxygen species. These reactive oxygen species are
generated by electron transfer. When the green synthesized MgO
NPs irradiated with light (UV or solar light) electron—hole pair
is generated in the MgO nanostructure (Fig. 10). The electron
interacts with the molecular oxygen and gives a reactive oxygen
species superoxide radical anion and the generated hole interacts
with a water molecule to produce hydroxyl free radical species
[32]. These reactive species are responsible for the photodegra-
dation potential of the developed MgO NPs (Fig. 11).

3.9 Antioxidant activity

Figure 11 demonstrates the antioxidant potential of the devel-
oped nanoparticles. The oxygen donating substance present
on the surface morphology of the developed MgO NPs is
responsible for the antioxidant behavior of the MgO NPs.
The color DPPH solution is changed in this protocol which
is the primary indication of the antioxidant behavior of the
component (Fig. 12). The synthesized nanoparticles show low
antioxidant activity as compared to the ascorbic acid that is
used as a positive control in this experiment. The microwave-
assisted green synthesized MgO NPs show DPPH radical
scavenging activity in the range of 31.41 to 80.13% [33].
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Fig. 11 Diagrammatic represen-
tation of the photodegradation
of dyes

Fig. 12 Antioxidant potential of

the developed MgO NPs 120 -

100

g Activity

cavenging

%S

4 Conclusion

In summary, the present research highlights a very effi-
cient eco-friendly low-cost method to develop MgO NPs.
The structural characterization of the developed nanopar-
ticles was monitored by standard analytical tools like UV,
XRD, FTIR, and SEM analysis. With the help of XRD and
SEM analysis, it was stabilized that the particle size of the
developed nanoparticles was found to be less than 30 nm
and has a spherical shape. The developed MgO NPs have
good antibacterial activity against the selected pathogen
with the zone of inhibition 23 mm, 21 mm, and 20 mm,
respectively, for Bacillus spp., Staphylococcus aureus,
and Klebsiella pneumonia. The synthesized nanoparticles
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also exhibited moderate antibacterial phenomenon against
the E. coli and Pseudomonas spp. The catalytic poten-
tial of the synthesized nanoparticles was examined by the
degradation of the two carcinogenic dyes phenol red and
rhodamine B. The microwave-assisted green synthesized
MgO nanoparticles show great antioxidant potential in the
DPPH assay. The finding of our study established that the
synthesized nanoparticles have significant applications in
pharmaceutical industries.
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