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Green Synthesis of MgO Nanoparticles via Two
Different Methods and Studying their Structural,
Morphological, and Optical Properties

Athraa Hadi Obead® >*, Nada K. Abbas® 2

1 Ibn Sina University of Medical and Pharmaceutical Sciences, Baghdad, Iraq
2 Department of Physics, College of Science for Women, University of Baghdad, Baghdad, Iraq

ABSTRACT

Magnesium oxide nanoparticles (MgO NPs) have been prepared by a green synthesis using the leaves of Ficus carica
extract, which can be easily used for various biomedical applications. Magnesium oxide nanoparticles (MgO NPs)
prepared by a green synthesis are non-toxic, biocompatible, and environmentally friendly. Fig extract functions as a
reducing and stabilizing agent. The precursors used for preparation are from Magnesium Nitrate MgO(n) and bulk
magnesium oxide MgO(b) by two different methods. The MgO(n) prepared from Magnesium Nitrate and MgO(b)
prepared from bulk magnesium oxide nanoparticles were characterized using UV-visible spectroscopy (UV-Vis) to
analyze the absorption patterns, The energy band gap (Eg) decreased from 7.8 eV to 4.7 eV for MgO(n) and from 7.8 eV to
5.3 eV for MgO(b). X-ray diffraction Spectroscopy (XRD) analyses show that the cubic phase structure is well-represented
in both MgO NPs. showing that crystallite size was at 6.3 nm for MgO(n) and 7 nm for MgO(b). Field-Emission Scanning
Electron Microscopy (FE-SEM) analysis for both MgO NPs showed a decrease in average particle size, with particles
taking on a spherical form. The Energy Dispersive Spectroscopy (EDX) revealed patterns originating from Mg and O for
both MgO NPs. Atomic force microscopy (AFM) Digitized pictures taken using this method have surface characteristics
like root mean square roughness (Rq) and average roughness (Ra) quantified., it was found that the root mean square
roughness (Rq) and the average roughness (Ra) for MgO(n) are much higher than MgO(b), which makes the MgO(n)
prepared from magnesium nitrate more suitable for use in antibacterial applications.

Keywords: AFM, MgO nanoparticles, Method of precipitation, SEM, UV-VIS spectroscopic

Introduction

The field of study known as nanotechnology fo-
cuses on developing and studying structures and
devices with length ranges ranging from one hun-
dred nanometers to a few hundred nanometers, via
controlled manipulation and investigation at these
sizes.! The field of nanotechnology deals with the
creation and manipulation of materials on a scale
that ranges from the size of a single molecule or
atom to that of a submicron, as well as the incorpo-
ration of these smaller entities into larger systems.?
Depending on their size and form, nanomaterials

exhibit physicochemical characteristics that vary
from those of the bulk material. By manipulating its
size and structure on a microscopic scale, the nano-
material unexpectedly takes on a new personality
with enhanced powers. ® There are some physical and
chemical techniques for synthesizing nanoparticles;
nevertheless, it is not always possible to avoid us-
ing harmful substances in the synthesis process. As
a result, finding a more sustainable way to create
nanoparticles is a top priority. Biological approaches,
which make use of either fungus or plant extracts, are
a dependable and environmentally conscious substi-
tute for traditional physical and chemical processes.*
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Concerns about energy consumption, chemical emis-
sions, and the need for complicated machinery
and synthesis conditions have led to the progres-
sive replacement of physical and chemical processes
with green synthesis techniques. ° Biological synthesis
or green synthesis has been described as a cost-
effective, biocompatible, and eco-friendly nature.®
Extensive attention from researchers in materials
chemistry, medicine, agriculture, IT, biomedicine, op-
tics, electronics, catalysis, the environment, energy,
and senses is drawn to metal oxide nanoparticles due
to their crucial significance in these domains.”® As
an example, nanoparticles of Cu0O,° SnO,, Al203,
ZrO4, TiOy, and CeO,, etc., have shown changes in
cell characteristics as a result of size-related struc-
tural changes. '° Catalysis, hazardous waste cleanup,
the refractory material sector, paints, and super-
conductors are just a few of the many applications
for magnesium oxide, one of the most significant
functional metal oxides.'' Recent reports have de-
tailed the production of MgO-NPs from a variety of
plant species, including Arachis hypogea L., Rosmar-
inus officinalis L., Trigonella foenum-graceae, and
Manihot esculent. Consequently. '° Consequently, the
biodiversity of plants is considered in biological
nanoparticle production because plant extracts may
contain substances that can reduce mineral salts
and cause nanoparticle formation. Ongoing research
into the diagnostic and therapeutic applications of
these nanostructures further supports this view.!?

(b)
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The size and morphology of MgO particles can be
modified using parameters such as pH, ionic strength,
and different calcination temperatures.'® Previous
research has employed a variety of precursors to
synthesize MgO, leading to a wide range of mor-
phologies. To create MgO nanoparticles, scientists
use a variety of preparation processes, each with its
own set of pros and cons, such as sol-gel, hydrother-
mal, spray pyrolysis, combustion, microwave, and
co-precipitation. !“'°> The current progress of magne-
sium oxide nanoparticles is through green synthesis.
The aim of this research is a synthesis of Magnesium
oxide nanoparticles (MgO NPs) by an eco-friendly
method via two precursors to produce two different
types of (MgO NPs) and make a comparison between
them to use each one in a specific application.

Materials and methods
Preparation of aqueous leaf extract

Focus carica (Fig. 1) leaves were collected from
the home garden washed well with distilled water to
clean them from dust and dried in the shade for two
days at room temperature and grind with an electric
grinder. Using 400 milliliters of de-ionized water,
5 grams of leaf powder were combined in a 500 ml
beaker heated to boiling for one hour then left to
cool at ambient temperature(In boiling the extract,
only a physical change occurs, without a change in

Fig. 1. Procedure steps (a) plant extract preparation (b) MgO NPs from bulk magnesium oxide (c) MgO NPs from Magnesium Nitrate

hexahydrate Mg (NO3)2.6H..
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Fig. 2. Patterns of X-ray diffraction for both MgO NPs synthesized by green Method.

its chemical composition.) (as shown in Fig. 1). After-
ward, aqueous extract was obtained by filtration with
Whitman’s filter paper and kept at 4°C for further use.

Green synthesis of MgO nanoparticle using fig
leaves extract by

Using bulk magnesium oxide

The method described by Abdallah Y, et al.'® (The
study presented a biological method for manufac-
turing nanoflowers from magnesium oxide (MgO)
without any catalyst. Aqueous rosemary extract was
used to fabricate MgO nanoflowers (MgONFs) under
stirring and temperature conditions at 70 °C for 4
h.)has been followed for the synthesis of MgO NPs
with some modifications. For 30 minutes at 1500 rpm
and 60°C, a magnetic stirrer was used to continuously
mix 100 ml of Fig leaf extract with one gram of
bulk magnesium oxide. In the next step the mixture
was separated using a centrifuge the mixture at 4000
rpm for 15 minutes to separate the components. The
final product was obtained by washing a precipitant
with ethanol and de-ionized water to eliminate any
contaminants. Then, it was calcined at 300 °C for 2
hours after naturally drying in the air and kept in dry
condition for further characterization.

Using magnesium nitrate hexahydrate (Mg
(NO3),.6H,0)

For 15 minutes, 2 grams of Magnesium Nitrate
Hexahydrate (Mg (NO3)..6H,0) were mixed with
100 milliliters of deionized water while stirring, using

a magnetic stirrer, for 15 min, 15 mL of Fig leaf
extract was added to the solution. Once the reaction
mixture reached the desired temperature, a 1M NaOH
solution was added drop-wise to reach pH = 8. This
caused a brownish-yellow solution to develop, which
is proof that magnesium nanoparticles (MgO NPs)
had been generated. For 20 minutes, the resulting
suspension was diluted with water and ethanol to
eliminate any remaining solution contaminants. Next,
the solution was spun at 4000 rpm for 10 minutes
and then calcined at 300 °C for 2 hours to get the
pure MgO NPs. Fig. 2 illustrates the Magnesium oxide
nanoparticles prepared by the green method from
bulk magnesium oxide and from Magnesium Nitrate
hexahydrate (Mg (NOs3),.6H50).

Table 1. Crystalline size and structural parameters of MgO(b).

26 (Deg) FWHM (Deg.) Crystalline size D(nm) hkl

37.9154  1.44000 5.830999932 (111)
42.6971 1.17000 7.287383961 (200)
61.9170  1.33330 6.945500293 (220)
78.2490  1.34000 7.639138034 (222)

Table 2. Crystalline size and structural parameters of MgO(n).

260 (Deg) FWHM (Deg.) Crystalline size D(nm) hkl

37.6756  1.12000 7.491631115 (111)
42.5855 2.09330 4.071561145 (200)
61.7737  1.70000 5.443235977 (220)
73.8602 1.28000 7.76119375 (311)
78.0191  1.52000 6.723544888 (222)
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Fig. 3. EDX patterns for Nanoparticles of MgO(n).

Table 3. EDX value of MgO(n) NPs.

Table 4. EDX value for Nanoparticles of MgO(b).

Element Weight % Error Weight % Atomic % Error Atomic %

Element Weight % Error Weight % Atomic % Error Atomic %

Mg 0.4 57.4 0.4 67.2
(6] 0.2 42.6 0.2 32.8

Results and discussion

X-ray diffraction spectroscopy

XRD investigations were performed in the 20°-80°
angle range. The XRD analysis verified, that both of
the produced MgO NPs had a cubic crystal struc-
ture, as shown in Fig. 2. XRD investigations were
performed in the 20°-80° angle range. The 26 peak
locations for both MgO NPs that were synthesized
were well-defined using the JCPDS NO. (00- 45 -
0946). Also, the crystalline size was evaluated by the
following Debye Scherrer’s formula: !’

D = 0.941/8 cos 6 €]

In this context, D represents the crystal size, K is
a constant with a value of 0.9, and A and 8 are the
full width half maximum (FWHM), signifying and
validating that the MgO NPs possess face centered
cubic (fcc) properties. it was found that the average
crystallite size is 7 nm for MgO(b) (bulk magnesium
oxide) and 6.3 nm for MgO(n) (Magnesium Nitrate).
These results are in good agreement with Poonguzhali
et al.'” and with Abdallah et al.'® The crystalline

My

o N A

Mg 0.3 58.0 0.3 67.7
(6] 0.2 41.5 0.1 31.9
Al 0.1 0.5 0.0 0.4

size values and structural parameters of MgO(b) NPs
are shown in Table 1 while Table 2 illustrates the
crystalline size values and structural parameters of
MgO(n) NPs.

Energy dispersive X-ray spectroscopy (EDX)

EDS (energy diffusion spectroscopy) is a technique
used to analyze the chemical composition of samples
by analyzing the radiation that results from the in-
teraction of the sample with an electron beam or an
X-ray beam.

The EDX spectrum of MgO(n) nanoparticles, as
shown in Fig. 3, reveals that the sample includes just
Mg and O. The large peaks that correspond to Mg
and O validate that the sample contains only those
elements. There has been no detection of any other
peak that corresponds to any other element (Ulwali
et al.'*). In Fig. 4 The EDX analysis of the area
shows additional weak peaks of Al, for MgO(b), and
peaks for Mg and O atoms, respectively as shown in
Tables 3 and 4. Nickel, aluminum, silicon, or other
materials may appear in an EDS examination for sev-
eral reasons, including chemical reactions. Chemical

oW 5V
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Fig. 4. EDX patterns for Nanoparticles of MgO(b).
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Fig. 6. The surface morphology of MgO(N) NPs by FE-SEM (a) 500 nm (b) 3 um.

reactions may occur between the various components
in the sample and the electron beam or X-ray used in
the examination, leading to the appearance of signals
of nickel, aluminum, or silicon. This means that ev-
erything is due to the way the sample is prepared for
examination.

Field emission scanning electron microscopy
(FE-SEM)

A field-scanning electron microscope was used to
detect the surface morphology of magnesium oxide

nanoparticles, as seen in Fig. 5. Through the use of
the FE-SEM picture, the surface morphology of MgO
nanoparticles was studied. Image analysis reveals that
the synthetic MgO (b) NPs (tested as a powder) were
in an agglomerated sphere shape with an average di-
ameter of 29.49 nm. The FE-SEM analysis for MgO(n)
NPs was obtained as shown in Fig. 6. (tested as glued
particles on a glass substrate), which were approx-
imately spherical with an average diameter of 34.9
nm. Believes that the reason for the difference in
diameter is that the MgO(b) NPs were measured as
powdered while the MgO(n) NPs were measured as
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Fig. 7. AFM images of MgO(b) NPs (a) three dimensions, and (b) histogram of the distribution of grain size.

100

glued particles on a glass substrate, these results agree
with Kumar et al.,'® and Kurhade et al. °

Atomic force microscopy (AFM)

The surface’s structure and elevation may be
determined by analyzing the plot topographies
under the Atomic Force microscope. The digital
pictures used in this method may be analyzed
from many angles, including 3D modeling, and
quantitative surface properties like root mean square
roughness (Rq) and average roughness (Ra) can be
measured. Two examples of MgO NPs produced using

Projected Area

[0 small

[ Medium

[ Large

Mean diameter

(b)

Fig. 8. AFM images of MgO(n) NPs (a) three dimensions, and (b) histogram of the distribution of grain size.

environmentally friendly processes are shown in
Figs. 7 and 8, which show the granularity distribution
and three-dimensional AFM images, respectively. The
root mean square roughness (Rq) for MgO(b) is 5.181
nm, and the average roughness (Ra) is 4.346 nm.
The root mean square roughness (Rq) for MgO(n) is
22.4 nm and the average roughness (Ra) is 15.06 nm.
As we can see, the root mean square roughness (Rq)
and the average roughness (Ra) for MgO (n) are much
higher than MgO (b), so it has the possibility of being
used in biomedical applications. The surface rough-
ness increases the surface topography and has the
potential to improve cell attachment. then increases
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Fig. 9. UV-Visible spectrum of MgO Nanoparticles.

Table 5. Eg value of MgO NPs.

MgO NPs  Eg of MgO NPs  Eg of bulk MgO
MgO(b) 5.3 ev 7.8 ev
MgO(n) 4.7 ev 7.8 ev

the cell adhesion. These results agree with Ulwali
etal.'*

The optical analysis

The formation of MgO NPs with smaller sizes has a
significant impact on the MgO NPs’ optical absorption
spectra, it has a strong property in the UV range
(The wavelength of UV-vis spectroscopy ranges from
200 nm to 800 nm), (the number of outer electrons
becomes more), and when the peak position moves
to the UV zone, the energy landing on the molecules’
outer electrons stimulates them and causes them to
transfer to other levels. This depends on the type of
radiation falling on it, either ultraviolet or visible
light.2%?! The energy band gap of MgO NPs (Fig. 9)
was calculated using the Plank equation??

E = hc/A (2)

It was found that Eg = 4.7 eV for MgO(n) and 5.3
eV. for MgO(b) The Eg values are listed in Table 5. As.
These results agree with Ulwali et al.,'* Palanisamy
et al.,?® Kumar et al.,'® Kurhade et al.'®

Conclusion

This study is based on the green synthesis of MgO
NPs by Fig leaves extract, which was synthesized

by two different methods. The two types of MgO
NPs have been characterized. XRD confirms that the
particles formed are polycrystalline of both MgO
nanoparticles with a crystal size from 6.2 to 7 nm
for both MgO NPs. Both kinds of compounds were
found to contain pure MgO, according to EDX analy-
sis. The absorption spectra show an absorption edge
shifted to the UV region with a decreased energy
band gap for both types as compared with bulk MgO.
From the results obtained, the average grain size was
almost similar, and there were slight differences in
the energy gap value, but there was a significant dif-
ference in the average roughness value. The average
roughness (Ra) for MgO (n) is 15.06 nm, so it can be
used in medical applications such as antibacterial and
antifungal agents, while the average roughness (Ra)
for MgO (b) is 4.346 nm, so there is a possibility of
using it in the manufacture of sensors and solar cells,
and also in biological applications.
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