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Abstract

The synthesis of metal oxide nanoparticles with the use of plant extract is a promising alternative to chemical synthesis methods.
In the study, magnesium oxide nanoparticles (MgO-NPs) were synthesized by using Musa acuminata Cavendish banana peel
extract solution. The precursor materials used were Mg(NO3)2.6H20 and dried Cavendish banana peel extract solution. Different
concentration of Mg(NO3)2.6H20, different volume of extract solution, and different calcination temperature were used to conduct
this study. The green synthesized MgO-NPs were characterized by thermogravimetric analysis (TGA), Fourier transform infrared
(FTIR) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, scanning electron microscopy (SEM) and x-ray diffraction (XRD).
The FTIR spectra showed O-H stretch at 3,340 cm™! (peel extract solution), 3,308 cm'/3,348 cm! (pre-calcine sample), and
3,086.11 cm™/3,194.12 cm™' (calcined at 600 °C). The spectra also showed Mg-O stretching at 655.80 cm™ and 594.08 cm! for
pre-calcine and calcined samples, respectively. The wavelength of UV-Vis obtained for 4 sets of green synthesis was around 265
nm due to the surface plasmon resonance band. Thus, confirmed the formation of MgO-NPs. SEM images of MgO-NPs samples
showed a mixture of non-uniform sizes and shapes that were agglomerated with average size range of about 90 nm to 320 nm.
XRD diffraction analyses displayed the MgO-NPs as a cubic structure.

Keywords: green synthesis, magnesium oxide nanoparticles, Musa acuminata, sustainable materials

Abstrak
Sintesis nanopartikel logam oksida dengan menggunakan ekstrak tumbuhan dapat menjanjikan kaedah alternatif kepada sintesis
kimia. Dalam kajian ini, nanopartikel magnesium oksida (MgO-NPs) telah disintesis menggunakan larutan ekstrak kulit pisang
Musa acuminata Cavendish. Bahan prekursor yang digunakan ialah magnesium nitrat heksahidrat (Mg(NO3)2.6H20) dan larutan
ekstrak kulit pisang Cavendish yang kering. Kepekatan Mg(NO3)2.6H20, isipadu larutan ekstrak, dan suhu pengkalsinan yang
berbeza telah digunakan untuk menjalankan kajian ini. MgO-NPs yang disintesis hijau dicirikan oleh Analisis Termogravimetrik
(TGA), Spektroskopi Infra Merah Transformasi Fourier (FTIR), Spektroskopi Ultraviolet-Visible (UV-Vis), Mikroskop Imbasan
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Elektron (SEM) dan Pembelauan Sinar-X (XRD). Spektra FTIR telah menunjukkan kewujudan regangan O-H pada 3,340 cm’!
(larutan ekstrak), 3,308 cm™'/ 3,348 cm™! (sampel sebelum proses kalsin) dan 3,086.11 cm™'/3,194.12 cm™' (MgO-NPs dikalsinkan
pada 600 °C). Spektra FTIR juga menunjukkan regangan Mg-O pada 655.80 cm'! dan 594.08 cm!' untuk sampel sebelum dan

selepas proses pengkalsinan. Panjang gelombang UV-Vis bagi keempat-empat set adalah pada 265 nm adalah disebabkan oleh
jalur resonans plasmon permukaan yang membuktikan pembentukan MgO-NPs. Imej SEM menunjukkan campuran bentuk dan
saiz tidak sekata yang teraglomerat dengan anggaran purata saiz sekitar 90 nm hingga 320 nm. Analisis XRD memperlihatkan

MgO-NPs sebagai struktur kubik.

Kata kunci: sintesis hijau, nanopartikel magnesium oksida, Musa acuminata, bahan lestari

Introduction

Green chemistry has first been introduced in the
America’s Pollution Prevention Act of 1990 aiming to
reducing pollution at its sources and producing less
costly chemical products [1]. According to Murcia et al.,
there are 12 principles of green chemistry which are
waste prevention, atom economy, less hazardous
chemical synthesis, designing safer chemicals, safer
solvents and auxiliaries, use of renewable feedstocks,
reduce derivatives, catalysis, design for degradation,
real time pollution prevention, design for energy
efficiency and safer chemistry for accident prevention
[2]. In synthetic chemistry, green synthesis of
nanoparticles, a single-step pollution-free synthesis
method [3,4] has been reported to fulfil at least five
principles of green chemistry, such as waste prevention,
reduce derivatives, safer solvent and auxiliaries,
renewable feedstocks and less hazardous chemical
synthesis [5]. This production approach is not only
environmentally friendly but they are also cost-efficient
as well as less toxic [6]. Green synthesis of nanoparticles
which employs extracts, such as microorganisms and
plant parts like leaves, fruits, and seeds [7] as a reducing
and capping agent is a great alternative to the expensive
physicochemical methods which poses environmental
and biological threat due to the usage of toxic organic
solvent and hazardous reagents [8]. Farani et al. has
remarked that these natural resources contain
biomolecules, polysaccharides, phenolics, vitamins and
amino acids which give reducing agent properties to
them [9]. Phytochemicals such as terpenoids, aldehyde,
carboxylic acids and amides also contribute in the
reduction and stabilization [5].

The green synthesis method is broadly used as an

alternative to the chemical synthesis method in
synthesizing nanoparticles [10]. In the synthesis of
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magnesium oxide nanoparticle (MgO-NPs), plants
extract such as Embilica officinalis [11], Neem plant
[12], Aloe vera [13] and Trachyspermum ammi [14]
have been used in the green synthesis as this route
replaces physicochemical
techniques, such as the sol-gel method, chemical
precipitation, and hydrothermal [15]. Fruit waste extract
Nepehelium lappaceum L peels [16] Persimmon peels

the wusual conventional

and Citrus aurantium peels have also been used to
synthesize MgO-NPs [17, 18]. Although green synthesis
of metal oxide nanoparticles by using fruit waste
extracts has been extensively studied, the study on
biological synthesis specifically for MgO-NPs has not
been done widely [19]. The exploration of resources of
potential reducing agent is necessary to ensure the
efficiency of green synthesis [5].

Magnesium oxide nanoparticles (MgO-NPs) are known
to exhibit the ability to withstand extreme conditions
and high biocompatibility [20]. MgO-NPs have received
a lot of interests for their variety kind of applications
[21]. It has been found that MgO-NPs has higher surface
to volume ratio and higher surface energy as compared
to bulk MgO due to its small particles size [22]. They
are evidenced to be great refractory and superconducting
materials as they possess good optical and magnetic
properties [22]. In biomedicine, MgO-NPs are applied
for bone regeneration, relief of heartburns as well as
antitumor [23]. They are also known as nontoxic
antibacterial agents that is relatively easy to be obtained
among all the metal oxide nanoparticles [24]. The
properties of the nanoparticles are depending on the size
and geometrical structure of the nanoparticles [25].
Therefore, the optimization of reaction conditions, such
as volume of extract use, pH value, temperature of
reaction, temperature of calcination and volume of
starting materials is crucial as these conditions affect the
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size, shape, form and stability of the nanoparticles
produced [26], tailoring the properties of nanoparticles
to suit different desired applications.

In this study, Musa acuminata or cavendish banana peel
extract was used as reducing and capping agent.
Phytochemical tests conducted in previous research
showed the presence of secondary metabolite
compounds, including alkaloids, flavonoids, saponins,
and polyphenols in banana peel extract [27] making it
suitable as reducing and capping agent. Previous studies
have reported the usage of banana peel extract as a
capping agent in the production of metal nanoparticles
[28]. Banana peel utilization in the synthesis of ZnO-
NPs have also been reported [27,29,30,31,32]. Abdullah
et al. [30] in their comparative study of green and
chemical synthesis by using cavendish banana peel in
the synthesis of zinc oxide nanoparticles (ZnO-NPs)
have noted that green synthesized ZnO-NPs exhibited
higher crystallinity and smaller particle size. The green
synthesized  nanoparticles also showed high
photocatalytic activity comparable to their chemically
synthesized counterpart. On this note, green approach is
proven compatible to that of chemical approach [30].
The optimization of metal oxide synthesis by using
cavendish banana peel has been done as well [29].

While the usage of this peel in metal oxide synthesis has
been explored, especially through ZnO-NPs production,
the research using banana peel extract are still very
limited for MgO-NPs, especially the optimization of
synthesis conditions. The study using banana peel
extract as reducing agent in the synthesis of MgO-NPs
will further explore its potential in metal oxide
nanoparticles synthesis. The optimization of conditions
by using two different methods with different volume of
extracts, different volume of starting materials and
different concentration of starting materials were done
in this study. MgO-NPs were also produced by
calcination with two different temperatures. The study
utilizing these parameters is important as they have
major impact on the morphology and the biological
applications of the nanoparticles produced. Different
volume of extracts, mainly determines the yield of
nanoparticles [26]. This approach differed from
previous study, whereby each parameter was studied

while the others were kept constant [33]. Instead of
focusing on the effect of one parameter at a time on the
nanoparticles, this study focused on the effect of four
parameters concurrently on the nanoparticles. The
produced MgO-NPs were characterized by using
thermogravimetric analysis (TGA), Fourier transform
infrared (FTIR) spectroscopy, ultraviolet-visible (UV-
Vis) spectroscopy, scanning electron microscopy (SEM)
and X-ray Diffraction (XRD) to further understand the
effects of parameters on the size, surface morphology
and crystallite structure of MgO-NPs.

Other than that, the utilization of the peel which
contributes to a major agriculture waste [34] allows the
researchers to harness renewable feedstocks as well as
preventing waste and derivatives that align with the
principles of green chemistry. By using banana peel as
reducing agent, the researchers manage to provide safer
chemicals and solvents which is better to the people and
environment. In the synthesis methods, low temperature
and short reaction time were operated allowing efficient
energy consumption and high feasibility. Hence, the
usage of banana peels extract is considered
environmentally, socially and economically sustainable,
making it a ‘green’ approach.

Materials and Methods

Materials

Magnesium nitrate hexahydrate (Mg(NOs),) were
purchased from Sigma Aldrich and used without further
purification. Musa acuminata Cavendish bananas were
brought from local supermarket in Petaling Jaya,
Selangor. Distilled water was used to prepare all the
solutions and Whatman No. 1 filter paper was used to
filter MgO-NPs solution.

Synthesis of magnesium oxide nanoparticles (MgO-
NPs): Preparation of banana peel extract

The Musa acuminata Cavendish banana peels were
rinsed thoroughly with distilled water and cut into
smaller pieces. The peels were oven dried at 150 °C for
4 h and ground into powder. A total of 20 g powdered
banana peel was added in a beaker with 200 mL of
distilled water. The mixture was heated at 70 °C—80 °C
for 1 h and filtered with filter paper. Excess extract
solution was kept in the refrigerator (maximum 24 h).
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Phytochemical tests of banana peel extract

To investigate the compounds presence in the banana
peel extract, several phytochemical tests were carried
out. This included saponin test, alkaloid test, tannin test,
phenol test, flavonoid test, terpenoid test, and glycoside

test. Table 1 shows a list of methods for each test. Each
test was performed at least three times and only tests
which appeared positive in two or more tests were
considered to confirm the presence of the active
compounds in banana peel extract.

Table 1. Phytochemical tests methods.

Tests

Methods

Saponin Test

Wagner’s Test

Mayer’s Test

Tannin Test

Phenol Test

Flavonoid Test

Salkowski Test

Liebermann’s Test

1 mL of peel extract solution was added with 2 mL of distilled water in a test tube.
The solution was shaken vigorously and was observed for a stable persistent froth
for 10 min.

0.5 mL of peel extract solution were treated with a few drops of Wagner’s reagent
(iodine in potassium iodide). The colour changes were observed, and a brown
precipitate formed to indicates the presence of alkaloid.

0.5 mL of peel extract solution was treated with a few drops of Mayer’s reagent
(potassium mercuric iodide). A yellow cream precipitate formed to indicates the
presence of alkaloid.

0.5 mL of peel extract solution was added with 1 to 2 drops of 10% iron (III)
chloride solution. A dark green or blue-green coloration indicates the presence of
tannins.

0.5 mL of peel extract solution was put into test tube was added followed with 2
to 3 drops of 10% iron (III) chloride solution. The presence of green or blue colour
indicates the presence of phenolic compound.

0.5 mL of peel extract solution was treated with few drops of concentrated
sulphuric acid. The colour changes were observed, and a formation of orange
colour indicates the presence of flavonoid.

0.5 mL of peel extract solution was added with 2 mL of chloroform followed by
3 mL concentrated H>SOj4 carefully to form a layer. Terpenoids are present if a
reddish-brown colouration is observed.

3 mL of peel extract solution was added with 2 mL of CHCl; and 2 mL of
CH3COOH. A blue colour solution changes into green colour indicated the
presence of glycosides.

Green synthesis of magnesium oxide nanoparticles
(MgO-NPs)

MgO-NPs were synthesized with two different set of
conditions, (A) 30 mL peel extract with 150 mL
Mg(NO3), (0.05 M) aqueous solution; (B) 25 mL peel
extract with 200 mL Mg(NOs), (0.10 M) aqueous
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solution. An amount 30 mL of banana peel extract was
added to 150 mL of Mg(NOs), (0.05 M) aqueous
solution. The reaction mixture was stirred at a constant
temperature of 80 °C by using a magnetic stirrer hot
plate for 2 h. Color changes were noted for the reaction
mixture as it indicates the formation of precipitate.
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After the 2 h of constant stirring and heating, the mixture
was cooled down to room temperature. The cooled
mixture was centrifuged at 8,000 rpm for 20 min. The
mixture was filtered and oven dried at 80 °C overnight.
The fully dried precipitate was ground with mortar and
pestle.

Thermogravimetric analysis (TGA) was conducted prior
to calcination to determine the suitable calcination
temperature. To obtain the final product, MgO-NPs, the
ground samples from previous step were calcined in the
furnace at the suitable temperatures for 5 h. The
procedure was repeated with Condition B.

Characterization of magnesium oxide nanoparticles
(MgO-NPs): Thermogravimetric analysis (TGA)
Perkin Elmer Pyris 6 TGA thermogravimetric analyzer
was used to quantitatively monitor the weight change in
the sample as a function of temperature. About 5 mg of
pre-calcine MgO-NPs were weighed and used on each
analysis to avoid any influence of sample quantity in the
analysis. The analyses were performed in the presence
of nitrogen gas with a constant flow rate of 20 mL min'!
throughout the process. The analyses were conducted
within temperature range of 30 °C to 900 °C at a
ramping rate of 10 °C min"!. The TGA graph were
obtained after the analyses.

Fourier transformation infrared (FTIR)
spectroscopy

The FTIR analyses were performed by using Shimadzu
model IRTracer-100 spectrophotometer in the range of
400 cm! to 4,000 cm' with the attenuated total
reflectance (ATR) technique. The diamond on the
sample platform was cleaned with acetone by using lens
paper. A background scan without any sample on the
diamond was done. A small amount (about 5 mg) of pre-
calcine MgO-NPs were placed on the diamond until it
was fully covered for each analysis. The pressure arm
was placed into position and locked over the diamond
filled with sample. Force was applied on the sample,
pushing it onto the diamond surface. Finally, the sample
was analyzed with the software and the FTIR spectra
were obtained.

Ultraviolet-Visible (UV-Vis) spectroscopy

Shimadzu UV-Visible spectrophotometer model UV-
1800 was utilized for the characterization of MgO-NPs.
The baseline was set with the blank. The reference
cuvette and measurement cuvette were filled with
distilled water. The cuvettes were placed and aligned
properly in the spectrometer. After setting the baseline,
the measurement cuvette was removed and rinsed twice
before filling with sample. The cuvette was ensured that
it was clear from fingerprints and placed into the
spectrometer for analysis. The wavelength range of the
analyses were set to be within 200 nm to 800 nm with a
resolution of 1 nm. The absorbance spectra were
collected after the analyses.

Scanning electron microscopy (SEM)

The morphology of MgO-NPs samples was analyzed
from the images generated from the TESCAN VEGA
scanning electron microscope. To prepare the samples,
double-sided carbon adhesives were applied onto the
SEM stubs and the protective films were removed.

Then, the MgO-NPs samples were placed on the
adhesives and coated them with gold (Au) by using the
gold sputtering machine. The coated samples (on the
stubs) were loaded onto the sample stage in the SEM
chamber. Then, suitable spots for desired structure or
morphology of MgO-NPs were located and the SEM
images were captured at 4 magnifications, 5kx, 10kx,
15kx, 20kx.

X-ray diffraction (XRD)
To identify phases and patterns of MgO-NPs, XRD
analyses were conducted by using Rigaku Miniflex II
diffractometer (30 kV, 15 mA) with Cu K-a radiation
(1.5418 A) with a Bragg’s angles, 260 range of 20° to 80°
with a scan rate of 2°/min.

The MgO-NPs samples were ground by using agate
mortar and pestle to produce a uniform fine powder. The
samples were placed onto a glass sample holder with a
square hollow-ground side. The excess samples were
cleared by sliding across the sample holder with a glass
plate. Then, the surface of the samples was smoothed
with the back of the glass plate. Any excess samples on
the glass sample holder (around hollow-ground side)
were wiped off. The sample holder was carefully
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inserted onto the sample holder slot, ensuring no sample
spills for the XRD analyses.

Results and Discussion

Several phytochemical tests were conducted on the
Cavendish banana peel extract solution to confirm the
bioactive compounds and the functional groups
responsible for the reduction and capping of MgO-NPs.
Table 2 shows that alkaloid, tannin, phenol, flavonoid,
and terpenoid were present in banana peel extract
solution.

The phytochemical tests were carried out in triplicate
and labelled as 1, 2, and 3 for each compound to confirm
the consistency and accuracy of the results. The
presence of the compound of interest in the peel extract
solution will only be considered if two or more positive
results were obtained from the tests. The findings were
mostly similar to previous studies [27, 35], however
with a slight difference. In their studies, saponin and
glycoside were present in banana peel extract solution
while it was not present in this study. The different
outcomes could be due to the drying condition of the
banana peels [36].

Table 2. Phytochemical test results of Cavendish banana peel extract solution

Tests 1 2 3

Saponin Foam Test - - -
Alkaloid Mayer’s Test + + +

Wagner’s Test + + +
Tannin Ferric Chloride Test + + +
Phenol Ferric Chloride Test + + +
Flavonoid Flavonoid Test + + +
Terpenoid Salkowski’s Test + + +
Glycoside Liebermann’s Test - - -

Note: (+): detected, (-): not detected

Thermogravimetric analysis (TGA)
Thermogravimetric analyses were carried out to
determine the suitable temperature for calcination of the
green synthesized MgO-NPs [37]. Figure 1 shows the
thermogravimetric graph of two pre-calcined samples
with two different sets of volume and concentration of
starting materials. Based on Figure 1, the initial stage of
weight loss below 100 °C was due to the evaporation of
moisture and other volatile compounds [38], whereas
the weight loss started at below 550 °C was due to the
decomposition of the phytochemical compounds in peel
extract and other organic compounds [37,39].

TGA curve for the MgO samples showed that weight
loss of almost 87% from 30 °C had occurred
continuously up to 600 °C as the graph showed almost a
plateau thereafter. This indicated that MgO-NPs
synthesized by using Method A and Method B were
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thermally almost stable starting at 600 °C and
continuing up to the maximum temperature of 900 °C
[39]. From this information, the green synthesized pre-
calcine samples were subjected to calcination at 600 °C
and 800 °C. It can be concluded that the formation of
MgO synthesized with both Condition A and Condition
B took place with heating at more than 600 °C.

Fourier transformation infrared (FTIR)
spectroscopy

FTIR results were obtained for MgO-NPs synthesized
with Condition A are shown in Figure 2, the broad peak
centered at (a) 3340.71 cm’!, (b) 3308.85 cm™!, and (c)
3086.11 cm™! were due to the stretching vibration of O-
H group [38,39]. The presence of O-H groups is
supported by the absorption peak at (a) 1635.64 cm™' and
(b) 1620.21 c¢cm™!, which corresponded to the bending
mode of O-H bond [18].
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Figure 1. TGA graph of pre-calcine sample synthesised with (a) condition a (b) condition b before calcination.
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Figure 2. FTIR Spectra of MgO (Condition A): (a) banana peel extract solution (b) before calcine; (c) calcined at

600 °C; (d) calcined at 800 °C

The O-H groups located around 1630 cm™! could be from
the hydroxyl groups of the phytochemical compounds in
the peel extract that were involved in the capping
reaction [39]. Overall based on Figure 2 (b), Figure 2 (¢)
and Figure 2 (d), both O-H peaks became narrower and
eventually disappeared with increasing calcination
temperature as elimination of water molecules in the
samples increased [40].

Other than O-H stretching, the broad peak centered at
(a) 3340.71 cm™! could also be the stretching vibration

of N-H groups, which is a feature of phenolic
compounds, such as glycosides, tannins, and flavonoids
[41]. This finding agreed with the phytochemical test
result conducted. Moreover, the two small absorption
peaks at 2924.09 cm™! and 2854.65 cm™! shown in Figure
2 (b) represented the C-H stretching vibration in CH
groups which could be due to the phytochemical
compounds [42]. The peaks slowly became
indistinguishable as the calcination temperature
increased. This meant that the capping reaction with
phytochemical compounds had occurred [43].
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The absorption peak at (b) 1373.32 cm™! represented the
C-H bending vibration. Whereas the peaks at (c)1404.18
cm’! to 1465.90 cm™' and (d) 1427.32 cm™! were assigned
to Mg-H which indicated the formation of hydride ion
[44]. Besides, absorption peaks located between (b)
964.41 cm, and 1141.86 cm” were most likely
attributed to C-O and C-O-C diagnostic bonds [42]. The
peaks at 2924.09 cm™ and 1141.86 cm! in Figure 2 (b)
proved the presence of polysaccharides, polyphenols
and proteins [38] as the peaks corresponded to the
functional groups contained in those phytochemicals in
the pre-calcined MgO-NPs. The peaks became narrower
when the samples were calcined, indicating that possibly
the phytochemicals had undergone capping reaction.

The appearance of extra peaks at 3086.11 cm™, 1465.90
cm!, 1404.18 cm™!, 1049.28 cm™! and (d) 1427.32 cm™!,
1041.56 cm™ might be due to: (1) formation of
crystalline inorganic compounds present in the peel
extract during the calcination process; and (2) strong
bonds that stabilized the formation of MgO-NPs after
the decomposition of phytochemicals which remained
over the surface of MgO-NPs [41]. The broad absorption
peaks at (b) 648.08 cm™! and (c, d) 594.08 cm™! from all
FTIR spectra obtained for green synthesized MgO-NPs
with Condition A, indicated the stretching vibration
mode for the Mg-O compound group [39]. The summary
band assignment is shown in Table 3.

Table 3. Band assignment of peel extract and MgO-NPs (Condition A)

Wavenumber (cm™)

Band Assignment Banana Peel Extract Before Calcined Calcined
Calcine (600 °C) (800 °C)
O-H stretch 3340.71 3308.85 3086.11 -
N-H stretch 3340.71 - - -
C-H stretch - 2924.09 & 2854.65 - -
O-H bend 1635.64 1620.21 - -
C-H bend - 1373.32 - -
Mg-H - - 1404.18 & 1465.90 1427.32
C-O0 - 1141.86 - -
C-0-C - 964.41 - -
Mg-O - 648.08 594.08 594.08

Similar FTIR results were obtained for MgO-NPs
synthesized with Condition B, as shown in Figure 3. The
broad peak centered at (a) 3340.71 cm™!, (b) 3348.42 cm"
!, and (¢) ,194.12 cm™! were due to the O-H stretch [18].
Also, the absorption peaks at (a) 1635.64 cm™' and (b)
1,627.92 cm™!, which corresponded to the bending mode
of O-H bonds which came from the hydroxyl groups of
the phytochemicals of peel extract solution that were
involved in the capping reaction [18,39].

Similarly, based on Figure 3 (b), Figure 3 (c) and Figure
3 (d), both O-H peaks became narrower and eventually
disappeared with increasing calcination temperature
when more water molecules were evaporated [40]. As
mentioned, the broad peak centered at (a) 3340.71 cm’!
could also be the stretching vibration of N-H groups
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other than O-H groups. N-H groups are a feature of
phenolic compounds, such as glycosides, tannins, and
flavonoids [41] which agrees with the phytochemical
test results of the extract.

Furthermore, the two small absorption peaks observed
in Figure 3 (b) at 2924.09 cm™ and 2851.49 cm’!
represented the C-H stretching vibration in CH; groups.
This could be attributed to the phytochemical
compounds [42]. As the -calcination temperature
increased, the  peaks  became
indistinguishable. This indicated that the phytochemical
compound capping reaction had taken place.

increasingly

The C-H bending vibration is represented by the
absorption peak at (b) 1334.74 cm™'. The peaks at (c)
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1411.89 cm™ — 1473.62 cm™! were attributed to Mg-H during the calcination process; and (2) strong bonds that
indicating the presence of hydride ion [44]. Besides, C- stabilized the formation of MgO-NPs after the
O and C-O-C diagnostic bonds were most likely degradation of phytochemicals which remained over the

responsible for absorption peaks between (b) 964.41 cm” surface of MgO-NPs [41].
!, and 1141.86 cm! [42]. When the samples were

calcined, the peaks narrowed, indicating that the Based on all the FTIR spectra obtained for green
phytochemicals had undergone a capping reaction. synthesized MgO-NPs with Condition B, the broad

absorption peaks at (b) 655.80 cm™ and (c, d) 594.08 cm
The extra peaks that appeared at 3194.12 cm™, 1473.62 !indicated the stretching vibration mode for the Mg-O
cm’!, 1411.80 cm™, 1056.99 cm™! and (d) 1049.28 cm! compound group [39] which confirmed the production
could be because of: (1) the formation of crystalline of MgO. The summary band assignment is shown in
inorganic compounds present in the extract solution Table 4.

@ 104928
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(© 3194.12 1056.99
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594.08
(b) 2851.49
2924.09

3348.42 1627.92
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Figure 3. FTIR Spectra of MgO (Condition B): (a) banana peel extract solution (b) before calcine; (c) calcined at

600 °C; (d) calcined at 800 °C

Table 4. Band assignment of peel extract and MgO-NPs (Condition B)

Wavenumber (cm™)

Band Assignment Banana Peel Extract Before Calcined Calcined
Calcine (600 °C) (800 °C)
O-H stretch 3340.71 3348.42 3194.12 -
N-H stretch 3340.71 - - -
C-H stretch - 2924.09 & 2851.49 - -
O-H bend 1635.64 1627.92 - -
C-H bend - 1334.74 - -
Mg-H - - 1411.89 & 1473.62 -
C-O - 1141.86 - -
C-0-C - 964.41 - -
Mg-O - 655.80 594.08 594.08
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Ultraviolet-Visible (UV-Vis) Spectroscopy

The synthesis of MgO-NPs was confirmed by the
appearance of a maximum surface plasmon resonance
(SPR) detected by UV-Vis spectroscopy. SPR located at
different wavelengths can affect the shape, size and well
distribution of green synthesized NPs [45].

The size of MgO-NPs produced through green synthesis
tended to be small when the SPR band is located at
wavelength lesser than 300 nm. However, the absorption
peak shifted to larger wavelength (red-shift) with
increasing particle size [46]. As shown in Figure 4, the
absorption of the MgO-NPs synthesized with Condition
A, calcined at 600 °C and 800 °C showed wavelengths
at 264.50 nm and 265.50 nm, respectively. On the other
hand, the absorption band of MgO-NPs formed with

Condition B (Figure 5) was located at wavelength 264
nm for both calcination temperatures (600 °C and
800 °C).

According to previous studies, the absorption of UV-Vis
spectrum of MgO-NPs was reported between 260 nm—
300 nm [18, 39, 42, 47, 48]. Therefore, the absorption
peak of MgO-NPs obtained with both conditions were
within the accepted wavelength range. This meant that,
the change in concentration of Mg(NO3),.6H,O and
volume of extract solution did not have a significant
effect on the formation of MgO-NPs. However, MgO-
NPs calcined at 800 °C showed a higher absorbance
value indicating more yield of MgO-NPs [33]. This was
due to the faster rate of crystal growth at higher
temperature as thermal energy increased [49].

0.5

’=265.50 nm

Absorbance (a.u.)

0.0

—— MgO calcined 600°C
—— MgO calcined 800°C

I
200 300

400 500 600
Wavelength (nm)

Figure 4. UV-Vis spectra of MgO-NPs (Condition A) calcined at 600 and 800 °C

0.8

05

04 |

0.3

Absorbance (a.u.)
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0.0
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"200 300
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Figure 5. UV-Vis spectra of MgO-NPs (Condition B) calcined at 600 and 800 °C
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Scanning electron microscope (SEM)

The morphology of the MgO-NPs is presented in Figure
6, Figure 7, Figure 8, and Figure 9. In general, the
average particle size for MgO-NPs synthesized with
Condition A and Condition B with different calcination
temperatures varies.The products of green synthesis
with Condition A, calcined at 600 °C and 800 °C, as well
as products formed with Condition B, calcined at 600 °C
were not within the nanoparticles size range. Whereas,
the MgO-NPs produced with Condition B and calcined
at 800 °C was within the nanoparticle size range of 1 nm
— 100 nm [50]. The bigger particle size for MgO-NPs
calcined was due to secondary phase, Mg(OH),, present

in the MgO lattice causing it to be less crystalline [49].
This finding contradicts other study which stated that

A

20,000x magnification

As shown in Figure 7, the particles synthesized with
Condition A and calcined at 800 °C also had a non-
uniform shape with an average size of 140.52 nm. The

RESOLUTION

NANOFIZIK. FSSM, UMT

Figure 6. SEM images of MgO-NPs (Condition A) calcine

higher calcination temperature increases the particle
size. However, the study only studied the effect of
calcination temperature while other conditions were
kept constant [51].

Based on previous studies, the concentration and
amount of extract used, reaction temperature, and pH
value could affect the variable parameters, such as size,
shape, and agglomeration [52, 53]. Figure 6 shows the
SEM images of MgO-NPs synthesized with Condition
A with calcination temperature of 600 °C. The particles
had non uniform shape with an average size of 316.78
nm, the smallest particle was about 107 nm while the
largest particle was about 550 nm with some degree of
agglomeration.

smallest particle was about 62 nm while the largest
particle was about 255 nm with some degree of
agglomeration as well.

10pA

15kaV.

TESCAN VEGA NA

Figure 7. SEM images of MgO-NPs (Condition A) calcined at 800 °C; at (a) 5,000x, (b) 10,000x, (c) 15,000%, and (d)

20,000x magnification
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Furthermore, Figure 8 shows the SEM images of
synthesized MgO-NPs with Condition B and calcined at
600 °C. Most of the particles had irregular shapes with

NANCFI ol T

20,000x magnification

Figure
20,000x magnification

Lastly, Figure 9 shows the SEM images of MgO-NPs
synthesized with Condition B and calcined at 800 °C.
Most of the particles had non-uniform size and shapes
with smaller crystallite as compared to other samples.
The average particle size was 92.20 nm, with smallest
particle of about 80 nm and largest particle of about 105
nm. Overall, all samples were highly agglomerated.

X-ray diffraction (XRD)

The synthesized MgO-NPs were subjected to x-ray
diffraction analyses to confirm the presence and size of
the NPs, obtain the crystallinity or amorphic nature, and
detect possible impurities [41]. Figure 10 and Figure 11
show the x-ray diffraction pattern for MgO-NPs
synthesized with Condition A and Condition B,

1028

a mean particle size of 208.31 nm. The smallest particle
was around 148 nm, and the biggest particle was about
255 nm. Some degree of agglomeration was observed.

Figure 8. SEM images of MgO-NPs (Condition B) calcined at 600°C; at (a) 5,000, (b) 10,000x, (c) 15,000x, and (d)

76.84 nm

81.36nm

99.44,0m < 98.51 nm

e

9. SEM images of MgO-NPs (Condition B) calcined at 800°C; at (a) 5,000x, (b) 10,000x, (c) 15,000x, and (d)

respectively. Based on the PDF reference card
No0.9000493, the MgO-NPs obtained were in cubic
structure with space group Fm-3m (225). Similar results
were obtained for MgO-NPs synthesized with Condition
A and Condition B. All the peaks observed for the MgO-
NPs as listed in Table 5 and Table 6 were also in
agreement with the PDF reference card No.9000493 and
previous studies [45,49,51].

The presence of MgO-NPs was confirmed as all the
samples (calcined at 600 °C and 800 °C) showed the
presence of peaks corresponding to (111), (200), (220),
(311) and (222) planes. Other than that, the sharp
characteristic peaks in the diffractogram indicated the
highly crystalline structure of MgO-NPs [49]. The MgO
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peaks became sharper as the calcination temperature

increased as evidenced in the Figures and Tables.
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8
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Figure 10. XRD of MgO-NPs (Condition A) (a) commercial and calcined at (b) 600 °C, and (c) 800 °C

Table 5. Crystallinity parameter of MgO-NPs synthesised with Condition A

(a) Calcined at 600 °C

20(°) PB(®) Intensity (cps) Lattice Plane Mean Particle size (nm)
28.280 0.301 50 - -
30.17 048 12 - -
36.72 045 13 111 19.44
40.40 0.33 30 - -
42.757 0.544 164 200 16.39
49991 0.19 13 - -
62.17 0.61 70 220 15.89
66.30 041 6 - -
74.51 1.17 5 311 8.91
7834  0.78 15 222 13.73
(b) Calcined at 800 °C
20(°) P () Intensity (cps) Lattice Plane Mean Particle Size (nm)
36.80 0.48 25 111 18.23
42.736 0.414 290 200 21.53
62.10 0.449 126 220 21.58
7445 041 16 311 2543
7849 043 32 222 24.93

However, several peaks corresponded to impurities were
detected for the MgO-NPs calcined at 600 °C. The extra
impurities peaks detected were caused by stable
crystalline inorganic compounds formed during the

calcination of pre-calcine samples containing Mg(OH);
and strong bonds that remained over the surface of
MgO-NPs [41]. On the other hand, no peaks other than
the characteristic peaks of MgO were detected for the

1029



Mohd Saidi et al: SYNTHESIS AND CHARACTERIZATION OF MAGNESIUM OXIDE NANOPARTICLES
BY USING BANANA PEEL (Musa acuminata CAVENDISH) EXTRACT

MgO-NPs calcined at 800 °C, indicating that pure MgO-
NPs were synthesized.

The average crystallite size of the MgO-NPs was
estimated by using the Debye Scherrer’s formula. When
calcined at 600 °C, MgO-NPs synthesized with

Condition A were approximately 9 nm—20 nm, but when
calcined at 800 °C, they were roughly 18 nm-25 nm.
Besides, MgO-NPs synthesized by using Condition B
had a diameter of 9 nm—20 nm when calcined at 600 °C
and was 17 nm—23 nm when calcined at 800 °C.

(c)

(222)

(311)

L

Intensity (cps)
G

L

50 60 70 80
20 (degree)

Figure 11. XRD of MgO (Condition B) (a) commercial and calcined at (b) 600 °C, and (c) 800 °C

Table 6. Crystallinity parameter of MgO nanoparticles synthesised with Condition B

(a) Calcined at 600 °C

20(°) P () Intensity (cps) Lattice Plane Mean Particle Size (nm)

28.280 0.301 50 - -
30.17 0.48 12 - -
36.72 045 13 111 19.44
40.40 0.33 30 - -
42.757 0.544 164 200 16.39
49991 0.19 13 - -
62.17  0.61 70 220 15.89
66.30 0.41 - -
74.51 1.17 5 311 8.91
7834  0.78 15 222 13.73
(b) Calcined at 800 °C
20(°) P () Intensity (cps) Lattice Plane Mean Particle Size (nm)
36.84  0.50 23 111 17.50
42.744 0.465 301 200 19.17
62.10 0.529 129 220 18.32
7446 045 16 311 23.17
78.44  0.54 31 222 19.85
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Conclusion

In summary, MgO-NPs have been successfully
synthesized by using cavendish banana peel extract as
reducing and capping agent, proving the concept of
waste-to-wealth. The synthesis of MgO-NPs by using
this banana peels with two methods of study which
employed different volume of extracts and starting
materials as well as different volume of starting
materials were both reproducible as they both showed
similar thermal stability. FTIR has shown that the
mechanism of synthesis in this study were reduction and
capping as the peaks of functional groups for
biomolecules in the plants appeared in the pre-calcined
samples for both methods. However, the peaks
disappeared after calcination showing the occurrence of
a full reduction and capping of the produced
nanoparticles. Morphology and shapes of nanoparticles
are dependent of the concentration and volume of
starting materials, volume of extracts and calcination
temperatures. As shown in SEM images, method A
produced spherical shaped nanoparticles while method
B produced irregular shaped nanoparticles. In the future,
further research on the relationship between
morphology of MgO-NPs and the properties of MgO-
NPs can be studied in order to customizing the
applications of MgO-NPs in the biological, physical and
all nanotechnology-related fields. Overall, the best
results obtained were from Condition B (25 mL extract
with 0.1 M concentration of starting materials), thus
sustainable and optimized synthesis methods have been
successfully developed for future exploration of MgO-
NPs. More waste products can be explored in the future
providing more sustainable resources of reducing agent
for the synthesis of MgO-NPs.
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