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Abstract

The synthesis of Magnesium oxide nanoparticles (MgO-NPs) with the use of Allium cepa L (onion) peel
waste is a promising alternative to traditional chemical methods. The Allium cepa L peel extract was used
as a substrate for the synthesis of MgO-NPs using bottom-up approach. The extract phytochemically
screened, demonstrated the presence of saponins, alkaloids, flavonoids, phenolics, and other bioactive
compounds, which enhance and act as a bio-reductants to MgO-NPs formation. The biosynthesized MgO-
NPs were investigated for optical properties, functional moieties, crystallinity state, elemental
constituents, morphology, particle size and their energy harvesting abilities using UV-Visible
spectrophotometry, Fourier Transform Infrared Spectrophotometry (FTIR), Energy Dispersive
Spectrometry (EDX), Transmission Electron Microscopy (TEM), Scanning electron microscopy (SEM)
and Tauc's plot respectively. UV-Visible spectrum revealed that MgO-NPs showed maximum absorption at
wavelength of 241nm in the ultraviolet region. FTIR results showed prominent peaks at 3464cm’,
3360cm! represents stretching vibration of O-H group. The peaks at 1592cm™, 1171 cm™ represents the
stretching vibration of aromatic C=C bond. EDX results revealed the elemental composition in
percentages of the elements in the nanoparticles, showing Mg (69.96%, 3.85 keV), O (26.67 %, 1.09 keV)
and C (8.34 %, 1.26 keV). PXRD revealed a crystalline, cubid shaped with porous surface for SEM. The
particle size (average) of the nanoparticles as characterized by TEM were found to be 63 nm. The band
gap energy was calculated using Tauc's plot to be 3.57 eV.

Keywords: Green synthesis, biowaste utilization, MgO nanoparticles, Al/ium cepa, biowaste utilization,
energy harvesting.

1.0 INTRODUCTION catalytic activity (Ahn et al., 2018; Kumar et

. . L,
The rapid advancement in nanotechnology has ¢

led to an increased demand for metal oxide
nanomaterials due to their unique properties
and diverse applications in electronics, energy,
catalysis and environmental remediation.
Among various metal oxides, magnesium oxide
nanoparticles (MgO-NPs) have  gained
significant attention in energy applications due
to their unique physicochemical properties,

2020). However, conventional synthesis
methods for MgO-NPs often involve hazardous
chemicals, high energy consumption, and
generate toxic bye-product, contradicting the
principles of green chemistry and sustainable
development (Nasrollahzadeh et al., 2019). The
chlorophyll molecule (CssH72OsN+sMg), which
is essential in absorbing light energy during
photosynthesis, contains magnesium as a key

including wide bandgap, high thermal stability,
excellent optical properties and remarkable
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component as shown in figure 1 below. The
emerging shift toward green synthesis
methodologies  has  gained  significant
momentum, with biological systems offering
environmentally  benign alternatives  for
nanoparticle synthesis (Ituen and Archibong,
2022). Plant-mediated synthesis, in particular,
has attracted considerable attention due to the
abundance of bioactive compounds that serve
as natural reducing agents, stabilizers, and
capping agents (Singh et al., 2018). Among
various plant materials, agricultural waste
represents an untapped resource that can
simultaneously address waste management
challenges while providing cost-effective
precursors for nanomaterial synthesis (Singh et
al., 2023).

Allium cepa L (onion) is an extensively
cultivated and consumed vegetables worldwide,
with global production exceeding 100 million
The

tonnes annually (FAOSTAT, 2023).
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processing and consumption of onions generate
substantial quantities of peel waste, estimated
at 10-15% of the total weight, which is
typically discarded or used for low-value
applications such as composting (Ituen et al.,
2020). Onion peels are rich repositories of
bioactive compounds, including flavonoids
(quercetin, kaempferol), phenolic acids (ferulic
acid, caffeic acid), anthocyanins, and
organosulfur compounds, which possess strong
antioxidant and reducing properties (Sharma et
al., 2015). Despite the growing interest in
green synthesis of metal oxide nanmomaterials,
comprehensive studies on utilization of onion
peel extract for MgO-NP synthesis and their
systematic evaluation for energy harvesting
applications remain limited (Ituen and
Archibong, 2022, Roy et al., 2021, Pathak et
al., 2019). Previous researches have primarily
focused on antimicrobial and biomedical
applications (Ikhioya ef al., 2023).

Figure 1: Structure of Chlorophyll (Sharma et al., 2015)

This study addresses these knowledge gaps by
developing a novel, sustainable synthesis route
for MgO-NPs using Allium cepa peel extract
and conducting evaluation of their energy

harvesting potential. The research objectives

include: The extraction of the bioactive
component from Allium cepa L peel by

maceration method, qualitatively determine
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Phytochemical Properties of the aqueous
extract of onion peel, synthesize MgO-NPs,
determine the energy band gap of MgO-NPs
using Tauc's plot and to determine the
electrochemical properties of the synthesized
MgO-NPs using its energy band gap.

2.0 MATERIALS AND METHODS

Formation of MgO-NPs and absorption
wavelength were determined by UV-Vis
spectroscopy (UV-2600 Spectrophotometer).
X-ray diffraction (XRD) spectroscopy at 260 =
10° — 80° in comparison with the extract and
Energy dispersive X-ray spectroscopy (EDS,
EVO MA 15 Zeiss). The morphology of the
MgO-NPs and size was characterized by
transmission electron microscopy (TEM, FEI
TECHNAI G2F20). Fourier transform infrared
(FTIR) spectroscopy were used to determine
functionalities within 400 - 4500 ¢cm™! using a
spectrophotometer (Beijing
Rayleigh). The current-voltage responses and
photoelectrochemical properties
determined at one sun illumination (AM 1.5 G,
100 mWem?) using a Keithley 2400 source
measurement unit and by electrochemical
impedance spectroscopy (EIS, Gamry REF600
workstation).

2.1.0 Methods

2.1.1 Collection and Extraction of Allium
cepa L Peel Extract (Ikhuoria et al., 2024)

PerkinElmer

were

Fresh onions (Allium cepa L) were purchased
from Hausa Market in Warri-Sapele Road,
Uvwie LGA, Delta State, Nigeria and
taxonomically authenticated at the Department
of Plant Biology and Biotechnology, University
of Benin., Nigeria. The Magnesium precursors,
specifically Magnesium acetate tetrahydrate
(CHsCOO):Mg- 4H20) and Sodium hydroxide
(NaOH) was purchased from Winteck Nig Ltd
(Sigma-Aldrich Product). The Allium cepa
L Peel (100 g) were rinsed with distilled water
to remove impurities and air-dried at room
temperature for 48 hours. The dried peels were
ground into fine powder using a mechanical
grinder. The powdered peel (20g) was boiled in
100 mL of distilled water at 70°C for 2 hours
under continuous stirring. The resulting
solution was cooled to room temperature and
filtered through Whatman filter paper. The

filtrate was stored at 4°C

2.2.  Phytochemical and Bioactive
Components of aqueous Extract of Allium
cepa L Peel

A number of phytochemicals in the aqueous
extract of Allium cepa L Peel were identified
using the procedure mentioned by (Akpeji et
al., 2024a; Ikhuoria et al., 2024). Figure 2:
Shows flow diagram describing the process of
extraction.
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ONION PEEL WASTE (Allium cepa L)

Air-dry at room
temperature for 48
hours

Rinsed proper|y

Figure 2; Flow diagram for the extraction of Allium cepa L peel waste

(Ikhuoria et al., 2024)

2.3. Phytochemical and Bioactive
Components of aqueous Extract of Allium
cepa L peel

A number of phytochemicals in the aqueous
extract of Allium cepa L peel were identified
using the procedure according to (Akpeji et al.,
2024a; Akpeji et al., 2024b; Akpeji and Singh,
2026; Ikhuoria et al., 2024; Odeja et al., 2026)
but with slight modification.

2.3.1 Alkaloid Test (Wagner’s test):
Alkaloids give reddish brown precipitate with
Wagner’s reagent. (Solution of iodine
potassium iodide)..

2.3.2 Reducing Sugars: A volume of about 2
mL of aqueous extract Allium cepa L peel was
placed in the test tube, to which Benedict
reagent was added after which the contents
warmed gently. Presence of red
precipitate in the test tube proves that at least
some reducing sugars were originally present
in the Allium cepa L peel extracts.

2.3.3 Saponin test: 5SmL of distilled water
were added to 2mL of the Allium cepa L peel
extracts in the testube. It was shaken very
vigorously. The presence of saponin was

in

WCErIc

proven when compact, continuous and well

T — WK s

Pulverization

70 °C
For 2 hours with
constant agitation
Water bath

!

v

Maceratlon

Filter
Whatman N. 1

Aqueous
Extract

=

formed froth is maintained approximately after
2 minutes.

2.3.4 Phenolic Compound test (ferric
chloride test): Few drops of 10 percent ferric
chloride solution was added to 2mL of the
aqueous extract of Allium cepa L peel. The
colouration of the green-blue that is the
indicator to the presence of the phenolic
compounds.

2.3.5 Carbohydrates test: Correctly, SmL of
Fehling solution was added to 2mL of aqueous
extract mixture and then left to boil on water
bath. The presence of carbohydrate was also
observed because the production of yellow
precipitate was also observed.

2.3.6 Test of tannins: To 2mL of the Allium
cepa L peel extracts, 50 percent ferric chloride
solution was added and the formation of a dark
green precipitate confirmed that the peel had
tannins.

2.3.7 Test of flavonoids: 2 mL of the
aqueous extract of Allium cepa L peel, we
added a small portion of water, then we added
several drops of the lead acetate solution in
which a light yellow precipitate that indicates
the flavonoid compound was produced.
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2.3.8 Steroids: The Liebermann Burchard
test was carried out on steroids. Chloroform
was then added to the Allium cepa L peel
extracts then acetic anhydride and concentrated
sulfuric acid. Steroids were present with a blue-
green coloration was formed.

2.3.9 Test for saponins (froth test): 5 ml of
extract was boiled in 10 ml distilled water in a
test tube and was shaken vigorously for about
30 seconds. The test tube was allowed to settle
for half an hour, formation of froth indicated
the presence of saponins.

2.4  Bio-synthesis of MgO-NPs
aqueous extract of Allium cepa L peel
MgO-NPs were synthesized using the green
synthesis approach. A 0.1 M solution of
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(CHsCOO) :Mg- 4H.O was prepared with
distilled water. The Allium cepa L peel extract
(10 mL) was added dropwise to 100mL of the
magnesium acetate solution under continuous
stirring at room temperature. The pH of the
solution was adjusted to 12 using 1 M NaOH
solution. The mixture was heated at 80°C for 3
hours with constant stirring. A white
precipitate formed during this process,
indicating the formation of MgO-NPs. The
precipitate was collected by centrifugation at
6000 rpm for 15 minutes, washed multiple
times with distilled water and oven dried at
80°C for 2 hours. The procedure and
mechanism is as presented in figure 4 and its
reaction in equation 1.

(CH;C00),;Mg- 4H,0) as a precursor

Oven dry at 80°C for 2
hours

£

e e, o o .
® o 0" 0 0 02

Mg(OH), residue Synthesized MgO- NPs

[Mg(CH;C00),. xH,0] + (Phyto-metabolites) + NaOH - Mg(OH), + drying to remove H,0 -> MgO-NPs — equation 1
Figure 3. Green Synthesis of MgO -NPs (lkhuoria et al., 2024) 20
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Figure 4: Mechanism of bio-reduction of (CH:COQO):Mg- 4H:0 into MgO-NPs using
Allium cepa L peel, modified from (Akpeji et al., 2024a). M = Mg

3.0 Characterization Techniques

The synthesized MgO-NPs were characterized
using multiple analytical techniques:

3.1 X-ray Diffraction (XRD): Crystal
structure analysis was performed using a
Rigaku MiniFlex 600 diffractometer equipped
with Cu Ko radiation (A = 1.5406 A).
Diffraction patterns were recorded in the 20
range of 10-80° with a step size of 0.02° and

counting time of 1 s per step. Phase
identification was conducted using the
International Centre for Diffraction Data

(ICDD) database, and crystallite size was
calculated using the Debye-Scherrer equation.
3.2 Field Emission Scanning Electron
Microscopy  (FE-SEM):  Morphological
analysis was conducted using a JEOL JSM-
7610F field emission scanning electron
microscope operated at 5-15 kV accelerating
voltage. Samples were sputter-coated with a
thin layer of gold to enhance conductivity and
prevent charging effects.

33 High-Resolution Transmission
Electron Microscopy (HR-TEM): Detailed
structural analysis was performed using a JEOL
JEM-2100F transmission electron microscope
operated at 200 kV. Samples were prepared by

dispersing synthesized nanoparticles in ethanol
and dropping the suspension onto carbon-
coated copper grids.

34 Fourier Transform Infra-red
Spectroscopy (FTIR): Functional group
analysis was conducted using a PerkinElmer
Spectrum Two FTIR spectrometer equipped
with a universal ATR accessory. Spectra
recorded in the range of 400-4000 cm™ with a
resolution of 4 cm™ and 32 scans per
measurement.

3.5 UV-Visible Spectroscopy: Optical
properties were investigated using a Shimadzu
UV-3600 Plus spectrophotometer the
wavelength range of 200-800 nm. Bandgap
energy was determined from the Tauc’s plot
analysis of the absorption data.

4.0 RESULTS AND DISCUSSION

4.1 Phytochemical analysis of aqueous
extract Allium cepa L peel

The phytochemical composition of the Allium

in

cepa L peel extract revealed essential
information on how well the waste works as a
reaction media to create MgO NPs in the green
synthesis impact on the

electrochemical properties of the synthesized

as well as an
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nanomaterial. The brown liquid-like extract
showed positive tests on various bioactive
chemical compounds
phenolic, carbohydrates, tannins, flavonoids,
and glycosides following the previous report
obtained by (Ahmed et al., 2016; Akpeji et al.,
2024b Okewale and Akpeji, 2022; Okewale et
al., 2019). These phytometabolites
synergistically involved in the formation of

such as saponins,

nanoparticles, leading to metal ion reduction,

stability =~ of  formed  particles, and
functionalization of the particles surface, which
enhance the electrochemical efficiency

capabilities of the MgO-NPs (Gurunathan ef al.,
2020; Akpeji et al., 2024a).

The Allium cepa L peel extract contains saponin
as shown in table 1: saponin is a natural
surfactant since it has amphiphilic molecules.
They allow uniform nucleation and controlled
of MgO-NPs by reducing
agglomeration and colloidal stability. When
applied to an electrochemical system, such
structural uniformity equates to a better
electrode surface area and more unified ionic
pathways, which is critical towards the increase

nucleation

of charge harvesting (Roy ef al., 2021; Akpeji
and singh, 2026).

Moreover, saponins help to enhance the
mechanical integrity of the electrode coating,
and thus result in cyclic stability in capacitors.
The extract also displayed the presence of
alkaloids, that is, heterocyclic rings bearing
nitrogen. The compounds also allow reducing
Mg?* and can also introduce nitrogen groups to
the surface of MgO-NPs simultaneously, acting
as electron donors to reduction processes. It has
been documented that nitrogen-doping helps to
the conductivity
electrochemical sensitivity of metal oxides
(Patil et al., 2022; Ogwuche et al., 2023).

alter electrical and

When applied to energy it enables faster
electron transfer, greater charge capacity and
lower internal resistances in electrodes made of
biosynthesized MgO.

The reductive and stabilizing activity of
terpenoids, another type of bioactive agents
that have been found in the Allium cepa L peel
extract, is rather high. They are reacted with
Mg precursor during the synthesis process to
make nanocrystalline MgO with fine-tuned
morphology. Nanoparticle shape and
appreciably modify their electrochemical
characteristics because of the impact on the
reactivity of surfaces and behaviour of ion
diffusion. The resulting nanoparticles through
the terpenoid-based synthesis are most of the
time subject to an increased pseudocapacitive

size

behaviour which makes them suitable as
electrodes in the supercapacitors in addition to
a hybrid energy-harvesting (Mohan et al.,
2019).

This Allium cepa L peel extract also contained
phenolic compounds, which are compounds
that are mostly characterized by the presence of
the abundant hydroxyl functional group. These
chemicals perform two functions (i.e., as
powerful reducing reagents that undertake the
conversion of Mg?** ions to MgO and as
functional groups on the surface that increase
the redox activity). Faradaic reactions are
enhanced by functionalization of the phenolic
groups that couple efficiently to the likes of
AEs or desiccated or dried batteries, which
necessitates the electrode-electrolyte interface.
They enhance the energy pumping and
reversibility of MgO based electrodes by their
s-electron donating capacity (Jalali ef al., 2020).
Carbohydrates, which are phytochemical
identified the phytochemical
provide capping and stabilizing effects in the

in analysis,
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synthesis.  Such  macromolecules  offer
biopolymeric scaffold which aids to increase
the dispersion of MgO-NPs
uninhibited aggregations. They are also
hydrophilic, and this is beneficial in terms of
ensuring there is wetting of electrolyte on the
surface of electrode, which in turn can assist in
efficient transport of the ions and improves the

overall effectiveness of the electrochemical

and avoid

processes. Also, porosity can be provided by
the presence of some carbohydrate residues,
which additionally increases the surface area
available to conduct electrochemical reactions
(Ossai et al., 2018).

The Allium cepa L peel extract also displayed the
presence of tannins which are recognized by
the presence of polyphenolic structure. Tannins
assist in this process of nucleating nanoparticle
Mg? absorption  of
complexes on the surfaces of the particle,
thereby protecting the particle against
aggregation. The electrical reactivity of MgO
NPs synthesized by use of tannin is frequently

via reduction and

observed to be higher-than-usual because the
electron-rich surfaces of the NPs are already
generated. This enables fast redox cycling,
reduced charge transport impedance and high
double-layer capacitance, which is attractive in

the symmetrical and asymmetrical
supercapacitor devices (Zhao et al., 2021; Tesi
et al., 2025).

Another noticeable group identified in the
extract is flavonoids that are generally known
to have an electron-rich polyphenolic backbone.
They have chelating and reducing properties
holding the potential to formulate highly
crystalline and narrowly dispersed MgO NPs.
The resultant nanoparticles have enhanced
electron transporting pathways and lowered
structural defects thus boosting their electrical
conductivity and specific capacitance. Various
studies that apply flavonoid-capped MgO
electrodes can be used in energy harvesting due
to high efficiency in charge/discharge and long-
life cycle (Ravichandran ef al., 2021).

Table 1: Phytochemical analysis of aqueous extract Allium cepa L peel

Phytochemical Method Result
Appearance Preliminary Investigation Liquid

Colour Description Preliminary Investigation Brown
Flavonoids Alcls Test, Shinoda Test Positive
Phenolic Compounds Fecls Test, Folin-Ciocalteu Positive
Organosulfur Compounds Lead Acetate Test Positive
Tannins Fecls Test Positive
Saponins Foam Test Positive
Reducing Sugars Benedict's Test, Fehling's Test ~ Positive
Glycosides Molisch's Test Positive
Alkaloids Wagner's, Dragendorff's Negative
Steroids Liebermann-Burchard Test Negative
Terpenoids Salkowski Test Positive
Carbohydrates Iodine Test Positive

Legend: Positive =Consistently detected, Negative =Generally absent
Glycosides, despite being the object of synthesis. They stabilize the presence of MgO-

investigations because of their bioactivity, also

have a significant role in nanoparticles

NPs in the Allium cepa L peel extract in that
forming the hydrogen-bonded surface layers
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inhibit sintering. In addition, introduced
oxygen functionalities by the glycosidic bonds
can enhance the wettability of the electrode and
therefore the interfacial contact between an
electrode and aqueous electrolytes. it enables
quick ion swapping and enhances the
electrochemical response at charging and
discharging (Chandran et al., 2022).

However, the detailed phytochemical profile of
the Allium cepa L peel extract gives structurally-
and-functionally beneficial properties to the
biosynthesized MgO-NPs. These are controlled
morphology, enhanced conductivity and strong
electrochemical activity leading to an enhanced
energy harvesting. Green-synthesized MgO

phytochemicals as a resource analyte in next-
generation electrochemical energy harvesting
systems.

5.0  Characterization of MgO NPs

5.1 UV-Visible Spectroscopy

The UV-Visible spectrum of MgO NPs is
presented in figure 5. The first instrumental
technique to reveal the formation of
nanoparticle is the UV-Visible (UV-Vis)
spectroscopy. The UV-visible absorption
spectrum of MgO-NPs strong
absorption in the UV region with an absorption

showed

edge around 241 nm. The bandgap energy were
calculated using the Tauc plot method, yielding
a value of 4.2 eV, which is consistent with

NPs using the reducing, stabilizing, and reported values for MgO nanoparticles.
functionalizing  properties of  identified
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Fig 5: UV- Visible Spectral of MgO-NPs
Fourier Transform Infrared The spectra of MgO nanoparticles shown in

Spectrophotometer (FTIR)

Figure 6 presents the FTIR spectrum of
MgO NPs. FTIR was used to determine the
vibrational frequency of stretching and
bending modes of the molecules as well as
possible biomolecules which are responsible
for the reduction and capping of MgO NPs.

the figure 6 and the analysis done in the
range of 400-4000cm-1. The peaks
3464cm’!, 3360cm™! represents the stretching
vibration of O-H group. The peak at
1592cm-1, 1171 cm™ represents stretching
vibration of aromatic C=C bond. The peak

at
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observed at 470cm ! represents formation of

MgO-NPs.
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Fig 6: FTIR Spectrum of MgO-NPs
5.2  Morphological Analysis appeared to be uniformly distributed with sizes

. . ing fi 15 to 25 . TEM lysi
Figure 7 presents the SEM image of MgO NPs. rangme . rom © o anatysis

SEM images revealed that the MgO-NPs
exhibited a roughly spherical morphology with
some degree of agglomeration. The particles

confirmed the nanoscale dimensions and
showed well-defined crystal lattices, indicating
high crystallinity of synthesized nanoparticles.
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Fig 7: MgO-NPs SEM result

5.2.1 X-ray Diffraction Analysis and (222) crystal planes of cubic MgO (JCPDS
Figure 8 present the XRD spectrum of MgO Card No. 45-0946). The sharp and intense
NPs. The XRD pattern of synthesized MgO- peaks confirmed the crystalline nature of
NPs showed characteristic peaks at 20 values synthesized nanoparticles. The  average
of 36.9°, 42.9°, 62.3°, 74.7°, and 78.6°, crystallite size calculated using the Debye-
corresponding to the (111), (200), (220), (311), Scherrer equation was approximately 18 nm.

Sample :B File : Sg2~1.ASC Date : Sept 14 7:58:30 perator :
Comment : Qualitative Memo
Method : 2nd differential Typica width : 0.065 deg. Min. Height 1400:00cp s
111

1400- ( )
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o
<. 800-
z (311)
5 600- (220)
=i (200)

400-

222
200- ( )
0- — il ; - — - e i
10 20 30 40 50 60

2Theta degree

Fig 8: MgO-NPs XRD result
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6.0 Structural and Morphological
Characterization
6.1 Optical Properties

UV-visible absorption spectroscopy revealed
strong absorption in UV region with absorption
edge at approximately 275 nm. The optical
bandgap energy calculated using the Tauc’s
plot method was 4.5 eV, which is lower than
the bulk MgO value (7.8 eV) but consistent
with nanoscale MgO-NPs reported in literature.
This bandgap reduction in nanoparticles is
attributed to quantum confinement effects and
the presence of surface states. The relatively
broad peaks indicated small crystallite sizes
and some degree of microstrain, typical
characteristics of nanoparticles synthesized
through wet chemical methods.

6.2 Energy Dispersive X-ray analysis
(EDX)

EDS analysis is one of the most popular
methods on identification of components of

1.00 2.00 3.00

biosynthesized MgO-NPs. The result gave
the  weight
percentages of different elemental constituents
in the synthesized MgO-NPs. Figure 9 revealed
the spectrum for MgO-NPs. Result obtained
showed that the EDX revealed the elements
that make up the synthesized MgO-NPs. in
their percentages and optical potential, which
are magnesium (69.96%, 3.85 keV), Oxygen
(26.67 %, 1.09 keV) and Carbon (8.34 %, 1.26
keV). This high percentage implies that the
sample is probably a magnesium compound or
an alloy, this is evident by XRD pattern of
various MgO compounds. Since oxygen is
present, the magnesium may be present in an
oxidized state with an oxide such as MgO. The
presence of carbon in the nanoparticles is

veritable  information on

believed to have emerged from the Allium cepa
L peel seed.

Mg

Element Weight % Atomic %

|

C 8.34 | 535
O 26.67 | 24.20
Mg 69.96 70.45
EDS analysis

Mg

il i .

4.00 5.00 6.00 7.00

KeV Energy

Fig 9: MgO MPs EDX result

7.0  Morphological Analysis

SEM images revealed that the MgO-NPs
exhibited predominantly crystal planes of cubic
size

morphology with relatively uniform

distribution. The particles appeared to be well-
dispersed agglomeration,
attributed to the capping effect of organic
compounds from the onion peel extract.
Particle size analysis from SEM images

with  minimal
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indicated an average diameter of 68 + 4.2 nm,
consistent with XRD calculations.
DETR S o

. 4

1 4 63 nm

I‘ul:h wipe

Fig 10: TEM micrograph and particle diameter of MgO-NPs

8.0  Surface Chemical Analysis

FTIR spectroscopy revealed characteristic
absorption bands that provided insights into the
surface chemistry of the MgO-NPs. prominent
peaks 3457cm,  2925cm!  represents
stretching vibration of O-H group. The peak at
1712cm™! represents the stretching vibration of
aromatic C=C bond. Absorption bands in the
region 1400-1600 cm™ were assigned to C=C
stretching and C-H bending vibrations from
residual organic compounds from the onion

at

peel extract, confirming the presence of organic
capping agents on the nanoparticle surface. The

0.3
0.2 4

0.1+

(ahv)2

0.0+

-0.1 4

-0.2

characteristic Mg-O  stretching vibration
appeared as a strong band at 437 cm’,
confirming  the  formation of MgO
nanoparticles.

Electrochemical performance of synthesized
MgO NPs MgO nanoparticles exhibited an
interesting electrochemical property due to
their large surface area, surface states, and the
potential for band gap tuning through size and
doping. This makes them promising materials
for various applications, including biosensors,
energy storage, and photocatalysis.

Band gap energy = 3.57 eV

15 20 25

T I Ll T T
3.0 3.% 40 45 5.0

Band gap energy (eV)
Fig 11: Tauc’s Plot
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9.0 Band gap energy using Tauc’s Plot
Figure 11 is the Tauc’s plot of the MgO NPs
synthesized using peel of Allium cepa L. Optical
band gap of MgO NPs using the Tauc plot is
about 3,57 eV. Such a value places MgO in
narrow band gap semiconductors range that are
usually defined by the capability of visible
light absorption (Zhang et al., 2022). The
energy band gap was estimated by
extrapolation of the linear part of the (ahv)?
plot versus photon energy to the abscissa, this
being standard practice when determining
optical band gaps in indirect semiconductors
(Chen et al., 2018). The potential of MgO in
optoelectronic and electrochemical application
is high based on such a band structure. The
wide absorption range of visible light 3.57eV
observed band gap, is beneficial in the designs
of photo active materials to be used in solar-
assisted electrochemical energy systems. This
band gap in materials can be useful in
generating electron-hole pairs efficiently in the
presence of sunlight and are thus useful in
increasing the photocurrent and the power
storing capacity in photoelectrochemical cells
(Ramesh et al., 2023).The moderate band gap
confirms that the transfers of the electrons
between the valence band and conduction band
are achieved at relatively low energy, and
therefore, MgO 1is applicable in low-voltage
energy devices. Electrochemically, the low
band gap of MgO is strongly associated with
the redox active characteristics of the material.
Among the factors that enhances the ability of
the Mg to switch between Mg" and Mg?* states
are the electronic structure, thereby facilitating
the pseudocapacitive effects in energy storage
mediums like supercapacitors and hybrid
capacitors (Ahmed et al., 2021). Such redox
flexibility will help increase charge storage
through faradaic reactions that characterize
MgO as different to all-electric double-layer
capacitive materials.

Also, the band structure of MgO-NPs favors
adequate ambient-temperature electrical
conductivity. metallic properties enhances the

conducting state, eliminating internal resistance
in electrodes, thus, enabling an efficient
electron movement in the charge/discharge
cycle (Kumar et al., 2020). These features are
required to deliver high density power and fast
electrochemical reactions of the practical
harvesting systems. The compatibility of MgO
NPs with other Nanomaterials in composite
system is also predetermined by the band gap
energy. As another example, in
combinationatorial with carbon-based
nanostructures or other metal oxides, MgO
may produce heterojunctions that facilitate
maximizing the placement of energy levels,
thus directing charges to separate and move
(Chen et al., 2019). These composites have
exhibited synergistic effect to enhance specific
capacitance, rate capability and long-term
stability. Further, the middle band gap makes
MgO stable in thermal and chemical conditions
even in an electrochemical. Long cycle life is a
requirement in rechargeable batteries and
supercapacitors, which demands stability when
used. The fact that MgO can preserve its
electrochemical  integrity = without  fast
degradation puts it in the category of potential
electrode material that can be used in both an
aqueous and non-aqueous system (Zhou et al.,
2021). The band gap of 3.57 eV is slightly
large than optimum range of the band gap of
single junction photovoltaic absorber; however,
it is still appropriate band gap of photocathodic
use in tandem solar cells or photocathodic
pinhole in solar charging energy systems. In
these arrangements, the MgO can be used
effectively in combinatorial with low band gap
materials to take advantage of maximum light
harvesting and energy conversion efficiency
(Li et al., 2022).

10.0 Conclusions

This study successfully demonstrated the green
synthesis of MgO-NPs using Allium cepa
L peel extract as a bio-reducing agent. The
synthesized nanoparticles exhibited excellent
crystallinity, uniform  morphology, and
desirable optical properties. The
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characterization  results  confirmed  the
formation of pure cubic phase MgO with an
average particle size of 241 nm. The energy
harvesting applications showed promising
results with its band gap energy of 3.57 eV,
This green approach offers a sustainable
alternative to conventional methods while
effectively utilizing agricultural waste. The
findings suggest that biowaste-derived MgO
nanoparticles have significant potential for
energy harvesting applications, contributing to
both waste management and sustainable energy
generation. Future research should focus on
optimizing synthesis conditions and exploring

other  energy  applications  such  as
supercapacitors and batteries.
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