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1.0 INTRODUCTION

ABSTRACT

Magnesium oxide (MgO) nanoparticles are highly versatile, finding
applications in catalysis, antibacterial treatments, and refractory materials.
This study explores the eco-friendly biosynthesis of MgO nanoparticles using
leaf extracts from Hevea brasiliensis (Rubber tree), Chromolaena odorata
(Awolowo plant), and Elaeis guineensis (Oil Palm), capitalizing on their
phytochemical richness. Thermogravimetric Analysis (TGA) revealed distinct
thermal degradation patterns. H. brasiliensis-mediated nanoparticles
exhibited multi-step weight loss, with a residual content of 24.36%, while E.
guineensis-based nanoparticles showed a two-phase degradation with a
residue of 25.5%. C. odorata-derived nanoparticles demonstrated the highest
thermal stability, with a single extended phase and 28.9% residue.
Differential Thermal Analysis (DTA) highlighted energy release variations,
with C. odorata-mediated nanoparticles displaying the most thermally stable
exothermic peaks. These results emphasize the influence of plant extracts on
the thermal properties of MgO nanoparticles and highlight biosynthesis as a
sustainable method for producing thermally tailored nanoparticles for
specialized applications.
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Nanoparticles are a versatile and indispensable class
of materials, playing significant roles across diverse
sectors, including manufacturing, medicine, and
energy. Their wunique properties have fueled
advancements in product development and
technological applications [1]. The primary classes of
nanoparticles integrated into these innovations include
carbon-based materials (such as nanotubes and
fullerenes), metallic nanoparticles (gold, silver, iron,
and copper), metal oxides (e.g., MgO, ZnO, TiO,,
Ce0,, Si0;), and quantum dots [2]. Among these,
magnesium oxide (MgO) nanoparticles have garnered
attention for their applications in catalysis,
antibacterial treatments, and as additives in refractory
materials [3]. Despite their potential, traditional

synthesis methods for MgO nanoparticles often involve
toxic chemicals and energy-intensive processes. This
has prompted a shift toward greener and more
sustainable  synthesis approaches, such as
biosynthesis, which leverages natural resources to
minimize environmental impact [4]. Biosynthesis of
nanoparticles utilizes plant extracts rich in
phytochemicals like flavonoids, alkaloids, and tannins,
which act as reducing and stabilizing agents [5]. The
characterization of bio-synthesized nanoparticles is
essential for understanding their properties and
potential applications. Common techniques include
microscopy such as scanning electron microscopy
(SEM) and transmission electron microscopy (TEM)
provide insights into particle size, shape,
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morphology, and crystallinity [11, 12], spectroscopy
methods: including Raman spectroscopy, UV-Vis
spectroscopy, and Fourier transform infrared (FTIR)
spectroscopy, reveal details about electronic
structures, surface chemistry, and functional groups
[13, 14]; while elemental analysis like X-ray
fluorescence spectroscopy, complement these
analyses by providing detailed compositional data
[18]. Particle sizing methods like dynamic light
scattering (DLS) offers additional information on
particle size and distribution [16]. including Raman
spectroscopy, UV-Vis spectroscopy, and Fourier
transform infrared (FTIR) spectroscopy, reveal
details about electronic structures, surface
chemistry, and functional groups [13, 14]; while
elemental analysis like X-ray fluorescence
spectroscopy, complement these analyses by
providing detailed compositional data [15]. Particle
sizing methods like dynamic light scattering (DLS)
offers additional information on particle size and
distribution [16]. Thermal methods of analysis, such
as Thermogravimetric analysis (TGA) and
Differential thermal analysis (DTA), are critical for
assessing the thermal stability and composition of
nanoparticles. These techniques provide rapid
insights into decomposition patterns, exothermic and
endothermic transitions, and overall thermal
behavior [17, 18]. In particular, TGA quantifies
weight losses during heating, helping to determine
impurities and encapsulated materials within
nanoparticles [19, 20].

This study focuses on the biosynthesis of MgO
nanoparticles using the extracts of Hevea brasiliensis
(Rubber tree), Chromolaena odorata (Awolowo
plant), and FElaeis guineensis (Oil palm) and
investigation of their thermal behaviour. These plants
were selected for their abundance in tropical regions
and their rich phytochemical profiles. The Rubber
tree, renowned for latex production, also contains
bioactive compounds in its leaves [6, 7]. Similarly,
the Awolowo plant, known for its medicinal
properties, is rich in secondary metabolites suitable
for nanoparticle synthesis [8, 9]. Oil palm leaves,
often regarded as agricultural waste, hold untapped
potential due to

their valuable phytochemicals [10]. Through
comprehensive TGA/DTA analysis, the study aims to
elucidate the thermal stability, composition, and
potential applications of these bio-synthesized
nanoparticles. Furthermopre, by contributing to the
growing knowledge of green synthesis methods, this
work seeks to advance the development of
sustainable nanotechnologies for various scientific
and industrial applications.

2.0 MATERIALS AND METHODS

Chemicals utilized in this study were magnesium
nitrate hexahydrate (Mg(NNOs3)2:6H20), sodium
hydroxide were obtained from Sigma Aldrich and
were used without further purification; double-
distilled water and freshly collected Awolowo, Oil
palm and rubber leaves.
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2.1 Sample Preparation

The leaves were collected fresh as shown in plates 1,
2 and 3. They were properly washed with distilled
water to remove any impurities such as sand and
dust. The samples were then dried at room
temperature to a constant weight. The dried leaves
were blended into fine powder and stored in an
airtight container for further use.

2.2 Preparation of leaves extracts

Ten grammes of each leaf sample were boiled in 200
mL distilled water in a 500 mL beaker individually
and agitated at a temperature of 70°C for
approximately 30 minutes. The resultant solution was
initially filtrated using cotton wool before employing
filter paper (Whatman No.l). The acquired extract
was preserved in the refrigerator until needed.

2.3 Biosynthesis of MgO nanoparticles

The method described by Ikhuoria et al [21] was
usedin the green synthesis of magnesium oxide
(MgO) nanoparticles using the different leaf extracts.

2.4 TGA/DTA CHARACTERIZATION OF MgO-
NPs

The thermal stability of biosynthesized Magnesium
Oxide nanoparticles (MgONPs), capped by
phytochemicals from Oil Palm, Rubber, and Awolowo
leaf aqueous extracts, was investigated using
Thermogravimetric Analysis (TGA) and Differential
Thermal Analysis (DTA). The experiments were
conducted using a Shimadzu Q50 TGA thermal
analyzer under a nitrogen atmosphere, with a heating
rate of 20°C per minute. Nitrogen was chosen as the
horizontal flow gas to prevent additional mass loss
due to oxidation of the sample material [22].

3.0 RESULTS AND DISCUSSIONTable 1: TGA/DTA
results of Oil palm, Awolowo and Rubber leaf
mediated MgONPs

S/N Temp. TGR DTA TGA DTA TGA DIA
(C) (%w) (C/mg) (%w) (C/mg) (hw)) (‘C/mg)

0Oil palm leaf Rubberleaf  Awolowo leaf

200 7.8 0011 8872 0016 8814 0.022
250 7T1.35 0013 8461 0030 814 0.023
300 7.8 0014 8210 0014 8814 0.21
380 7260 0018 7603 0020 8814 0.021
400 6839 0020 6485 0064 816 0.023
450 5063 0028 6430 0017  88.13 0.026
500 4472 0028 86.10 0018  88.10 0.043
550 3481 0042 4853 0021 7032 0.063
600 3453 0.072 4416 0028  55.80 0.054
10 650 3406 0013 4084 0006 37.26 0.039
00 3406 0014 3650 0.003 39.26 0.081
12 750 3406 0014 3543 0003 3641 0.024
13 80 3406 0014 3545 0004 3597 0.023
14 80 3406 0010 3531 0005 3450 0.023
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Figure 1: TGA/DTA spectra of Oil palm leaf (Elaeis
guineensis) (MgONPs) sample
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Figure 2: TGA/DTA spectra of Rubber leaf (Hevea
braziliensis) (MgO) sample
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Figure 3: TGA/DTA Spectra of Awolowo leaf
(Chromolena odorata) MgONPs

Table 1 shows the TGA/DTA results of MgONPs
mediated with the different leaf extracts. The
degradation patterns observed reveal distinct
behaviors, indicating variations in their thermal
stability. These differences can be attributed to the
unique composition of the phytochemicals present
in each plant source. Rubber and Oil Palm leaf-
derived MgO nanoparticles (Figures 1 and 2)
exhibit multi-step degradation, a characteristic
indicative of the layered nature of phytochemical
decomposition. This multi-step degradation
behavior is consistent with the findings of
Venkatachalam et al. [23], who reported a similar
phenomenon in MgO nanoparticles synthesized
from Moringa. The multi-step degradation process
suggests the sequential breakdown of different
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phytochemicals, with each decomposing at distinct
temperature ranges, contributing to a staggered
thermal stability profile. In contrast, MgO
nanoparticles synthesized from Awolowo leaves
(Figure 3) show a single-step degradation pattern,
which suggests a more uniform composition of
phytochemicals that degrade more cohesively at
higher temperatures. This behavior aligns with the
TGA results observed by Mrig et al [24], who
reported a continuous weight loss without distinct
multi-step degradation phases.

The TGA analysis of rubber leaf-derived MgO
nanoparticles (Figure 2) indicates a multi-step
degradation process. Initially, a weight loss of
9.09% is observed between 220°C and 325°C,
which is likely due to the evaporation of surface-
adsorbed moisture and the volatilization of low-
molecular-weight phytochemicals [25]. This initial
phase suggests the removal of volatile components
that are weakly adhered to the nanoparticle
surfaces. Subsequently, a significant weight loss of
50% occurs between 330°C and 625°C, which
corresponds to the decomposition and evaporation
of stabilizing phytochemicals or biomolecules
acting as capping agents on the nanoparticles [26].
The breakdown of these organic components
accounts for the major weight loss in this phase.
After the thermal degradation, the remaining
residue is 24.36%, primarily consisting of stable
inorganic MgO, which can withstand high
temperatures  without undergoing  further
decomposition. In comparison, MgO nanoparticles
derived from Oil Palm leaves (Figure 1) display a
different thermal degradation profile. The initial
weight loss is more pronounced at 33.33%,
occurring between 300°C and 460°C. This phase
likely represents the decomposition of the first
layer of phytochemicals and the removal of
adsorbed water. A second weight loss of 34.61% is
observed between 460°C and 575°C, indicating
the breakdown of more complex and stable
organic components. The residue remaining after
thermal degradation is 25.5%, which is similar to
that observed for rubber leaf-derived MgO
nanoparticles, suggesting that both types contain a
comparable proportion of stable inorganic MgO in
the final product, despite the differences in
degradation stages.

The thermal degradation behavior of MgO
nanoparticles derived from Awolowo leaves
(Figure 3) deviates significantly from the other two
samples. Notably, no weight loss is observed
between 200°C and 480°C, or between 790°C and
900°C, indicating the thermal stability of the
nanoparticles within these temperature ranges.
The primary degradation phase occurs as a single,
extended phase between 480°C and 790°C,
resulting in a continuous weight loss of
approximately 59%. Unlike the multi-step
degradation observed in rubber and Oil Palm leaf
nanoparticles, the Awolowo leaf-derived MgO
nanoparticles undergo a single, continuous
degradation process. The residue after thermal
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degradation is 28.9%, slightly higher than the
residues for the other two samples. This higher
residual content suggests a greater proportion of
stable inorganic MgO, indicating that the
nanoparticles from Awolowo leaves may contain
more thermally stable components. Magnesium
oxide (MgO) itself is a stable compound with a high
melting point of approximately 2800°C, which does
not undergo significant decomposition under
typical TGA conditions (up to 900°C). Therefore,
the weight loss observed in TGA studies of MgO
nanoparticles is primarily attributed to the
decomposition of the organic stabilizing agents,
rather than the MgO core itself [27].

Differential thermal analysis (DTA) provides
additional insights into the energy release
associated with various physical and chemical
transformations in the materials synthesized. The
exothermic peaks observed in the DTA profiles of
MgO nanoparticles synthesized from different leaf
sources reveal distinct energy release patterns,
which reflect the unique composition and
interactions within each type of nanoparticle [28].
The MgO nanoparticles synthesized from rubber
leaves exhibit exothermic peaks at 240°C, 360°C,
and 600°C (Figure 2). These peaks indicate distinct
stages of energy release associated with specific
transformations within the nanoparticles. The
exothermic peak at 240°C likely corresponds to the
combustion or oxidative degradation of surface-
adsorbed organic molecules and low-molecular-
weight phytochemicals. The peak at 360°C
suggests a further stage of energy release,
possibly due to the breakdown of more stable
organic components or capping agents on the
nanoparticles' surfaces. The final exothermic peak
at 600°C reflects the energy release from the
decomposition of remaining complex organic
molecules or the transformation of inorganic
components within the nanoparticles [29]. In
contrast, MgO nanoparticles derived from Oil Palm
leaves (Figure 1) display exothermic peaks at
470°C and 560°C. The peak at 470°C signifies a
significant energy release phase, likely due to the
combustion of the initial organic layers or
phytochemicals associated with the nanoparticles.
This peak occurs at a higher temperature than the
initial exothermic peaks of rubber leaf
nanoparticles, suggesting the presence of more
thermally stable organic compounds in the oil
palm leaf-derived mnanoparticles [30]. The
subsequent peak at 560°C indicates an additional
phase of energy release, likely due to the
breakdown of more complex and stable organic
components. The fewer exothermic peaks
compared to rubber leaf nanoparticles suggest a
more simplified degradation process.

MgO nanoparticles derived from Awolowo leaves
show exothermic peaks at 590°C and 660°C
(Figure 3). These peaks indicate the energy
release associated with the decomposition of
highly stable organic molecules or
phytochemicals. The exothermic peak at 590°C
suggests the breakdown of organic components
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that are more resistant to thermal degradation [31].
The higher temperature of this peak, compared to
those observed in rubber and Oil Palm leaf
nanoparticles, indicates that the organic materials
associated with Awolowo leaf-derived MgO
nanoparticles are more thermally stable. The
subsequent peak at 660°C represents another
stage of energy release, potentially due to the
transformation of remaining organic materials or
interactions between organic and inorganic
components within the nanoparticles.

In summary, the TGA and DTA results provide
distinct thermal degradation behaviors for MgO
nanoparticles derived from different leaf sources.
Rubber leaf-derived MgO nanoparticles show an
initial low-temperature weight loss, followed by a
significant mid-temperature loss, indicative of the
presence of both volatile and stable organic
components [32]. In contrast, Oil Palm leaf
nanoparticles exhibit a pronounced initial weight
loss, suggesting a larger quantity of volatile
components, followed by a secondary loss of more
stable organics. Awolowo leaf-derived MgO
nanoparticles differ by undergoing a single,
prolonged degradation phase, resulting in a
higher residual content of stable inorganic MgO.

Furthermore, the exothermic peaks observed in
these nanoparticles indicate variations in their
thermal behaviors and energy release patterns.
Rubber leaf MgO nanoparticles exhibit multiple
exothermic peaks at lower temperatures (240°C,
360°C, and 600°C), indicating the presence of
various stages of energy release associated with
the degradation of both volatile and stable organic
components [32, 33]. Oil Palm leaf nanoparticles,
with exothermic peaks at 470°C and 560°C,
suggest the presence of more thermally stable
organic compounds, resulting in a more simplified
degradation process compared to rubber leaf
nanoparticles. Awolowo leaf-derived MgO
nanoparticles, showing exothermic peaks at 590°C
and 660°C, reflect the highest thermal stability,
indicating the presence of highly stable organic
materials [33, 34]. These variations in exothermic
peaks emphasize the influence of the source plant's
biochemical composition on the thermal and
energy release characteristics of the synthesized
nanoparticles. Understanding these differences is
essential for tailoring the properties of MgO
nanoparticles for specific applications, particularly
those requiring precise thermal management and
stability, such as photocatalytic studies [34, 35].

4.0 CONCLUSION

The comparative TGA/DTA analysis of bio-
synthesized magnesium oxide MgO)
nanoparticles derived from Rubber (Hevea
brasiliensis), Awolowo (Chromolaena odorata), and
Oil Palm (Elaeis guineensis) leaves offers valuable
insights into their thermal stability and
degradation characteristics. The TGA profiles of
these nanoparticles revealed distinct thermal
degradation behaviours, reflecting the specific
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phytochemical compositions from each plant
source. These findings underscore the significance
of selecting appropriate plant sources based on
their phytochemical composition to optimize the
thermal properties of MgO nanoparticles. This
study not only contributes to the development of
sustainable nanomaterial synthesis but also
demonstrates the potential of utilizing tropical
foliage extracts to produce MgO nanoparticles
with tailored thermal characteristics. The insights
from this research provide a foundation for future
applications of bio-synthesized nanoparticles in
diverse fields such as catalysis, materials science,
and environmental remediation, where controlled
thermal behaviour is paramount.
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