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Abstract. Magnesium oxide (MgO) nanoparticles were synthesized using two distinct stabilizing agents-
sodium dodecyl sulphate (SDS) and Aloe Vera extract (AVE)-in order to evaluate how electrostatic versus
biopolymeric stabilization affects nucleation, crystallite formation, and final structural properties.
The nanoparticles were obtained through a precipitation route followed by calcination at 500-1100°C.
XRD analysis confirmed the formation of nanocrystalline MgO, with the crystallite size being slightly
influenced by the choice of stabilizing agent. SDS promoted electrostatic micellar templating, resulting
in faster nucleation and smaller but defect-richer crystallites, whereas Aloe Vera acted as a steric capping
agent that delayed supersaturation and enabled more ordered crystal growth. FTIR and XPS analyses
revealed temperature-dependent dehydroxylation and surface carbonation effects, consistent with
nanoscale MgO chemical reactivity. The optical bandgap ranged from 5.4 to 6.0 eV, exhibiting a blue
shift relative to bulk MgO due to nanoscale confinement and surface defect states. Overall, the results
demonstrate that the precipitation environment plays a decisive role in controlling MgO crystallization
kinetics, defect chemistry, and nanoparticle stability, with Aloe Vera providing superior steric
stabilization against agglomeration compared to SDS.
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Introduction

In recent years, significant progress has been
made in the design and synthesis of MgO
nanoparticles (NPs). MgO NPs represent a
category of nanomaterials that have found
applications across diverse fields such as
biosensing technology [1], tissue engineering [2],
catalysis [3], food packaging [4], biomedicine [5],
and environmental sciences [6]. MgO NPs
possess several favourable physicochemical
characteristics, including enhanced ionic character,
substantial specific surface area, distinctive
crystalline structures, and oxygen vacancies,
allowing efficient interaction with various
biological systems [7-10].

MgO exists as an “infinite” ionic lattice
composed of Mg®" and O* ions in a 1:1 ratio,
arranged such that each ion is surrounded by six
ions of opposite charge, resulting in a completely
ionic lattice. Due to its ionic bonding, MgO is
soluble in water. Additionally, it has been reported
that MgO nanocatalysts have a specific surface
area of approximately 60.2 m?/g [11], compared to
the 19 m?*/g surface area of larger MgO particles.
Furthermore, MgO 3D-flowers exhibit a specific
surface area of 218 m?%g [1]. The synthesis
techniques employed are responsible for producing
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various defects in metal oxides, thereby altering
their behaviour.

Different kinds of MgO nanostructures have
been fabricated using a variety of methods [12,13].
Some authors [14] have obtained them by direct
current (DC) arc plasma jet chemical vapour
deposition (CVD). The growth time does not
exceed 10 minutes using this synthesis method, and
the growth rate of DC arc plasma jet CVD is much
higher than that of other methods [15].
MgO nanowires have been synthesized through
a vapor-phase precursor method [16]. Highly
luminescent magnesium oxide nanocrystallites
have been synthesized by the sol-gel method [17].
In general, MgO nanoparticles have been
synthesized using a variety of physical, chemical,
and green approaches [18-23].

In this study, were comparatively evaluate
MgO NPs synthesized using sodium dodecyl
sulphate (SDS) and Aloe Vera extract (AVE) as
dispersing/capping agents, where SDS plays the
role of an anionic surfactant that forms micelles to
electrostatically stabilize the nuclei of Mg(OH):
during precipitation and prevent their uncontrolled
agglomeration. In contrast, Aloe Vera extract acts
as a natural capping agent as it contains
polysaccharides and hydroxyl-rich biomolecules
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capable of weakly coordinating Mg?* ions, thereby
providing steric stabilization of the nascent nuclei.
Unlike conventional surfactants, Aloe Vera does
not participate as a reducing agent but rather
modulates the morphology and particle size
distribution  through  biomolecular  surface
passivation.

Experimental
Materials

Reagents with analytical grade were used for
the synthesis. Mg(NOs)'6H20, NaCi2H25SOs,
NaOH and Aloe Vera were purchased from
Sigma-Aldrich. All solutions were prepared using
distilled water.

Synthesis of magnesium hydroxide

The production of MgO nanoparticles was
carried out in two stages: a) synthesis of
magnesium hydroxide and b) thermal treatment of
magnesium hydroxide.

For the synthesis of magnesium hydroxide,
the precipitation method was used, which is simple
and cost-effective. Mg(NOs)2:6H.0 and NaOH
were used as precursors, while SDS and AVE were
used as dispersing agents. All chemical reagents
were of analytical grade and used without further
purification. The concentration of NaOH critically
determines the balance between nucleation and
growth. A high OH" availability rapidly exceeds
the Ksp threshold, causing instantaneous ‘burst’
nucleation and producing a high density of small
Mg(OH): nuclei. Under lower OH™ availability,
nucleation proceeds more gradually, and the
subsequent particle growth becomes diffusion-
controlled, which typically yields better
crystallinity and larger primary domains after
calcination. In Aloe Vera-mediated synthesis, the
initial complexation of Mg?*" further delays
OH~-driven nucleation, reinforcing the controlled-
growth regime.

Synthesis of MgO NPs with SDS

Procedure 1 - A magnesium nitrate
solution was first prepared by dissolving 5.000 g of
Mg(NOs)2:6H-O in 100 mL of distilled water.
Subsequently, an SDS solution prepared by
dissolving 0.288 g of NaCi2H2sSO4 in distilled
water was added dropwise to the magnesium
nitrate  solution under continuous  stirring.
In parallel, a NaOH solution was prepared by
dissolving 0.800 g of NaOH in distilled water.
The SDS solution was added in small portions
to the magnesium nitrate solution under
stirring. Subsequently, the NaOH solution was
added dropwise under continuous stirring at a
temperature of 70-80°C for 2 hours. The formation
of a white precipitate was observed according to
the reactions described in Egs.(1-4).
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NaCi2H25504 — Na* + C12Hz5S04 1)
NaOH — Na* + OH" 2
Mg(NO3)2 — Mg?* + 2NOs ©)
Mg?* + 20H" « Mg(OH)2| 4)

The precipitate was filtered using blue-
banded filter paper and washed with 50 mL of
distilled water. It was then dried at room
temperature, with a synthesis yield of 66.7%.

Procedure 2 - The synthesis procedure was
the same as in Procedure 1, except the amount of
SDS added was modified to 0.057 g, with a
synthesis yield of 51.1%.

Synthesis of MgO NPs with AVE

Procedure 3 - A quantity of 100 mL of
magnesium nitrate solution was prepared by
dissolving 5.000 g of Mg(NOs).:6H-0 in distilled
water, and a NaOH solution was prepared by
dissolving 2.000 g of NaOH in distilled water.
While stirring the magnesium nitrate solution,
15 mL of 99.5% AVE was added in small portions.
Subsequently, the NaOH solution was added
dropwise under continuous stirring at a
temperature of 70-80°C for 2 hours. A white
precipitate was formed, which was filtered using
blue-banded filter paper and washed with 50 mL of
distilled water. The precipitate was dried at room
temperature, with a synthesis yield of 1.322 g.

Procedure 4 - The synthesis procedure was
the same as in Procedure 3, except the amount of
AVE added was modified to 10 mL. The synthesis
yield was 1.369 g.

Thermal treatment of magnesium hydroxide

After drying at room temperature, the
magnesium hydroxide samples were heat-treated
in the temperature range of 500-1100°C.
Instruments

The structure of the MgO NPs composite
was investigated by X-ray diffraction (XRD) using
a Bruker-AXS D8 Advance diffractometer
(CuKa radiation, 40 mA, 40 kV). The morphology
and composition were examined using a TESCAN
Vega TS 5130 MM (Brno, Czech Republic)
scanning electron microscope (SEM) equipped
with an energy-dispersive X-ray (EDX) analyzer
(Oxford, UK) operated at 20 kV. A Bruker Alpha
FTIR spectrometer with a Diamond Crystal ATR
accessory was used for rapid compound
identification. The chemical composition of the
MgO NPs compounds was further analyzed using
an FT-IR 4600 spectrometer (Spectrum Research
Systems Co.) in the mid-infrared region, ranging
from 4000 to 400cm™. UV-Vis spectroscopy
was performed using a Cary 300 UV-Vis
spectrophotometer (Agilent Technologies) in the
spectral range of 200-800 nm.
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Results and discussion
Composition of MgO NPs

The SEM-EDS technique was used to
provide qualitative information about the elements
present in the MgO NPs. The EDS analysis
(Table 1) shows that the MgO metal oxide
synthesized with 0.288 g of SDS consists of Mg
and O atoms at different concentrations, depending
on the annealing temperature. As the concentration
of SDS in the solutions decreased, an increase in
oxygen content and a decrease in the concentration
of Mg atoms were observed (Table 2).

The comparison of the composition of MgO
synthesized with the highest SDS content and
calcined at 700°C for the same duration indicates
that the concentration of Mg atoms decreased
compared to those with a lower SDS content.
The best stoichiometry of the MgO NPs was
obtained with 0.057 g of SDS, while for NPs
synthesized with 0.288 g of SDS under different
calcination conditions, an almost identical
composition was observed.

The difference between the atomic ratios
obtained by EDS and XPS arises from the distinct
probing depths of the two techniques. While EDS
collects bulk information from hundreds of
nanometers into the sample, XPS probes only
the outermost 5-10 nm. This surface layer is
enriched in oxygen-containing species such as
hydroxyls, adsorbed water, and carbonates, which
preferentially accumulate on MgO surfaces due to
their high basicity. Therefore, the O-rich surface
signature observed by XPS does not indicate
nonstoichiometric bulk MgO, but rather typical
surface hydroxylation and carbonation effects.
The survey XPS spectra of the MgO NPs
synthesized with SDS as the dispersing agent,
measured in the first atomic layers (~10 nm) and
presented in Figure 1 across the entire binding
energy range, showed characteristic peaks for C s,
Ols, O2s, Mgls, Mg2s, and Mg2p. Similar
elements, with slight shifts, were also observed in
the MgO NPs synthesized with AVE as the
dispersing agent.

Table 1
Composition of MgO NPs with 0.288 g of SDS.
Atomic %
MgO NPs T, °C t,h EDX XPS
Mg 0 O Mg
LS-2-0 - - 37.62 62.38 62.09 37.91
LS-2-1 500 4 44.15 55.85 - -
LS-2-2 700 4 43.73 56.27 47.77 52.23
LS-2-3 700 6 46.82 53.18 4491 55.09
LS-2-4 500 6 46.78 53.22 56.61 45.09
LS-2-6 1060 15 44.35 55.65 - -
Table 2
Composition of MgO NPs with 0.057 g of SDS.
Atomic %
MgO NPs t, °C t, h EDX XPS
0 0 Mg
LS-3-0 - - 35.51 64.49 59.61 40.39
LS-3-1 700 6 46.93 53.07 45.10 54.9
LS-3-2 500 6 39.24 60.76 - -
LS-3-3 300 6 32.27 67.72 - -
=
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Figure 1. Survey XPS spectrum of MgO NPs with SDS precipitating agent.
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The Cl1s peaks confirm the XPS
measurement results and reveal two distinct
peaks corresponding to carbon species. The C 1s
spectra for both MgO NPs (synthesized with
SDS - Figure 2 and AVE - Figure 3) are well-fitted
with two Gaussian components. The first peak
consistently appears at around 284.2eV and is
attributed to carbon atoms bonded exclusively to
other carbon atoms (C—C). For samples calcined at
different temperatures, this peak shifts to 285 eV
and 287eV, respectively. The second peak,
initially located at 287eV for the as-grown
samples, is typically assigned to carbon atoms
bonded to one oxygen atom (C-O). For MgO NPs
synthesized with SDS and calcined at different
temperatures, this second peak shifts slightly to the
287.8-290.1 eV range (300-500°C), while for
MgO NPs synthesized with AVE and calcined at
700°C, the second peak shifts to 292.3 eV.

In the samples synthesized with
different precipitating agents, the peak positions
and shapes of the Mgls and Mg2p signals
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Figure 2. XPS spectra of the C 1s regions of MgO
synthesized with SDS precipitation agents.
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Figure 4. XPS spectra of Mgls regions of MgO NPs

with SDS precipitation agent.
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do not coincide but are consistent with the
presence of Mg(Il) species [24-28]. The fitting
procedure reveals the presence of a single
contribution attributed to Mg(ll) in magnesium
oxide/hydroxide. This is observed in Figure 4
and Figure 5, in both the as-grown samples, at
1303 eV for the Mg 1s signal, and in the calcined
samples, where the peak shifts to 1304 eV and
1305eV due to the formation of magnesium
carbonate species [29].

Figure 6 and Figure 7 show the high-
resolution singlet peaks for the Mg 2p regions of
MgO NPs synthesized with SDS and AVE as
precipitating agents. A slight shift to higher
binding energies and an increase in peak intensity
with increasing calcination temperature are
observed in the XPS spectra of the Mg 2p regions.
In the Mg2p regions, within the ranges of
48.9-50.2e¢V and 49-51eV for MgO NPs
synthesized with SDS and AVE, respectively, only
the contribution from magnesium oxide/hydroxide
is evident [30-32].
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Figure 3. XPS spectra of the C 1s regions of MgO
synthesized with AVE precipitation agents.
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Figure 5. XPS spectra of Mgls regions of MgO NPs
with AVE precipitation agent.
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The O 1s spectra of as-grown MgO NPs
presented in Figure 8 and Figure 9, obtained using
different precipitating agents, show a peak at
530.8 eV, which is attributed to MgO. For MgO
synthesized with SDS and calcined at different
temperatures, the presence of oxygen corresponds
to Mg(OH). The O 1s spectrum of calcined MgO
NPs synthesized with AVE is located at 532 eV
and is consistent with oxygen in MgCOs [33].

The minor MgCOs-related features observed
in some samples can originate from the
carbonization of Aloe Vera polysaccharides during
the initial stages of calcination, generating CO- that
subsequently reacts with MgO at the surface.
Additionally, the high surface basicity and
hydroxylation degree of nanoscale MgO promote
atmospheric CO- adsorption, further contributing
to the formation of surface carbonates. These
carbonate residues progressively diminish above
700°C, where complete dehydration and
decarboxylation enhance the phase purity of MgO.

The precipitation of Mg(OH): is governed
by the solubility product constant (Ksp= 6 x 107'2),
which is rapidly exceeded in SDS-containing
solutions due to the higher ionic strength
introduced by Na* and SO.* ions. This accelerates
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Figure 6. XPS spectra of the Mg 2p regions of MgO

NPs with SDS precipitation agent.
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Figure 8. XPS spectra of the O 1s regions of MgO
NPs with SDS precipitation agent.

the supersaturation threshold, resulting in rapid
nucleation. In contrast, Aloe Vera forms a low-
ionic-strength microenvironment in which Mg?*
ions are partially coordinated by organic ligands
before OH™ addition, delaying supersaturation and
yielding a slower, more controlled nucleation
pathway. This mechanistic difference explains the
smaller crystallite dispersion, but slightly larger
average crystal size obtained for AVE-assisted
precipitation compared to SDS-assisted synthesis.

The EDS and XPS analyses confirm that
both stabilization pathways lead to the formation
of nanoscale MgO. It is evident that the Mg/O
atomic ratio obtained from these results is in good
agreement. A slightly higher oxygen atomic ratio
compared to that of magnesium is probably due to
the absorption of moisture from the environment.
In addition, the O-rich signature detected by XPS
can also be attributed to surface hydroxylation and
adsorbed moisture, which are thermodynamically
favoured on basic MgO surfaces and become
progressively reduced at higher calcination
temperatures. This further confirms that the excess
oxygen detected by XPS originates from surface
termination effects rather than bulk non-

stoichiometry.
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Figure 7. XPS spectra of the Mg 2p regions of MgO
NPs with AVE precipitation agent.
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Figure 9. XPS spectra of the O 1s regions of MgO
NPs with AVE precipitation agent.
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The interaction between Mg?* and Aloe Vera
components occurs prior to precipitation, through
weak coordination with hydroxyl, carbonyl and
carboxyl functional groups of polysaccharides
such as acemannan and glucomannan. These
biomolecules act as soft ligands that partially
chelate Mg?*" ions in solution, reducing the
supersaturation degree and moderating the
nucleation step. As a result, the initial nuclei are
sterically stabilized, which leads to improved
dispersion and narrower crystallite size distribution
after thermal conversion to MgO.

The different nucleation environments
generated by SDS and Aloe Vera also explain
the distinct morphological evolution  of
nanoparticles. In  SDS-containing  systems,
anionic micelles act as soft templates that
concentrate Mg** ions at their interface,
accelerating supersaturation and promoting rapid
nucleation, which results in smaller and
defect-richer crystallites. In contrast, Aloe Vera
does not form micelles but stabilizes nuclei
through steric shielding by polysaccharides,
delaying nucleation and allowing slower, more
ordered crystal growth. Thus, SDS governs
morphology  through electrostatic  micellar
templating, whereas Aloe Vera controls it through
biomolecular surface passivation.

FTIR spectra of the MgO nanoparticles
were recorded at room temperature in the
4004000 cm™ range. Figure 10 presents the
spectra of as-grown MgO synthesized with
SDS as the precipitating agent and subsequently
calcined at different temperatures. In the as-grown
sample, a characteristic band at ~427 cm™
indicates the Mg—O lattice vibration, confirming
the presence of the oxide phase. The broad
feature at ~3696 cm™ is attributed to O-H
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Figure 10. FTIR spectra of MgO NPs with
SDS precipitation agent.
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stretching modes arising from  surface
hydroxyl groups, while the band at 1061 cm™
corresponds to Mg-OH vibrations [34,35],
which may also overlap with C-H out-of-plane
bending modes associated with residual organic
fragments.

FTIR spectra for MgO NPs annealed at
different temperatures show slight changes in
intensity and small shifts in the vibration modes
with increasing calcination temperature. Peaks
appearing between 400-700 cm™ confirm the
presence of MgO at the nanoscale. The band at
~420-450 cm™ corresponds to the intrinsic Mg—O
stretching vibration in the rock-salt Ilattice,
confirming the formation of the oxide phase.
The broader feature at ~850-880 cm™ is attributed
to Mg—O-Mg bridging units, which become more
pronounced as crystallinity improves with
temperature.

The absorption in the 1400-1500 cm™
region originates from surface carbonates formed
through CO: adsorption on hydroxylated
MgO surfaces, a behaviour characteristic of
highly basic oxide nanomaterials. Meanwhile, the
O-H stretching feature near 3600-3700 cm™
reflects residual hydroxyl groups present at
lower calcination temperatures; these vanish
progressively above 700°C as dehydration is
completed. The stretching vibration mode around
860-867 cm™! indicates Mg—O—Mg bonds. Distinct
bands observed between ~1420-1438 cm™ denote
the bending vibration of surface hydroxyl groups.
A broad band at around 2980 cm™ in MgO NPs
calcined at 500°C is attributed to aliphatic
C-H stretching. The broad band between
1413-1461 cm™ for MgO NPs synthesized with
the AVE precipitating agent (Figure 11) is due to
C—H asymmetric stretching.
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Figure 11. FTIR spectra of MgO NPs with
AVE precipitation agent.
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X-ray diffraction (XRD) was performed in
the range of 10°-80° (26) using CuKa radiation.
XRD analysis allows for the comparison of
differences in the crystal structure of MgO NPs
synthesized with SDS and AVE as precipitating
agents. Figure 12 and Figure 13 show the X-ray
diffraction patterns of the synthesized MgO NPs
using SDS and AVE as precipitating agents.

The effects of various parameters, such as
temperature and calcination time, on the quality of
the MgO NPs were evaluated. Notably, almost the
same diffraction peaks were indexed for both
as-grown MgO NPs synthesized with SDS and
AVE as precipitating agents, corresponding to the
Mg(OH). phase. The XRD patterns of MgO NPs
synthesized with the SDS precipitating agent at
500°C and 700°C (Figure 12) with a calcination
time of 4-6 hours showed only MgO peaks,
indicating the complete formation of pure
nanocrystalline MgO. However, the broadness of
the peaks suggested the presence of impurities.
With  further increases in temperature to
700-1060°C or calcination time to 11-15 hours
(Figure 12), sharp peaks appeared that matched
well with the JCPDS data (89-7746) and showed
no foreign impurities. The minor carbonate-related
reflections observed for some samples do not
originate from incomplete conversion of Mg(OH)z,
but from post-synthesis surface carbonation.
Due to the strong basicity of MgO surfaces,
freshly calcined nanoparticles readily adsorb
atmospheric CO:, forming a thin surface layer of
MgCOs-type species. This assignment is supported
by the fact that these reflections weaken or
disappear at higher calcination temperatures,
where re-carbonation is Kinetically suppressed.
Therefore, the presence of MgCO:s is attributed to
surface adsorption rather than an unconverted
intermediate phase.
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Figure 12. The X-ray diffraction pattern of the
MgO NPs with SDS precipitation agent.

The XRD data suggested a cubic structure
with an average crystallite size of 26 nm, which is
in good agreement with results reported by other
authors [36,37]. The average crystallite size,
calculated using the Debye-Scherrer equation for
the most intense peaks corresponding to the (200)
and (220) planes of MgO nanoparticles at 500°C
and 700°C with a calcination time of 4 hours,
was 12.4nm and 21.7nm, respectively. For a
calcination time of 6 hours at 500°C and 700°C, the
crystallite sizes decreased to 9.96nm and
18.94 nm, respectively.

The calcination time also plays a decisive
role in structural ordering. Shorter thermal
treatments preserve a higher concentration of
lattice and surface defects, which manifest as
broader diffraction peaks due to microstrain. When
the calcination time is extended, diffusion-driven
recrystallization reduces defect density and results
in peak sharpening. However, overly long
calcination promotes grain coarsening, which
decreases the specific surface area even though the
crystallinity improves.

The XRD patterns of MgO nanoparticles
synthesized using Aloe Vera extract as the
precipitating agent and calcined at 500°C and
700°C for 4—6 hours are shown in Figure 13. With
increasing calcination temperature, the diffraction
peaks become more intense while maintaining their
positions, indicating enhanced crystallinity without
any change in lattice symmetry. A slight increase
in crystallite size was also observed compared to
the samples obtained via the SDS-assisted
route. This phase transformation proceeds through
a lattice dehydroxylation mechanism: the
brucite-type lamellar structure of Mg(OH):
becomes destabilized as structural water is released
between 350-450°C, generating oxygen vacancies
and initiating cation rearrangement.
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Figure 13. The X-ray diffraction pattern of the
MgO NPs with AVE precipitation agent.
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With increasing temperature (>500-700°C),
these vacancies reorder into the
thermodynamically ~ stable  rock-salt  cubic
phase of MgO. The collapse of the layered
hydroxide structure and the subsequent
densification of the oxygen sublattice are
responsible for the emergence of the fully
developed MgO phase.

Comparable findings are presented in
Table 3, which also includes the microstructural
parameters of commercial MgO NPs. The average
crystallite size of the MgO NPs was estimated
using the Scherrer formula. The data indicates that
the average crystallite size of the synthesized MgO
NPs is slightly influenced by the precipitating
agent. However, the average crystallite size of the
commercial MgO NPs is approximately twice as
large as that of the synthesized ones.

To further validate the crystallite size
evaluation, both the Scherrer and Williamson—Hall
(W-H) approaches were applied. The values
obtained from the two methods were found to be
consistent, confirming that peak broadening is
primarily governed by crystallite size rather
than lattice distortion. Unlike the Scherrer
equation, which includes instrumental broadening
in g, the W—H method separates size and
strain effects, allowing a more reliable estimation
of microstrain (¢). The calculated strain values
were higher in the as-grown and low-temperature
samples and progressively decreased with

longer calcination time and higher temperature,
which is consistent with thermally induced defect
relaxation and recrystallization. This correlation
confirms that the defect-driven peak broadening
observed at lower calcination stages is gradually
suppressed as the oxides become structurally
ordered.The same diffraction planes were observed
for the MgO NPs synthesized with the AVE
precipitating agent as in the case of the commercial
nanoparticles, with the only difference being the
crystallite size. In Figure 13, the XRD patterns of
the MgO NPs synthesized with the AVE
precipitating agent, in comparison with those
synthesized with SDS, revealed the presence of

both the Mg(OH). phase and additional
MgCO:s peaks.

The  selected calcination interval
(500-1100°C) reflects the thermochemical

pathway of Mg(OH): decomposition. Below
~400°C, dehydration is incomplete, and the
hydroxide phase dominates. Between 450-700°C,
structural rearrangement leads to the formation of
nanocrystalline MgO. At higher temperatures
(>900°C), recrystallization becomes dominant,
improving long-range order and reducing residual
surface carbonates. Minor transient MgCOs
species may form either from decomposing Aloe
Vera organics or from atmospheric CO: adsorption
on hydroxyl-rich surfaces, but they are eliminated
at elevated temperatures, vyielding highly
crystalline MgO.

Table 3

Comparative microstructural parameters of synthesized and commercial MgO NPs.

MgO NPs with SDS precipitation
agent, calcination T, °C=500, 6 h

MgO NPs with AVE precipitation
agent, calcination T, °C=500, 6 h

Commercial MgO NPs [7]

20 Diffraction Crystallite 26 Diffraction Crystallite 20 Diffraction  Crystallite

(deg) planes size, nm (deg) planes size, nm (deg) planes size, nm

36.87 (111) 12.91 36.86 (111) 37.6
42.84 (200) 13.68 42.87 (200) 11.20 42.78 (200) 19.5
62.20 (220) 8.81 62.23 (220) 11.09 62.12 (220) 19.8
74.58 (311) 7.99 74.59 (311) 10.72 74.50 (311) 16.7
78.53 (222) 10.06 78.53 (222) 11.26 78.43 (222) 17.6
The average 10.14 11.44 22.24
crystallite size, nm

Table 4

Comparison of Williamson—Hall microstrain with apparent strain inferred from Scherrer broadening for
MgO nanoparticles synthesized with SDS and AVE.

Sample & & Sample e €
(SDS) (W=H) (Scherrer) (AVE) (W=H) (Scherrer)
LS-2-0 1.76 6.8 AV-1-0 3.99 18.15
LS-2-1 0.35 6.6 AV-1-1 9.36 11.4
LS-2-2 2.75 5.6 AV-1-2 1.18 6.7
LS-2-3 2.75 5.7 AV-1-3 1.39 3.2
LS-2-4 3.84 8.9
LS-2-5 3.08 6.5
LS-2-6 2.90 2.9
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The thermal evolution of the material can be
clearly tracked using the combined FTIR and XRD
evidence. The gradual disappearance of Mg—OH
vibrational bands and the emergence of the
characteristic Mg-O lattice modes above
500-700°C, together with the progressive
sharpening of the diffraction peaks, indicate the
structural rearrangement from Mg(OH). to
MgO. These complementary spectroscopic and
structural signatures confirm the complete
phase transformation solely based on FTIR and
XRD data.

Optical properties of MgO with SDS and AVE
precipitating agents

Figure 14 shows the UV—Visible absorption
spectra of MgO NPs synthesized with SDS as the
precipitating agent near the absorption edge at
different temperatures and calcination times.
The absorbance spectra clearly indicate that all
MgO NPs absorb light in the visible spectrum. The
evaluated bandgap values (5.4-6.0 eV) are in good
agreement with those reported for nanostructured
MgO synthesized via precipitation or biogenic
routes (typically 5.2-6.2 eV) [38]. The slight
difference between SDS- and AVE-assisted
samples originates from microstructural effects,
namely defect density and crystallite size-rather
than from changes in the electronic structure of the
oxide lattice. This also explains the deviation from
the bulk bandgap of MgO (~7.8 eV), which is
seldom observed in nanoscale systems where the
band structure is dominated by surface-state and
confinement-induced modifications.

The optical properties are also influenced by
oxygen-related surface defects, which are intrinsic
to nanoscale MgO. These non-stoichiometric
oxygen sites introduce shallow states that slightly
modify the electronic structure near the band edge
and contribute to the observed blue-shift. Samples
synthesized with SDS exhibit a higher initial
concentration of such defect-related states due to

1.0
— LS-2-0 (untreated)
——LS-2-1 (T=500 °C, t=4 h)
0.8 1 LS-2-2 (T=700 °C, t=4 h)
LS-2-3 (T=700 °C, t=6 h)
c LS-2-4 (T=500 °C, t=6 h)
——LS-2-6 (T=1060 °C. t=15 h)
S 06+
o]
—
@
< 041
0.2 1
0.0 T T T T =
200 300 400 500 600 700 800

%, NmM

Figure 14. The absorbance spectra of MgO NPs
synthesized with SDS as the precipitating agent.

rapid nucleation, while Aloe Vera assisted
synthesis promotes slower crystallization and
partial defect equilibration. The progressive
reduction of these defects with increasing
calcination temperature is consistent with the
narrowing of optical variability and the
stabilization of the bandgap.

For a direct band gap semiconductor with
allowed band-to-band transitions, the optical
energy gap (Eg) was estimated from the absorption
spectra using the relation (ahv)? = f(hv)
(Figure 15). The band gap energies for the
MgO NPs synthesized with the SDS precipitating
agent were determined to be 5.40eV for the
as-grown sample and 6.03eV for the sample
calcined at 1060°C.

In Figure 16 and Figure 17, the absorbance
spectra and the (ahv)?=f(hv) dependencies of MgO
NPs synthesized with the AVE precipitating agent
are presented.

The absorption peaks of both MgO NPs
exhibits a blue shift. The observed optical blue
shift relative to bulk MgO originates from a
combination of nanoscale effects and defect-
mediated electronic restructuring. At reduced
crystallite sizes, the electronic charge carriers
become  spatially  confined  within  the
nanocrystal volume, which increases the effective
bandgap energy according to the quantum size
effect. In addition to confinement, the large
surface-to-volume  ratio introduces under-
coordinated oxygen sites and surface hydroxyls
that alter the local potential landscape at
the band edges. These surface states slightly
shift the conduction band upward while
simultaneously suppressing the tailing of the
valence band, which amplifies the apparent blue
shift. Therefore, the optical transition edge is not
only a size-dependent property but also reflects the
defect chemistry and surface termination of the
nanoparticles.
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Figure 15. The (ahv)?*= f(hv) dependencies of MgO

NPs synthesized with SDS as the precipitating agent.
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Figure 16. The absorbance spectra of MgO NPs
synthesized with AVE as the precipitating agent.
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Figure 17. The (ahv)*= f(hv) dependencies (b) of

MgO NPs synthesized with AVE as the precipitating

agent.

Table 5

Comparative role of SDS and Aloe Vera as stabilizing agents during MgO nanopatrticle formation.

Parameter SDS route

Aloe Vera route

Stabilization mechanism
Nucleation rate
Crystallite size

Defect concentration
Agglomeration

Smaller
Higher initially
More likely secondary

Electrostatic (micelle templating)
Very fast (burst nucleation)

Steric (biopolymer shielding)
Moderated (complexation-controlled)
Slightly larger but better ordered
Lower due to gradual ordering
Reduced via steric hindrance

This effect gradually moderates higher
calcination temperatures, where defect annihilation
and partial grain growth reduce surface-state
contributions to the band structure. For the as-
grown nanoparticles, the absorbance shows a peak
at 214 nm. This absorption is significantly higher
than that of bulk MgO, which exhibits excitonic
transitions for single crystals at 163 nm. The
evaluated optical band gap energy of the as-grown
MgO NPs is 5.73 eV, which agrees well with
values reported in other studies [41].
With increasing calcination temperature up to
500°C, the band gap increases to 5.9 eV. However,
with further increases in calcination temperature,
the band gap decreases back to the value obtained
for the as-grown MgO NPs. A similar trend
was observed for MgO NPs synthesized with the
SDS precipitating agent.

The distinct stabilization mechanisms of
SDS and Aloe Vera directly influence the resulting
nanoparticle size distribution and tendency toward
agglomeration. SDS  provides electrostatic
stabilization through anionic micellar templating,
which accelerates supersaturation and yields
smaller crystallites, but also traps a higher density
of structural defects. Aloe Vera, in contrast, acts as
a steric stabilizer through polysaccharide-rich
biomolecules that coordinate Mg?** prior to
precipitation, slowing nucleation and enabling
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more ordered growth while preventing severe
agglomeration. A concise comparison is provided
in Table 5.

Conclusions

The current study focused on the synthesis
of magnesium oxide nanoparticles. The two
precipitating agents exhibited distinct stabilization
mechanisms that influenced the nanoparticle
growth pathway. SDS acted through electrostatic
micellar templating, which accelerated nucleation
and yielded smaller crystallites with a higher
initial defect concentration. In contrast, Aloe Vera
provided steric stabilization via its polysaccharide
matrix, leading to slower nucleation, improved
crystalline ordering, and reduced agglomeration.
These mechanistic differences account for the
slight variations in crystallite size and optical
properties between the two routes. The MgO
nanoparticles were characterized using scanning
electron microscopy, X-ray diffraction, and
infrared spectroscopy. The experimental data
indicate that the average crystallite size of the
synthesized MgO NPs is slightly influenced by the
dispersing agent, sodium dodecyl sulphate and
Aloe Vera. The EDS and XPS analyses show that
both synthetic routes produce the nanoscale MgO
phase. FTIR spectra for MgO NPs annealed at
different temperatures show slight changes in
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intensity and small shifts in the vibration modes with
increasing calcination temperature. Peaks appearing
between 400-700 cm™ confirm the presence of MgO
at the nanoscale. The diffractograms of MgO NPs
synthesized with the AVE precipitating agent showed
an increase in the intensity of the diffraction planes
without shifting the diffraction angles as the
calcination temperature increased. A slight increase
in crystallite size was observed compared to MgO
NPs synthesized with the SDS precipitating agent.
The absorption peaks of both MgO NPs exhibit a blue
shift. The average crystallite size of commercial MgO
nanoparticles is approximately twice that of those
synthesized with the two dispersing agents.
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