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Abstract

In this study, MgO nanoparticles (MgO-NPs) were synthesized using self-propagating
combustion (SPC) method. Different fuels which are triethanolamine, glycine, and citric acid
were employed to investigate their effects on the phase, morphology, particle size and band
gap energy of MgO-NPs. The resulting samples were named MgO-TRI (triethanolamine), MgO-
GLY (glycine), and MgO-CA (citric acid). This method is simple, produces uniform powder, and
is capable of yielding large quantities of the final product. Pure MgO-NPs was obtained at the
temperature of 600°C for 12 hours. The produced nanoparticles exhibit agglomerated and
irregular rounded particle size (26.43 nm) using triethanolamine as fuel followed by citric acid
(51.50 nm) and glycine (90.44 nm). The band gap energy of the produced MgO-NPs ranging
from 5.81 eV to 6.20 eV is much lower than their micron-sized counterpart (7.8 eV). Due to
having the smallest particle size, the MgO-TRI sample has the lowest band gap energy followed
by MgO-CA and MgO-GLY which have bigger particle sizes. This shows that the band gap
energy of materials is affected by the size of particles. The findings indicated that the tuning of
band gap energy of synthesized nanomaterials suiting the desired applications can be executed
by varying the fuels. From this study, triethanolamine is evidenced to be the most effective fuel
for the SPC method as it produced the smallest particle size producing MgO-NPs with the
lowest band gap energy compared to other fuels.

Keywords MgO nanoparticles, self-propagating combustion, band gap, triethanolamine, citric
acid, glycine
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1.0 INTRODUCTION

Magnesium oxide (MgO) exhibits outstanding stability, high melting point as well as excellent resistance to chemical corrosion.
Due to these unique properties, it is suitable for a wide range of physical industrial applications which include applications in
catalysis, sensing, energy storage and optoelectronics [1-3]. It is also highly applicable in biological industrial applications due
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to its biocompatibility and antibacterial behaviour. As stated in previous studies, MgO has been applied in biomedical and tissue
engineering. It has also been applied in drug delivery [4-5]. The study of MgO has been done widely in the past. However,
studies investigating the morphology, structure and optical properties need to be explored deeper. Our study focuses on
investigating the characteristics of MgO nanoparticles (MgO-NPS) synthesized through the self-propagating combustion (SPC)
method. The SPC method is a straightforward approach which is known to be economical. The method involves reacting metal
precursors and fuels exothermically to quickly produce the desired materials. This method allows the researchers to control the
morphology, particle size and particle size distribution of the materials. The production of highly crystalline nanoparticles with
unique morphologies proven through the SPC method has been favoured by a lot of researchers [6-8].

This research will delve deeper into understanding the role of fuels in the SPC method as well as the effect of three
different combustion fuels such as triethanolamine, glycine and citric acid on the structure, morphology and properties of the
produced MgO nanoparticles. Understanding the effect of different fuels on the characteristics of MgO nanoparticles will provide
us with more fuel options in the future. The results and findings will help in elucidating the relationship between the combustion
synthesis parameters and the properties of MgO nanoparticles. The phase, morphology, particle size and their effects on band
gap energy values will be discussed in this study. The knowledge acquired from this study can promote the development of
MgO-based materials with tailored properties suiting diverse applications which will tremendously enhance the fields of catalysis,
sensing, optoelectronics, energy storage and biomedical applications.

2.0 EXPERIMENTAL
2.1 Materials and Methods

In this study, the self-propagating combustion (SPC) method was employed in synthesizing the magnesium oxide nanoparticle
(MgO-NPs) [9]. The SPC method involves dissolving metal precursors in deionized water, followed by the addition of fuels,
initiating the combustion process at low temperatures. Three distinct fuels which are triethanolamine (CeH1sNOs, Merck, 99.0%
purity), glycine (NH2CH2COOH, Sigma-Aldrich, 99.0% purity) and citric acid (CsHsO7, Sigma-Aldrich, 99.0% purity) were utilized.
The calculation of the fuel quantity needed in each synthesis for a stoichiometric balance between the precursor and fuel (¢ =
1) followed the approach detailed by Jain et al. [10]. For the first experiment, 6.41 g of magnesium nitrate hexahydrate,
Mg(NOs3)2.6H20 with 99.9% purity from HmbG, was dissolved in deionized water followed by the addition of 1.13 g of
triethanolamine. To ensure homogeneity, the solution was stirred for thirty minutes, and then slowly heated at 200°C until
combustion occurred under ignition conditions. The resulting precursor materials were ground into fine powders using an agate
mortar. This procedure was then repeated using different fuels, employing 1.59 g of citric acid and 2.08 g of glycine.

The annealing of the produced precursors was done at the temperature of 600°C for 12 hours to yield the final products,
which were named MgO-TRI (triethanolamine), MgO-GLY (glycine), and MgO-CA (citric acid), respectively. XRD patterns were
measured using a PanAlytical X"Pert Pro MPD instrument, with data collected at 26 with the range of 30° to 90°. The Cu K«
radiation with A = 1.5418 A (40 mA and 45 kV) with Bragg-Brentano geometry was employed. The MgO-NPs samples were
characterized using a Field Emission Scanning Electron Microscope (FESEM) (Model: JEOL JSM-7600F) to determine their
morphology and particle size. The JSM-7600F operated with a field-emission (FE) gun for high-resolution imaging and stable
gun conditions. Particle size measurements were carried out using FESEM software. The average particle size was determined
by measuring approximately 50 crystals with random sizes to ensure a representative and comprehensive data collection.
Additionally, reflectance spectra for the determination of the band gap energy values of the MgO-NPs samples were evaluated
using a UV-visible NIR spectrophotometer (Model: Perkin-Elmer Lambda 950) with a reflection geometry. Reflectance spectra
observed in the wavelength range between 190 to 300 nm were used in the band gap energies calculation using the acclaimed
Tauc relation stated below:

(exhxv) = Ax[(hxv)- Eg] (1)

where a corresponds to the absorption coefficient of the material at a certain value of the wavelength A, h refers to Planck's
constant, A for a proportionality constant, v corresponds to the frequency of light and Eg represents the band energy while x=%2
(for direct transition mode materials).

3.0 RESULTS AND DISCUSSION
3.1 Sample Appearance

In this study, MgO nanoparticles (MgO-NPs) were synthesized using various fuels, namely triethanolamine, glycine, and citric
acid. The resulting samples were labelled as MgO-TRI, MgO-GLY, and MgO-CA, respectively. Figure 1a depicts the as-prepared
MgO precursors, while Figure 1b depicts the annealed MgO samples. The observed colours of the MgO-GLY, MgO-CA, and
MgO-TRI precursors are brown, white, and pale brown, respectively. Notably, after annealing, all MgO samples exhibited a
uniform transformation into a white powder, indicative of the presence of a pure product, which was further confirmed by X-ray
diffraction (XRD) analysis [11].
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(a) MgO-GLY MgO-CA MgO-TRI (b) MgO-TRI MgO-GLY MgO-CA

Figure 1: (a) Color appearance of the as-prepared precursors obtained for all MgO samples and (b) Color appearance of
annealed materials for all MgO samples.

3.1 X-ray diffraction (XRD)

Figure 2 depicts the XRD pattern obtained for all MgO samples. The XRD patterns of MgO are compared to the MgO cubic
structure (ICDD reference pattern no. 01-087-0651), which belongs to space group Fm-3m. From the results, the XRD patterns
of MgO samples obtained display the diffraction peaks of (111), (200), (220), (311), and (222), which match the MgO cubic
structure [12]. The results indicate that all the MgO samples are pure. There are no other peaks that might indicate impurities
or other phases. This suggests that annealing the precursor at 600°C for 12 hours yields pure and single-phase materials [13].
Based on the XRD findings, it is concluded that the self-propagating combustion method utilizing triethanolamine, glycine, and
citric acid enables the production of pure MgO compounds.
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Figure 2: XRD Patterns for (a) MgO-TRI, (b) MgO-GLY and (c) MgO-CA.
3.2 Field Emission Scanning Electron Microscope (FESEM)

Morphological studies using FESEM were conducted on the MgO samples, as depicted in Figure 3. It is observed that
annealing the samples at 600°C results in smaller particle sizes, less than 100 nm, regardless of the synthesis route using
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triethanolamine, glycine, or citric acid. Therefore, the successful synthesis of MgO-NPs was achieved at an annealing
temperature of 600°C for 12 hours. This can be attributed to the high rate of the combustion reaction, which occurs so rapidly
that there isn't enough time or energy for the atoms to diffuse across large distances and the crystallites to grow significantly.
Therefore, the initial nanophase is maintained [14]. The morphology of MgO-TRI, MgO-GLY and MgO-CA samples does not
exhibit significant variations, indicating that the particles are made up of highly agglomerated, irregularly rounded crystals. These
particles consist of small crystallites joined together by grain boundary crystallites. The observed uniformity in smaller and
homogeneous grains with agglomeration is attributed to the significant release of gases during combustion [14-16].

Table 1 provides a summary of the average particle sizes measured randomly using FESEM software for various
samples. The average particle sizes for MgO-TRI, MgO-GLY, and MgO-CA are approximately 26.43 nm, 90.44 nm, and 51.50
nm, respectively. The results indicate that the self-propagating combustion (SPC) route utilizing triethanolamine yields the
smallest particle size, followed by citric acid and glycine. The observed discrepancy in particle size among MgO samples
synthesized using distinct fuels can be explained by the different combustion characteristics and thermal effects associated with
each fuel, which can influence the nucleation process and growth of particles during the synthesis. As reported by Sedghi et al.
[14], the enthalpy or flame temperature during combustion can impact material characteristics, including crystallite size and
agglomeration. The enthalpies of combustion (AcHsoiia) for triethanolamine, glycine, and citric acid are -3840.6 + 1.5 KJ/mol, -
974.1 £ 0.5 KJ/mol, and -1906.0 + 4.6 KJ/mol, respectively [17]. This difference in enthalpy explains the advantageous formation
of smaller particles and a more porous structure when using triethanolamine, which possesses a higher enthalpy compared to
others [18-19]. In summary, the selection of different fuels introduces distinct combustion dynamics, influencing the nucleation
and growth of MgO crystallites. Triethanolamine, glycine, and citric acid each contribute unique combustion properties, resulting
in the observed variations in average patrticle sizes for MgO-TRI, MgO-GLY, and MgO-CA, respectively.

MgO nanoparticles, crucial for diverse applications, display varied sizes depending on the synthesis methods. According
to Todan et al. [20], hydrothermal, sol-gel, and microwave irradiation processes produce MgO nanoparticles with distinct
characteristics. Hydrothermal synthesis yields tabular aggregates averaging 106 + 38 nm with rod-like structures. Sol-gel
synthesis results in duplex-shaped particles, with individual particles at 40 £+ 9 nm. The average size of the nearly spherical
aggregates produced by microwave irradiation is 96 + 14 nm. In a study by Salman et al. [21], modified sol-gel synthesis
produces smaller MgO nanoparticles (30-50 nm) with surface agglomeration. Additionally, Nassar et al. [15] synthesized MgO-
NPs using a hybrid sol-gel combustion method with different fuels, resulting in irregular hexagonal (urea), cubic (oxalic acid),
and spherical (citric acid) shaped particles with average diameters of 89 nm, 53 nm, and 81 nm, respectively. The diverse
morphologies are attributed to variations in the heat and gas production during combustion, influencing crystallite sizes.

=== 100mm JEOL 1/5/2022
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Figure 3: FESEM images of (a) MgO-TRI (b) MgO-GLY and (c) MgO-CA samples at a magnification of 50,000X.
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3.3 UV-Visible NIR spectrometer with a reflection geometry

Figure 4 displays the reflectance spectra of the samples, while Figure 5 shows Tauc plots for all samples. The band gap energies
that were determined using the Tauc plot are summarized in Table 1.

Table 1: Band gap energies of MgO samples.

Samples Average particle size (nm) Band gap energy (eV)
MgO-TRI 26.43 5.81
MgO-GLY 90.44 6.20
MgO-CA 51.50 5.90
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Figure 4: UV-Vis NIR spectrum for (a) MgO-TRI, (b) MgO-GLY and (c) MGO-CA samples

600 200
o MgO-TRI . MgO-GLY
% " iz 150 6.20
T 400 581 : N
2 300 N Z100
= 200 2 5
- = -
£ 100 =
£ g
10056 87 58 59 6 54 56 58 6 62 64 66
E(eV) E(eV)
350
wo | MgO-CA
L 250
= 200
5
Z 150 | 590
Z 100
)
= 50

54 55 56 57 58 5 6 6.1
E (eV)

Figure 5: Tauc plot for (a) MgO-TRI, (b) MgO-GLY and (c) MGO-CA samples.
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Among the samples, MgO-TRI exhibited the smallest band gap energy of 5.81 eV, while MgO-CA had a slightly higher
value of 5.90 eV, and MgO-GLY had the highest band gap energy of 6.20 eV. The variance in particle sizes among the samples
can be the reason for this discrepancy in band gap energies [22—-23]. MgO-TRI, with its smaller particle size, demonstrates a
lower band gap energy compared to MgO-CA and MgO-GLY. The observed band gap values for nano-sized MgO in this study
align with the findings from Prado et al. [22] and Kumar et al. [24], where band gap energies ranging from 5.85 to 6.50 and 5.0
to 6.2 eV, respectively, were reported. Notably, the band gap energy values obtained in this study for all MgO-NPs samples are
less than the band gap energy reported for its bulk counterpart by Gallagher et al. (7.8 eV) [25]. This decrease in band gap
energy is due to the reduction in particle size. In the nano-region, the large surface area to volume ratio of the crystallites may
lead to band gap narrowing. In summary, the findings show that the band gap energy reduces as the particle size decreases.

4.0 CONCLUSION

In summary, pure and single-phase MgO-NPs produced using different fuels which are triethanolamine, glycine and citric acid
were successfully synthesized through the self-propagating combustion (SPC) method. The synthesized MgO-NPs were
characterized to find out their phase, morphology, particle size and band gap energy. The optimization of combustion synthesis
parameters was also done to achieve the best MgO-NPs. The band gap energy of MgO nanoparticles synthesized through the
SPC method which ranges from 5.81 eV to 6.20 eV is much lower than the band gap energy of micron-sized MgO (7.8 eV).
From the samples, it can be deduced that MgO-TRI have the smallest value of band gap energy of 5.81 eV followed by MgO-
CA with a slightly higher value of 5.90 eV and MgO-GLY having the highest band gap energy of 6.20 eV. It was observed that
the band gap energy values differ with different particle sizes of MgO-NPs produced by different fuels, indicating the importance
of varying the fuel options. Furthermore, it is evidenced that the tuning of band gap energies suiting different specific applications
can be executed through the selection of the appropriate fuels. All in all, the successful synthesis of pure MgO-NPs through the
SPC method and the capability to tailor the band gap energy through the selection of fuels emphasize the potential of MgO-NPs
for a wide range of applications.
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