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Abstract

Magnesium oxide nanoparticles were synthesized via a co-precipitation
procedure. Comprehensive characterization included infrared fluorescence, X-ray
scattering spectroscopy, scanning electron microscopy, as well as X-ray diffraction
and atomic force microscopy. Surface properties were analyzed using Langmuir,
Brunauer -Emmett-Teller, Barrett-Joyner—Halenda, t-plot techniques, and the N>
adsorption-desorption isotherms methods to determine surface area and pore
structure. Results confirmed the nanoparticles possess high purity. The size of the
synthesized particles ranged from 30-40 nm, which was determined by scanning
electron microscopy. The surface area of the prepared particles is 31,227 m? g*!, and
it was found that the pore volume was 0.03031 ¢cm3 m™!, while the pore diameter
was 1.21 nm.

Keywords: magnesium oxide, pore diameter, nanoparticles, surface area, XRD,
SEM.
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1. Introduction

Nanomaterials, defined by their 1-100 nm size range, exhibit novel and distinctive
qualities that set them apart from the materials from which they were produced [1,2]. Recent
research has increasingly focused on nano-metal oxides due to their unique characteristics,
including photocatalysis, hydrophobicity, stability, a large surface area, and reduced
crystalline size [3,4]. Nanoscale metal oxides are also used in several applications such as
coatings, batteries, catalysts, toxic waste treatment, capacitors, antibacterial agents,
superconducting products, medical sciences, and sensors [5]. MgO NPs were prioritized for
synthesis among metal oxides due to their unique qualities and properties, as they are
characterized by their highly ionic nature, simple chemistry, and crystalline structure [6].
Nanoscale magnesium oxide is used in many applications such as photocatalysis [7],
adsorption [8], foodborne antibacterials [9], ceramics, glass making [10], pharmaceuticals
[11], catalysis, and optoelectronics [12].

Several synthesizing techniques have been employed, including laser ablation [13], the co-
precipitation method [14], thermal reflux [15], and redox [16]. The co-precipitation method is
used for its simplicity in terms of the raw materials used as well as ease of processing. The
nanoparticles prepared by the co-precipitation method have a large surface area and small
nano-sized sizes, which gives them a high adsorption capacity, so they are used in
applications that require surface chemistry, including wastewater treatment [17,18].

Conventional methods of water purification result in hazardous waste and substances,
necessitating energy-intensive processing [19]. This study aimed to synthesize MgO
nanoparticles via the co-precipitation method, followed by characterization of the resulting
particles using Fourier transform infrared spectroscopy (FTIR), atomic force microscopy
(AFM), scanning electron microscopy (SEM), and X-ray diffraction (XRD). The model was
also applied to the N> isotherms for adsorption-desorption, the specific surface area, and pore
structure of the produced nanoparticles, as well as the Langmuir, Brunauer -Emmett-Teller
(BET), Barrett-Joyner- Halenda (BJH), and t-plot techniques.

2. Materials and methods
2.1. Chemicals and reagents

Magnesium sulfate (MgS04.7H20) and ammonium hydroxide (NH3OH) were supplied by
the Sigma-Aldrich company.

2.2. Apparatus

The X-ray diffraction analysis was performed using a Shimadzu XRD-6000, while
morphology was examined with a TESCAN S8000 Scanning electron microscope. FT-IR
spectra were recorded on an IR Affinity 1800. Sample preparation utilized a LabTech hotplate
magnetic stirrer, and measurements were conducted with a Sartorius electronic balance
(model LMS-1003) and a CPA 22 device. The surface area analyzer was Belsorp MINI II
ISO9277. All of these were produced by Shimadzu company.

2.3. Preparation of MgO NPs

MgO NPs were prepared using the co-precipitation method [20]. The magnesium sulfate
(MgS04.7H20) aqueous solution (500 ml) was heated to 80 °C using a hotplate stirrer and
used at a concentration of 0.02 M. Then, 400 ml of magnesium chloride solution with a
concentration of 0.08M was gradually added while maintaining a steady temperature. A single
addition of 20 ml (30%) ammonium hydroxide was then introduced while continuously
stirring the mixture for 30 minutes. The precipitate was collected and repeatedly cleaned with
distilled water until all traces of the base were removed once the mixture had reached room
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temperature. Then the precipitate was heated to 500 °C for three hours to heat treat it (calcify
it).

3. Results and discussion
3.1. FT-IR spectroscopy

The FTIR spectrum of the synthesized MgO NPs confirmed the formation of Mg-O bonds,
indicated by absorption bands at 567 cm™! and 879 cm™ (Figure 1)[21], Furthermore, for the
hydroxide group, the band appears as a bending vibration at 1419cm™ uplink [22].
Additionally, the O-H group vibration in the water molecule causes a band to form at 3398
cm-1,[23] demonstrating the existence of water molecules in trace amounts in the
nanoparticles [24]. These water molecules may be caused by solvent residues or air humidity
[23].
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Figure 1: FT-IR spectrum of prepared MgO NPs.
3.2. Atomic force microscope (AFM)

Analysis of the 3D and 2D AFM images (Fig. 2) reveals that the particle surfaces were
irregular, with agglomerated regions appearing as white peaks, a feature attributed to the
measurement technique used [25]. These images also show the quantitative measurements of
the prepared surface properties represented by the root mean square roughness (Rq) and the
mean roughness (Ra), as well as the maximum height from peak to valley (Rt) [26]. The
measured Ra, Rq, and Rt were 1.180, 1.608, and 5.91 nm, respectively. These values show
that the particles are 3.23 nm in size and have a maximum thickness of 14 nm.
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Figure 2: AFM image of the prepared MgO NPs.

3.3. SEM microscopy

Images captured by scanning electron microscope of MgO NPs reveal a strong and evident
attraction between the prepared particles [27]. The particles have a large surface area because
of their morphology, which is in the form of structures resembling nanosheets with flower-
like nanostructures scattered throughout. The particle morphology was altered by the
preparation technique, which is explained by the size and surface energy. [28]. Also, it was
noted that the diameters of the particles range from 30 to 40 nm, as shown in Figure 3.

SEM MAG: 135 kx wo:575mm | MIRA3 TESCAN SEM MAG: 135 kx WD: 5.75 mm
Det: SE SEMHV: 150KV | 200 nm Det: SE SEMHV:150kV | 200 nm
Date(midly): 06/29/21 SUT - FESEM Date(midyy): 06/29121 SUT - FESEM

Figure 3: SEM photographs of prepared MgO NPs at 200 nm and 135kx magnification.

3.4. XRD spectroscopy
Figure 4 shows the X-ray diffraction (XRD) pattern of the resulting magnesium oxide
nanoparticles. The 20-corresponding diffraction peaks were: 38.02, 42.82, 62.03,74.30, and
78.74, which correspond to the crystalline indices (1 1 1), (2 0 0), (22 0), (311) and (2 2 2)
respectively, which reveal the formation of a polycrystalline [4,11]. This corresponds to
JCPDS Card No. (89-4248), confirming the crystalline nature of the synthesized nanoparticles
[3,11]. Using the Debye-Scherrer equation [22], the average crystallite size was determined to
be approximately 30 nm. The following equation is the Scherer formula utilized to determine

the crystalline particles:
D = (0.89 L)/(B cosB) (1)
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Where B = width at half maximum peak (FWHM); D = particle size; and A = the wavelength
of x-rays [11].
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Figure 4: XRD spectrum of the prepared MgO NPs.

3.5. Surface area properties

The porosity and surface area of the adsorbent surface are among the factors that greatly
affect the adsorption process [29]. Therefore, the Langmuir, Brunauer-Emmett-Teller (BET),
and Barrett-Joyner-Halenda (BJH) techniques were used in this study [30]. Figure 5 illustrates
the nitrogen adsorption-desorption isotherm on the surface of MgO NPs, used to determine
their surface area based on monolayer nitrogen coverage [31]. At all pressures, the adsorption
increases and reaches a constant amount at a pressure of 0.89, which reaches equilibrium [20].
Type II adsorption isotherms, which show multiple layers of adsorption, are followed by this
phenomenon. Across all studied pressures, it was observed that decreasing the applied
pressure resulted in reduced gas evacuation. This kind of isotherm is typical of materials with
plate-like shapes and flexible pores, as well as of particles that aggregate [27].

It can be seen from Figure 6 that the Langmuir isotherm of nitrogen gas on the surface of
MgO NPs is used to find out the surface area of the nanoparticles when covered with a single
layer of nitrogen gas. The quantity of gas that has been adsorbed gradually decreases until it
reaches a pressure of 84.785 (p / kPa), at which point it reaches a constant amount. It is
observed that the adsorption of gas molecules increases with increasing pressure applied to
the value of 46.989 (p / kPa) [32].

The t-plot is a method for determining the surface area of the material and for small sizes,
or porosity. Figure 7 shows that when the pore size decreases, the value of t (plot) increases.
Additionally, it observes that following pore filling, the t (plot) chart departs from the linear
system. The prepared particles were found to have a surface area of 48.45 m? g! and a surface
volume of 0.00823 cm® g™! [29].
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The BET diagram of nitrogen gas adsorption on a surface up to its maximum value of

0.064539 at a pressure of 0.453 (P / P0O), as shown in Figure 8, illustrates how the nitrogen gas
molecules expand with increasing applied pressure. Thus, it follows that MgONP
nanoparticles may absorb nitrogen gas at all pressures investigated [31].
Figure 9 shows the BJH pore size distribution derived from nitrogen adsorption on MgO NPs,
which exhibit a surface area of 34.715 m? g™! and an average pore size of 1.2126 nm. These
characteristics, high surface area and small pore size—indicate high adsorption capacity and
effectiveness [33]. The main reason for the discrepancy in interpretations between the BET
diagram and the t-plot containing the BJH of the particles under study is Micro pares surfaces
are inappropriate for the BJH model.
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Figure 5: Adsorption-desorption isotherm of prepared MgO NPs.
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Figure 6: Langmuir —a plot of prepared MgO NPs.
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Figure 9: BJH plot of adsorption of prepared MgO NPs.
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Conclusion

MgO NPs were successfully synthesized by the co-precipitation method. The nanoparticles
were characterized by FTIR, SEM, AFM, and X- XRD. This synthesis method produced
highly pure nanoparticles exhibiting nanosheet-like structures interspersed with flower-like
nanostructures in their morphology. The average size of the prepared particles as determined
by SEM, AFM, XRD, and BET chart ranges between 30 and 40 nm. In addition, it was
observed that 31.227 m? g! is the specific area based on BET absorption. According to the
BJH model, the average pore diameter is 1.21 nm, and the cumulative pore volume is
0.030311 cm® gl. One of the many uses for surface chemistry that can profit from its large
surface area and small nanoparticle size is wastewater treatment. Magnesium oxide particles
can also be used after being mixed with any other metal or organic compound, and their
surface area, nanosize, and pore diameter changes are measured.
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