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ARTICLE INFO ABSTRACT

The precipitation process was used to prepare magnesium oxide (MgO)
with magnesium nitrate hexahydrate Mg(NO,),.6H,0, ammonia, and
distilled water. The precursor is Mg Nitrate, the solvent is distilled water and
ammonia is used to adjust the pH of the sample. The MgO was characterized
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Published 01 April 2026 by X-ray diffractometer microscopy. Through Scherrer equation and XRD

spectroscopy, the mean size of the particle was observed to be 40 nm. The
Keywords: samples had good crystallinity and good orientation (222) direction. The
Magnesium Oxide main aim of the magnesium oxide synthesis in this paper is to explore its

anti-bacterial quality. The size of the inhibition zone developed during disk
diffusion tests and the minimum inhibitory and minimum bactericidal
concentration of samples in media were used to test against antibacterial
agents. The efficacy of magnesium oxide nanoparticles was evidenced
by the fact that the results of bacterial sensitivity of nanoparticles vary
according to the type of bacteria i.e. S. aureus and E. coli.
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INTRODUCTION

Nanoscience is the study of materials and to make solar panels and energy storage systems

technologies at the nanoscale; between one and
one hundred nanometers. This field of research
worries itself with the peculiar properties of the
materials at this size at which their behavior is
quite different at larger scales. Nanoscience has
found application in many industries and one
of such industries is medicine, which is used
in development of more powerful medicines
through targeting cancer cells [1]. It is useful
in manufacture of smaller and faster parts in
electronics such as microprocessors. It is also used
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more efficient in relation to increasing the amount
of energy which is used in water purification and
pollution treatment. These applications generate
a new avenue of increasing standards in various
industries. [2]. Magnesium oxide (MgQO), which is
a chemical compound consisting of magnesium
and oxygen is considered to be a substance of
great significance in various industrial and medical
processes. Because of the special chemical and
physical properties, magnesium oxide may be
applied in a broad field of utilization [3,4].

There are many industries which utilize
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magnesium oxide (MgO) such as nutrition and
medical. Magnesium oxide can inhibit other
types of bacteria effectively indirectly [5,6]. One
of its effects is its ability to alter the pH (level
of acidity) of the surrounding environment.
Alteration of the pH can inhibit the development
of some forms of bacteria because they like acidic
conditions [7]. Moreover, the MgO reaction with
the acid present in the cell wall may have negative
effects on the structure and the key processes in
bacteria. This reaction is used to reduce the level
of bacteria in a particular environment by avoiding
their proliferation [8]. Bacterial inhibition can be
defined as the process to prevent the growth and
procreation of bacterial germs. This isimportant to
the environment, food and health. This is achieved
with the help of various techniques and resources.
[9]. Laser preparation methods are considered
among the most popular methods of producing
nanoparticles due to their numerous advantages
in numerous fields of scientific and industrial
use. [10]. Method involves high-intensity beam
of laser to create vast amount of heat in the
target materials which causes the nanoparticles
to fall and evaporate at the most accurate and
uniform process. [11]. One of the most valuable
opportunities of the technology is the ability to

closely monitor the size, shape, and chemical
composition of the final nanoparticles. The
nanoparticles that are made can be designed with
some specific properties that can aid in achieving
the goals of research and application through the
manipulation of laser process conditions such
as power, exposure time and the type of source
material [12,11].

MATERIALS AND METHODS
Nanomaterial Synthesis MgO

This is the way the aqueous solution of
magnesium nitrate hydroxide was prepared.
Magnesium nitrate hydrate, Mg (NO3)2.6HZO,
was dissolved in 100 milliliters of striped water
to prepare the aqueous solution of magnesium
nitrate hydroxide. The mixtures of distilled water
and magnesium nitrate hydrate were agitated
four hours in order to gain clarity. To achieve the
pH of the magnesium nitrate hydrate solution of
nine, ammonia was placed in the solution in drops
whilst stirring. Right after that, the precipitate was
obtained by thoroughly washing it numerous times
with methanol and distilled water, filtering and
drying the precipitate overnight at 100 degrees
Celsius in the oven. Then the samples was ground
and annealed at 500 degrees Celsius in a muffle
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Fig. 1. X-ray diffraction of the MgO films.
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furnace during a period of three hours. Finally, a
white Nano-powder was obtained.

Sample accumulating

This investigation involved micrococcus luteus
and Gram-positive and Gram-negative bacteria
strains. All the micrococcus luteus, E. coli, and
the Staphylococcus aureus were cultivated at
37-C in the nutrient agar plates. One colony was
picked in a sterile loop and inoculated with 10
milliliters of nourishment and kept at 37<Celsius

throughout the night. After the completion, the
S. aureus and E. coli at 108 cfu/mL, 106 cfu/mL,
104 cfu/mL, 103 cfu/mL, 100 cfu/mL and 10 cfu/
mL in each medium were centrifuged at 6000 rpm
of 5 minutes. The cells were centrifuged 3 times
so as to eliminate the presence of medium and
debris and then again after a second deferral in
500 1 of phosphate-buffered saline (PBS). All the
supernatants were discarded. Prior to adding
them to the well cells were pipetted into PBS to
be uniformly spread following the final wash that
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Fig. 2. Atomic force microscope images of MgO.
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cleaning up all the supernatant.

RESULTS AND DISCUSSION
Characterization of MgO materials

The crystal phase of MgO nano-particles was
identified with the help of powder XRD method
with the use of Philips diffractometer with the
X-ray as the source of Cuka radiation with the
wave length of 0.15406 nm. Fig. 1 shows that
magnesium oxide is found at phase-cubic. The
peaks of impurities could not be detected. Fig. 1
indicated the presence of characteristic peaks of
reflections at five MgO three and the peaks were
indexed to (111), (200), (220), (3 1 1) and (222)
planes of diffraction. A cubic unit cell is a=b=c
4.130. The average crystallite size was calculated
by using the highest peak (200) by Debye-Scherrer
formula, which is having measured values as a
Gaussian curve at the peak (200). Even, it can be
imagined that the average size of the particles of
magnesium oxide is approximately 40 nm. [13].

Results of Atomic force microscope (AFM)
Atomic force microscopy is one of the ways of
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analyzing the size and the shape of particles. It
gives 2D and 3D topography images of the scanned
surface of the ready sample. The topographic
picturesin Fig. 2 are 2D and 3D. The 3D topography
image indicates that the MgO nanoparticles have
the maximum height of 45 nm. MgO nanoparticles
were also found to contain an average size of 40
nm. The shape of the nanoparticles is very acicular
[14]. The acicular form is a crystal habit composed
of a radiating mass of fine crystals in the shape.

Scanning Electric Microscopy (SEM)

The pictures of SEM of the generated
nanomaterial are presented in Fig. 3. This
accumulation of the aggregate particles on many
layers is of crystalline and non-homogenous
nature [15]. The results of the microscope analysis
showed that the shape of the particles is normally
non-specific, elongated, and spheric. [16].

Biological tests

Fig. 4 indicates the effectiveness of magnesium
oxide nanoparticles in preventing the growth
of certain bacteria. The zone of inhibition had a
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Fig. 3. SEM under microscope MgO.
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Fig. 4. Antibacterial activity of (sample 1) on S.aureus. A, Control. B, 62.5 ug/mL. C, 125 ug/mL. D, 250 ug/mL. E, 500 ug/mL.

Table 1. Explain the antibacterial activity of nanoparticles.

Antibacterial analysis(Zone of inhibition (mm)

Sample A B C D E

S.aureus 6 7 23 26 27
MgO

E.coli 6 9 29 32 33

diameter of 33 mm and the positive bacteria such
as Staphylococcus aureus and Staphylococcus CONFLICT OF INTEREST

epidermidis reacted with the substance with The authors declare that there is no conflict
negative reactions being seen with gram-negative of interests regarding the publication of this
bacteria such as Escherichia coli. [17]. manuscript.
CONCLUSION REFERENCE

The XRD finding confirmed that magnesium 1. Hulla JE, Sahu SC, Hayes AW. Nanotechnology. Human and
oxide was present. The fine powders of MgO were Experimental Toxicology. 2015;34(12):1318-1321.
produced successfully and the pH maintained 2. alnada faris Hus-ham K, khd.ler HM, Salih WM. Eco-friendly

o . epoxy composites for high-performance skateboards.
through a precipitation process of magnesium Discover Materials. 2025;5(1).
nitrate, distilled water and Superior purity the 3. Staudinger U, Janke A, Simon F, Jakisch L, Bittrich E,
Nano- powder indicates that an increase in MgO Formanek P, et al. MWCNT Localization and Electrical
concentration inhibits bacterial growth. MgO Percolation in Thin Films of Semifluorinated PMMA Block
R . Copolymers. Polymers. 2025;17(9):1271.

nanoparticles .at Fh_e concentration of 30mg/m| 4. Taurian OE, Springborg M, Christensen NE. Self-consistent
were found to inhibit S. aureus. electronic structures of MgO and SrO. Solid State Commun.
J Nanostruct 16(2): 1643-1648, Spring 2026 1647

(@) |


http://dx.doi.org/10.1177/0960327115603588
http://dx.doi.org/10.1177/0960327115603588
http://dx.doi.org/10.1007/s43939-025-00354-z
http://dx.doi.org/10.1007/s43939-025-00354-z
http://dx.doi.org/10.1007/s43939-025-00354-z
http://dx.doi.org/10.3390/polym17091271
http://dx.doi.org/10.3390/polym17091271
http://dx.doi.org/10.3390/polym17091271
http://dx.doi.org/10.3390/polym17091271
http://dx.doi.org/10.1016/0038-1098(85)90622-2
http://dx.doi.org/10.1016/0038-1098(85)90622-2

10.

1648

1985;55(4):351-355.

Abdi A, Hussen S, Ahmed M. Author response for
“Prevalence, Antimicrobial Susceptibility Pattern and
Associated Factors of Staphylococcus Aureus Among
Camel’s Raw Milk in Babile District, Oromia, Ethiopia”.
Wiley; 2025.

Maérmol G, Savastano H. Study of the degradation of
non-conventional MgO-Si02 cement reinforced with
lignocellulosic fibers. Cem Concr Compos. 2017;80:258-
267.

Rahmah M, Saadoon NM, Mohasen AJ, Kamel RI, Fayad TA,
Ibrahim NM. Double hydrothermal synthesis of iron oxide/
silver oxide nanocomposites with antibacterial activity
**_ Journal of the Mechanical Behavior of Materials.
2021;30(1):207-212.

Su Z-B, Zhang X-Y, Lin X, Li X-L, Quan C-X, Hsu C-H, et al.
Effect of substrate temperature on growth mechanism and
properties of PEALD-MgO dielectric films for amorphous-
1GZO TFTs. Surf Coat Technol. 2024;483:130819.

Dieltjens L, Appermans K, Lissens M, Lories B, Kim W,
Van der Eycken EV, et al. Inhibiting bacterial cooperation
is an evolutionarily robust anti-biofilm strategy. Nature
Communications. 2020;11(1).

Shepelin NA, Tehrani ZP, Ohannessian N, Schneider CW,

11.

12.

13.

14.

15.

16

17.

Pergolesi D, Lippert T. A practical guide to pulsed laser
deposition. Chem Soc Rev. 2023;52(7):2294-2321.

Greer JA. History and current status of commercial
pulsed laser deposition equipment. J Phys D: Appl Phys.
2013;47(3):034005.

Giiney H, iskenderoglu D. Synthesis of MgO thin films grown
by SILAR technique. Ceram Int. 2018;44(7):7788-7793.

Rao KV, Sunandana CS. Structure and microstructure
of combustion synthesized MgO nanoparticles and
nanocrystalline MgO thin films synthesized by solution
growth route. Journal of Materials Science. 2007;43(1):146-
154.

Yang G, Xu Q, Zheng W. Synthesis and characterization of
amorphous hollow carbon spheres. Journal of Materials
Science. 2011;47(5):2072-2077.

Benedetti S, Benia HM, Nilius N, Valeri S, Freund HJ.
Morphology and optical properties of MgO thin films on
Mo(0 0 1). Chem Phys Lett. 2006;430(4-6):330-335.

.Bejjani M, Far AB, Flitti F. Optical Properties of PS-MgO

Thin Films. Journal of Advanced Materials Science and
Engineering. 2023;3(1).

Abdul-Hamead AA. Advanced Structured of MgO Thin Film
for Bio Applications. Mater Sci Forum. 2020;1002:319-330.

J Nanostruct 16(2): 1643-1648, Spring 2026
(@)er |


http://dx.doi.org/10.1016/0038-1098(85)90622-2
http://dx.doi.org/10.1002/vms3.70438/v2/response1
http://dx.doi.org/10.1002/vms3.70438/v2/response1
http://dx.doi.org/10.1002/vms3.70438/v2/response1
http://dx.doi.org/10.1002/vms3.70438/v2/response1
http://dx.doi.org/10.1002/vms3.70438/v2/response1
http://dx.doi.org/10.1016/j.cemconcomp.2017.03.015
http://dx.doi.org/10.1016/j.cemconcomp.2017.03.015
http://dx.doi.org/10.1016/j.cemconcomp.2017.03.015
http://dx.doi.org/10.1016/j.cemconcomp.2017.03.015
http://dx.doi.org/10.1515/jmbm-2021-0021
http://dx.doi.org/10.1515/jmbm-2021-0021
http://dx.doi.org/10.1515/jmbm-2021-0021
http://dx.doi.org/10.1515/jmbm-2021-0021
http://dx.doi.org/10.1515/jmbm-2021-0021
http://dx.doi.org/10.1016/j.surfcoat.2024.130819
http://dx.doi.org/10.1016/j.surfcoat.2024.130819
http://dx.doi.org/10.1016/j.surfcoat.2024.130819
http://dx.doi.org/10.1016/j.surfcoat.2024.130819
http://dx.doi.org/10.1038/s41467-019-13660-x
http://dx.doi.org/10.1038/s41467-019-13660-x
http://dx.doi.org/10.1038/s41467-019-13660-x
http://dx.doi.org/10.1038/s41467-019-13660-x
http://dx.doi.org/10.1039/d2cs00938b
http://dx.doi.org/10.1039/d2cs00938b
http://dx.doi.org/10.1039/d2cs00938b
http://dx.doi.org/10.1088/0022-3727/47/3/034005
http://dx.doi.org/10.1088/0022-3727/47/3/034005
http://dx.doi.org/10.1088/0022-3727/47/3/034005
http://dx.doi.org/10.1016/j.ceramint.2018.01.210
http://dx.doi.org/10.1016/j.ceramint.2018.01.210
http://dx.doi.org/10.1007/s10853-007-2131-7
http://dx.doi.org/10.1007/s10853-007-2131-7
http://dx.doi.org/10.1007/s10853-007-2131-7
http://dx.doi.org/10.1007/s10853-007-2131-7
http://dx.doi.org/10.1007/s10853-007-2131-7
http://dx.doi.org/10.1007/s10853-011-5888-7
http://dx.doi.org/10.1007/s10853-011-5888-7
http://dx.doi.org/10.1007/s10853-011-5888-7
http://dx.doi.org/10.1016/j.cplett.2006.08.130
http://dx.doi.org/10.1016/j.cplett.2006.08.130
http://dx.doi.org/10.1016/j.cplett.2006.08.130
http://dx.doi.org/10.33425/2771-666x.1014
http://dx.doi.org/10.33425/2771-666x.1014
http://dx.doi.org/10.33425/2771-666x.1014
http://dx.doi.org/10.4028/www.scientific.net/msf.1002.319
http://dx.doi.org/10.4028/www.scientific.net/msf.1002.319

	Preparation and Characterization of Magnesium Oxide Nanoparticles and their Antibacterial Activity 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION
	MATERIALS AND METHODS 
	Nanomaterial Synthesis MgO 
	Sample accumulating 

	RESULTS AND DISCUSSION 
	Characterization of MgO materials  
	Results of Atomic force microscope (AFM) 
	Scanning Electric Microscopy (SEM) 
	Biological tests 

	CONCLUSION 
	CONFLICT OF INTEREST 
	REFERENCE 

