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ABSTRACT: In this paper, we report the synthesis of  MgO nanoparticles 

(NPs) by the co-precipitation method. The structural properties of  the 

samples were characterised by X-ray diffraction, which revealed that the 

MgO Nps have a cubic structure. The functional groups of  the 

as-synthesised samples were analysed by Fourier transform infrared spec-

troscopy. The optical properties of  the as-synthesised samples were stud-

ied by UV-vis spectroscopy in the range of  200–800 nm, and the ener-

gy bandgap was calculated by the taus relation. The magnesium oxide 

(MgO) nanoparticles (NPs) showed significant dose-dependent bactericid-

al activity in both gram-negative and gram-positive bacteria. From the 

analysis of  the antibacterial and antifungal activities of  MgO NPs, it is 

revealed that the dose is sufficient for killing. These may be used in medi-

cal applications. 

KEYWORDS: magnesium oxide; co-precipitation; antibacterial; antifun-

gal activity; phase-transformation 

 

1. Introduction 

In the last decade, great attention has been 

paid to nanosized materials because of their un-

usual physical, chemical properties[1–3]. Magne-

sium oxide (MgO) is an alkaline earth metal ox-

ide that has a rock salt structure and a large band 

gap of 4.5 eV. MgO has many properties. For 

example, in biomedical applications, its high 

specific surface area is responsible for the anti-

bacterial activity of the microorganism[4–6]. MgO 

NPs samples have antibacterial activity in addi-

tion to their physicochemical characteristics. The 

antibacterial activity of MgO NPs lies in the fact 

that they generate superoxide radicals by reach-

ing oxygen on the bacterial cell surface. The su-

peroxide radical has extra electrons and is very 

reactive[7,8]. Especially analysts have observed the 

synthesis of MgO nanoparticles because of their 

outlandish applications. MgO nanoparticles are 

the most important in several fields, such as su-

perconducting, pH regulator for wastewater 

treatment, catalyst[9,10], remediation of chemical 

waste and warfare agents[11], electronics, cosmet-

ics[12], reflecting and anti-reflecting coatings and 

coating agents[13,14], plasma display panels, 

heat-insulating, refractory fiber board, 

high-frequency magnetic rod antenna dehydrat-

ing agent used, electrically insulating material for 

making crucibles, and antibacterial material for 

waste remediation and superconductor prod-

ucts[15,16]. MgO nanoparticles have been recasting 

fields like industries, medicine, and microelec-

tronics[12]. It is a semiconducting material with a 
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band gap that is used in the production of 

next-generation solar cells[17,18]. The pure MgO 

nanoparticles exhibit moderate acidity but have 

strong basicity[19]. Also, due to its large specific 

surface area, it has good photocatalytic proper-

ties[20,21]. Antimicrobial activities against different 

pathogens have been studied[22–25]. Fungi are the 

most dangerous for paper objects and cultural 

heritage[26]. Magnesium oxide is a naturally oc-

curring compound discovered in seawater and 

metamorphic rocks[27,28]. The magnesium oxide 

has a high melting point of 3,125 K and a high 

boiling point of 3,873 K. Due to this, it has high-

er electrical resistivity, chemical stability, and 

thermal expansion coefficient. 

Various techniques have been implemented 

to produce various kinds of MgO NPs by differ-

ent synthesis processes, such as sol-gel method[29–

33], flame spray pyrolysis method[34], micro-

wave-assisted sol-gel synthesis[6,35], sonochemi-

cal[36], hydrothermal[37], chemical vapour deposi-

tion (CVD)[38], pulsed laser deposition (PLD)[39], 

green synthesis[12], method of surface prepara-

tion[40], and co-precipitation method[41,42]. The 

co-precipitation technique is the most advanta-

geous technique in the synthesis of nanomaterials 

and nanoparticles because it has a very simple 

technique, a low cost, and a low crystallisation 

temperature. 

In this work, we developed MgO nanoparti-

cles by the co-precipitation method and reported 

the characterization of MgO for different calcina-

tions. By using CuKα radiation in an X-ray dif-

fractometer, the behaviour of phase formation 

and the nature of the crystallinity of the sample 

are recognised. The optical properties and energy 

band gap values are recognised by the UV-Vis 

spectrometer. The presence of functional groups 

was identified by the Fourier transform infrared 

spectrometer (FTIR). Surface morphologies of 

nanopowder have been studied using field emis-

sion scanning electron microscope (FESEM) 

images, and their potential antimicrobial activity 

against Aspergillus niger, Aspergillus flavus, and 

Candida albicans has been reported. 

2. Experimental method 

To synthesise MgO NPs, it is done by the 

co-precipitation method by using 0.01 M of  

magnesium nitrate (Mg(NO3)2.6H2O) and 0.02 

M of  sodium hydroxide (NaOH) in deionized 

water to make a homogenous solution. Then the 

NaOH solution was dropwise mixed with the 

magnesium nitrate solution under continuous 

stirring for 6 h. The mixture was ultrasonicated 

for 3 h at room temperature and allowed one day 

to settle. The prepared sample was completely 

washed with distilled water and filtered. The fil-

tered sample was dried for 48 h at 80 °C and an-

nealed at different temperatures of  200 °C, 

400 °C, and 60 °C for 1 h. 

2.1 Characterization 

The crystal structure of  synthesized MgO 

nanoparticle samples was carried out with the aid 

of  a GNR APD PRO 2000 X-ray diffractometer 

(XRD) with a step size of  0.05°/min in the 2θ 

range 20–90°. CuKα radiation (A) was used as a 

source. FTIR analysis of  the samples was 

done by Thermo Scientific Nicolet IS10 IR spec-

trometer, and UV visible measurements of  the 

samples were performed with a Shimadzu UV-vis 

2600 UV spectrometer. Field emission scanning 

electron microscopy (FESEM) was recorded us-

ing a Carl Zeiss Merlin compact microscope. 

MgO nanoparticles were analysed by thermal 

analysis using the TGA instrument of  the EX-

STAR 6200, which gives a thermogravimetric 

curve fitted with a differential thermal analyzer 

simultaneously from room temperature to 800 

ºC. 

2.2 Antimicrobial assay 

The minimum inhibitory concentration 

(MIC) of  NPs was tested in S.faecalis, B.subtilis, 

S.aureus, and E.coli by the micro-agar dilution 

method. A stock solution of  the MgO NPs was 

prepared by dissolving 5 mg of  the compound in 

1 mL of  distilled water and sonicating. The agar 

medium containing the NPs at a final concentra-

tion of  150 mg/mL was poured into Petri dishes, 
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swirled gently until the agar began to set, and left 

overnight for solvent evaporation. Microorgan-

isms were streaked in a radial pattern on the agar 

plates, and the inoculum of  each test strain was 

standard-sized at 5 × 105 CFU/mL using canon-

ical library standards. The plates were incubated 

under aerobic conditions at 37 °C for 24 h. After 

the incubation period, the average concentration 

of  the test compounds, which apparently caused 

complete inhibition of  the growth of  the organ-

ism, was taken as the MIC. The bare MgO NPs 

were also tested for comparison. 

3. Results  

3.1 XRD studies 

 
Figure 1. XRD patterns of  MgO nanoparticles annealed at 
different temperatures (a) 200 ºC, (b) 400 ºC, and (c) 600 ºC. 

Figure 1 shows the XRD patterns of  MgO 

NPs. The diffraction peaks of  MgO NPs can be 

indexed to the (111), (200), (220), (311), and (222) 

planes. The obtained diffraction peaks are in 

good agreement with the standard XRD data for 

the cubic phase of  the MgO JCPDS Card (No. 

87–0653)[15]. In Figure 1(a), some secondary 

characteristic peaks of  Mg(OH)2, Mg, or other 

impurities were detected in the XRD pattern. 

Debye Scherrer’s formula Eq (1) was used to 

evaluate the crystallite size for MgO.  𝐷 𝐾𝜆𝛽𝑐𝑜𝑠𝜃 

(1) 

where D is the particle size, λ is the wavelength of  

the X-ray, β is full with half  maximum (FWHM), 

and θ is the Braggs angle. The average crystallite 

size of  the prepared samples was found to be 12 

nm, 14 nm, and 7 nm, respectively. 

3.2 FESEM studies 

Figure 2 exhibits the FESEM images of  

MgO NPs. The particles appear the same spheri-

cal form agglomerated and the grain size of  the 

particles is in the range of  50–60 nm[43]. Anneal-

ing results in further agglomeration of  the parti-

cle, as well as deterioration of  flake-like shaped 

nanoparticles of  magnesium, can be seen. 

3.3 Thermal studies 

Figure 3 shows the thermal gravimetric 

analysis (TGA) of  the MgO NPs samples. The 

weight loss of  the samples can be clearly ascribed 

to two reactions which are degradation in stages 

1 and 2. The degradation in first weight loss oc-

curs in the temperature range of  150 °C to 240 °C, 

an endothermic peak due to the removal of  crys-

tallizing water. This weight loss is 6.94% which 

agrees very well with the weight loss in a chemi-

cal reaction. In the second degradation, weight 

loss of  about 31.8% was observed at the temper-

ature of  250 °C to 500 °C accompanied by 

a broad endothermic peak of  approximately 

480 °C can be ascribed to the decomposition of  

the product of  MgO NPs. The MgO NPs samples 

to the TGA show a horizontal line after 500 °C 

indicating that the MgO stable phase is formed at 

this temperature. Differential scanning calorime-

try (DSC) profile showed the thermal decompo-

sition is accompanied by the release of  heat en-

ergy as can be observed by the endothermic 

peaks at 380 °C respectively shown in the DSC 

curve[44]. 
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Figure 2. FESEM images of  MgO nanoparticles annealing at different temperatures (a) 200 ºC, (b) 400 
ºC, and (c) 600 ºC. 

  

 
Figure 3. (a) TGA curve of  MgO nanoparticles; (b) DSC curve of  MgO nanoparticles. 

3.4 FTIR studies 

Figure 4 shows the FTIR spectra of  MgO 

NPs. The bands at 3,000 cm–1–3,700 cm–1 with 

the absorption peak at 3,433 cm–1 and 3,696 cm–1 

attributed to the O-H stretching vibration[45,46]. 



Nano and Medical Materials 2023; 3(1): 39. 

5 

500 1000 15 00 2000 2500 30 00 3500

20

40

60

80

100

34
05

29
00

16
17

14
13

11
1285

3

(a )

W av en u m b e r (cm -1)

  

20

40

60

80

100

(b )

 Tr
an

sm
itt

an
ce

(%
)

  

20

40

60

80

100

(c )

 
  

The peaks present at 2,922 cm–1 and 2,857 cm–1 

are attributed to C-H stretching mode bonds. The 

peak present at 1,630 cm–1 is N-H bending band. 

The peaks at 1,481 cm–1 and 1,422 cm–1 are rep-

resented by C-C bonds. The strong bonds at 569 

cm–1 and 437 cm–1 were related to the character-

istics of  stretching vibration in MgO[47]. 

Figure 4. FTIR spectra of  MgO nanoparticles (a) 

200 ºC, (b) 400 ºC and (c) 600 ºC. 

3.5 UV-visible spectrocopy and 

tauc’s plot 

The absorption spectrum of  MgO NPs is 

depicted in Figure 5. The absorption peak was 

observed at 367 nm (Figure 5(a)). This is very 

close to the reported value of  368 nm[48]. Figure 

5(b) shows the location of  the absorption peaks 

which is 220–800 nm. Also, no more sharp peaks 

are in the graph that indicates the presence of  

different sizes of  the particles.  

The energy gap of  the sample is estimat-

ed by Tauc’s plots fig using the following Tauc’s 

Eq (2).  αhν = A(hν–Eg)n 

(2) 

the absorption coefficient, A is the constant, h is 

the plank’s constant, ν is the frequency, Eg is the 

optical band gap energy, and n is equal to ½ for 

the direct allowed transition. From Figure 5(b), 

Eg can be estimated as the linear region of  hν Vs 

(αhν)2 on the X-axis. The intercept of  the extra 

plotted straight line portion of  the curves at zero 

absorption coefficient values gives the ener-

gy band value. From the Taucs plot, the ener-

gy band gap of  MgO NPs was about 5.79 eV, 

5.96 eV and 5.93 eV were smaller than the ener-

gy band gap of  bulk MgO (7.8 eV)[49]. The dif-

ference in bandgap energy between NPs and bulk 

materials may be attributed to the planer de-

fect[50]. 

 

 

 

Figure 5. (a) UV–Vis spectra of  MgO nanoparticles annealed at different temperatures along with their (b) Tauc plots. 
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3.6 Antibacterial activity  

Antibacterial activity of the MgO NPs was 

investigated against various bacterial strains, in-

cluding Enterococcus faecalis, Bacillus subtitles, 

staphylococcus Aureus and Escherichia coli in a good 

diffusion assay method. The zone of inhibition 

values of each bacterial agent against the test 

bacterial strain is provided in Table 1. The anti-

bacterial activity of Figure 6 exhibited maximum 

zone inhibition against a range of bacteria. It re-

vealed that the MgO NPs were spherical and 

small in diameter (15–30 nm) and exhibited an-

tibacterial activity. Even though the appropriate 

antibacterial mechanism of nanoparticles is un-

known, it is evident that the morphology or high 

surface area of MgO NPs is important for many 

food and pharmaceutical applications. 

 

Table 1. Anti-bacterial activities MgO nanoparticles 

S. No. Microorganisms Control MG2 MG4 MG6 Ciprofloxacin 

Zone of inhibition (mm) 

1. Enterococcus faecalis – – – – 30 

2. Escherichia coli – – – – 28 

3. Bacillus subtilis – – – – 18 

4. Staphylococcus aureus – – – – 15 

 

 
Figure 6. Anti-bacterial activities of MgO nanoparticles. 

The formula for the activity index is calcu-

lated by comparing the inhibition zones of na-

noparticles[51– 53]. 

𝐴𝑐𝑡𝑖𝑣𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛𝑠 𝑍𝑜𝑛𝑒 𝑏𝑦 𝑡ℎ𝑒 𝑁𝑃 𝑠𝑎𝑚𝑝𝑙𝑒𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛𝑠 𝑧𝑜𝑛𝑒 𝑏𝑦 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑  
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3.7 Antifungal activities  

The antifungal activity of MgO NPs was 

first determined by the agar diffusion method in 

terms of the zone of inhibition of fungal growth. 

Figure 7 shows the antifungal activity against A. 

Niger, A. Flavus, and C. Albicans fungus. The di-

ameter of the inhibition zone in the presence of 

NPs is presented in Table 2. These results 

showed that MgO NPs exhibited excellent anti-

fungal activity in all cases, presenting maximum 

activity in A. Nigar by contrast, A. Flavus and C. 

Albicans did not present an inhibition zone 

against the fungi test in all cases[54]. Therefore, 

MgO NPs can be generally utilised in healing 

and biomedical treatments, dental insets, paints 

in clinical and hospital rooms, and as construc-

tion materials. 

 
Figure 7. Anti-fungal activities of MgO nanoparticles. 

Table 2. Anti-fungal activities MgO nanoparticles 

S. No. Microorganisms Control MG2 MG4 MG6 Amphotericin-B 
Zone of inhibition (mm) 

1. Aspergillus niger – 8 5 5 13 
2. Aspergillus flavus – – – – 12 
3. Candida albicans – – – – 7 
       

4. Discussion 

4.1 XRD analysis of MgO NPs 

The average crystalline size of  the MgO-NPs 

samples based on the values was determined 

to be 12 nm, 14 nm, and 7 nm, respectively. In 

the crystallisation of  the samples, centrifugation 

and particle dispersion in water followed the 

formation of  nanoparticles. Also, the expansion 

of  peaks in the stable XRD pattern is due to the 

influence of  particle size. 

4.2 FESEM studies of MgO NPs 

The aggregation of  particles may be due to 

Van der Waal forces and interactions between 

magnesium oxide nanoparticles[55]. All of  the 

nanoparticles are in the range between 50 and 60 

nm (Figure 2). The average size of  the MgO NPs 

was calculated to be 20 nm. The surface mor-

phology presented has beneficial applications in 

catalysis[56] and medicine[57]. 
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4.3 Thermal analysis of MgO NPs 

The thermal analysis of the dried MgO NPs 

sample is performed by monitoring its weight loss 

when subjected to the increasing temperature at a 

rate of 20 ºC/min up to 1,000 ºC under inert 

conditions. The TGA curves obtained for all the 

samples are analysed, and it can be observed that 

there is a thermal decomposition of the MgO 

NPs samples. It can be observed from Figure 2 

that, the degradation in the first stage occurs in 

the temperature range of 40–200 ºC and anneal-

ing of the MgO powder sample at the melting 

transition temperature yields nanosized powders 

of MgO. 

4.4 FTIR spectroscopic analysis of 

MgO NPs 

Because of the presence of alcoholic groups, 

a large peak can be seen in the area between 

3,400 and 3,300 cm–1 in Figure 4(a–c). The in-

frared band at 3,356 cm–1 was shown in Figure 4. 

For the O-H bond vibrations of a hydroxy group, 

a slight decrease in peak intensity, and a shift of 

the peak from 3,433 cm–1 to 3,696 cm–1 in Figure 

4 indicate the role of organic molecules in the 

development of MgO nanoparticles. This broad 

peak at 3,696 cm–1 helps stabilise the particle 

crystal growth while restricting the particle size 

and preventing agglomeration. The peak at 2,922 

cm–1 suggests the stretching of alkynes. The ab-

sorption peak at 1,481 cm–1 and 1,422 cm–1 was 

subjected to C-H bending vibrations of an aro-

matic tertiary amine group. The peaks observed 

at 569 and 437 cm–1 indicate the formation of 

MgO NPs. Such peaks are observed due to vibra-

tions of magnesium oxide. Likewise, MgO na-

noparticles synthesized by Tamilselvi[45] generat-

ed large FTIR transmission peaks at 437 and 569 

cm–1, due to the presence of magnesium oxide 

vibrations. 

4.5 UV spectroscopy analysis of 

MgO NPs 

A single peak appearance in the 

UV-spectrum of MgO NPs shows that the pre-

pared NPs are isomorphological. As shown in 

Figure 5, the absorption peak lies in the range of 

200–800 nm. In this process, the lack of sharp 

peaks indicates the synthesis of nanoparticles at 

different sizes and supports the findings of the 

ultraviolet-visible spectrum and electron micros-

copy. 

4.6 Minimum inhibitory concen-

tration MgO NPs 

In antibacterial activity against Enterococcus 

faecalis, Bacillus subtitles, Staphylococcus Aureus and 

Escherichia coli studies by Chung et al.[46] showed 

that tannins from different structures prevented 

the growth of the microorganism. Flavonoids 

have been documented as having both antibacte-

rial and antifungal activity against Enterococcus 

faecalis, Bacillus subtitles, Staphylococcus Aureus and 

Escherichia coli. The magnesium oxide nanoparti-

cles have probably shown significant antibacterial 

activity against E.coli and S.aureus because the 

MgO NPs can easily reach the nucleus of the 

bacteria and provide an excellent surface area for 

interactions that impede development. In this 

study, we have reported the efficacy of MgO NPs 

and other metallic nanoparticles on antibacterial 

behaviour based on the occurrence of oxygen 

vacancies on the surface of the nanoparticles. In-

creased pH and Mg2+ ions have been predicted to 

play an important role in the mode of action of 

MgO nanoparticles against microbes, provided 

that MgO nanoparticles dissociate in microbial 

culture and release OH-ions and Mg2+ ions[58]. 

Initial studies of metallic nanoparticles’ antimi-

crobial activities showed huge potential in the 

food industry, biomedical science, and many 

other science and technology sectors because 

these substances can offer enduring antibacterial 

activities due to their intrinsic instability and 

high-temperature tolerance properties[59]. Metallic 

nanocomponent alternatives are important to 

significantly increase the magnitude and inci-

dence of multidrug-resistant bacterial strains[60]. 
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MgO NPs exhibited the maximal inhibition zone 

found in Tables 1 and 2. MgONPs, strong in 

electrostatic association with the bacterial surface, 

contributed to cell death[61,62]. 

5. Conclusion  

The synthesis of MgO NPs was successfully 

done by the co-precipitation technique. MgO 

NPs were annealed in air at 200 °C, 400 °C, and 

600 °C. The X-ray diffraction pattern indicates 

that the obtained nanoparticles are well crystal-

line, and a morphological investigation by SEM 

reveals the typical cubic shape. The signature of 

functional groups present in MgO NPs is shown 

by FTIR spectra. The MgO NPs exhibited anti-

bacterial activity against the growth of microor-

ganisms. The MIC of the existing bacterial 

strains was also determined. 
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