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MgO@SiO2 nanocomposite was synthesized using mechanochemical method and 
its formation was confirmed by FTIR and Uv-visible spectroscopic techniques. 
The antibacterial effect of MgO@SiO2 nanocomposite was carried out on bacterial 
isolates; gram-positive bacteria (Bacillus subtilis, Klebsiella pneunoniae) and gram-
negative bacteria (Pseudomonas aeruginasa, Escherichia coli, and Salmonella 
typhi) using Agar well diffusion method. The results showed that MgO@SiO2 
nanocomposite can find application as antibiotics against the investigated 
microbes. 
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INTRODUCTION
In nanoscience, the most important factor is 

the fabrication of nanoparticles. Nanopartcles can 
be prepared by either top up methods; examples 
include chemical etching, grinding, ball milling, 
thermal/laser ablation and sputtering and or 
bottom up methods which includes; Chemical/
Electrochemical, precipitation, vapour deposition, 
atomic/molecular condensation, sol gel processes, 
spray pyrolysis, laser pyrolysisand aerosol pyrolysis 
as well as green synthesis(such as using Bacteria, 
fungi, plant extracts etc). Currently, bottom 
up methods are widely used in preparation of 
nanopartcles but top up methods remains relevant 
and efficient [1]. Thus, one of the simplest ways 
of synthesizing nanoparticles/nanocomposites of 
some metals, metal oxide and alloys in the form of 
powder is mechanical method. Mechanochemical 

reactions are defined by the reactions induced 
through mechanical energy. Tthe reactions occur 
between solids with no, or minimal, addition of 
solvents. There are various types of grinding mills 
such as planetary, vibratory, rod, tumbler etc with 
one or more balls of various sizes placed in together 
with the reagents. The mechanical milling could be 
easily carried out with mortar and pestle technique/
method [2, 3].

Resistance of bacteria to different classes 
of drugs and disinfectants has attracted public 
attention. And to solve the problem, an antibacterial 
agent that is highly efficient must be developed. An 
antibacterial agent could be organic or inorganic 
and or their combination. Organic antibacterial 
agents like organic acids, essential oils, bacteriocins 
and enzymes have been widely used but bacteria 
have developed resistance to it. Thus, inorganic 
antibacterial agents have attracted much interest 
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for bacterial control [4]. Recently, some inorganic 
nanoparticles and nanocomposites such as 
Mg(OH)2, MgO, MgO-SiO2, CdO–MgO, CdO–
ZnO–MgO, magnesium ferrite spinel nanoparticles 
and Kaolin/Gum Arabic were synthesized and 
applied as antibacterial agents[5-15].

Therefore, the focus of this study is to synthesize 
MgO@SiO2 nanocomposite using motar and pestle 
and test its antibacterial potency.

MATERIALS AND METHODS
Apparatus/Intruments  

For this research the following apparatus that 
were used ; weighing balance, whatman filter paper, 
motar and pestle, siever, beakers, conical flasks, 
test tubes, measuring cylinder, watch glass, oven, 
funnels, hot plate, autoclave, petri dish, incubator, 
refridgerator, laminar flow cabinet, cotton wool, 
aluminium foil paper, candle, matches, universal 
container, cork borer, metre rule, masking tape, 
spatula, glass rod stirrer, syringes, micropipette, 
wire loop, Ultraviolet –Visible spectrophotometer, 
SEM, and FTIR.

Reagents  
The reagents used in this research include, 

MgO, Silica gel, Ethanol, Hydrochloric acid (HCl), 
Tetraoxosulphate (VI) acid (H2SO4), barium 
chloride (BaCl2), Normal saline, nutrient Agar, and 
Muller Hinton agar.

Synthesis of MgO@SiO2 Nanocomposite 
Mechanochemical synthesis method was used 

in synthesizing MgO@SiO2 nanocomposite in 
accordance as reported by some researchers [2, 

3]. MgO@SiO2 nanocomposite was prepared 
according to 1:1 ratio of MgO to silica gel as a 
precursor of SiO2. The appropriate ratio of the 
precursors was mixed and grounded using mortar 
and pestle for one hour to obtain homogeneous 
mixture. The homogeneous mixture was calcined at 
500oC in the furnace for 2 hours in order to get rid 
of water molecules associated with the precursors. 
Finally, the product was removed from furnace, 
cooled and stored for further analysis.

Antimicrobial Activity Assay 
The antimicrobial activity was tested by using the 

agar-well diffusion method as described by Shehu 
et al.2018 [15]. The bacterial isolates; gram-positive 
bacteria (Bacillus subtilis, Klebsiella pneunoniae) 
and gram-negative bacteria (Pseudomonas 
aeruginasa, Escherichia coli, and Salmonella typhi) 
were first grown in a nutrient broth for 12–18 h 
before use and standardized to 0.5 McFarland 
standards (106 cfu ml−1). One hundred microliter 
of the standardized cell suspensions were spread 
on a Mueller-Hinton agar (Hi Media) and the 
agar medium was punched with a 6 mm diameter 
wells and filled with different concentration(100, 
200, 300, 400 and 500 µg/L) of MgO@SiO2 
nanocomposite solutions in equal amounts. The 
plates are observed for zone of inhibition after 24 h 
incubation at 37oC.

Characterization 
The synthesized MgO@SiO2 nanocomposite 

was characterized using spectroscopic techniques; 
Fourier Transform Infra-red (FTIR) and 
Ultraviolet-Visible spectroscopy.

 

Fig. 1. Uv-visible spectrum for MgO@SiO2 
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Fig. 1. Uv-visible spectrum for MgO@SiO2
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RESULTS AND DISCUSSION
UV/Visible spectroscopy

The UV/Visible spectrum of MgO@SiO2 
Nanocomposite is shown in Fig.1 which showed 
surface plasmon resonance at 300nm. Elsewhere 
the surface plasmon resonance for silica has been 
reported to be 270nm [10].

Fourier Transform Infra Red (FTIR) spectroscopy
The functional groups analyses were carried 

out using FTIR spectrometer. The FTIR of the 
precursor, silica gel is shown in Fig. 2. The peaks 
observed includes; 3809.65 – 3471.85, 1643.19, 
1083.71, 961.24, 788.11, 456.07, and 462.05 cm-1. 
The band at 1083.71 cm-1 corresponds to assymetric 
stretching vibration of Si-O-Si bond. The peaks 
at 961.24 and 788.11 cm-1 corresponds to Si-OH 
bond. The peaks at 3809.65 – 3471.85 and 1643.19 
cm-1indicates H-O-H stretching and bending of 
adsorbed water. The peaks at 456.07, and 462.05 
cm-1 correspond to Si-O bond. These reports are 

in agreement with previous reports [5, 11, 16, 17]. 
The FTIR spectra of the second precursor, MgO, 
Fig. 3, shows the bands at 3898.94-3443.68 cm-1, 
3698.83 cm-1, 2925.01 cm-1, 1635.07 cm-1, 1504.07-
1434.40 cm-1, 454.85-481.94 cm-1, 524.12-574.95 
cm-1. The peaks at 3898.94 – 3443.68 and 1635.07 
cm-1indicates H-O-H stretching and bending of 
adsorbed water. The sharp band at 3698.83 cm-1 
corresponds to non bonded hydroxyl on the surface 
of MgO which is the obvious feature of MgO. The 
peak at 2925.01 cm-1 indicates C-H stretching of 
alkane and it presence could be probably due to 
solvent or stabilizing agent used during synthesis of 
MgO. The peaks at 1504.07-1434.40 cm-1 represent 
carbonate in carbonyl group. The peaks at 454.85-
481.94 cm-1, and 524.12-574.95 cm-1 confirm the 
presence of Mg-O vibration.  The FTIR spectra 
of MgO@SiO2, Fig. 4, showed almost similar 
bands, however, with few exceptions. Thus, the 
peaks at 961.24 and 788.11 cm-1 corresponds to 
Si-OH bond(free silanol group) which is present 

 
Fig. 2. FTIR spectrum of Silica gel 

  

Fig. 2. FTIR spectrum of Silica gel

 

 
Fig. 3. FTIR spectrum of MgO 
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in the silica gel, Fig. 2 were absent in the MgO@
SiO2  nanocomposite spectra. This indicates that 
molecules of water were removed after calcination. 
This is due to fact that free silanol group which is 
responsible for adsorption of water molecules was 
removed after calcination [16].

Antibacterial Results
Result of antibacterial studies of MgO@SiO2 

nanocomposite against Bacillus subtilis, Klebsiella 
pneunoniae,Pseudomonas aeruginasa, Escherichia 
coli, and Salmonella typhi) are presented in (Table 
1 and Fig. 5). Augmentin was used as control 

Fig. 5. Zone of inhibition of MgO@SiO2 nanocomposite against pathogens

 
Fig. 4. FTIR spectrum of MgO@SiO2 

  

Fig. 4. FTIR spectrum of MgO@SiO2

Table 1. Antibacterial results

 

Fig. 5. Zone of inhibition of MgO@SiO2 nanocomposite against pathogens 
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throughout the studies at concentration of 300 
300µg/L. Different concentrations of 200, 300, 
400 and 500µg/L of MgO@SiO2 nanocomposite 
was tested against each pathogen. Generally, 
the inhibition zone increases with increase in 
concentrations of MgO@SiO2 nanocomposite of 
all the bacteria. Similar observations were report 
by Shehu et al. 2018 [17]. At higher concentration 
of 500µg/L, the zones of inhibition were in 
the following order; 22, 20, 17, 13, and 10 mm 
for S. typhi, P.aeruginosa, E. coli, B.subtilis and 
K.pneumoniae respectively. The zone of inhibition 
for control (Augmentin) was found to be higher 
compared to MgO@SiO2 nanocomposite for each 
pathogen except for E. coli where it is almost 
the same, Fig. 5. This indicates high activity of 
MgO@SiO2 nanocomposite against E. coli due 
to the comparabity with Augmentin. For each 
concentration investigated, S. typhi, showed higher 
zone of inhibition as compared to other pathogens, 
Table 1and Fig. 4. This shows that MgO@SiO2 
nanocomposite is more effective against S. typhi 
than any other pathogen under investigation for 
this study. According to Ehi-Eromosele et al.[14], 
antibacterial activity of MgFe2O4 against E. coli, 
P.aeruginosa, and B.subtilis were 17mm, 12mm and 
0mm respectively. For E. coli, the result is smilar 
this study but for P.aeruginosa, and B.subtilis, 
the current study showed higher activity. MgO 
nanostructure was synthesized, characterized and 
its antibacterial studies were investigated. The 
antibacterial activity of the MgO against for S. 
typhi, E. coli, and B.subtilis were found to be 15mm, 
16mm and 25mm respectively,[9]. For S. typhi, and 
E. coli, current study showed higher antibacterial 
activity whereas for B. subtilis, it has high activity 
than this study. These results showed that MgO@
SiO2 nanocomposite can find application as 
antibiotics against the investigated microbes.

CONCLUSION
MgO@SiO2 nanocomposite was synthesized 

using mechanochemical method and its 
formation was confirmed by FTIR and Uv-visible 
spectroscopic techniques. The antibacterial effect 
of MgO@SiO2 nanocomposite was carried out on 
bacterial isolates; gram-positive bacteria (Bacillus 
subtilis, Klebsiella pneunoniae) and gram-negative 
bacteria (Pseudomonas aeruginasa, Escherichia 
coli, and Salmonella typhi). The results showed that 
MgO@SiO2 nanocomposite can find application as 
antibiotics against the investigated microbes. 
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