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Abstract

In this study, nano composites of titanium dioxide and magnesium aluminate samples were synthesized using the chemical
sol-gel method. Investigations are conducted on the antibacterial behavior of a low concentration of transition metal oxides
like TiO, with pre-transition metal oxides, such as Mg0 and AlL,O, The goal of the current work is to apply various nano
composite samples of (TiO,)x and MgAlL0, with 4 and 10 wt% of TiO, in MgAL0,, respectively, for antibacterial applications.
The composite samples were examined using Scanning Electron Microscopy (SEM), Fourier Transform Infrared Spectroscopy
(FTIR), and the X-ray diffraction pattern. Gramme - positive bacteria S. aureus and B. subtilis, as well as gramme-negative

bacteria P. aeruginosa and S. typhimurium, were tested for in the samples” antibacterial behaviour.
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1.0 Introduction

Over the past ten years, nano science and technology
have become the cutting edge of science and technology.
The industrial revolution is significantly influenced by
nanotechnology. Interest in studying the toxicity and
antibacterial properties of metal oxide nanomaterials
has increased recently’. Understanding the toxicity
mechanisms of these materials is essential in order to
predict their ecotoxicity and environmental impact
because they are used in a variety of consumer products
as well as antimicrobial agents’ and cancer treatment
agents’. An expanding global concern is the problem
faced by bacterial resistance. So it is necessary to fabricate
more potential antibacterial agents to control the
bacterial growth®. The morphology, composition, size,
crystallanity, shape of a nano particle plays a significant
role in determining its intrinsic properties. To achieve
a uniform material response, a narrow size distribution
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is provided by nano-scale particles®. Because they are
stable under difficult processing circumstances and are
generally viewed as safe materials for both people and
animals, calcium oxide, zinc oxide, titanium dioxide,
and magnesium oxide are particularly intriguing metal
oxides’. Magnesium oxide is an intriguing basic oxide
that is used in the synthesis of refractory ceramics,
adsorption, and catalysis’. It is a special solid with a high
ionic character, a simple crystal structure, and the ability
to be prepared in a variety of ways with different particle
sizes and shapes®. The large concentration of edge sites
and structural flaws on the surface of nano crystalline
magnesium oxide particles have been reported to give
them a high specific surface and reactivity’. Magnesium
aluminate, also known as MgAl O, is a familiar spinal
material using in a variety of applications, including those
for (i) fusion reactor structural materials, (ii) catalyst or
catalyst support, (iii) microwave dielectric and ceramic
capacitors, (iv) humidity sensors, and (v) microwave
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dielectric materials'®. Additionally, Magnesium aluminate
has good chemical resistance, a low density (3.58 g/cm?),
a high melting point (2135 °C), and excellent strength
at very high temperatures'’. The preparation techniques
play a significant role in the synthesis of MgAL O, with
specific properties like uniform size distribution, low
particle size, high purity and chemical homogeneity'
A versatile metal oxide with special technological
characteristics, Titanium Dioxide (TiO,) is used in
photo catalysts, solar cells, sensors, memory devices, and
bactericidal products. The crystal structure of TiO, is
related to its antibacterial properties’. It is believed that
the production of Reactive Oxygen Species (ROS), which
occurs during oxidative stress, is an especially significant
mechanism for TiO, nano particles. ROS then damage
DNA at a specific site'. For the dielectric and gas sensing
studies, MgAl O, with low concentrations of TiO, is used
more successfully®. The preparation of nano composites
of titanium dioxide and magnesium aluminate samples
using synthesis techniques like sol-gel is the focus of this
study. At a calcination temperature of 973K, the effects of
TiO, addition on the microstructures of MgAL O, nano
particles are being studied.

2.0 Experimental Procedure

2.1 Synthesis of Magnesium Oxide

Magnesium nitrate was also used as a raw material for
the manufacture of magnesium oxide nanoparticles
in addition to sodium hydroxide. For the standard
experimental procedure, 0.2M magnesium nitrate was
dissolved in 100ml of distilled water, and 0.5M sodium
hydroxide solution was gradually added while stirring
to the prepared magnesium nitrate solution. A white
precipitate of magnesium hydroxide eventually became
apparent in the beaker. The stirring went on for another
30 minutes. The pH of the solution was maintained at
12.5. The precipitate was filtered, cleaned with methanol
three to four times, centrifuged for five minutes at 5000
rpm, dried at room temperature, and finally purified to
remove ionic impurities. The dried samples underwent
two hours of annealing at 573K

2.2 Synthesis of Magnesium Aluminate (MA)
Chemical Sol-gel method was used to prepare the

Vol 71 (8) | August 2023 | http://www.informaticsjournals.com/index.php/jmmf

MgAl O, samples. Double-distilled water was stirred with
MgO, Aluminum oxide, and PEG to create a consistent
mixture. The prepared mixture was slowly added to
ethanol and stirred for eight hours to get magnesium
aluminium hydroxide. For the purpose of fabricating
magnesium aluminate samples, the obtained mixture
solution was dried at 973K for 4 hours.

2.3 MgAlL O, Nano Composite with TiO,
Synthesis (MAT)

The prepared MgAl O, mixture is mixed with a small
amount of TiO, (by 4 and 10 weight percentage of TiO,)
to form TiO, and MgAl O, composites. The final mixture
was stirred for six hours at 473 K in a magnetic stirrer.
The calcined mixture was dried in a hot air oven for ten
hours at 673 K. The samples are all given eight hours to
cool at room temperature.

2.4 Antibacterial Procedure

Bacterial test cultures were purchased from Chandigarh’s
Institute of Microbial Technology’s Microbial Type
Culture Collection (MTCC). Cultures of the Gram-
positive bacteria S. aureus and B. subtilis, as well as
the Gram-negative bacteria P aeruginosa and S. typhi,
were cultivated on nutrient agar media utilised for the
antibacterial activity experiment.

The antibacterial activity of chemical substances
was evaluated using the dual-culture agar diffusion
assay Under aseptic circumstances, 20 ml of sterilised
Nutrient agar media was added to petridishes and left
to set. 100 pl of standardized test microbial inoculums
of the Gram-positive bacteria S. aureus, B. subtilis,
and the Gram-negative bacteria P. aeruginosa and S.
typhi were spread evenly using glass loop after the
media had solidified. The sample was diluted with
DMSO to a concentration of 1mg/ml before being
added to plates to test for antibacterial compound
diffusion. After that, the plates were incubated for
24 hours at 37°C. The diameter of the inhibition zone
surrounding the well was measured in millimetres
(mm), and the average of three different agar discs was
taken to evaluate the extent of the antibacterial activity.
It was thought that chloramphenicol was standard
practice.
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3. Results and Discussion

3.1 Structural Analysis

Figure 1 displays the acquired SEM images for each sample.
The homogeneous spherical particles in the sample MA
have an irregular shape and a dispersed morphology. The
MAT-4, MAT-10 sample particles are exhibiting a porous
nature. Isomorphic grains of MgAl O, are visible in the
observed SEM image, suggesting potential differences in
particle structure.
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Figure 1.
MAT-10.

3.2 Morphological Analysis

Figure 2 displays the XRD patterns of the samples MA,
MAT-4, and MAT-10. At diffraction angle 26 = 29.39,
30.93, 36.81, 42.80, 51, and 62.12, the crystalline phase
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Figure 2. XRD peaks of the samples MA, MAT-4, and
MAT-10.

of MgAlL O, displays well-defined and intense main
peaks with planes (111), (220), (311), (400), (211), and
(440) that match the standard data connected with the
JCPDS file no. 21152. (cubical crystal structure with face
centered lattice)'s. XRD spectra confirming the formation
of MgAl O, and TiO, composites.

Scherer’s equation was used to determine the samples’
average crystalline sizes, which are shown in Table 1.
31.14nm, 30.86nm, and 24.78nm are the average crystalline
size of the samples, MA, MAT-4, and MAT-10 respectively.

3.3 FTIR Analysis

As shown in Figure 3, the functional groups of the samples
are examined using FT-IR in the absorption range 4000-
400 cm™. The hydroxyl (-OH) groups from Mg(OH),and
the stretching vibrations of adsorbed water molecules
are responsible for the peak measured at 3521cm™ 7. The
bending mode of the H-O-H bond is responsible for the
absorption band seen at 1590.5 cm™. For samples MA,

Table 1. Crystallite size and EDAX composition of the prepared samples

Sample Crystallite size EDAX composition of elements
name (XRD) Mg Al Ti fo)
MA 31.14nm 33.96 14.75 - 51.29
MAT-4 30.86nm 25.80 18.38 3.10 52.73
MAT-10 24.78nm 26.86 13.25 8.54 51.35
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Figure 3. FTIR spectra of samples MA, MAT-4 and MAT-
10.

MAT-4, and MAT-10, the two bands seen at 800 and
528.56 cm™ are due to the AlO, group and the stretching
of the MgO, lattice brought on by the formation of
MgAL O, spinels.

The weak bands seen at 800-400 cm™ suggest that
samples MA and MAT-4 have a slightly brittle crystalline
structure. The CH, group of PEG accounts for the broad
peak seen at roughly 1400 cm™ (bending-scissoring
vibration). The Ti-O-Ti stretching modes of the TiO,
anatase phase are what cause the 800 - 450 cm™ vibration
peak that was observed. The composition of MgO changes
very little in the end'.

3.4 Antibacterial Assay

The antibacterial properties of pure MgAlLO, and
MgAlL O, doped with TiO, were evaluated against the
gram-positive bacteria S. aureus and B. subtilis as well
as the gram-negative bacteria P. aeruginosa and S. typhi
using the well diffusion assay. TiO, doped MgAlL O, was
examined at two different concentrations, 4% and 10%.
The bactericidal properties of TiO, doped MgAl O, and
pure MgAL O, differ noticeably. Figure 4 shows clearly
that bacterial colonies have grown up around the disc
that is filled with TiO -doped MgAL O,". However, it was
observed that these bacterial colonies were significantly
reduced and a clear zone of inhibition formed
surrounding discs loaded with TiO, doped MgAlO,.
The formation of an inhibitory zone has demonstrated
the antibacterial efficacy of MgAl O, doped with TiO,. In
comparison to pure MgAl O,, adding TiO, at increasing
concentrations resulted in excellent antibacterial efficacy.
Because different concentrations of TiO, were used for
doping, MgAl O, showed a variation in antibacterial
performance. These results suggest that increasing the
TiO, concentration in MgAl O, significantly increases the
antibacterial activity of nanoparticles. TiO, ions from the
doped nano material gradually diffused into the seeded
agar during incubation®. Reactive oxygen species are
produced as a result of the attachment of TiO, ions to
cell membranes, interactions with protein thiol groups,
and inactivation of respiratory enzymes. With the test of
all the strains, a significant increase in the diameters of
the zones of inhibition with increasing TiO, capping (4%
and 10%) in comparison to pure MgAL O, NPs could be
seen from Figure 1. Reactive oxygen species, particularly

Table 2. Inhibition zone diameter of TiO, doped MgAl O, nano composites against

different bacterial pathogens.

SI. No. Name P. aeruginosa B. subtilis S. aureus S. typhi
1 MgALO, 7 mm 6 mm 7 mm 7 mm
0T
2 4%TiO, 10mm 9mm 8 mm 9 mm
MgALO,
o
3 10%TiO, 12 mm 11 mm 12 mm 12 mm
MgALO,
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Figure 4. Antibacterial activity of 4%, & 10% TiO, and MgAl O, nano composites
with zone of inhibition of (a) Staphylococcus aureus (b) S. typhi (c) Bacillus subtilis (d)
Pseudomona aeruginosa.

hydroxyl radicals, inhibit bacterial DNA replication and
cause the outer membranes to breakdown, which causes
phospholipid peroxidation and ultimately cell death®.

4.0 Conclusion

Sol-gel synthesis of nanocomposites of (4,10 c/o) TiO,
and MgAL O, for antibacterial applications is done in this
study. The formula developed by Debye Scherer is used
to gauge the samples’ crystallite sizes.; it was found that
the crystallite size decreased as the TiO, concentration
increased. The samples of MgALO, and MgALO,
combined with 4&10 % of TiO,, have crystallite sizes of
31.14, 30.86, and 24.78 nm, respectively. The microbial
cells and the nano composites appear to interact
directly, changing the shape of the cells significantly and
interfering with their regular structure and function.
The nano composites clearly Inhibiting cell growth and
causing the death of various microorganisms with higher
antimicrobial activity against both gram positive S. aureus,
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B. subtilis and gram negative P. auruginosa and S. typhi
bacteria. Therefore the nano composites of (4,10 %) TiO,
and MgAlL O, are good for the anti bacterial applications
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