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between (11-12) mm. The zones for (Mg-
doped TiO2) NPs were formed when the
temperature of 40C° was between (12.5-14)
mm. The findings of this investigation show
that as the temperature rises, so does the
ratio of degraded bacterial media.
Keywords: photo catalyst, anti-
bacteria, Titanium Dioxide Doped with Mg,

nanoparticles.

1-Introduction

The last decade has seen the start of a scientific revolution based on the ability to measure,
manipulate and organize matter on a nanometric scale. Nanotechnology together with information
technologies and biotechnology are fields that they have undergone dizzying developments in the
last 15 years [1]. Nanotechnology and nanoscience are two areas of research already established
that encompass discovery, understanding and application of new properties that emerge or are
improved from the control of the composition, structure and size of the matter nano scale. Nobel
Prize winner Richard Feynman, in 1959, he was the first to refer to the possibilities of nanoscience
and nanotechnology in his famous speech entitled: There's Plenty of Room at the Bottom.
Leftover) [2]. He predicted that a large number of new discoveries would be made if materials of
atomic or molecular dimensions. With the advancement of techniques experiments and the
development of Scanning Tunnel Microscopy (STM) or Atomic Force (AFM), at the end of the
80s it became. It is possible to observe materials at the atomic scale and the manipulation of
individual atoms. Nanoscale control involves the ability to manufacture products and build
machines with atomic precision. Manufacturing on a "nano” scale means being able to access and
manipulate the molecular structures and their atoms. To give you an idea of the scale on which
nanotechnology is developed: the head of apin measures between one and two millimeters (10T3
m), the cells of the plants and animals reach between ten and one hundred microns (10T6m), a
small molecule or the size of several aligned atoms equals at one nano meter (10T9 m) (cf. figure
1). All the materials, devices, instruments, etc., that fall within this scale are consider
(nanomaterials) or nano technological devices. The nanotechnology promises solutions to multiple
problems that currently facing humanity, such as environmental, energy, health (nanomedicine),
and many others Nanotechnology has gained in popularity and relevance in recent years [1].
Nanotechnology [2] is the study of the development, manipulation, and use of nanometer-scale
materials.

Ecologically responsible nanomaterials manufacturing methods that do not include the use of toxic
chemicals are becoming more significant [3]. Cost savings, environmental friendliness, and the
absence of high pressure, energy, temperature, or hazardous substances are all advantages of sol-
gel synthesis over chemical and physical synthesis techniques [4]. The plant extract is used as a
reducing and capping agent in the production of green nanoparticles, eliminating the need for
dangerous reducing chemicals. The particles are disseminated in the solvent in this situation.

A colloidal suspension, commonly known as a sol, is created. In the second step, due to the
condensation of the sol, these colloidal particles can be bonded together, and they can still remain
in the solvent to form an open 3D network termed a gel. Salt became jelly. When contrasted to
others, it forms a gel-like protrusion. Solid state methods, plasma spraying, solution
sedimentation, hydrothermal methods, and heat of fusion are only a few examples. Synthesis, for
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example. [5-8] The advantages of using a sol-gel process are as follows:

In the application domain, there is a lot to offer. Because Gel Salt Catalysts always contain a
variety of components. Components (active metal ions on an oxide substrate) or alloying (metallic
or nonmetallic) introduction into the oxide [9-13]. TiO2 nanoparticles are interesting candidates
for solar energy applications due to their unique photoelectronics and optical capabilities.
Photovoltaic performance for effective solar energy conversion radiation, in particular, TiO>
nanoparticles garner a lot of attention. TiO2, particularly the anatase phase, has been highlighted
for its potential applicability in the gaseous and liquid decomposition of numerous environmental
toxins. In any case, it has a number of drawbacks. Large bandgap (3.2 V) that creates the majority
of the solar energy spectrum that is not consumed. Various activators were added to TiO> to boost
optical absorption in the visible region and hence increase its solar efficiency. [14-20]

1.2 Effect of Temperature

Because photocatalytic devices do not require heating and may function at room temperature, the
apparent activation energy in the medium temperature range (20°C-80°C) is frequently quite low
(a few kJ/mol). At very low temperatures (-40°C-0°C), however, activity decreases and activation
energy increases [21]. The rate-limiting phase is often desorption. For many types of
photocatalytic processes, however, at "high" temperatures (>70-80°C), activity falls and the
reported threshold voltage goes negative. [22]

2. Experimental framework

In terms of being linked to an electrical outlet, solid materials are divided into three categories:
conducting materials, insulation, and semi-conductor materials. As seen in figure, this
categorization is based on the band gap and consequently the amount of energy gap fig. (1).
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Figure (1): Energy bands in solids: (a) conductor; (b) semiconductor; (c) insulator (%

A bandgap separates an almost filled valence band and a virtually empty conduction band in a
semiconductor material like Mg-doped TiO.. The conduction band (CB) is totally devoid of
electrons, whereas the valence band (VB) is completely populated with valence electrons. A
valence band electron (e ) can be thermally stimulated into the (CB) at a limited temperature,
leaving an unfilled state in the valence band (VB). A hole (h*) is an empty condition that may be
thought of as a second carrier of positive charge.

2.1 Prepare of Mg-doped TiO2 nanoparticles

The majority of the compounds utilized in the study are commonplace. In most cases, chemicals
are readily available in the laboratory. V Titanium isopropoxide and magnesium nitrate were
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employed in this experiment. Due to their electrical and chemical characteristics, metal oxide
nanoparticles have recently received a lot of attention. Specifications. Mg and Mg-doped TiO; are
discussed in this article. The catalytic activity of the nanoparticles was quite high. The sol-gel
process was used to make it. The sol-gel method is a technique for separating solids from liquids.

Because they make it extremely easy to manipulate particle size and the experimental method, it is
a flexible approach used to synthesis diverse oxides. According to Alsalih et al., (2021), the nano
powders of Mg-doped TiO2 [23].

The adsorption measurement was achieved at dark for whole reaction with various pH values and
different temperatures with period (2,5,7,10,15,20,30,60,90,120,150) min. Whole photo reactions
with various pH values and different temperatures (controlled using water bath) was repeated at
dark to investigate the adsorption of were measured according to the changing in solution
concentrations of MB dye , at A max (664nm) by UV- visible spectrophotometry.

2.2 Antimicrobial activity of Mg-doped TiO2 NPs

Four bacterial cultures were obtained from the Institute of Biological Sciences at the University of
Putra, two of which are Gram-positive (S.aureus, S.epidermidis) and Gram-negative (Escherichia
coli, Klebsiella spp.) In addition to culture media for fungi such as (Candida albicans). Where it
was first tested through the osmotic activity of the experiment of osmosis of molecules through
diffusion through the dinner of the ornament for each of them separately. Then the osmotic
activity of the nanoparticles was tested in the solid-state photocatalyzed for the compound of
titanium catalyzed by magnesium, the experiment was carried out in two stages, the first in normal
sunlight with laboratory lighting The second is dark interactions to compare the effect of
nanocomposites through testing the influencing factor and the antibacterial influencing
concentration capable of ripping the walls and genetic material of the interstitium and critical
inhibition of both antioxidant enzymes and bacterial repair systems through a sequence of
temperature changes.[13].

25 mL of nutritional agar was placed into sterilized Petri plates with a 90 mm diameter for the test.
To recover the strain, the plates were coated with a bacterial sample and incubated at 37 ° C for 24
hours. Under aseptic circumstances, the pure colony was chosen, transferred to nutrient broth, and
cultivated for 24 hours at 37 degrees Celsius. Fresh agar plates were inoculated with broth cultures
and 0.8 cm wells were created using diffusion plate procedures. 80 | of Mg-doped TiO:
nanoparticles were put into two independent wells on a single plate. At 37 ° C, plates containing
Mg-doped TiO2 nanoparticles and the strains under investigation were incubated for 24 hours. On
their outer surface, gram-negative bacteria contain an extra layer of lipopolysaccharides and
peptidoglycans. Table 1, Figure 2, and Diagram are examples of this (1).

Results and Discussion
Table (1) Demonstrated inhibition zone results of Mg-doped TiO2 nanoparticles.

Type of bacteria 25°C 37°C 40°C
Staphylococcus 11mm 125mm 135mm
aureus
Staphylococcus 12mm 122mm 125mm
Epidermidis
E.coli 11.5mm 13.3mm 13.5mm
Klebseilla spp 11.4mm 12.mm 12.9mm
Candida albicans 12m m 13.mm 14 mm
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Table 2. Demonstrated the statistical analysis of inhibition zone by the effect of NPs

exposure
;‘};2:1; N Mean | Std. Deviation Stg&f;f“ Sig_ (2-tailed)
testl 5 11.58 426 190 0.00
test? 5 12.60 543 242 0.00
test3 5 13.28 584 261 0.00
mean 3 12.48 855 494 002

Fig (2) Antimicrobial activity of TiO2 doped with Mg
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Figure (3) Antimicrobial potency of biosynthesized

Figures 2 and 3 shown the inhibition zone of the media, the results were summarized in table 1
and 2 where found high significant diffierence according the change of assay temperature.
Photocatalytic reaction was studied by using UV-Vis spectrophotometry. In photocatalytic
reaction the effect of the catalyst on photocatalytic rate of decomposition of growth of bacteria
through the use of catalyst TiO. and TiO2- solid state reaction (Mg-doped TiO> (300,400)) and
(Mg-doped TiO2 (500 ,750 ) the results of prepare nanoparticles go with [20-24]. Using constant
weight of the catalyst and different media. The most effective weight was found (1*10-4 M). At
best weight the influence of many factors on rate of decomposition of growth of bacteria were
studied the iThe effect of temperature variation from (25, 37, 40°C) and found that increased rate
of decomposition with increasing the temperature of the media. Activation energy (Ea) for each
reaction was calculated by using the equation of Arrhenius equation between (5.73-11.31) kJ mol-
1.
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A series of dark reactions with absorbance measurement by UV-Vis spectrophotometry, within
different periods of time with the change of pH and temperature. The results indicate that no
degradation of the growth of bacteria although all the factors affecting in the photocatalytic
present except UV-light, the finding of inhibition of bacteria growth correspondence with [22,23]

Effect of Temperature inhibition of bacterial growth

The ratio of decomposed media increasing the temperature. The activation energy parameters can
be calculated from the plot of (Ink) versus (1/T) (Figure (4) and table 3, which gives the value of
activation energy (Ea ) of each models of nanoparticles, according to the Arrhenius equation[24]:

Ink=£nﬂ—% — R ¢ )

Where: Ea : Activation energy (kJmol™) A : Frequency factor (s)
R: Gas constant (0.008314 kJ K mol ) T: Absolute temperature

Where the slope equals (-Ea /R) and the intercept equals (In A) , shown in table (2) and figure (4).
The adsorption of media was a physisorption process because the (Ea) value as between (11.31 —
5.73) kJ k't mol*?
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Figure (4): Plot of time vs. Ink
b- TiO: (Anatase) c- Ti0z- Mgs (300 )

e- TiOz-Mg (500 )

a- Ti0z (Rutile)

d- TiOz-Mg (400 )

f- Ti02 -Mg(750

Table (2): The rate constant and activation energy parameters for the photocatalytic
inhibition of growth of bacteria and catalysis under UV light

-1 in-1
sample No. T (K) 1’11(0'_2 ) | K ﬁT(')T‘S )| Lnkmin?) | (kdmolY)
. 293 341 0.27 811
TiO2
Amatase) 303 3.30 0.30 8.09 11.31
313 3.19 0.37 781
o, 203 3.41 0.57 7.66
Rutie) 303 3.30 0.62 7.38 13.51
313 3.19 0.73 7.30
203 341 2,89 5.76
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TiO2- Mg300 303 3.30 3.62 5.62 5.73
313 3.19 3.65 5.61
293 341 3.15 5.76

TiO2- Mg 400 303 3.30 3.20 5.74 6.13
313 3.19 3.70 5.59
293 341 4.10 5.49

TiO2- Mg 500 303 3.30 4.53 5.39 6.79
313 3.19 4.90 5.31
293 3.41 4.42 5.42

TiO2- Mg750 303 3.30 5.09 5.28 1.27
313 3.19 5.35 5.23

1- Conclusion:

Inert titanium dioxide particles were used, which were saturated with magnesium ions to form a
nano-decomposed powder in the manual case, a very simple chemical method, pulverizing at a
temperature of 300 degrees Celsius for two hours, up to a temperature of 750 Kelvin, with a
change in the reaction temperature with nanoparticles from 25 degrees Celsius to 45 degrees
Celsius. The results of the examination of the microscope known as XRD showed that the size of
the crystals changed from 23.23 nm to 20.70 nm with the increase in temperature in a controlled
sequence The size of the particles of the (TiO2-Mg) NPs was around 101.60 nm in the SEM
pictures, but it fell to 34.30 nm when the temperature of the experimental conditions rose. The
energy band grew from 3.33 to 5.62 eV, according to UV-visible measurements. The zones of
growth inhibition of gram-negative bacteria E. coli, Klebsiella spp, and gram-positive bacteria S.
aureus, S. epidermidis, and the fungus Candida albicans were used to investigate the antibacterial
activity of TiO2-Mg NPs. When the temperature was 25 (11-12) mm, the zones for NPs (TiO»-
Mg) were formed. When the temperature was 37°C, the zones for NPs (TiO2-Mg) were recorded.
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