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Abstract:

In this research, titanium dioxide nanoparticles (TiO, NPs) were prepared through the sol-gel process
at an acidic medium (pH3).TiO, nanoparticles were prepared from titanium trichloride (TiCls) as a precursor
with Ammonium hydroxide (NH,OH) with 1:3 ratio at 50 °C. The resulting gel was dried at 70 °C to obtain
the Nanocrystalline powder. The powder from the drying process was treated thermally at temperatures 500
°C and 700 °C. The crystalline structure, surface morphology, and particle size were studied by using X-ray
diffraction (XRD), Atomic Force Microscopy (AFM), and Scanning Electron Microscope (SEM). The results
showed (anatase) phase of titanium dioxide with the average grain size of 110 nm at 500 °C calcination
temperature, and (anatase- rutile) mixed phase of titanium dioxide with the average particle size of 118.1 nm
at 700 °C calcination temperature. The anti-bacterial activity of the synthesis specimens was recorded
through the Kirby-Bauer disc method (disc devotion method). The results displayed a pretty excellent
antibacterial activity of TiO, NPs to bacteria strains: Gram positive staphylococcus aureus, gram negative
pseudomonas aeruginosa, and gram negative escherichia coli. The sensitivity of the tested bacteria to TiO,
NPs depends on the oxidation state of the TiO, NPs, particle size, volume, and the density of the unit cell.
The small- average particle size of titanium dioxide particles showed high antibacterial activity against
bacteria, while the larger- average particle size of titanium dioxide particles showed less antibacterial
activity. The novelty of this production is the manufacturing of a novel kind of TiO, NPs and achievement its
best antibacterial activity.
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Introduction:

Titanium dioxide nanoparticles (TiO, NPs) materials (8). Bacterial and fungicidal impacts of
have been of interest in a wide range of applications  TiO, on Escherichia coli, Staphylococcus aureus,
such as photocatalyst (1), a gas sensor (2), dye-  and Pseudomonas aeruginosa have been accounted
sensitized solar cells (3), Nanomedicine (4), and  for (9). The investigation on the microbiocidal
antibacterial specialists (5). Acknowledged as an impact of TiO, NPs was done with E. coli
exemplary inorganic antibacterial biomaterial, TiO,  infections,  microorganisms and  organisms
NPs have been given much interest due to the malignancy (10, 11). It was reported that E. coli was
strong and broad-spectrum antimicrobial action. executed by contact with TiO, NPs. Hydroxyl
Furthermore,  TiO, NPs  present good  radicals (*OH) and Responsive Oxygen Species
biocompatibility, excellent  biosecurity, and (ROS) produced on the TiO, surface allow a section
exceptional hydrophilicity (6). TiO, NPs is broadly in inactivating microorganisms by oxidizing the
utilized as a self-sanitizing and self-purifying polyunsaturated phospholipid part of the cell layer
material in various utilizations (7). TiO, NPs have of organisms (6,9,12,13,14). TiO, NPs are around
been affirmed by the "American Food and Drug one thousand or conceivably ten thousand times
Administration (FDA)" for utilizing human more dynamic for E. coli inactivation than normal
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temperature. Just anatase and rutile stages are of
mechanical significance. In the two structures, the
titanium molecule is encompassed by six oxygen
particles and every oxygen iota are encompassed by
three iotas of titanium (17). TiO, NPs have been
synthesized using various techniques, for example,
hydrothermal (18), sonochemical (19), solvothermal
(20), Reverse micelle (21), and sol-gel method (22)
for those applications. As of late, the sol-gel process
has been utilized for the planning of TiO, NPs (23).
Exploratory outcomes have demonstrated that this
technique had effectively delivered uniform size, un
agglomerated state, high immaculateness and
homogeneous nanoparticles (24). In this study,
firstly we will synthesis TiO, NPs by using the sol-
gel method and study the structural properties of
TiO, NPs by X-ray diffraction, Atomic Force
Microscopy, and transmission electron microscopy.
Finally, the antibacterial activity of the prepared
TiO, NPs will be studied.

Materials and Methods:
Preparation of TiO, Nanoparticles
Nanoparticles TiO, were prepared by using
a sol-gel method. Titanium tetrachloride (TiCls)
(99.9%, Sigma—Aldrich), and ammonium hydroxide
(NH,OH) (98%, Sigma— Aldrich) were utilized as
the titanium antecedent. 50 ml TiCl; solution was
slowly added dropwise to 150 ml NH,OH for 1h.
The reaction was performed at 50C under
enthusiastic mixing at 700 rpm for 2hrs, creating the
last arrangement. At first, the mixture is black and
then becomes violet, after that it changes to deep
blue like a clear sky and then gradually turns to the
white homogeneous solution. The pH of the
resulting solution is measured and adjusting to the
value 3 by using hydrochloric acid (HCI, 37%,
ROMIL). The solution was transformed into a gel
by using ultrasonic bath device for 2hrs. At long
last, the gel was thoroughly washed with refined
water a few times for evacuating the polluting
influences (alkali and chlorine ions). The gel was
dried at 70°C for 24hrs, the last powders were
calcined at various temperatures 500°C and 700°C
for 1h in an ambient atmosphere, the powder
transforms to TiO, NPs in anatase phase. The
resulting powders were squeezed as tablets with a
diameter 10 mm.

Preparation of Bacteria for the Sensitivity
Test
Three types of bacteria were subcultured,

Gram positive Staphylococcus aureus, Gram
negative Pseudomonas aeruginosa, and Gram
negative Escherichia coli. The Dbacterial was
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subcultured on a rich medium like tryptic soy agar
to activate it and it was incubated at 37 'C overnight
for the sensitivity test. The bacteria was suspended
in physiological saline 0.85% and the turbidity of
the suspension was compared with 0.5 McFarland
turbidity standard tube which was equal to (1x10°
Colony Forming Unit /ml), McFarland was
prepared according to MacFaddin (2000): 0.05 mL
of 1.17% barium chloride dehydrate (BaCl,-2H,0),
with 9.95 mL of 1% sulphuric acid (H,SO,). 5mL
was a liquated into screw-capped tubes of the same
size which were used in the procedure, the standard
was stored in dark at room temperature and was
vortexed prior to use. The bacterial suspension
swabbed on the surface of Muller Hinton agar (the
general media used for antimicrobial sensitivity
test). The TiO, NPs were placed on the surface of
the agar using sterile forceps, this method termed
the disc diffusion method and the dishes were
incubated at 37 °C overnight from 18 to 24 hrs. then
the inhibition zone was measured in mm.

Characterization

The crystalline structure of TiO, powder
was examined by X-ray diffraction device model
"Shimadzu-6000 XRD" which records the intensity
as a function of Bragg's angle, with the following
Stipulations: the target is copper with wavelength
(A=1.54060 °A), current (30mA) and voltage (40
kV). The scanning angle 20 (change) in the range
of (10-70) degree with a velocity of (5 deg/min).
The morphological surface analysis was carried out
employing an atomic force microscope (SPM
Ntegra NT — MDT). The SEM measurements are
performed with a TESCAN VEGA 3.

Results and Discussion:
Structure Analysis

Powder X-Ray Diffraction (XRD) was
utilized for characterization of the particles
nanocrystalline size, crystal structures, the volume
of the unit cell, the density of the unit cell, and
lattice parameter. Fig.1 shows (XRD) pattern of
calcined TiO, nanopowders at calcination
temperatures 500 °C and 700 °C. We named the
predominant peaks linked with anatase (A) and
rutile(R) phases. It can be seen that specimen
showed the anatase TiO, crystal structure at a
calcining temperature 500 °C. But an anatase-rutile
mixed phase was noticed at 700 °C. This is
supported by numerous publications in which
anatase has been reported to act as a nucleation site
for rutile formation and consonant with the findings
of the researchers (25, 26), this also may explain the
phase transformation onset temperature of 700 °C.
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Figure 1. XRD patterns of TiO, powders synthesized at various calcination temperatures 500 °C, and

700 °C for 1h and pH 3 (A anatase and R rutile).

The XRD pattern showed that the sample
calcined at 500 °C has three broad peaks 20
(change) angle at 25.289°, 48.005°, and 37.812°
with (101), (200), and (004) diffraction planes,
respectively. The XRD pattern showed that the
sample calcined at 700 °C has three broad peaks 20
angle at 25.369°, 27.501°, and 54.372° with (101),
(110), and (211) diffraction planes, respectively.
The crystalline size of the prepared powders was
calculated by using Debye—Scherer formula 1.

D=09A/BcosO e 1

Where "D" is the crystalhte size, "k" is the X-
ray wavelength, "B" is the full width at half
maximum (FWHM), and "0" is the diffraction angle
(Bragg's angle) (7). The distance between the
crystalline levels was calculated by eq. 2.

nAd = 2dsin0 .. " 2

Where "d" is the dlstance between atomlc
layers in a crystal, "A" is the wavelength of the
incident X-ray beam, "@" is the diffraction angle
(Bragg's angle), and "n" is an integer representing
the order of the dlffractlon peak (27, 28, 29). The
lattice constants (a, b and c¢) were determined from
the lattice spacing of Anatase (200) and (004) peaks

in accordance with the Bragg equation for the
tetragonal lattice structure (a=b # ¢) using eq. 3.
1/d? = (h? + k?/a?) + (12/c?)
=4sin20/2%................(3)

Where "du" is the spacing between the
planes conformable to "Miller indices (hkl)" (29).
The volume of the unit cell for the samples was
determined by using the relation 4.
V=a%xc. e .4

Where "V" is the unlt ceII volume incm®, "a",
and "c" is the lattice parameters. The densities were
calculated using the formula 5.
P=FW XZ/VXNyjurveuoe .5

Where "p" is the den3|ty (g/cm®), FW is the
formula weight, (FW= 79.89 gm/mol), Z is the
number of unit cells (for anatase Z =4), "V" is the
unit cell volume in cm® and "NA" is Avogadro
constant in per mol (29, 30). (XRD) comes about
demonstrated that when the calcination temperature
increment from 500 °C to 700 °C, the lattice
parameters were slightly decreased, the FWHM
decreased, and the average crystalline size
increased. This outcome was likewise in great
concurred with the last report (31, 32). Tablel
summarizes the structural properties of TiO,
nanoparticles.

3 n
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Table 1. Structural properties of TiO, NPs synthesized at various calcination temperatures 500 °C and
700 °C for 1h and pH 3

Sample Calcination TiO; at TiO, at
Temperature (°C) (500 °C) (700 °C)
20 Strongest 3 peaks Strongest 3 peaks
(Deg.) 25.28 48.005 37.812 25.369 27.50 54.37
FWHM (Deg.) 0.588 0.6323 0.5458 0.3295 0.243 0.2754
hkl (101) (200) (004) (101) (110) (211)
phase Anatase Anatase Rutile
Crystalline size D (nm) 14.46 14.36 16.06 25.8 35.13 33.86
Average Crystalline size D,, (nm) 14.96 31.59
Oha Std.(A) 3.5172 1.8929 2.3768 3.5172 3.243 1.685
dha Exp.(A) 3.5188 1.8936 2.3773 3.5079 3.240 1.686
Lattice a=b (A) 3.7873 3.7840
parameters c(A) 9.5093 9.4881
Unit cell volume V (A% 136.397 135.856
Density, p (g/cm?) 3.89 3.906
Entry. Cod 96-710-3590 96-710-3590

The morphological characteristics of the
obtained TiO, NPs were investigated by the high
resolution scanning electron microscopy (SEM).
Fig. 2(a,b) shows the surface morphology of the
TiO, NPs at calcination temperatures 500 and
700°C, these images reveal that the shape of the
particles is influenced by the experimental
conditions and varied from spherical to elongate.
SEM micrographs of the microstructures of all
samples were analyzed by IMAGE J PROCESSING

samples. The result showed that the average particle
sizes grow bigger from 101.600 nm to 117.031 nm
as the calcining temperature increased from 500°C
to 700°C. The agglomeration becomes higher as the
calcination temperatures increase. It is observed that
in the higher calcination temperatures, the larger
particle size with high uniform morphology is
obtained for the samples calcined at 500 °C and
700°C. This result is consonant with the findings of
the researchers (3, 5, 23).

analysis to obtain the average particle size of the

v 3
NanoLAB-MOST SEM MAG: 500 kx petse | Ll
SEMHV: 200KV Date(midy): 01721118 1 pm

NanoLAB-MOS1~SEM MAG: 10.00 kx

SEMHV: 100KV  Date(midy): 0121118 50 ym SEMHV: 100KV Date(midy): 012118 10pm SEMHV: 100KV Date{midy): 0121118 5pm
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Figure 2. SEM micrographs of TiO, NPs at pH3 with calcination temperature: (a) 500°C and (b) 700°C
with four different magnifications 1.00kx, 5.00kx, 10.00kx and 50.00kx respectively (from the left to
the right).
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The topography, surface features, and the
particle size of TiO, NPs were studied by using
Atomic Force Microscope (AFM). Figure 3(a,b)
shows the Atomic Force Microscope (AFM) three-
dimension images and average grain size
distribution in nanometer scale histogram for TiO,
NPs with calcination temperatures 500 °C and
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700°C, it was found that the average grain size is
110 nm and 118.1 nm for the samples prepared at
calcination temperatures 500 °C and 700°C. The
grain size increased as calcination temperatures
increased from 500°C to 700°C. This result is
consonant with the findings of the researcher (33).

Figure 3. AFM 3D images and average grain size distribution in nanometer scale histogram at pH3
and calcination temperatures: (a) 500 °C, (b) 700 °C.

According to the characterization results of
XRD, SEM, and AFM the particle size of TiO, NPs
growth is related to the increment in the calcination
temperatures. After calcination process crystalline
size increase because OH links are broken and
crystals start to grow, this result agrees with the
findings of the researchers (23, 33). This might be
because of the heat-initiated TiO, NPs accumulation
and phase transmutation. The test discoveries
deduced in this work are considered as better
comprehension of the parameters that control the
development of TiO, NPs while incorporating with
the sol-gel technique. Likewise, the agglomeration
becomes up higher when the temperature
calcination is expanded. It is observed that in the
higher calcination temperatures, a bigger particle
size with irregular morphology was gotten for the
samples calcined at high temperatures. An
expansion of the temperature up to 700°C, the size

914

becomes up greater than 500°C and the
agglomeration end up critical. The particle size
becomes greater as the calcining temperature was
expanded to 700°C, which clarified the impacts of
warmth treatment on the particle size of TiO, NPs.
Warm treatment is important to enhance the
crystallinity of amorphous compounds. At the point
when TiO, powders are calcined at a higher
temperature, crystal structure changes may happen.
The indistinct anatase and anatase-rutile advances
depend firmly on the technique arrangements, the
nature of the antecedent, and calcination conditions.
Generally, the total change of amorphous to anatase
has been observed to be finished at 500°C, the
anatase-rutile phase transformation has been done at
700 °C calcination temperature. The SEM pictures
delineate that the greater part of the particles in
spherical shape and impact of heat treatment on
particle size was impressive. An expansion of
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particle size with calcination temperature was
expanded from 500 °C to 700°C, ascribed to the
crystal becomes bigger. The SEM and AFM result
in great concurrence with XRD information
estimated.

Antibacterial Activity of TiO, Nanoparticles
Results

According to the zone of restraint
examination, Table 2 demonstrates the zone of
bacteria development restraint for Staphylococcus
aureus, E. coli, and Pseudomonas aeruginosa. The
diameter of the inhibition zone was measured in
mm. It was observed that when calcination
temperatures of TiO, increase (increasing of TiO,
NPs size), this leads to the decrease of the Zone of
inhibition. The cause of increasing inhibition zone
diameter was attributed to increasing the surface
area of the reaction as the particle size of TiO, NPs
decreased. The pictures of the zone of development
restraint for Staphylococcus aureus, E. coli, and
Pseudomonas aeruginosa appear in Fig. 4(a,b,c) The
killing mechanism includes corruption of the cell
surface and cytoplasmic layer because of the
creation of Receptive Oxygen Species (ROS), for
example, hydroxyl radicals and hydrogen peroxide.
This at first leads to spillage of cell substance then
cell lysis and might be trailed by total
mineralization of the living being. Contact between

(b)

_|

the cells of the bacterium and TiO, NPs may
influence layer porousness and this promptly
expands harm to all cell divider layers, permitting
spillage of little particles, for example, ions. Harm
at this stage might be irreversible, and this goes
with cell demise. Moreover, cell layer harm permits
spillage of higher atomic weight parts, for example,
proteins, which might be trailed by a bulge of the
cytoplasmic layer into the encompassing medium
through degraded zones of the peptidoglycan and
lysis of the cell. Degradation of the inner parts of
the cell at that point happens, then followed by
entire mineralization. The degradation process may
occur progressively from the side of the cell in
contact with the TiO, NPs.

Table 2. Zone of microorganism’s
inhibition

growth

Zone of inhibition, the diameter of the
zone (mm), TiO, NPs with pH3.

Microbial AL th pr
Community Calcination Calcination
temperature temperature
(500C) (700C)
Staphylococcus 43 n
aureus
E. coli 17 )
Pseudo_monas 32 25
aeruginosa

—~

Figure 4. the antibacterial activ

Conclusion:

TiO, NPs were prepared by using the sol-
gel method. The structure and morphology were
characterized using different techniques XRD,
SEM, and AFM. From XRD characterization, the
sample calcined at 500C indicates Anatase phase
with average crystallite size 14.96 nm and the
sample calcined at 700°C indicate Anatase-Rutile
mixed phase with average crystallite size 31.59 nm.
From the estimation of SEM and AFM, it is
demonstrated that an expansion in particle size of
TiO, NPs is related with the expansion in the

ity of TiO, NPs of
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different calcination temperature 500 ‘C and700C at
pH 3 against (a) Staphylococcus aureus, (b) E. coli, (¢c) Pseudomonas aeruginosa.

calcination temperatures and the diameter of the
inhibition zone. It is found that the average grain
size of the sample calcined at 500°C is 110 nm, and
the average grain size of the sample calcined at
700C is 118.1 nm. It was observed that when
calcination temperatures increased, the TiO, NPs
size increased and the zone diameter of inhibition
decreased. The results showed that TiO, NPs are a
viable material for antibacterial agents of Gram
positive Staphylococcus aureus, Gram negative
Pseudomonas aeruginosa, and Gram negative
Escherichia coli.
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