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ABSTRACT

Aims: In the present investigation, To synthesis, characterization and antibacterial activity of
Calcareous/TiO2 nanocomposites toward Bacillus, Proteus vulgaris, Micrococcus luteus,
Staphylococcus aureus and Escherichia coli.

Methodology: The resulting Calcareous/TiO2 nanocomposite was synthesized by
hydrothermal method. The synthesized nanocomposites were characterized by using XRD,
SEM with EDAX, AFM, TEM and UV-Vis absorption spectroscopy. The antibacterial
activities of the Calcareous/TiO2 nanocomposite species were checked by using agar well diffusion
method.

Results: The XRD pattern is showed that the diffraction peaks appear in the pattern
corresponding to the anatase phase of TiO2. UV-Visible spectrum showed that the blue shifted
when compared with bulk TiOz (3.2 eV). The blue shift might be caused by nanosize effect and
structural defect of nanomaterials. AFM image shows the morphology of Calcareous/TiO:
nanocomposites forming sharp particles on the surface. TEM image showed that the particles
exhibit a relatively uniform particle size distribution. The average size of the nanocomposites
estimated from the TEM image is around 50nm.
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Conclusion: In conclusion,

the Calcareous/TiO2 nanocomposites have been successfully
synthesized. The prepared nanocomposites were characterized using various analytical tools like
XRD, SEM with EDAX, AFM, TEM, UV-Vis absorption spectrum.

Keywords: Antibacterial activity; calcareous; nanocomposites; bacillus; e.coli; nanotechnology.

1. INTRODUCTION

In the last few years, nanotechnology had been
flourishing. The improvement of Nano materials
is a basis for the development of nanoscience
and nanotechnology. Nano materials consult with
special properties, whose geometric dimension
reaches Nano scale. Among Nanomaterials,
brilliant significance has been connected to Nano
oxide [1-3]. Nano-structured materials are
attracting a brilliant deal of interest due to their
ability for accomplishing particular tactics and
selectivity, in particular in organic and
pharmaceutical applications [4-6].  Nano-
Materials are referred to as a wonder of modern
medicine. It's said that antibiotics kill possibly a
half dozen different diseases-causing organisms
but Nano-materials can kill some 650 cell [7].
Resistant strains fail to broaden if we observe
Nanopatrticle-primarily based totally formulations
of their media. In laboratory assessments with
Nanopatrticles, the micro organism, viruses, and
fungi are killed inside mins of contact. The impact
of nanoparticles on micro organism could be very
important, since they represent the lowest level
and hence enter the food chain of ecosystem [8].
In recent years, various nanoparticles have been
reported to display good biological activities [9].
Amongst them, TiO2 nanoparticles have attracted
the attention of researchers due to its oxidative
and hydrolysis properties. As a photocatalyst, it
can improve the efficiency of electrolytically
splitting water into hydrogen and oxygen which
can produce electricity in nanoparticles form.
When these nanoparticles are exposed to
ultraviolet (UV) light, they become increasingly
hydrophilic [10]. In the case of antibacterial
coatings, maximum density of nonmaterial on
surface results in the generation of reactive
oxygen species (ROS) and thus increases the
antibacterial activity of TiO2 [11]. TiO2
photocatalysts have also been utilized to
disinfect a broad spectrum of microorganisms
[12]. Recently the metal oxide nanoparticles
played a vital role in the novel drug delivery
systems. Recent studies have demonstrated that
specially formulated metal oxide nanoparticles
have good antibacterial activity [13] and
antimicrobial formulations comprising
nanoparticles could be effective bactericidal

materials [14-15]. TiO2 nanoparticles (TiO2-NPs),
approximately less than 100 nm in diameter,
have become a new generation of advanced
materials because of their novel and fascinating
optical, dielectric, and photo-catalytic properties
from size quantization [16].

Antimicrobial activity of TiO2 was observed in
1985 by Mat-sunaga and colleagues, who stated
that microbial cells might be killed by the contact
with a TiO>—Pt catalyst under illumination with
near UV light [17]. Since then, many researchers
have investigated the disinfection capability of
photocatalysis the use of TiO2, each powder and
film, as photocatalysts [17-20]. According to
literature data, distinctly reactive oxygen species
(ROS) are concept to be the key species in the
photocatalytic disinfection process. In fact, the
photo-generated holes and electrons trapped on
the surface of the semiconductor react with
adsorbed species to initiate the formation of
distinctly reactive oxygen species (ROS), *OH,
Oz+— and Hz0:z,able to mineralizing pollutants.
All three ROS exhibit bactericidal activity but
some studies have emphasized that the hydroxyl
radical should be the most important oxidant
species responsible for the attack of the bacterial
cell wall, leading to modifications of membrane
permeability and cell death [18-20]. Bindu Arora
et al., investigated, an exposure of UV irradiation
of 60 minutes has shown to greatly enhance the
antibacterial efficacy of TiO2 nanoparticle against
MDR P. aeruginosa. Further, the antibiotic CEF
potency was increased when used in
combination with 60 minutes UV-irradiated TiO2
nanoparticles. This synergistic study against the
pathogens offers its application potential in
clinical diagnostics as an attempt to find a
solution to the growing problem of antibiotic
resistance [21]. The antibacterial activity of Clay-
TiO2 nanocomposite, there are four types of
bacteria Micrococcus, Staphylococcus aureus as
a Gram-positive bacterium, and E. coli and
Pseudomonas aeruginosa as a Gram-negative
bacterium, were used as model bacteria in this
study. Our results showed good inhibition on two
types of bacteria, E. coli and Micrococcus, even
under room light by Lashgari et al.,[22]. Alireza et
al., [23] reported the Antibacterial treatment of
Ag/TiO2 nanocomposites was able to reduce
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bacterial growth by approximately 75%. This
result indicated that the bacteria were
successfully eradicated with Ag/TiO2
nanocomposites. In general, the effect of adding
Ag/TiO2 will give more significant effect on the
performance of nanocomposite materials to
eradicate S. aureus. The result is strongly
dependent on the growth temperature and
baking time to produce and increase the amount
of nanorods that have been proven more
effective to eradicate bacteria. According to the
work of Sahar et al., [24] functionalized MWNTs
investigated antimicrobial activities against both
gram-negative (E. coli) and gram-positive (S.
aureus) bacteria. In fact, F-MWNTs showed the
best antibacterial activites compared to
commercial antibiotics. The results demonstrate
that the best concentration of F-MWNTSs for the
utmost inhibition and antibacterial functionality is
80 and 60 ug/ml for E. coli and S. aureus,
respectively.

Popov et al., [25] investigated the relationship
between the structural properties of materials
based on multi-walled carbon nanotubes and
therefore the vital activity of bacteria E. Coli
strain M-17. They have different wettability, and
as a result they have different effects on
bacterial cells. Samples with the highest
hydrophilicity showed the least bacterial
biocompatibility.

The benefits of the usage of those inorganic
oxide nanocomposites as antimicrobial agents
are their more effectiveness on resistant strains
of microbial pathogens, much less toxicity and
warmth resistance [26-27]. Also, they provide
mineral components essential to human cells
and even small amounts of them show strong

activity  [28-29]. These  metallic  oxide
nanocomposites have many significant features
such as chemical and physical stability,

antibacterial activity, intensive ultraviolet and
infrared adsorption with a broad range of
applications as semiconductors, sensors,
transparent electrodes, solar cells, etc [30]. The
present investigation was aimed to production a
new nanocomposites of TiOz and determination
of antibacterial activity of this nanocomposites
toward Bacillus, P. Vulgaris, M. Luteus, S.
Aureus and E. coli. In our previous paper was
reported the synthesis, characterization and
photocatalytic  activity of Calcareous/TiO2
nanocomposites [31].

2. MATERIALS AND METHODS
2.1 Experimental Method

Calcareous — water dispersion (1% w/w) was
stirred for 2 hours. An aliquot of TiO2 sol was
added to the dispersion, to obtain a final TiO2
content of 70% w/w. The slurry was stirred for 24
hours. The resulting dispersion was centrifuged
at 3800 rpm for 10 minutes. The solid phase was
washed with ultrapure water followed by triplicate
centrifugation. The resulting Calcareous — TiO2
composite was dispersed in 1:1 water: ethanol
solution, prior to hydrothermal treatment in an
autoclave at 180 °C for 5 hours. The product was
centrifuged once again at 3800 rpm for 15
minutes, and oven dried at 60 °C for 3 hours
[31].

2.2 Instrumental Characterizations

XRD measurements are performed using a
Philips diffractometer of ‘X’ pert company with
monochromatized Cu Ka (A=1.54060 A)
radiation. For determination of crystallite size,
Debye Scherrer's analysis on XRD is commonly
used. A double beam UV-Vis (Jascow — 500)
spectrophotometer with 1 mm optical path length
guart cells was used for all absorbance
measurement in the range of 200 nm — 800 nm.
SEM image was obtained by using HITACHI-S-
3400H model. TEM image was obtained by using
Jeol/JEM 2100. Atomic Force Microscopy (AFM,;
VeecoCP-ll) in contact mode using Si tips at a
scan rate of 1 Hz.

2.3 Agar Well Diffusion Assay

The antibacterial activities of the
Calcareous/TiO2 nanocomposite species were
checked by using agar well diffusion method [32].
The antibacterial activity against Bacillus, P.
vulgaris, M. luteus, S. aureus and E. coli. The
nanocomposites were dissolved in some polar
solvents like ethanol, methanol etc. Mueller
Hinton agar was prepared, sterilized and poured
into petri plates. The test organisms were spread
on these plates on which wells were made using
a sterile corkborer. To each well, 30 pl of each
nanocomposites are added and plates were
incubated at 30°C for 24 hrs. After incubation,
the results were recorded by measuring the
diameter of zone of inhibition surrounding the
well.
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3. RESULTS AND DISCUSSION

3.1 XRD Analysis of Calcareous /TiO>
Nanocomposites

The X-ray diffraction analysis is used to
determine the particle size and to study the
structural  properties of the synthesized
nanocomposites of TiO2, the powder XRD
analysis was performed, which is shown in Fig.1.
It could be clearly observed that the diffraction
peaks appear in the pattern corresponding to the
anatase phase of TiO2. The spectra showed
crystalline nature with 20 peaks lying at
26=25.25° (101), 26=37.8° (004), 26=47.9° (200),
26 =53.59° (105) and the average crystallite size
has been calculated from the recorded XRD
patterns using well known Debye Scherrer
equation D=0.89MBcosB of Calcareous/TiO:
nanocomposites has been found to be 16 nm
respectively. The similar result was reported by
Daimei Chen et al. [33].

3.2 SEM with EDAX Analysis of
Calcareous /TiO; Nanocomposites

Scanning electron microscope (SEM) was used
for the morphological study of Calcareous/TiO2
nanocomposites. Fig.2.a. suggests the SEM
images of the as prepared metallic oxide
nanocomposites. The Calcareous/TiO2
nanocomposites formed had been highly
agglomerated .The spherical shaped particles
with clumped distributions are seen via the SEM
analysis. The result was properly matched with
Suresh et al.[34]. The elemental presences are
given in fig.2.b. The surface of synthesized
nanoparticles was characterized the use of
FESEM. The micrograph confirmed nano-scaled
TiO2 particles with the detailed surface
morphology of nanoparticles (NPs) and
microspheres. The nanoparticles are poorly
dispersed  with  spherical clusters  with
agglomeration size up to 95 nm. Agglomeration
makes it tough to study individual nanoparticles.
This result was also reported by Rajakumar et
al.[35] and Karen et al [36].

3.3 AFM Analysis of Calcareous /TiO>
Nanocomposites

Atomic force microscopic (AFM) is used to get
microscopic information on the surface structure
and to plot topographies representing the surface
relief. This technique offers digital images, which
permit quantitative measurements of surface

features, such as root mean square roughness,
Rq, or average roughness Ra, and the analysis
of images from different perspectives, including
three-dimensional simulation [37]. It may be
seen, the morphology of Calcareous/TiO2
nanocomposites forming sharp particles on the
surface in Figure.3.a. and 3.b. While Fig. 3.a.
suggests the AFM 2D surface morphology of
nanocomposite with rounded particles on the
surface. The particles are not clearly visible and
not fully homogenous. This result was reported
by Nur et al [38] and Saja et al [39] that is, the
AFM image showed high uniform distribution of
particles with spherical shape. The statistical
roughness evaluation confirmed that the
obtained roughness average is 0.422 nm, root
mean square roughness is 0.513nm, surface
skewness is - 0.0806, and the surface kurtosis is
identical to 2.47.The AFM results show that the
surface of TiO2 is bumpy and the valleys are
more than the peaks of surface [40].

3.4 TEM Analysis of
Nanocomposites

Calcareous/TiO2

The transmission electron spectroscopic analysis
was executed to verify the actual size of the
particles, their growth pattern and the distribution
of the crystallites. Fig.4 suggested a typical TEM
image of the Calcareous/TiO2 hanocomposites. It
may be seen that the particles exhibit a relatively
uniform particle size distribution. The average
size of the Calcareous/TiO2 nanocomposites
predicted from the TEM image is around 50nm.

3.5 UV-vis Absaorption Spectroscopy

The UV visible spectrum observed that the
absorption edge shifted towards lower
wavelength for Calcareous/TiO2 nanocomposites
is given in figure.5.a. This is clearly indicated an
increase in the band gap energy of
Calcareous/TiO2 nanocomposites. The band gap
energy can be estimated from the following
equation.

k(hv—Ez)™/?
a= ( )
hv

Plots of (ahv)? versus photon energy (hv) for
Calcareous/TiOz nanocomposites is given in
figure.5.b. (using Tauc plot). The band gap
energy is evaluated from the intercept of the
tangents of the plot is 3.5 eV. This revealed that
the blue shifted when compared with the bulk
TiOz2 (3.2 eV). The blue shift might be caused by
nanosize effect and structural defect of
nanomaterials [31].
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3.6 Antibacterial Activity
Calcareous/TiO2 Nanocomposites

on

Fresh cultures (24 h) of Bacillus, P. vulgaris, M.
luteus, S. aureus and E. coli were diluted in
saline. A sterile swab was dipped within the
diluted cultures and spread over the agar. Wells
were made in the inoculated agar medium,
employing a sterile borer (6 mm in diameter) and
30 uL of the nanocomposite supernatants were
pipette into the wells. The agar plates were
incubated at 30°C for twenty four hours, after
which zones of inhibitions were observed and
antibacterial activity was measured in terms of
zone of inhibition (mm). Antimicrobial activity of
the antibiotic showed a clear inhibition zone
within the media seeded with Bacillus (26 mm),
P. wvulgaris (35 mm), M. luteus (28 mm), S.
aureus (32 mm) and E.coli (30 mm). Zone of
inhibition against  bacterial strain by
calcareous/TiO2 nanocomposite given in Table.1.
The bactericide activity of Calcareous/TiO2
nanocomposites was evaluated in absence of
light, through detection of lowest concentration of
Calcareous/TiO2 nanocomposites where no
growth is visually observed for Gram-negative
bacteria E.coli and Gram-positive bacteria S.

nanocomposites exhibited biocide effect at
nanocomposites contents greater. Thus hydroxyl
groups or oxygen vacancies (O~) on TiOz surface
haven’t enough antibacterial power. This result
was reported by Zoe et al [41]. During this case,
Ag NPs supported on TiOz can certainly increase
the antibacterial performance more effectively
than TiO2 by itself. We obtained an adequate
attachment of a high Ag NPs number on the TiO2
surface, with a homogeneous dispersion and
high available superficial area in strong alkaline
suspension of TiO2.

Many studies issue the ability of using of metal
oxide nanoparticles as alternative solution to
antibiotics due to strong germicidal nature of it. In
this experiment the strain of E.coli and S. aureus
were inoculated in Muller Hinton medium with
different concentrations of TiO2 nanopatrticles.
The MIC value of TiO2 nanoparticles was 30
pg/mL, for E.coli and 40ug/ml for S. aureus.
Basically the growth of E.coli and S. aureus
inhibited compared to the control and the results
inversely proportional with increasing the
concentration of TiO2 nanoparticles, these results
assured with the agar diffusion methods which
show remarked susceptibilities of E.coli and S.

aureus. Only the Calcareous/TiO2  aureus to TiOz nanoparticles from the results.
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Fig. 1. XRD pattern of calcareous/TiO2 nanocomposites
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Topography - Scan forward  Line fit
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Fig. 3.b. AFM 3D image of calcareous/TiO, nanocomposites
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Fig.4. TEM image of calcareous/TiOz hanocomposites
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Fig. 5.a. UV-vis absorption spectrum of calcareous/TiO2 nanocomposites
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Fig. 5.b. Band gap energy of calcareous/TiO, nanocomposites
Table 1. Zone of inhibition against strains by Calcareous/TiO, Nanocomposites

Zone of inhabition (in mm)

Nanocomposites Bacillus Proteus vulgaris Micrococcus  Staphylococcus E. coli
luteus aureus

Calcareous/TiO2 26 35 28 32 30

6.a. Bacillus 6.b. P. vulgaris

6.c. M.luteus 6.d. S. aureus
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6.e. E. coli

Fig. 6. Antibacterial activities of calcareous/TiO, nanocomposites

Several studies have believed the germicidal
mechanisms of TiO2 nanoparticles involving
release of positively charge ions to reaction
medium linked to (negative charges) thiol group
(-SH) of the proteins on the cytoplasmic
membrane reported by Jayaseelan et al [42].
This reaction lead to capture the cell wall and
increased permeability beside it causes deform
the structure of cellular components such as
DNA, ribosomes and cellular enzymes and finally
death of microbial cell by Koseki et. al [43]. The
antibacterial activity figures are given in 6.a, 6.b,
6.c, 6.d, 6.e. In our previous report, Antibacterial
activity of Illite/TiO2 nanocomposites showed that
the zone inhibition was found against E.coli
(15mm), S. aureus (18mm) and Bacillus (13mm)
with respect to the control amphicillin [44].
Mariselvi et al., [45] investigated the antibacterial
activity of Kaolinite/TiO2 nanocomposites, which
is a clear inhibition zone in the media seeded
with S.aureus (19mm), M.luteus (20 mm) and
E.coli (24 mm). According to the Pohan and co-
workers [46] carried out the antibacterial
properties of [Ag TiOz]:Clay nanocomposites.
They studied antibacterial activity in dark and
activity under visible light irradiation. The
AgTiO2:Clay nanocomposites displays good
antibacterial activity for S.aureus without and
under visible light exposure. The diameter of
inhibition zone increases from 2 to 8 mm in the
dark and 8 to 12 mm under light irradiation. For
E.coli, we observed, significant antibacterial
acitivity only under visible light irradiation due to
the cell wall layers of this bacterium. In other
case, antibacterial activity of TiO2, GNSAC,
TiO2/GNSAC nanoparticles were tested against
gram positive bacteria V. cholerae. The
TiO2/GNSAC (7 mm) nanoparticles show
maximum zone inhibition than GNSAC (4 mm)
and TiOz2 (5 mm) nanoparticles [47]. Alireza et

al., [48] demonstrated the antibacterial activity of
NiFeO4/PAMA/Ag-TiO2 nanocomposites showed
zone of inhibition was found against S.aureus
(21mm), B.cereus (18mm), E.coli (18.5 mm) and
S.typhimurium (22mm). This nanocomposites
has greater antibacterial activity. In our case,
antibacterial activity  of  calcareous/TiO2
nanocomposites has greater antibacterial activity
than above reports.

4. CONCLUSION

In summary the Calcareous/TiOz
nanocomposites have been  successfully
synthesized. The prepared nanocomposites were
characterized using various analytical tools like
XRD, SEM with EDAX, AFM, TEM, UV-Vis
absorption spectrum. The X-ray diffraction result
revealed that the presence of anatase phase of
TiO2. The synthesized nanocomposites size and
morphology of the sample were characterized by
SEM with EDAX. SEM proved the spherical
shape and well dispersed on the clay surface.
AFM analysis shows the morphology of
Calcareous/TiO2 Nanocomposites forming sharp
particles on the surface and while the AFM 2D
surface morphology of nanocomposite with
rounded particles on the surface. TEM analysis
indicated that the particles exhibit a relatively
uniform particle size distribution. The band gap
energy of this nanocomposite is 3.5 eV, which is
larger than the value of 3.2eV for bulk TiO2. The
blue shift might be caused by nanosize effect
and structural defect of nanomaterials. Based on
the antibacterial studies, the Calcareous/TiO2
nanocomposites show good accountability on the
degradation of growth of pathogens. So the
antibacterial properties of TiO2 nanopatrticles are
often further explored in future on other bacterial
strains, In order that these nanoparticles can be
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various industrial and medical

applications.
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