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Synthesis and Characterization of TiO2
Nanoparticles and Investigation of Antimicrobial
Activities against Human Pathogens
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Abstract
Nanomaterials have emphasized their roles in biological and pharmaceutical applications as a result of their valuable
physiochemical and biological properties. In this study, characterization and antimicrobial activity of the synthesized NPs of
TiO2 were analyzed. The synthesized TiO2NPs were characterized by UV-visible spectroscopy, FTIR and XRD, which
demonstrated the formation of TiO2NPs and their crystalline anatase nature. The spherical shapeof those NPs has been
revealed by SEM analysis and the TEM analysis divulged the size of TiO2NPs particles to be in the range of 30.78-51.56nm.
The antibacterial activities of the synthesized TiO2NPs at various concentrations were examined against both gram positive
bacteria (Bacillus subtilis and Staphylococcus aureus), gram negative bacteria (Escherichia coli and Pseudomonas
aeruginosa), respectively. TiO2NPs had potential inhibitory actions against P. aeruginosa and S. aureus with the maximum
zone of inhibition of about 20mm against P. aeruginosa. However, there were only low activities against B. subtilis and E.
coli. Hence, it could be concluded that the synthesized TiO2NPs possess viable biomedical applications.
Keywords: Antibacterial, Biomedical, TEM, TiO2 NPs, Nanomaterials.

1. INTRODUCTION
Nanomedicine is a fascinating therapeutic modality in
recent trends, which is to be noted for its application in the
pathophysiology of diseases. Nanomaterials possess unique
size- dependent physical and chemical properties that
include nano-size, optical, catalytic, thermodynamic, high
surface area to volume ratios and super-paramagnetism
and electrochemical properties, which confer useful
attributes for medical applications [1]. The chemical
composition and shape of nanoparticles also influence their
specific properties. [2] Hence, numerous protocols and
methods for the synthesis, functionalization, and appliance
of nanoparticles and nano-carriers has flooded the scientific
and clinical community with new therapeutic approaches
from molecular targeting to radio frequency ablation and
from personalized therapies to minimally invasive
techniques [3]. However, several hindrances to the
promising future of in-vivo nano-device applications have
retarded the nanotechnology growth in the pre-clinical and
clinical stages: biocompatibility, in-vivo kinetics, tumor
targeting efficacy, acute and chronic toxicity, escape from
the reticuloendothelial system, and cost-effectiveness
impose high hurdles for nanotechnology [4].
In the last few decades, Zinc Oxide (ZnO), Manganese
Oxide (MnO2), Titanium dioxide (TiO2), Iron Oxide
(Fe2O3) and their functionalized forms have been
beneficial due to their unique properties in biological
applications [5]. There are diverse synthetic methods used
for the synthesis of TiO2 nanoparticles that includes solgel, solid state reaction, microwave irradiation, ultrasonication,
sono-electrochemical,
and
thermal

decomposition [5]. Out of those methods, the hydrothermal
process has several advantages over its rivals such as;
relatively lower reaction temperatures to obtain particles
with narrow particle size distribution, reduced
agglomeration, greater phase homogeneity, controlled
particle morphology and with good crystallinity [6].
Hydrothermal synthesis takes place in autoclaves with or
without Teflon liners under controlled temperature or
pressure in aqueous conditions. The temperature and the
amount of solution added to the autoclave largely
determine the internal pressure produced. This method is
widely used for the production of small sized particles with
lesser aggregation [7].
Titanium dioxide (TiO2), which is inert and robust, has
drawn attention due to its high photocatalytic property,
chemical stability, nontoxicity, fast electron transfer to
molecular oxygen and excessive availability at low price,
which is the demand of industries [8]. Titanium dioxide
exists in three forms: Anatase, brookite and rutile.
TiO2 has a large surface
area,excellent surface
morphology, and it is nontoxic, and exerts excellent
biological activity such as antimicrobial activity [9]. Out of
the three forms of titania NPs, anatase form of nanoTiO2
and UV light excitation are essential to exhibit maximum
antimicrobial activity, through which photo-catalysis
induces peroxidation of the polyunsaturated phospholipid
component of the microbial lipid membrane, leading to loss
of respiratory activity and evoke cell death [10]. However,
there are recent concerns that Titania NPs may confer
health hazards through generation of cytokine release that
leads to inflammation [9]. Titania NPs are widely used in
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orthopaedics and dentistry, as it is a renowned antibacterial
and bone repairing material that possesses high fracture
resistance, ductility and weight to strength ratio. As titania
does not support cell adhesion and growth well,
functionalised and coated forms of titania can be used
[12]. Additionally, titania has been applied on a wide range
of application areas such as, antibacterial coatings [14],
photocatalytic degradation of organic pollutants [15], selfcleaning surfaces [16], and water and air purifiers [17].
The present study has focused on the synthesis of TiO2
NPs and their biological applications with special emphasis
on antimicrobial activities. The prepared TiO2 NPs were
characterized by UV-Vis, FTIR, XRD, SEM and TEM.
2. MATERIALS AND METHODS

2.1. Equipments

UV-Vis spectrophotometer (Varian, Carry 5000) was used
to measure absorption with 1- cm path length quartz
cuvettes, FTIR spectrophotometer (Thermo Nicolet, Avatar
370) was employed for embedded function group
identification and Bruker AXS Advance powder X-ray
diffractometer was used for characterization of crystalline
nature of sample. Morphological analyses were carried out
using Scanning Electron Microscopy(SEM) with a JEOL
Model JSM - 6390LV instrument and Jeol/JEM 2100 High
Resolution Transmission Electron Microscope.

2.2. Chemicals And Microbial Cultures
Titanium nitrate tetrahydrate Ti(NO3)4.4H2O, and urea
were purchased from HiMedia. All the chemicals used in
this work were of analytical grades. Milli-Q distilled water
was used for nanoparticle synthesis. Gram positive
bacteria (Bacillus subtilis MTCC 1305
and
Staphylococcus aureus MTCC 3160) and gram negative
bacteria (Escherichia coli MTCC 443 and Pseudomonas
aeruginosa MTCC 2453) were procured from Microbial
Type Culture Collection (MTCC) and used as test
organisms. All the cultures were stored and maintained at
0
4 C.
2.3. Synthesis Of Tio2 Nanoparticles
Synthesis of TiO2 NPs was carried out as follows: 0.5
mmol of Titanium nitrate tetrahydrate Ti(NO3)4.4H2O and
a trivial quantity of urea (CO(NH2)2) were dissolved in 70
ml of deionized water and the mixture was continuously
stirred. Then, the homogenous solution was transferred into
a 100ml conical flask, teflon lined and autoclaved for 12 h
°
at 180 C. Once the process was completed, the solution
was then shifted to room temperature and allowed to cool.
Finally, a white precipitate was formed. The precipitate
was washed numerous times with plenty of distilled water
and absolute ethanol and subsequently dried overnight
at 353 K. Eventually, the white precipitate was
°
dried in air at 450 C for 15 hours [20].

2.4. Characterization Of Tio2 Nanoparticles
The morphology and the size of the TiO2 NPs were
characterized by Scanning Electron Microscopy (SEM).
TiO2 NPs size, morphology and distribution were
examined by the High Resolution Transmission Electron
Microscope. UV- vis spectrophotometer was used to
measure the absorption spectra of the synthesized
nanoparticles in the range of 300 nm and 800 nm. The
readings were taken at intervals of 1 nm with the scan rate
600 nm/min. The as-prepared nanoparticles were subjected
to functional group analysis using FTIR spectrophotometer.
The samples were prepared using KBr pellet method in
1:99 ratios at room temperature. The samples were scanned
-1
in the spectral range of 4000-400 cm with the resolution
-1
of 2 cm . X-ray diffraction (XRD) patterns were
collected using a powder X-ray diffractometer. The
XRD pattern of synthesized sample was obtained inside the
special XRD cell designed to avoid the reaction of air
sensitive samples with atmospheric oxygen [21].
2.5. Antibacterial Assay Of Tio2 Nanoparticles
The antimicrobial activity of the TiO2 NPs was evaluated
with well disc diffusion method. The experiment was
conducted against reference gram positive (B. subtilis and
S.aureus) and gram negative bacteria (E. coli and P.
aeruginosa) procured from Microbial Type Culture
Collection (MTCC), Chandigarh, India. An inoculum
5
size of 10 cells/ml was used to spread on the MuellerHinton Agar (MHA, HiMedia, India). In Brief, 20 ml of
MHA was poured into petri dishes and allowed to solidify.
Then, 6 mm thick sterile discs were placed appropriately
on petridishes. Finally, different concentrations of TiO2
Nps (20, 40, 80 and 100 µg/ml) were loaded on each disc
and 50% ethanol was used as a negative control. All the
°
plates were incubated at 37 C for 24 hours and the
respective inhibition zones were measured. Each test was
performed in triplicates under the same set of conditions for
reproducibility [22].
3. RESULTS AND DISCUSSION

3.1. UV-vis and FTIR absorption spectra

Fig. 1 represents the UV-vis absorption spectrum of the
synthesized TiO2 NPs. In this study, the formation of milky
white colloidal solution indicated the conversion of
Titanium nitrate tetrahydrate Ti(NO3)4.4H2O into
nanosized TiO2 colloidal particles. Further, their physical
properties were examined using UV-Visible spectroscopy
and FTIR techniques. The synthesis of nanosized TiO2
colloidal particles was thus confirmed with the absorption
spectra between 300 nm and 800 nm (Fig. 1). The UV-vis
peaks denoted the direct recombination between electrons
in the conduction band and holes in the valence band [23].
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Fig.1 UV-vis absorption spectrum for the synthesized TiO2
NPs
The functional groups of nanoparticles were established by
FTIR spectrum. Fig. 2 represents the FTIR absorption
spectrum of the synthesized nanoparticles. Spectrum of
-1
TiO2 NPs had shown an intense peak at 3414.66 cm due
to OH stretching mode. Appearance of characteristic peak
-1
at 1626.54 cm denoted the presence of crystallographic
H2O molecules i.e O-H bend. The broad peak at 499.36
-1
-1
cm and 751.42 cm represented Ti-O band and Ti–O–Ti
skeletal frequency, respectively [24].

Fig. 2 Fourier transform Infrared Spectrum of the
synthesized TiO2 NPs

3.2. scanning electron microscopy and transmission
electron microscopy
Fig. 3 depicts the SEM micrographs of TiO2 NPs. SEM
micrographs exposed cluster appearances with crystalline
natures. However, spherical structures of size less than 20
nm with irregular surface morphologies denoted an
increased grain size due to the increase in temperature
leading to crystalline as well as grain growth. The stony
appearance might have been due to the aggregation of TiO2
NPs ranging between 145.6-205.91nm in size.

Fig. 3 Scanning Electron Micrographs of the synthesized
TiO2 NPs
Fig. 4 shows the TEM reflection and size allocation of
TiO2 NPs, which were a mixture
of diverse sizes and
shapes. The particles were almost spherical or irregular
spherical with particle size ranging between 30.78nm 51.56nm.

Fig 4. Transmission Electron Micrographs of the
synthesized TiO2 NPs
3.3 X-ray diffraction
XRD is of great importance in the microstructure
characterization of complex, multiphase and single phase
materials. The application of XRD enables not only
qualitative and quantitative phase analysis but also
microstructure characterization The significant peaks
observed from 2 theta scale were at 25°, 37°, 47°, 54°, and
62° which corresponded to (1,0,1), (0,0,4), (2,0,0), (2,1,1)
and (3,1,0). The peaks from the XRD pattern were
identified from comparison with Joint Committee for
Powder Diffraction studies (JCPDS) and the intense peak
at 25.07 confirmed TiO2 [26]. The average particle size
was estimated using Debye-Scherer equation and inner
planar spacing by Bragg’s Law as shown in Eq. (1) and (2)
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Where, λ is the wavelength of X-ray (0.154 nm), β is an
angular or line broadening at full width at half maximum
(FWHM), θ is a diffraction angle, D is the particle diameter
in nm and d represents planar spacing. The crystalline size
of the synthesised nanoparticle was found to be in the range
of 47 to 50 nm and inter planar spacing between atoms was
in the range of 0.35 to 0.15 nm. The nanoparticle size
analyzed from TEM images was found to be close to those
calculated from Debye-Scherer equation.

Fig. 5 X-ray Diffraction analysis of the synthesized
TiO2NPs
3.4. Antibacterial activity
Nanomaterials reveal strong inhibiting effects towards a
broadened spectrum of bacterial strains. The metal oxides
transmit a positive charge while the microorganisms hold a
negative charge. Hence, electromagnetic attractions
between microorganisms and metal oxides lead to
oxidization and finally result in the death of

microorganisms. Antimicrobial activity of nanoparticles
was determined by disc diffusion method against E. coli, P.
aeruginosa, S. aureus and B. subtilis as shown in Fig. 6.
The results show that TiO2 NPs had potential inhibitory
action against P. aeruginosa and S. aureus while there was
less action against B. subtilis and E. coli. It was also
observed that the TiO2 NPs have shown better inhibitory
action even at lower concentrations (Fig.7). In the previous
study conducted on ZrO2 NPs involving their applications
in dental care, MIC values against the most prevalent
microorganisms were also obvious in the range of 40-80
µg/ml [27].
A better antibacterial activity against gram negative
bacteria may be due to the negatively charged cell wall of
bacteria being ruptured by positively charged titanium ions
from titania nanoparticles causing discharge of
proteinaceous and other intracellular components. It has
also been proposed that decrease in intracellular ATP levels
could lead to destabilization in the outer and plasma
membranes. Several mechanisms were suggested to
emphasize the antimicrobial activity of TiO2NPs: bacterial
cell wall structure of bacteria , thickness of the membrane
cell wall, release of titanium ions from Titania, the
generation of hydrogen peroxide which is cytotoxic,
reactive oxygen species (ROS) from TiO2 nanoparticles
[5]. During photo-catalysis of TiO2 nanoparticles, cells
would get inactivated and metabolic chains get disrupted
by the disability to transport ions. These factors have
resulted in the biocidal activity of TiO2 NPs. Thus, TiO2
NPs proved to be a potential antibacterial agent against
both grampositive and gram- negative microorganisms
though revealed to be most effective against gram negative
bacteria.

Fig 6.1, Antimicrobial (E. Coli) activity of the synthesized TiO2 nanoparticles
Fig 6.2, Antimicrobial (P. Aeruginosa) activity of the synthesized TiO2 nanoparticles
Fig 6.3, Antimicrobial (S. Aureus) activity of the synthesized TiO2 nanoparticles
Fig 6.4, Antimicrobial (B. Sublitis) activity of the synthesized TiO2 nanoparticles
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Fig 7. Antibacterial activity of the synthesized TiO2 NPs
4. CONCLUSION
The present study has illustrated the synthesis of TiO2 NPs
and their subsequent characterization has been done using
UV-vis spectroscopy, FTIR, XRD, SEM and TEM. The
UV-visible peaks indicated the formation of TiO2 NPs
from Titanium nitrate tetra hydrate Ti(NO3)4.4H2O.
Presence of crystallographic water molecule and the
characteristic peaks of Ti-O stretching were also confirmed
through FTIR. TiO2 NPs were of crystalline nature and
spherical in shape that have been identified through XRD,
SEM and TEM analysis. The antibacterial activity of TiO2
NPs was observed against both gram-positive and gramnegative bacteria and the results showed that TiO2 NPs had
potential inhibitory actions against P. aeruginosa and S.
aureus while there was less action against B. subtilis and E.
coli. It was also observed that TiO2 NPs did show better
inhibitory action even at lower concentration probably due
to the positively charged TiO2 NPs against cell membrane.
Thus, TiO2 NPs could be recommended for biomedical
applications especially in dental and ortho-care as they are
inert and less toxic.
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