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Abstract

The elements present on the earth surface are hard, nonporous
in daily life are now receiving greater attention for their potential function
in mitigating the transmission of various nosocomial maladies. In our
article work, we have revealed the photo killing consequence when 1%
silver-doped Titanium dioxide TiO2 employed.  However, synthesis of
the nanoparticles by liquid impregnation approach later were studied
using different instruments such as X-ray diffraction (XRD),
Transmission Electron Microscopy (TEM), Energy Dispersive
Spectroscopy (EDS), and Scanning Electron Microscopy (SEM).
Nonetheless, synergistic actions of Ag-TiO2 nanoparticle coatings when
applied on glass along with venetian blind surfaces were found to be
effectual in producing loss of viability of two bacteria Pseudomonas
aeruginosa  which is a gram negative bacteria and gram positive bacteria
was Bacillus subtilis on illumination under normal light around the visible
spectrum range. The bacteria lost its viability through photocatalytic
mechanism. Thus, our article has provided broad insights on synergistic
action of nanoparticles when applied on surfaces could be helpful in
mitigating the bacteria and hence employment of such nanoparticles in
preparation of medical, pharmaceutical and other facilities could act as
potential in exhibiting as bactericidal agent.
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Several literature articles on nanopa-
rticles has clearly depicted that the significance
of Nano sized material in combating bacteria
through different process6,11,31,35,37. Mainly, the
nanoparticles has the ability to obliterate the

cell wall plus peptidoglycan layer. The other
importance of nanoparticles is emancipation
of toxic ions which further damages the
protons efflux bombs and alters the charge
inside and outside of the membrane. Finally,
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the formation of reactive oxygen species
(ROS) which degrades cell wall DNA, RNA,
plus proteins. The synergistic combination of
nanoparticles with silver-TiO2 robustly results
in formation of ROS, which is the critical
antibacterial agent to fight against the
bacterium.

The most magnanimous metal
nanoparticles, such as silver nanoparticles
(AgNPs), can bout effectually against both
Gram-negative and Gram-positive bacteria
16,25,43,47. Amidst, many elements the titanium
dioxide (TiO2) has been extensively considered
in our article because of its stable chemical
nature along with petite toxicity and greater
photo-catalytic activity5. On amalgamation of
TiO2 with other generous metals  ions having
bactericidal activity along with enhanced
photo-electrochemical responses to mitigate
rejoining of the photo generated charge
carriers10,48. Moreover, our article has depicted
the significance of Ag+TiO2 which efficiently
eradicates various pathogenic microorganisms
from surfaces of water and air20,33,53,55.

Nevertheless, the combination of Ag
with other noble metal ions enhances the
formation of semiconducting oxides which has
become the major assuring method to damage
the cell wall of bacteria by destruction of the
peptidoglycan layer8,13,27,51,52. The hole made
by the Ag@TiO2 hybridization is at present the
chief upsurging topic for all scientist for
preventing the growth of bacteria and several
articles were also released online with regard
to nanoparticles significance46. Thus, we have
provided a broad window about the role of silver
ions in connexion with TiO2 which significantly
enhanced their antibacterial activity, demons-

trated against the gram positive Staphylococcus
aureus and commonly employed Escherichia
coli which is gram negative bacteria.

Structure of Silver-TiO2 nanoparticles :

The silver is in colloidal form and when
nanoparticle is mixed with its component is
termed Nanosilver which has been extensively
used for more than 150 years and has revealed
to possess biocidal activity30. Early from 1954,
the ancient Egypt and Rome has shown
distinctive evidence of usage of nanoparticles
which can result in various organic and
inorganic complexes. Although, the most stable
oxidation states are +0 and +1, sometimes can
exist in others such as +2, +3 also. The chief
precursor in the formation of silver nanoparticles
is silver nitrate. There exists different shapes
of Nanosilver starting formspherical shapes,
rods, wires and in triangular forms. The
nanoparticles are also coated with citrate,
polymer, peptide and sugars. The size of the
nanoparticles also varies from few nanometres
up to 100 nm are depicted in figure-1.

Mechanism of Antibacterial action of
AgTiO2 nanoparticles :

       Synergistic effect of AgTiO2 nanoparticle
is exhibited after binding to the bacterial cell
wall and subsequently instigated degradation
of cell membrane due to release of nanoparticles
inside the cell which caused interference of
biomolecules34.  The major factor to be
considered before the release of nanoparticles
is that it has to be coated. These synergistic
molecules can hinder the DNA replication
process which refrains the proliferation.
According to Wu and Long50 the silver ions
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have ability to intermingle with phosphorus-
containing compounds and hinder with DNA
replication activities.Moreover, the synergistic
action of both Ag-TiO2 play a key role in the
antimicrobial mechanism and generates
Reactive oxygen species (ROS) inside and
outside of the cell which results in degradation
of membrane and oozing of intracellular materials.
Although, various literatures have demonstrated
the significance of nanocomposite importance
against antimicrobial activity3,12,28. The figure-
2 explains the synergism activity of nanocomposite
i.e Ag-TiO2 combination resulted in bactericidal
action. However, the bacterial killing capacity
was initiated based upon size features of the
Ag-TiO2 coatings. Moreover, the extension of
light spectrum towards the visible region
triggered the bactericidal activity due to silver
ions which has ability to trap the TiO2 band
gap and exerted its effect39.

The Biocompatibility of Ag-TiO2 complex :

Modern expedition in advancements
of science and technology for new developments
in medical field includes nanomaterials which
are found to be effective tools to combat any
maladies from tumor or virus, bacteria, to
several other microbial pathogens4,7,17,53.
Although, various nanomaterials based products
have been extensively used for packaging of
food items especially silver, grapheme, titanium
dioxide and carbon most frequently used.
Nonetheless, nanotechnology have been also
utilized for preparation of various medical
applications such as detection of pathogen,
eradication of tumor, regeneration of tissues,
engineering of tissues and magnetic resonance
imaging14,21,36,40,41.  However, synthetic silver
alone or co-amalgamation of Ag/TiO2 nanopar-

ticles have been exclusively constructed by
various techniques due to its broad efficiency
along with biocompatibility in many science and
technology related fields.

Application of Nanoparticles in several
fields :

          The occurrences of silver nanoparticles
are common from centuries.  Nonetheless,
Glover et al.15 revealed about the nature of
metallic silver and depicted that at certain
environmental conditions, only will liberate
silver nanoparticles. Liu et al.23 demonstrated
mode of transport of nanosilver within the body
and out of body compartments. These, nano
devices can be applied in numerous fields of
science such as biomedical, pharmaceutical
and food industry (Shown in Figure-3). The
characteristics of these nano sized particles
are inorganic in nature with simple or complex
nature24,26,29. The usage of NPs have drawn
greater attention from each and every branch
of medicine as they are capable to deliver
drugs at optimum dosage range in required time
period ensuing augmented therapeutic
efficiency of the drugs, thereby lessening side
effects and augmented patient outcome2.

Photo-catalytic reaction of bacteria :

Saha et al.,38 demonstrated that by
liquid impregnation method the potential of
silver doped titanium dioxide has greater effect
against Pseudomonas and bacillus species.
Both gram negative and gram positive bacteria
were tested for bacterial viability, Ag-TiO2

when mixed with bacterial slurry on exposure
to fluorescent light reduced the viability of the
organisms through photcatalysis. Ag-TiO2
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Figure-1: Size, Shape of Silver nanoparticles with diameter ranging from a) 20nm
b) 60nm and c) 100nm (Transmission Electron Microscope images)

 Figure-2: Photocatalytic mechanism to inactivate the growth of bacterium

Figure-3: Applications of nanoparticles in various fields of science & technology
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nanoparticles have revealed antibacterial
actions and displayed inhibitory behavior to
bacterial growth on P. aeruginosa (Gram-
negative bacteria) and B. subtilis (Gram-
positive bacteria) in the presence of light. Thus,
doping of silver in titanium nanoparticles
resulted in enhanced visible absorption42.

Nature of Sliver nanoparticles :

The nature of silver nanoparticles is
complex and is very difficult to analyse due to
its complexity in aqueous solutions The
behavior of silver nanoparticles is difficult to
analyse due to the complex chemistry of silver
in aqueous solutions1,9,22. The shapes, sizes,
coatings of nanoparticles differ and they
possess improved ionic strength, dissolved
oxygen concentration, humidity in environment
and temperature which influences their
stability45. Li et al.19 depicted the mode of
action of  silver nanoparticles:
(1) The nanoparticles get adhered on to the

surface of bacteria with further modifying
the  properties in membrane. Although,
nanoparticles are very small size but exhibit
strong impact on the surface of microorga-
nisms49.

(2) The major role of silver nanoparticles is it
has the capability  to penetrate inside the
bacterial cell wall and result in DNA damage.

(3) The antimicrobial mechanism of silver ions
mainly helps in interaction of Ag+ ions with
sulphur containing proteins present in
bacterial cell wall and exhibits resistance18,32.

In our current article, we have portrayed
the significance of Ag-TiO2 nanoparticles by
a novel and simple liquid impregnation
approach. The co-amalgamation of nanoparticles

revealed promising outcomes on both bacteria
P. aeruginosa and B. subtilis. Moreover, Ag-
TiO2 formulations on coated glass and coated
venetian blind revealed approximately 95% of
antibacterial efficiency. Through, photocatalytic
reaction the silver doped titanium dioxide
exhibited promising effects and can be applied
in several fields such as medicine, pharma-
ceutical, food packaging industry, hospitals etc.
to refrain the spread of infections. Further,
research need to be concentrated on this field
with broad applications in other fields.
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