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As a consequence of the spread of infectious illnesses caused by

numerous harmful bacteria and the development of antibiotic resistance,
researchers and pharmaceutical firms are seeking for novel antibacterial
medicines. Furthermore, due to their high surface area to volume ratio
(SA:V) and unique physical and chemical characteristics, Nano scale
materials are emerging as novel antibacterial agents in the contemporary
context. In this study, we show how to prepare Ag/ TiO, NPs that are

E-mail: pure, stable, and high in concentration. By applying a pulsed laser
maha_maha0@yahoo.com (Nd:YAG) with different wavelengths of 1064 nm and a length of 532
Tel: nm resulting from the second harmonic generation using the KDP

crystal, and with a wavelength of 355 nm resulting from the third
harmonic generation using the nonlinear crystal KTP to a TiO, plate
submerged in Ag nanoparticle suspensions previously produced with
various energies of 200, 400, 600, 800, and 1000mJ, Ag/ TiO, NPs were
created. The absorption peak for the sample obtained at 1000 mJ energy
is greater than the absorption peak for the sample prepared at 200 mJ,
which is attributable to increased nanoparticle concentration. At 440 nm,
the remaining peaks are nearly fixed. The absorption rise when the laser
wavelength was reduced from 1064 nm to 355 nm and the energy levels
were increased from 200 to 1000 mJ, according to our findings. It was
discovered that Ag/ TiO, has an effect on bacterial activity, with the
inhibition area rising as the laser intensity rises. E.coli were shown to be
more resistant to Ag/TiO,than S.aureus.

Introduction

As a consequence of the growth of infectious
illnesses caused by numerous harmful bacteria and
the  development of  antibiotic  resistance,
pharmaceutical firms and researchers are always
seeking for new antibacterial medications [1,2]. Nano
scale materials have emerged as new antibacterial
agents [3]. Professor Norio Taniguchi of Tokyo
Science University coined the word
"nanotechnology” in 1974 to describe the precise
manufacture of nanoscale materials. [4]. Professor
Richard P. Feynman, a physicist, introduced the
notion of nanotechnology in his speech. At the
Bottom, there's lots of space [5]. Bio nanotechnology
is the combination of biotechnology and
nanotechnology for the development of biosynthetic
and environmentally friendly nanomaterial synthesis
technology. Nanoparticles are atom clusters that
range in size from 1 to 100 nanometers. Nano is a
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Greek term that means "very tiny" and is equivalent
with the word "dwarf." Nanoparticles are gaining
popularity in the twenty-first century because of their
well-defined chemical, optical, and mechanical
characteristics. Metallic nanoparticles are the most
promising  because  of  their  antibacterial
characteristics, which are gaining researchers' interest
due to the rising microbial resistance to metal ions
and antibiotics, as well as the creation of resistant
strains [6]. Copper, zinc, and titanium are examples
of nanomaterial's [7]. Gold, magnesium [8], alginate
[9] Silver nanoparticles have shown to be the most
effective because they have high antibacterial
effectiveness against bacteria, viruses, and other
eukaryotic microorganisms. Exposure to silver
nanoparticles, which are employed as medication
disinfectants, can cause agyrosis and argyria, as well
as being harmful to mammalian cells [6].
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Silver ion or metallic silver, as well as silver
nanoparticles, can be used in medicine for burn
treatment, dental materials, coating stainless steel
materials, textile fabrics, water treatment, sunscreen
lotions, and other applications, according to the
current study, and are low in toxicity to human cells,
have high thermal stability, and have low volatility
[10]. Because of their wunique characteristics,
nanostructured and nanophasic materials have been
widely investigated, extending the range of their
applicability in several sectors. The influence of
nanostructure on the characteristics of high surface
area materials is becoming increasingly important in
terms of understanding, developing, and enhancing
materials for a variety of applications [11]. Metal
oxides are the most frequent, diversified, and perhaps
the richest class of materials in terms of physical,
chemical, and structural characteristics among the
major classes of materials. Furthermore, due to their
tiny size and larger number of surface atoms, oxide
nanoparticles might show unique physical and
chemical characteristics [12]. Because of its potential
applications in catalysis/photo catalysis, self-cleaning
surface coatings, photovoltaic applications, and the
removal of heavy metal ions from solutions for
detoxification and the oxidation of toxic organic
contaminants in water to carbon dioxide, Nano
crystalline titania (TiO,) is becoming increasingly
important [13]. TiO, has a wide range of uses due to
characteristics such as chemical inertness, non-
toxicity, and stability across a wide pH range under
irradiation [14, 15]. Silver has been used for the
treatment of burns and chronic wounds for millennia.
Silver was used to produce drinkable water as early
as 1000 B.C. [16,17]. Following the introduction of
penicillin in the 1940s, the use of silver for the
treatment of bacterial infections declined [18,19,20].
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When Moyer introduced the use of 0.5 percent silver
nitrate for the treatment of burns in the 1960s, silver
was once again in the spotlight. He claims that this
solution has antibacterial properties against
Staphylococcus S.aureus, Pseudomonas aeruginosa,
and Escherichia coli while not interfering with
epidermal growth [21, 22]. Silver sulfadazine cream
was created in 1968 by combining silver nitrate with
sulfonamide and was used to treat burns as a broad-
spectrum antibacterial agent. E. coli, S. aureus,
Klebsiella sp., and Pseudomonas sp. are all
susceptible to silver sulfadazine. It has antifungal and
antiviral properties as well [23]. Clinicians have
recently reverted to silver wound dressings with
various levels of silver due to the rise of antibiotic-
resistant bacteria and limits in the use of antibiotics
[24,25].

Experimental Setup

Figure 1 shows the experimental setup for laser
ablation of an Ag target immersed in (5 ml) of pure
distal water, where the laser wavelength is (1064,
532, 355) nm and the pulse rate is (1 Hz) with (700)
pulses for several energies (200, 400, 600, 800, 1000)
mJ, and the Ag target is placed in the bottom of a
glass container filled with pure water, then we put the
glass container on a metal disk above a small circular
holder moving 2 cycles per minute to distribute the
pulses across the entire surface of the Ag target, then
we took water containing Ag nanoparticles pre-
prepared by the energies male above, then we
immersed Ti plate in Ag nanoparticle to prepare Ag/
TiO, for laser with different wavelengths of 1064 nm
and a length of 532 nm resulting from the second
harmonic generation using the KDP crystal, and with
a wavelength of 355 nm resulting from the third
harmonic generation using the nonlinear crystal KTP.

—_— Nd:Y AG laser (Q-Switching)

1064 nm 532 nm 355 nm

—_— Focusing lens

Glass vessel

L iqui Double distal Deionized water
Laser - induced plasma (plume)
Target Tior Ag

Holder rotator

Fig. 1: Schematic diagram of PLAL

In this work a pulsed Nd: YAG laser system has been
utilized, the information about the method can be
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presented in table 1.
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Table 1: Show the information about PLAL method.

Parameter Details
Wavelength of Laser beam 1064 nm, 532 nm, 355 nm
Number of laser pulses 700 pulse
Laser Energy 200 mJ, 400 mJ, 600 mJ, 800 mJ, 1J
Beam diameter of Laser 4.3 mm
Repetition rate 1Hz
Pulse duration 9ns
The distance between the target and lens | 12 cm
Cell Glass vessel
Liquid Double distal Deionized water
Target Ti and Ag with purity 99.9%

Results and Discussion

Figure 2 illustrates the absorbance spectra of Ag/
TiO, NPs produced at 1064 nm. PLAL with 200mJ,
400mJ, 600mJ, 800mJ, and 1000mJ laser energy. The
absorption peaks in the visible region indicate the
production of metal NPs, while the confinement in

the Nano-scale has been demonstrated by a red shift
in the Plasmon absorption peak relative to TiO, bulk.
A Semi symmetric absorption band centered at 440-
447 nm can be seen in the SPE spectra of the silver
nanoparticles solution.
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Fig. 2: Absorption spectra of Ag/TiO, NPs for wavelength (1064) nm

Figure 3 illustrates the impact of wavelength 532 nm
on the absorption spectra of Ag/ TiO, NPs,
demonstrating that 1000 mJ is the optimum energy
for enhancing absorbance. According to Beer-lambert
low, this may be read as an increase in TiO,
concentration. Figure 4 shows the absorption spectra
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of Ag/ TiO, NPs produced for laser at 355 nm
wavelength, exhibited a noticeable increase in the
absorbance of Ag/ TiO, NPs, as well as a shift to the
long wavelength visible light region, indicating that
the energy band gap of TiO, is being decreased by Ag
NPs.
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Fig. 3: Absorption spectra of Ag/ TiO, NPs for wavelength (532) nm
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Fig. 4: Absorption spectra of Ag/TiO, NPs for wavelength (355) nm

The Structure Properties of Ag/ TiO, NPs we used
XRD to construct the crystal structure of Ag/TiO,. As
shown in Figure (5). Samples were prepared by the
drop-casting of Ag/TiO, NPs on a silicon surface. The
sample diffraction pattern was indexed, and Miller
Indices (hkl) were assigned to each peak. The peaks
at 38.2°,44.2°, 64.6°,and 77.4° might be indexed as
(111), (200), (220), and (311) lattice planes regarding
Ag or TiO, NPs. As TiO, and Ag have been
comparable lattice parameters, also complete
miscibility for composition range, such lattice planes
have indicated in core-shell structures and cubic
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Ag/TiO, alloy. Also, lattice plane of [111] has been
indicated, since it comes with high free energy and
fast grow rate. All these patterns were analyzed by
the Riveted method inside the XRD instrument, using
the refinement system for every pattern, and
determined FWHM values of XRD peaks, taking into
account the instrumentation contribution in the
broadening of those peaks. For XRD investigations, a
portion of the solid matrix was dried and maintained
hard. Diffraction pattern corresponding to impurities
were found to be absent. This proved that pure TiO,
NPs were synthesized.
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Fig. 5: X-ray diffraction pattern of Ag/Tio2 NPs in different wavelength 1064nm, 532nm, 355nm
Table 2: XRD peaks of Ag/ TiO, NPs.

20(Deg.)| FWHM | dhkl G.S(nm)| dhkl hkl | Phase card No.
(Deg.) | Exp.(A) Std. (A)
38.2 0.75112 | 2.3577 | 9.4 2.3500 | (111)| Cub. Au| 96-901-2431
44.2 26.59906| 2.0536 | 5.6 2.0352 | (200)| Cub. Au| 96-901-2431
64.6 16.11918| 1.4352 | 15.7 1.4391 | (220)| Cub. Au| 96-901-2431
77.4 12.37843| 1.2280 | 13.0 1.2273 | (311)| Cub. Au| 96-901-2431
25.3 0.5091 | 3.5055 | 16.0 3.5372 | (011)| Anatase | 96-900-8217
27.6 0.5191 | 3.2266 | 15.8 3.2483 | (110)| Rutil 96-900-9084
36.4 0.5285 | 2.4652 | 15.8 2.4871 | (101)| Rutil 96-900-9084
Surface imaging and elemental analyses of the surface morphology. The magnification power was

samples were carried out using scanning electron
microscopy (SEM). Figures (6),(7),(8),(9),(10),(11)
show (SEM-EDS) images for Ag/TiO, NPs by pulsed
laser ablation in DDW with laser energy at 1000mJ
wavelength 1064 nm and 532 nm and 355 nm |,
respectively. Ag/TiO, NPs deposited on a silicon
substrate. The samples were dropped onto a silicon
wafer and investigated by field emission scanning
electron microscopy (FE-SEM) in order to study
particle or grain size, nanoparticles shapes, and

100kx for all samples.

The Ag/TiO, core/shell nanoparticles prepared with
1000mJ and wavelength 1064nm have spherical
shape and diameters were average 20-33 nm. The
AQ/TiO, core/shell nanoparticles prepared with
1000mJ and wavelength 532nm have spherical shape
and diameters were approximately 17-35 nm. The
AQ/TiO, core/shell nanoparticles prepared with
1000mJ and wavelength 355nm have spherical shape
and diameters were approximately 17-35 nm.
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Fig. 6: SEM image for Ag/TiO, NPs synthesized by 1064nm
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Fig. 7: SEM-EDS images for Ag/TiO, NPs synthesized by 1064nm

SEM HV: 10.0 kV WD: 5.14 mm I I MIRA3 TESCAN
View field: 1.38 pym Det: InBeam
SEM MAG: 100.0 kx | Date(m/dly): 04/18/21

Fig. 8: SEM image for Ag/TiO, NPs synthesized by 532nm
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Fig. 9: SEM-EDS images for Ag/TiO, NPs synthesized by 532nm
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Fig. 10: SEM image for Ag/TiO, NPs synthesized by 355nm
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Fig. 11: SEM image for Ag/TiO, NPs synthesized by 355nm
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Antibacterial activity of Nanoparticles

S.aureus and E. coli were used to test the
nanoparticles' antibacterial efficacy. After exposing
the organisms to various doses of nanoparticles, the
zones of inhibition were quantified and plotted (12,
13, 14). The antibacterial activity of Ag/ TiO, NPs
was investigated using different laser energy on the
bacterium S.aureus and E.coli (200,400,600,800and
1000 mJ). Figures show the width of the zone of
inhibition of Ag/ TiO, NPs on bacteria strains, with
Ag/ TiO, NPs having a greater impact on E. coli and
S.aureus. As the concentration of Ag/ TiO, NPs was
raised, the inhibition zone grew considerably. E.coli
was less susceptible to Ag/ TiO, NPs than S.aureus.
E. coli is a Gram-negative bacterium that is less
susceptible to antimicrobials than Gram-positive
bacteria like S.aureus because it is more resistant to
lipophilic and amphiphilic inhibitors, such as dyes,
detergents, free fatty acids, antibiotics, and
chemotherapeutic agents, than Gram-positive bacteria
like S.aureus. It's possible that the existence of the
outer membrane is to blame. The low fluidity of the
lipopolysaccharide layer hindered the rate of Tran’s
membrane diffusion of lipophilic solutes, while the
pore channels delayed the penetration of tiny
hydrophilic solutes [26]. The concentration and size
of the nanoparticles, which play a key role in the
antibacterial process, are also essential variables. The
antibacterial action of Ag/ TiO, NPs against both
gram-positive and  gram-negative  bacteria is
dependent on the Ag NP concentration. The catalytic
and antibacterial mechanisms of Ag NPs have been
shown to increase when the average size decreases.
Nanoparticles have a wide surface area to come into
touch with bacterial cells, implying that they will
have a higher proportion of engagement than larger
particles. Nanoparticles smaller than 10nm interact
with bacteria, causing electrical effects that increase
nanoparticle reactivity. The antibacterial effectiveness
of nanoparticles is also influenced by their form, as
evidenced by research into the suppression of
bacterial growth by differently shaped nanoparticles.
The direct contact of Ag/ TiO, nanoparticles with
bacteria cells can result in damaging consequences
such as cell membrane penetration and cell function
impairment. Increased intracellular ROS production
may be another route of antibacterial action, since the
high surface to volume ratio provides more efficient
mechanisms for improved antibacterial activity.
According to Azam et al., this is a reasonable
explanation [27]. The antibacterial action of the Ag/
TiO, NPs was achieved in two stages. They decreased
the metabolic process by changing the membrane
potential and decreasing adenosine triphosphate
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(ATP) synthase activity. Second, they rejected the
ribosome's component for tRNA binding, thus
dismantling its biological process. They were also
shown to be less harmful to mammalian cells [28]
Furthermore, TiO2 and ZnO nanoparticles have
shown topromote the antibacterial activity of 8 mm
against bacteria S. aureus and E. coli [29]. Several
studies suggested the possible mechanisms involving
the interaction of nanomaterial’s with biological
molecules. It is believed that microorganisms carry a
negative charge while metal oxides carry a positive
charge. This creates an “electromagnetic” attraction
between the microbe and treated surface. Once the
contact is made, the microbe is oxidized and dies
instantly [30,31].

Prepare the media

Medium Brain Heart Infusion agar

40 g of the dried medium was dissolved in 1 liter of
distilled water and placed in an autoclave for 15
minutes at a temperature of 121 °C to sterilize the
medium from blackboards and other microorganisms
and then poured into sterilized Petri dishes after
cooling to 45 °C And keep it in the fridge until use.
Middle Muller Hinton agar

40 g of the dried medium was dissolved in 1 liter of
distilled water and placed in an autoclave for 15
minutes at a temperature of 121 °C and 1 bar per
square inch to sterilize the medium from blackboards
and other microorganisms and then poured into Petri
dishes. Sterilized after cooling to 45°C and kept in the
refrigerator until use.

Allergy test

The sensitivity of isolates of pathogenic bacteria
(E.coli and S.aureus) to 5 different concentrations of
nanomaterials was tested and the well diffusion
method was used. The pathogenic bacteria were
grown on solid brain and heart infusion agar and
incubated at 37 °C. M for 18-24 hours and after the
incubation period, 1-3 young and pure colonies are
transferred to test tubes containing 5 ml of normal
saline to form a bacterial suspension and growth
comparison with MacFarland tube which gives a
number of cells 1.5 x 108 CFU / ml Then 0.1 ml of
the bacterial suspension was transferred and spread
homogeneously on the solid Muller Hinton agar
medium. The medium was perforated by a cork drill
with 6 holes for each dish (dish size 200 mm square)
at a distance of 30 mm from one hole and another and
30 mm from the edge of the dish . 100 pl of
nanomaterial was placed in each hole and 100 pl
distilled water control solution was placed in one hole
in each dish and the inhibition areas were compared
in millimeters for each concentration of bacterial
isolates.
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Fig. 12: Anti-bacterial activity of nanoparticles against A: E.coli and B: S.aureus.1: Negative control,
2:200mJ, 3: 400mJ, 4: 600mJ, 5: 800mJ, 6: 1000mJ, with wavelength 1064 nm
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Fig. 13: Anti-bacterial activity of nanoparticles against A: E.coli and B: S.aureus.1: Negative control,
2:200mJ, 3: 400mJ, 4: 600mJ, 5: 800mJ, 6: 1000mJ, with wavelength 532 nm
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Fig. 14: Anti-bacterial activity of nanoparticles against A: E.coli and B: S.aureus.1: Negative control,
2:200mJ, 3: 400mJ, 4: 600mJ, 5: 800mJ, 6: 1000mJ, with wavelength 355 nm

Table 3: zone of inhibition of Ag/ TiO, NPs synthesis by PLAL at wavelength 1064 nm and different

energy.
wavelength 1064 nm
E.coli S.aureus
Energy (mJ) | zone of inhibition | Energy (mJ) | zone of inhibition
(mm) (mm)
200 13 200 16
400 16 400 18
600 19 600 25
800 20 800 29
1000 34 1000 36
Table 4: zone of inhibition of Ag/ TiO, NPs synthesis by PLAL at wavelength 532 nm and different
energy.
wavelength 532 nm
E.coli S.aureus
Energy (mJ) | zone of inhibition | Energy (mJ) | zone of inhibition
(mm) (mm)
200 13 200 17
400 15 400 19
600 19 600 22
800 21 800 25
1000 28 1000 29
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Table 5: zone of inhibition of Ag/ TiO, NPs synthesis by PLAL at wavelength 355 nm and different

energy.
wavelength 355 nm
E.coli S.aureus
Energy (mJ) | zone of inhibition | Energy (mJ) | zone of inhibition
(mm) (mm)
200 11 200 15
400 13 400 22
600 17 600 24
800 20 800 26
1000 24 1000 32

Conclusions

The Nd:YAG laser ablation was used to bind the
smaller Ag particles to the larger TiO, particles, and
it was a good way to combine two different
nanoparticles. It was discovered that the activity of
the nanoparticles is directly proportional to their
concentration, while the sizes of the NPs are affected
by the laser wavelength in the nanosecond laser. The
lower the diameters, the shorter the laser
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