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SitverNmaparic repartion | This comprehensive review paper thoroughly investigates the synthesis of silver
nanoparticles (AgNPs) through laser ablation and biosynthesis methods, exploring their
potential applications in nanotechnology. The paper discusses the properties of AQNPs,
including their antibacterial, anticancer, wound healing, and therapeutic potential. It
synthesizes smalll, spherical particles and analyzes key parameters like laser beam spot
size, strength, ablation duration, and green synthesis factors. These analyses are
strategically aligned to achieve the desired properties for producing AgNPs efficiently.
Simultaneously, green synthesis techniques ensure an environmentally friendly approach,
e carefully considering factors like time, temperature, and concentration to attain

T targeted characteristics. The paper employs sophisticated characterization techniques,
including dynamic light scattering (DLS), scanning electron microscopy (SEM), and UV-
Vis spectral analysis, fo comprehensively analyze the synthesized AgNPs. DLS offers
insights into size distribution and stability, SEM facilitates morphology visualization, and UV-
Vis spectral analysis definitively confirms the presence of silver nanoparticles through
characteristic absorption peaks. Expanding the scope, the review delves into the
assessment of antibacterial activity exhibited by the synthesized AgNPs. Inifial findings
suggest a comparable antibacterial efficacy fo metal salt solutions, indicating the
potential potency of AgNPs against gram-positive (Staphylococcus aureus) and gram-
negative (Escherichia coli) microorganisms. Overall, this ongoing review significantly
contributes to advancing our understanding of optimized synthesis techniques and the
diverse applications of silver nanoparticles in  the evolving landscape of
nanotechnology.

The formed SNPs are analyzed by UV-

Invivo skin infection model
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1.0 INTRODUCTION

The prolonged and excessive use of medications is a
big phenomenon brought on by chemicals that
microbiological organisms have, and resistance in
human infections is a key challenge that these anti-
resistance antibiotics encounter in the
pharmaceutical and medical professions [1]. There is

a tendency fo want to mix pharmaceuticals with
newer, stronger formulations since this influence
appears to weaken or neutralize medications, which
eventudlly results in an increase in prescription use.
Another issue is that taking these drugs increase their
side effects, which leads to the reemergence of
Multidrug-Resistant (MDR)bacteria and parasites [2].
An MDR patient can be freated as simply as possible
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once they become infected because they develop
diseases that are the result of primary infections that
are more damaging. Not because he needs to spend
more time on them, but because he must freat them
with broad-spectrum antibiotics. Despite having less
impacts, they are costly and hazardous. As a result, it
is crucial to develop and modify anti-inflammatory
organisms that improve these substances’ capacity to
combat germs. This component has just recently been
the subject of years of research [3].

The most cutting-edge technology available
today is nanotechnology, which can be applied to
every aspect of human life, including animal, plant,
environmental, industrial, and medical applications.
Thanks to this invention, human status has altered both
now and in the future. To address the issue of the
emergence of MDR bacteria, researchers are turning
to anoparticles, specifically silver nanoparticles.
Hippocrates believed that silver powder had healing
and anti-illness properties, and there was a list of
remedies for wounds [4]. Silver compounds have a
variety of medical applications. Silver compounds are
the main line of defense against infected wounds. The
greatest and most persistent tarnishing was World War
I. The skin and eyes are affected by Argyria or
Argyvosi, which is caused by silver deposition brought
on by prolonged exposure fo silver or silver
compounds [5]. Human medicine has used silver as an
antibiotic for a very long time. It was developed for
use in cardiac equipment, orthopedic reconstructive
surgery, bone pros- theses, and catheters.

lonizable silver has been utilized in textiles for
therapeutic purposes to lower the danger of
nosocomial infections and for personal hygiene. In
water, physiological fluids, and tissue exudates, silver
ions and inorganic silver compounds are allionized [7].
The physiological activity of the silver ion enables it to
instantly interact with molecules on the membranes of
eukaryotic and mammalian cells, including proteins,
residues of amino acids, free anions, and other
substances. The genetically determined bacterial
(and maybe fungal) easily to silver is connected to the
bulk of infracellular silver absorption and silver's
capacity to relate with and inevitably denature key
enzyme systems. Clinical exposure to silver by eating,
cutaneous application, inhalation, urinary, or
hematogenous pathways provides minimal danger
due to its low foxicity in humans [8].

Silver metal or silver sulphide particles may lodge in
a person’s skin, eyes, or other organs as a conclusion
of continuous intake or consumption of silver
preparations, principally colloidal silver (a condition
known as argyria). Even when they are not life-
threatening, many ilinesses are ugly [?]. As soon as
siver enfers the body, it circulates as a protein
complex for the liver and kidneys to eliminate.
Induction and binding to metallothionein both affect
how much silver is metabolized. This substance
promotes fissue regeneration and lowers the cell
toxicity of silver. The use of silver in medical equipment
or antibiotic fabrics is known to be confraindicated for
those with silver allergies [10]. Because of this problem,

as well as the negative effects of antibiotics like
penicillin and cephalosporins, silver's reputation as a
disinfectant was forgotten [11].

New silver was able to reclaim the position it had
previously lost as science evolved. According to the
findings, modern engineering techniques lacked
metallic silver with novel characteristics and forms. The
characteristics of antimicrobial silver were enhanced
via nanoscale size modification [12]. Nanoscale silver
particles and atomic clusters with sizes from 1 to 188
nm that bind to proteins with sulfur on their surfaces
change the permeability and shape of bacterial
membranes. Numerous researchers have looked at
the relationship between cell proliferation and cell
death, silver nanoparticles’ antibacterial impact on
infections, and the role of MDR in the respiratory chain
[13]. It also demonstrated that these bacteria, along
with  Pseudomonas aeruginosa, Escherichia coli
ampicillin-  resistant,  Streptococcus  pyogenes
erythromycin-resistant, Staphylococcus aureus
methicillin-resistant  (MRSA), and Staphylococcus
aureus vancomycin-resistant (VRSA), are resistant to
the effects of silver nanoparticles [14].

Ag-NPs exhibiting significant optical absorption in
the visible range have attracted the attention of
researchers. They are extensively utilized in many
different industries, including as fextile engineering,
medical implants, the medical industry, electronics,
optoelectronics, and sensor technologies, together
with solar energy, user products, and water freatment
[15]. These characteristics prompted the creation of
several Ag-NP manufacturing methods, such as
pulsed laser deposition [16], chemical reduction [17],
micro-emulsion [18]. nonchemical [19].
electrochemical [20], solvothermal [21], and
photochemical [22].

During the manufacturing of Ag-NP, confrol over
size, shape, and surface functionalization is crucial.
The benefits of laser ablation technique over more
fraditional ones are its ease of adoption,
environmental friendliness, and lack of chemical
regulators or ions during synthesis. The fabrication of
ultra-pure  silver nanoparticles can also  be
accomplished quickly, chemically cleanly, easily, and
in a variety of ways using laser ablation [23].
Consequently, it is shown that the laser ablation
process is a green, ecofriendly synthetic method.
Although pulsed laser ablation has been widely used,
continuous wave (CW) laser synthesis of NPs has yet to
get much attention. Utilizing a laser to remove a solid’s
substance (or, very rarely, liquid) surface is known as
ablation. It is sometimes referred to as laser blasting
or photoablation [24, 25, 26], includes illuminating the
surface with alaser beam. The material absorbs laser
energy at low laser flux, heatfing up and evaporating
or sublimating as a result. Plasma is frequently
produced by the material at high laser flux. A
continuous-wave laser beam may also vaporise
material if its power is sufficient. When material is
removed with a pulsed laser, the phrase "laser
ablation" is often employed.
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Ultrashort laser pulses, including femtosecond pulses,
help freat micromaterials because they cause the
least amount of material damage because of the
ulfrashort  light-matter inferaction. In  contrast,
relatively lengthy laser pulses, such as nanosecond
pulses, may heat the produced material and
thermally modify or damage it [27]. Excimer lasers,
which emit deep uliraviolet light with a wavelength of
about 200 nm, are the main lasers used in
photoablation. Depending on the laser's wavelength,
the substance's optical characteristics, and the length
of the laser pulse, a single laser pulse may remove a
certain quantity of material. The extent to which the
laser energy is absorbed has an impact on each of
these variables. The entire mass that each laser pulse
eliminates from the target is sometimes referred to as
the "ablation rate" in scientific contexts. The ablation
process can be significantly impacted by the
characteristics of laser light, such as scanning velocity
and scanning line coverage [28]. The duration and
flux of laser pulses can be precisely regulated and
range from milliseconds to femtoseconds. Laser
ablation is thus partficularly advantageous in both
professional and academic settings.

Laser Ablation in Liquids (LAL) [29, 30], pulsed laser
ablation and excitation of liquid-based nanoparticles
is another name for this process [31, 33] or LASIS, or
laser ablation synthesis in solution [33, 34], an
approach that makes it possible to create pure
nanoparticles without using exira chemicals. This
method also enables the control of nanoparticle size
and form by precisely altering the processing
conditions [35]. Due to these qualities, this method is a
great substitute for creating nanoparticles that can
freat human infections [36]. Several researchers have
employed laser ablation in liquids rather regularly to
create silver  nanoparticles  [37,38,39,40,41,42].
Improvements in the original method's productivity or
the size of the nanoparticles were made possible by
variations [43,44,45].

The effectiveness of laser-produced silver
nanoparticles in liquid as a bactericide against a
variety of bacteria, gram-positive bacteria, for
example Staphylococcus aureus, has already been
demonstrated by several researchers [46,47] or
Bacillus subtilis [48, 49] along with gram-negative
bacteria like Escherichia coli [50,51, 52] or
Pseudomonas aeruginosa. To the authors' knowledge,
no studies have examined how silver nanoparticles
created by liquid laser ablation affect multispecies
biofilms.

In this research, we investigate the efficacy of
preventing the growth of multispecies biofilms crucial
to oral implant development using liquid silver
nanoparticles generated through laser ablation and
reirradiation, with a focus on addressing peri-
implantitis. Our synthesis method employs a laser
ablation approach characterized by a
straightforward and cost-effective procedure that
yields high-purity nanoparticles. This technique allows
for the production of nanoparticles with or without a
stabilizer. Furthermore, we explore the predictability of

nanoparticle creation by adjusting parameters such
as fluid medium, pulse repetition rate, pulse duration,
wavelength, and spot size during the synthesis
process.

2.0 ANTIBACTERIAL INSIGHTS AND
EXPERIMENTAL ASSESSMENTS

This We searched for information on the biosynthesis of
metallic nanoparticles with antibacterial capabilities
in a variety of academic research and collected that
data. There were numerous reports on the subject,
thus a thorough examination was necessary fo
incorporate all of the findings in order to draw a
conclusion and avoid any informational
inconsistencies, ambiguities, or misunderstandings. As
advised by Cooper and Koenka [32], this review
infends to highlight and classify the antibacterial
activity of bio-silver nanoparticles by including all of
these exhaustive investigations. The PRISMA criteria
were used to construct this summary, as shown in
Figure 1.

Formulating the Problem

In the first stage, the method for calculating and
measuring the biogenic Ag-NP during the evaluation
of the antibacterial activity was developed. This
study's focus was widened to consider if AG-NP may
take the role of antibiotics against diverse drug-
resistant microorganisms or function as an effective
anfimicrobial agent when used as a viable therapy.

Literature Searches for Research Syntheses

A thorough literature review was first carried out in
December 2019 for the second step. Three
computerized databases ScienceDirect, MEDLINE,
and Scopus were used to review the pertinent
literature. The study used keywords like "biosynthesis
siiver nanoparticles” OR 'siver nanoparficles" OR
"biosynthesis" OR "green synthesis" AND "antibacterial
activity" OR "anfimicrobial resistance" AND "systematic
review," as well as Boolean operators, brackets, and
insertions as required, as well as MeSH (Medical
Subject Headings) terminology. For each database,
asservation, or collection of quellings, was built during
the search process. Due to the database, each
search criterion or query must have its syntax
changed. The chosen publications also provide
operational definitions for each word. In the end,
articles containing information, summaries, and
reviewer feedback were included.

The literature search was restricted to English-
speaking sources exclusively. The search fechnique's
inclusion and exclusion criteria were created: The
following conditions have to be met for inclusion:
English publishing, experimental study design, in vitro
studies, and publications on biologically generated
silver nanoparticles and their antibacterial capabilities
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all safisfies this condition. The criteria for exclusion were
as follows: Studies that (i) didn't conduct in-depth
literature reviews; (ii) weren't subjected to peerreview;
(i) didn't focus on biosynthesis; (iv) didn't connect
their results to antibacterial- reliant results; and (v)
weren't published in English. Additionally, eliminated
during the choice process were duplicate articles.
Two publications have published similar papers having
the same original author, study methodology, sample
size, and quantity of in-text citafions or sources. We
conducted in-depth research to find any such papers
and excluded them from our review. Each retrieved
research arficle was assessed for inclusion and
exclusion using the principal author's name.
Additionally, until a solution was found, entire texts
were also collected for all such writers. To locate other
research publications, the research papers again
were examined. To ensure and boost the research's
authenticity, the same screening procedure was used
for the articles that were recovered once again.

g Record identified through :
ﬁ systematic searching on I\'Tanualieo.ur_'hmg
| electronic databaze =
g n=4010
o]
Fecord after duplicates +
removed P — Duplicates
n=21163 n=1428
—_— ]
Exclude after title serzening
" Records screened on title 1748
.g 417
g
g
3 E— .
Exclude after abstract sereening
338
Facords seresned on
ahstract
n="79
Exclude after full text sereening with
reazons (N=41)
* (Conference procesding (n=_§)
| *  Full text not available (n=14)
) * Limited seope and non- journal (n=
:5 12)
ﬁ. Full- text articles assessed * Doesnotmest mclusion (n=7)
= for eligibility
38

Figure 1 The recommended reporting style for meta-analyses
and systematic reviews, or PRISMA

Experimental Procedure

The antimicrobial photodynamic treatment (aPDT)
used red and blue LED light to photoinactivate germs
like S. aureus and E. coli, and after growing the
bacteria with a photosensitizer for two hours, the
bacteria were finally ready to be exposed to laser
light. In the research, the results of the synthesis were
first  analyzed using UV-Vis for spectroscopic
examinatfion. The light source and sample are
imradiated at an ideal fixed distance that is
perpendicular to one another [33]. Preparing a culture
including bacteria and photosensitizer up to 1 ml and
diluting it in 9 ml of physiologically sterile water is the
first stage in the irradiation process. In vivo evaluation

of the wound healing of the skin in three rats per
experimental group was used to divide the rafs info
the control, infected, and Ag-NP-treated groups. The
tests were conducted on female laboratory mice of
the BALB/c line. Wistar adult female rats will be kept in
stainless steel cages for 12 hours. Pentobarbital
injected into rats to anesthetize them, and a 2.5 cm?
patch of hairless skin will be tape-stripped five times.
The animals were inoculated with E. coli and
Staphylococcus aureus cultures to start an infection
[34].

Laser characterization aims to determine the
character of the beam issued. There are four
characterizations in the laser performance test,
namely laser beam characterization, laser power
characterization over time, characterization of laser
power and wavelength against distance, as well as
irradiation temperature characterization.

The evaluation of organically produced green
siiver nanoparticles was done using the following
characterizations. PSA, FTIR, TIM, SEM, UV-Vis, and FTIR.
Pentobarbital injected into rafs to anesthetize them,
and a 2.5 cm? patch of hairless skin tape-stripped five
fimes. Animals inoculated with E. coli and
Staphylococcus aureus cultures to start an infection. A
post-test for an analysis of variance (ANOVA) was
employed in the research (antibacterial and
toxicological studies) fo determine the importance of
variations in group averages. Table 1 illustrates the
activity of AgNPs against specific bacterial strains and
their impact on various cell lines at different
concentrations.

Table 1 AgNPs' activity against specific bacterial strains and
its impact on various cell lines at various concentrations
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ar of | of sl Difiret | B REREE quabey |
publication Foem ol

sl
] Strwma DL 204 | Amersca | 3 Ehee ioma | 35 Cytotoach, Tians i | ool eaperted ==
anreus and Esche el concentramon-dependest way in
ek zch mm Abeslar mamphage el
7 | waller i, 5% | UK ; e 1540, 133 | Doe = Trackardrl | nel el | Foor
BARSRAS | i fmL .- oy Soliasicaty
. : ghes desloped. . |
5 | LewSH, g [Ty RCA viruses Bdverioma | 30-250 Enduzed apoptois and secrosts i | el mpned | Good
wg/mL Hemabopoietic siem cell (H5C) eell
™
[+ [Tolzam [Chia | Samoods Wlher | L2 dnp/ml | The mection i call vishlity was | 53 am asda- | Good |
mphus,  Vibeie | nanepars et deendeer woom
choliras, s
Preudomons
aemginoe, and
Escherichia ool
3 | a=nF aoor | Malmui | Eacharchiscol | Siwrioms | o 8= o.F | A Mares aceoplage o Boay | 4s-bomm | Peor
/L aevait of i G phase of the cel
oyede [FRAW 26a7)
Pandey K, zous | Tedn | Salmenell 53kl | Sler "When compared o e base Bigaid | so—samm | Good
E Hooocray Tde- ter), the Ehermal
il . des oonducteaty of the
|
sl inereased by 16 adl 2 foe OV
Sirepincoones and pubed Tuer pregarations
o reipectned, |

7 |Femdndes AM,| Spain Trichoderma Sler The obtained nancparticles were | not mposted | Poar

sl dpiad. Lanipam. made up of reundsd A
Frrius s with sizes between 2
semiectam, fewand gozm.

Phoem

glozenatn,

Phaau

betbaren  amd

T |Eeamit oo |Imn | Pubogens: Fiker The semgeit antbactrill eliect | oo eporied | Grood

were seem in nanoparfucles that had

Aspergilim firvas | des teem irradisted thee Gmes. By

aad  Asperplias modeing dental tmplants i this

miger, 5. yorens, EARSEE, [ may be

sercgnoss, avoaded.

9 | Fal5 2007 Korea | Baclies sublls, | Slher The ssioome dememitialed i | ool mposied | Foor
Espeeenm | asspem 968 15 100% of tha bacteris could be
faecalis, des e
Eiebaiella Eampartices.
prrzmzoan, L
s, F. ol




125 Ahmad Khalil Yaqubi et al. / Jurnal Teknologi (Sciences & Engineering) 86:5 (2024) 121-135

3.0 SYNTHESIS
NANOPARTICLES

METHODS OF SILVER

The ways to make Ag-NPs, including chemical,
photochemical, biological, physical, and ones are
existing. Each strategy has benefits and drawbacks.
The following are the synthetic approaches with the
most frequently encountered issues, Specifically, the
Ag-NPs' costs, stability, scalability, particle sizes, and
size dispersion:

Chemical Method

Chemical approaches are prefered among
published fechniques for the production of Ag-NPs
because of their ease of solution synthesis and
effectiveness [53]. These techniques are being used
by numerous academic institutions and research
teams to create Ag-NPs of varied forms and sizes. In
one experiment, polyvinylpyrrolidone (PVP) polymer
was used to reduce silver (NOs) with ethylene glycol
using the "polyol process" to produce monodisperse
silver nanotubes [54]. Ethylene glycol has been shown
to function in this process as both a reducing agent
and solvent. The molar ratio of PVP and Ag (NO3) had
a substantial impact on the nanotubes' size and
shape. The geometry (form and size) of Ag-NPs may
thus be affected by changing the experimental
conditions. The polyol method was changed to
produce rounded Ag-NPs with controlled size and
monodispersing via precursor injection. Particles
having a diameter of 20 nm or less were created using
this tfechnique. Controlling factors for the precursor
injection techniqueb5. In a different approach that
has been published, liquid paraffin, oleyl amine, and
Ag (NO3) were used to create monodispersed Ag-
NPs. High temperatures were managed via the Oley
alminoprofen system, this was essential in figuring out
how big the created Ag-NPs' particle size was. To
continue high temperatures and, secondly, to avoid
using solvents that would interfere with the entire
synthesis process, liquid paraffin was used 56. The
three variables (stages) that are typically necessary
are the Ag precursor employed in the chemical
manufacture of Ag-NPs, the stabilizing agents, the
reducing agents.

The shape of the resultant Ag-NPs is controlled by
the nucleatfion and subsequent stacking of the Ag
nuclei. Controlling the nucleation stage and nuclear
stacking is crucial since these processes are
influenced by experimental variables such precursor,
temperature, pH, and reducing agents [57]. In more
recent years, Trisodium citrate was used to stabilize the
Ag-NPs, and sodium borohydride was used to reduce
them, and Ag (NO3) as a catalyst. By altering the
experimental conditions, the diameters of Ag-NP were
changed to vary from 5 nm to 100 nm. They also
explained the relevance of the newly created Ag-NPs'
size- and dose-dependent characteristics. Data
analysis showed that, in comparison to their larger
counterparts, AgNPs with modest diameters exhibit a
good antibacterial effect [58]. Colloidal solutions

produced by reducing silver salt go through two
nucleation phases and growth. The researchers also
showed that the phases, as mentioned above,
significantly influence the form and size of the created
Ag-NPs. Additionally, synthesizing monodispersed Ag-
NPs of the same size and monodispersing properties
requires the simultaneous creation of nuclei. By doing
this, it's likely that all of the nuclei will be roughly the
same size or close to it, after which there will be
additional growth. Temperature, precursors, pH,
reduction (ethylene glycol, NaBH4, and glucose),
stabilising (PVA, PVP, and sodium oleate), and other
reaction factors may all be changed to influence how
nuclei initially form and subsequently develop [59, 60].

Physical Method

Metal nanoparticles are typically created using
physical processes such as evaporation-
condensation, this is possible in an atmospheric
pressure tube furnace. Within a boat that is
immediately positioned above the furnace, a carrier
gas is created out of the source material. Numerous
substances, like Au, Ag, fullerene and PbS, have been
made into nanoparticles via the
evaporation/condensation process in the pastél. A
tube furnace has a number of drawbacks when
generating silver nanoparticles (AgNPs), including
taking up a lot of space, the process of the
temperature rising around the source material is fime-
and energy-consuming. The average tube furnace
takes several tens of minutes and more than a few
kilowatts of power fto reach a stable working
temperature.

Utilizing a small heating area ceramic heater to
produce AgNPs. The evaporated vapor can cool at
the appropriate pace because there is a significantly
sharper temperature gradient at the heater surface
than there would be in a tube furnace. This enables
the high concenfration production of tiny
nanoparticles. This approach may be useful for a
variety of activities, such as time-consuming tests for
toxicity studies based on inhalation and as a tool for
calibrating nanoparticle measuring equipment [62].

Bulk metallic materials in solutions have also been
laser-ablated to produce AgNPs [63, 64]. Numerous
variables, The laser's wavelength, the length of its
pulses (in the femfosecond, picosecond, and
nanosecond fimescales), The fluctuations, the
duration of the ablation period, and the arrangement
of the effective liquid medium greatly affect the
characteristics of the fine metal particles and the
effectiveness of the ablation [65, 66].

The fluence of the laser is one of the most important
components. In fact, the target must be struck with a
minimum amount of strength (or fluence) in order to
release metal particles. According to studies, the
average nanoparticle size often increases with laser
intensity and then decreases when the intensity only
slightly exceeds the laser damage limit.
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Photochemical Synthesis

A photophysical technique and a photochemical
technique are the two basic strategies used for the
synthesis of Ag-NPs in photochemical techniques.
Photochemically activated intermediates, such as
radicals, are produced during the photoreduction of
precursors or Ag ions in photochemical tfechniques,
leading to the creation of Ag-NPs [57]. In one
technique, UV light and an aqueous solution
containing the stabilizing chemical Triton X-100 were
used to create Ag-NPs. The study's surfactant was
crucial in preserving the produced Ag-NPs' stability,
monodispersed, and uniform size74. In a different
approach that has been published, UV light was used
to create Ag-NPs from an aqueous alkali solution that
contained AgNO3 and carboxymethylated chitosan
(CMCTS). Additionally, to serving as a reducing agent,
CMCTS also improved the stability of the synthesized
AQ-NPs.

The manufactured Ag-NPs have a diameter of less
than 10 nm. For more than six months, the produced
Ag-NPs in the alkali/CMCTS alkali solution remained
stable [75]. Ag-NPs may be produced using a better
photochemical process, Balan et al. presented a
direct photoreduction of AQNOs3 utilizing a laser source
that can produce light in the near infrared (IR) range.
In order to make dyes photoactive, they [76]. The
great purity and ease of processing of the generated
Ag-NPs were the benefits of photochemical methods
for their production. Ag-NPs, which were also
produced by UV radiation with the aid of reducing
agents, may be produced using a variety of reaction
media, including glass, micelles, polymer, emulsion,
and others [77].

Biological Synthesis

precursors, a reducing agent, a stabilizer/capping
agent (PVP), and a method for producing Ag-NPs are
required to avoid agglomeration. Biomolecules are
taking the role of the typical reducing and stabilizing
agents in biological processes. Yeast, fungi, Algae,
and bacteria are a few of the plants used as reducing
and stabilizing agents in biological processes to
create Ag-NPs [78]. By using an Ag (NQOs) solution as a
precursor, the metal-reducing agent Shewanella
oneidensis produced Ag-NPs. The Ag-NPs produced
had uniform dispersion, a surface area greater than 15
nm2, a spherical shape, and enhanced stability. Ag-
NPs are produced using techniques that are much less
expensive, incredibly reproducible, and energy-
efficient than traditional procedures [79]. In a different
investigation, Ag-NPs were produced from precursors
of Ag (NQOs) by the fungus Trichoderma viride [80].
With particle sizes less than 50 nm, the
biosynthesized Ag-NPs had an extremely variable
shape. Additionally, stable Ag-NPs smaller than 20 nm
were produced utilizing Ag (NO3) as the precursor by
airborne bacteria (Bacillus sp.). Biosynthesized Ag-NP
accumulation occurs in the periplasmic region of the
bacterial cell, which is the gap between the outer and

inner membranes. Additionally, it was discovered that
when Ag (NO3) phyllanthin extract was reduced at
room temperature, AQNP was created in a spherical
shape. The concentration of phyllanthin extract
controlled the Ag-NPs' size and form81. Venkata
Subbaiah and Savithramma discovered in a different
investigation that Cadaba fruticosa leaves may also
be used as a source of AgNPs when ufilizihg Ag (NO3)
as a precursor. The biologically created nanoparticles
were parficularly effective at kiling bacteria82.

4.0 CHARACTERIZATION OF SILVER
NANOPARTICLES

Characterizing nanoparticles is necessary for
comprehending and managing their production and
use. Several techniques are used to characterize
materials, comprising X-ray photoelectron
spectroscopy (XPS), Fourier transform infrared (FTIR),
powder X-ray diffractometry (XRD), dynamic light
scattering (DLS), atomic force microscopy (AFM), and
UV-Vis spectroscopy [51, 52]. These techniques may
determine various metrics, includes pore size, surface
areq, crystallinity, crystal form, crystallinity, and
particle size. These methods may examine
nanoparticle and nanotubes' orientation,
intercalation, and dispersion in nanocomposite
materials. To determine the morphology and particle
size, forinstance, TEM, SEM, and AFM might be utilized.
In contrast to traditional microscopes like SEM and
TEM, AFM has the advantage of obtaining three-
dimensional images, making it feasible to measure
partficle height and volume. Additionally, dynamic
light scattering is used to calculate the distribution of
particle sizes. Additionally, UV-Vis spectroscopy uses
the presence of plasmon resonance to assist sample
creation, and X-ray diffraction evaluates crystallinity.

5.0 USES FOR SILVER NANOPARTICLES

AgNPs have been widely employed in a number of
environmental applications as anti-bacterial agents,
covering the health sector, food preservation, texfile
finishing, and other industries It's important to
remember that despite years of usage, there is still
confroversy around silver's toxicity. Products created
using AgNPs have received approval from several
prestigious agencies, comprise the US FDA, US EPA, the
SIAA of Japan, and the FITlI Testing and Research
Institute, as well as Korea's Testing and Research
Institute for Chemical Industry [83, 84]. Many
applications, including water filtration, sanitizing
household and medical equipment, and cleaning
home appliances, used AgNPs as anti-bacterial
agents [85, 86]. This prompted the textile industry to
incorporate AgNPs info a variety of texfile materials.
Silver nanocomposite fibers with  woven silver
nanoparticles were produced using this technique
[87]. High antibacterial action against Escherichia coli
was shown by cotton fibers containing AgNPs [88]. In
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addition, AgNPs' electrochemical properties have
been used to create nanoscale sensors with shorter
response times and lower detection thresholds. As an
illustration, AgNPs were electrodeposited onto
alumina plates employing a highly sensitive to
hydrogen peroxide gold micro-patterned electrode
[89].

The chemical characteristics of bulk materials are
different by nanoparticles' catalyfic activity. For
instance, the bleaching of organic hues is greafly
improved when potassium  peroxydisulfate s
combined with silver-containing nanoparticles in an
aqueous solution at room temperature [90]. In
addition, it was shown that AgNPs were more effective
at catalyzing the chemiluminescence produced by
luminol-hydrogen peroxide systems than Au and Pt
colloid [91].

Alkaline aqueous solutions are used to accelerate
the reduction of 4-nitrophenol with NaBH4, halloysite
nanotubes (Ag/HNTs) are used fo hold together silver
nanoparticles with an estimated 11% silver confent.
Plasmons, oscillations collect free electrons inside the
metal nanoparticles, sefting up the plasmon
resonance on the surface of the nanoparticles. This
greatly affects the properties of optical nanoparticles.
It is generally recognized that these variables have an
impact on metallic species, the environment,
nanoparticle size and shape, as well as plasmon
resonant peaks and line widths. For instance, a
revolutionary optical data storage device might be
built on nanoclusters made of 2-8 silver atoms.
Electroluminescent displays and biological labeling
can both be made using the clusters' fluorescent
emissions [92, 93].

Silver Nanoparticles Antibacterial Applications
a. Mechanisms of Antibacterial Action

Three mechanisms observed either jointly or
separately by which AgNPs exercise their antibacterial
effect are now the majority of the evidence in the
literature [94,95]. According to the first theory, across
the inner membrane after slipping through the outer
membrane, AgNPs perform their membrane-level
actions.  Here, their adhesion weakens and
destabilizes the cell, increases membrane
permeability, results in cellular content leakage, and
ultimately leads to cell death [96,97]. In addition, it has
been demonstrated that AgNPs bind to proteins that
contain sulfur in bacterial cell walls, which might harm
the structure and break the cell wall.

According to the second method, nanoparticles
might enter cells and alter the structure and function
of infracellular materials including proteins and DNA
by preferentially interacting with their sulphate or
phosphorus groups. Nanoparticles that enter and pass
the cell membrane may alter its composition and
permeability. Similar to how thiol groups in enzymes
intferact with them to create free radicals and reactive
oxygen species, which may harm infracellular
machinery, start apoptosis, and modify the inner

membrane's respiratory chain. The third stage,
assumed to occur simultaneously with the previous
two processes, is the nanoparticles' release of silver
ions. These ions may interact with biological elements
and alter membranes, metabolic pathways, and
even genetic material because of their size and
charge [98,99,100].

b. Elements Affecting AgNPs' Antibacterial Activity

AgNPs' antibacterial activity has been found to be
regulated by their molecular make-up as well as their
chemical size, charge, and surface.

Lu et al. looked into how the size of AgNPs affected

their ability fo fight off the bacteria that cause
periodontal and dental caries problems [101]. AGNPs
of 5, 15, and 55 nm were created by chemically
reducing polyvinylpyrrolidone (PVP), and their
anfibacterial  activity against  Aggregatibacter
actinomycetemcomitans, Fusobacterium nucleatum,
Streptococcus mutans, Streptococcus sanguis, and E.
coli was assessed [102]. With the exception of the
assayed strain of E. coli, whose MIC value was 6 g/mL,
all of the pathogens that were tested had minimum
inhibitory concentrations (MIC) that varied from 25 to
50 g/mL. This demonstrates that the anfibacterial
effect was greater for the 5 nm nanoparticles. There is
a significant discrepancy in the MICs of the several
studied microorganisms because E. coli is anaerobic
in nature, while the other pathogenic bacteria are
aerobic. The study's hypothesis states that this effect
may be due fto AgNPs' decreased antibacterial
activity as a result of oxidation in aqueous medium
when exposed to air.
In another study, AgNPs of various sizes were made
using the same ingredients and basic procedures, but
with different pH levels and stabilizer/reducing agent
ratios. Following that, it was determined how well
gram-positive and gram-negative bacteria
responded to nanoparticles between 5 and 100 nm in
size [103]. For two strains of Escherichia coli, Bacillus
subtilis, and Staphylococcus aureus, the range of the
MIC was 20 to 110, 60 to 160, 30 to 120, and 70 to 200
g/mL, with the first value corresponding to
nanoparticles that were smaller (5 nm) and larger (100
nm), respectively [104]. Additionally, it was shown that,
with the exception of S. aureus, whose MBC exceeded
200 g/mL, all of the organisms under study exhibited
bactericidal values between 30 and 140 g/mL, the
MIC data showed that size significantly affected
antibacterial activity [105]. The increased surface
area that smaller nanoparticles were available for
direct contact with bacterial cells was the explanation
for this association.

c. Ag-NPs's Mechanism of Action against Microbes

No matter which bacterial strains are antibiofic-
resistant or not, silver (Ag) and specifically silver
nanoparticles  (Ag-NPs)  have a  well-known
anfibacterial effect in the scientific community106.
The exact process is yet unclear, although it could be
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linked to how silver (Ag) ions interact with certain
bacterial strains, such yeasts and trypanosomes,
where a buildup of AgNPs in the aqueous solufion
leads the cell's enzymes and protfeins to become
saturated103. The method was proposed by the
scientists in their published research, and it shows that
DNA and RNA, also to modifications in the nuclear
membrane and cell wall brought on by Ag-NPs, are
what essentially slow down  bacterial cell
development. There are three possible methods for
using Ag-NP particles to kill bacteria in the meanwhile.
(1) The first proposed explanation is that Ag-NPs'
adhesion to the bacterial cell wall (induced by the
microscopic parficle size) restricts bacterial cell
development and reproduction, changing the cell
wall so that the interior is no longer capable of
providing protection for the inside of the cell107. (2)
According to the authors' second postulated
mechanism, the entry of Ag-NPs into the bacterial cell
alters the DNA, delaying proper function and
ultimately leading to the cell's demise. DNA damage
is caused when silver nanoparticles breach the
bacterial cell wall. (3) In the third hypothesized
mechanism, it was claimed that interactions between
Ag+ ions and sulfur-containing proteins found in the
bacterial cell wall result in the breakdown of the
bacterial cell wall. I is believed that this process is the
primary mechanism underlying the antibacterial
action [108].

d. Ag-NPs Role in Medicine

The average size of the nanoparticles has been shown
to grow as the laser fluence rises and to be lowest for
fluencies that aren't foo much beyond the laser
breakdown threshold 109. After analysing the data,
the researchers concluded that Ag-NPs' antibacterial
efficacy was dose-dependent (concentration-
dependent) against E. coli. When the experimental
circumstances were ideal, they noticed that Ag-NPs
were adherent to the gram-negative bacteria's (E.
coli) cell wall and caused the bacterial cell to
perish110. In a separate published work, scienfists
explored with numerous gram-negatfive bacterial
species to identify the Ag-NPs [111] size-related
properties. Their study showed that the size of the Ag-
NPs plays an important role in preventing bacterial
cells from carrying out their special task. In addition,
scientists found that the smaller particles can easily
attach to the bacterial cell wall, prevent the bacteria
from breathing, make them permeable, and release
gold ions from the Ag-NP particles. In addition,
another study studied the effect of Ag-NPs on gram-
positive and gram-negative bacteria to find out how
they affect dose. The study found that gram-positive
bacteria such as S.aureus were more easily
suppressed than gram-negative bacteria such as
E.coli. Figure 2 shows a graphical representation of the
anfimicrobial effect of Ag-NP. Ag-NP kills bacterial
cells by binding to sulfur in the proteins that make up
the bacterial cell wall.

RS DNA

e Ag-NPs m  Cell wall

®- Ribosomes

Figure 2 Ag-NPs' antibacterial action in a schematic form Ag-
NPs bind to a bacterial cell's cell wall via sulfur found in the
protein that makes up the bacterial cell wall, basically
leading to bacterial cell death [112]

Ag-NPs also prevent protein synthesis and
physically hurt the bacterial cell's interior by
puncturing the cell wall and membrane [113]. Ag-NPs'
paftern of adherence and penetration info the
bacterial cell wall, which eventually results in aberrant
function, has been proposed as one theory for the
likely mechanism causing the antibacterial action of
Ag-NPs [114]. Ag-NPs' anfibacterial activity s
morphology- and structure-dependent [115].

6.0 LASER ABLATION

When removing material from a solid (or sometfimes
liquid) surface via laser ablation, photoablation, or
laser blasting, the surface is subjected to a laser beam
[16, 117, 118]. At low laser flux, the substance absorbs
laser energy, which causes it to heat up and
evaporate or sublimate. Typically, the substance
undergoes a plasma transformation at high laser flux.
If the laser intensity is strong enough, vaporizing
material using a continuous-wave laser beam s
feasible. Due to the ultrashort light-matter interaction,
ultrashort laser pulses, such as femtosecond pulses,
are appropriate for processing micromaterials
because they result in minimum material damage
during processing. In contrast to relatively lengthy laser
pulses, such nanosecond pulses, which may heat and
thermally modify or harm the treated material, "laser
ablation" refers to the removal of material by a pulsed
laser119. The primary lasers used in photoablation are
excimer lasers with deep ultraviolet radiation with a
wavelength of about 200 nm.

The quantity of material that can be removed by a
single laser pulse depends on the material's optical
properties, the laser's wavelength, and the length of
the pulse. How much of the laser energy is absorbed
affects each of these variables? In this context, the
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term "ablation rate" refers to the entire mass that each
laser pulse removes from the target. The parameters
of laser radiation, such as the rate of laser beam
scanning and the width of the scanning lines, may
have a major impact on the ablation process [120].

The duration and flux of laser pulses can be precisely
regulated and range from milliseconds to
femtoseconds. Laser ablation is therefore extremely
helpful in both academic and professional situations
[121].

Laser Ablation Applications

Laser ablation is most often used to precisely remove
material from solid surfaces. Examples include laser
driling, which uses pulsed lasers to make
extraordinarily tiny, deep holes in rigid materials.
Dental enamel is a fragile or heat-sensitive material.
Thus, laser drilling is suited since it swiftly removes the
material, and the surrounding material absorbs very
little heat. A number of researchers have used gas
condensatfion and laser ablation to create metal,
metal oxide, and metal carbide nanoparticles [122].
Additionally, layers have the option of absorbing
CO2 or Nd: Without harming the underlying surface,
surface cleaning, coating removal, and surface
priming may all be done using YAG pulsed lasers,
particularly on metal. One pulse from a powerful laser
might clear a lot of junk. Low-powered lasers use a lot
of quick pulses that can be scanned over a surface.
In some fields, laser cleaning may be used in
conjunction with laser ablation. The Narran ROD 500
Industrial 500W Cleaning Laser is seen in Figure 3.

Figure 3 Narran ROD 500 Industrial 500W Cleaning Laser 16

One advantage is the absence of solvents, which
guarantees that operators are not exposed fo
chemicals and makes it ecologically safe (assuming

that no dangerous items are vaporized). Compared
tfo dry media or dry-ice blasting, operating expenses
are lower, but capital investment costs are
substantially greater. Compared to abrasive
procedures, the process is more delicate; for instance,
carbon fibers within composite materials are not
harmed. The target only slightly warms up.

Another class of applications for laser ablation
involves shaping the removed material info new
shapes that are either difficult orimpractical to create
using existing techniques. One recent instance is the
creation of carbon nanotubes.

Additionally, the restoration of paintings,
sculptures, and frescoes as well as the removal of ail
or grease from various surfaces are all accomplished
with the help of laser cleaning. Because it just slightly
damages the mold's surface, laser ablation is one of
the favored techniques for cleaning rubber moulds.

Guo et al. published the findings of their early
investigation on the use of a laser to ablate blocks of
pure graphite, and later graphite combined with
catalytic metal, in March 1995 [123]. Cobalt, niobium,
platinum, nickel, copper, or a binary combination of
these metals may be used to make the catalytic
metal. The composite block is made by mixing metal
powder with carbon cement and graphite powder to
form a paste. After that, the paste is put info a
cylinder-shaped mould and cooked for a long period.
After the graphite block has solidified, a laser is
pointed at it inside of an oven while argon gas is
diverted in the laser's direction. The oven is heated to
a little under 1200 °C. Carbon nanotubes are created
during the laser's vaporization of the target. The gas
flow then transports these nanotubes to a cold copper
collector. Carbon nanotube fibers are deposited in an
ad hoc and twisted fashion, similar to how carbon
nanotubes made using the electric-arc discharge
process are. Graphite and metal catalyst particles are
combined to form a block to form single-walled
nanotubes, while multi-walled nanotubes start off as
pure graphite.

By removing a source of the coating material to
allow it to settle on the area to be coated, pulsed laser
deposition (PLD), a particular kind of physical vapor
deposition, is ufilized in this sort of application to
generate coatings124 and can produce coatings
from substances that are difficult to evaporate in other
ways. Some forms of high-temperature
superconductors and laser crystals are produced
using this method [125].

In remote laser spectroscopy, the surface material
is abraded by a laser to form a plasma; The
wavelengths of the light that the plasma produces are
then examined tfo identify the composition of the
surface. In order to make patterns, dichroic filters'
coatings are selectively removed using laser ablation.
This device is utilized for machine vision instrument
calibration or stage lighting for high-dimensional
projections.
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a. Propulsion

Finally, since the ablated material expands and exerts
a strong pressure pulse on the surface underneath it,
you may use laser ablation to apply force to a surface.
The result is comparable to hammering on the surface.
This procedure, which is also one of a laser weapon's
damaging mechanisms, is employed in industry to
work-harden metal surfaces. It also serves as the
foundation for spacecraft pulsed laser propulsion.

b. Manufacturing

Processes for removing thermal barrier coatings from
high-pressure gas furbine components using laser
ablation are currently being developed. TBC removal
can be accomplished with little harm to the parent
material and underlying metallic coatings because of
the low heat input.

c. 2D Materials Production

Black phosphorus, for example, can be effectively
exfoliated into its 2-dimensional (2D) form by laser
ablation in the liquid phase. The solvent and laser
intensity may be changed to alter the 2D materials'
thickness and lateral dimensions [126].

7.0 LASER ABLATION-GENERATED SILVER
NANOPARTICLES

Laser ablation in liquids (LAL) fechnique permits the
manufacture of pure nanoparticles without the need
of extra chemicals [127,228,129], also referred to as
LASIS (laser ablation synthesis in solution1 [30,131] or
Liuid Nanoparticle Excitation and Pulsed Laser
Ablation (PLAL) [132,133]. By carefully adjusting the
processing settings, this technique also enables the
control of the nanoparticles' size and shape [134].
These qualities make this method a great substitute for
creating nanoparticles to treat human illnesses [135].
Many researchers have frequently used laser ablation
in liquids to produce silver nanoparticles [136,137,138].
Variations allowed us to increase the productivity of
the original process or the size of the nanoparticles
[139.,140].

Numerous studies have already demonstrated the
potency of liquid laser-produced silver nanoparticles
as bactericides against a range of bacteria, including
gram-positive bacteria like Staphylococcus aureus
[141,142] or Bacillus subtilis [143] and gram-negative
bacteria such as Escherichia coli [144] or
Pseudomonas aeruginosa. As far as the writers'
knowledge goes, no studies have looked at how laser-
produced silver nanoparticles in liquids affect the
development of multispecies biofilms.

This study's goal is to determine how effectively
multispecies biofims connected to oral implant peri-
implantitis may be inhibited by silver nanoparticles
created by laser ablation and re-irradiation in liquid
[145]. The highly significant oral bacterial species

Streptococcus  oralis, Actinomyces naeslundii,
Veillonella dispar, and Porphyromonas gingivalis are
all included in this multispecies biofim model. Ag-NPs'
ability to prevent the growth of biofilms on single- and
multiple-species of Staphylococcus aureus was tested
[146].

Following the previously described procedure,
laser ablation and re-irradiation in water produced
siiver NPs (see Figure 4). The process is succinctly
explained here for more clarity.

a) b)

Figure 4 Ag-NPs were produced using two different methods:
(a) laser ablation in water, and (b) re-irradiation [147]

A target was created by cleaning and sonicating
a silver foil with a purity of 99.99% to use two disfinct
diode-pumped Nd: YVO4 laser sources to laser ablate
the target. A visible laser with a 532 nm wavelength
corresponding to the electromagnetic spectrum's
green band was first employed. This laser produced
pulses with an energy of 0.26 mJ and a 14 ns pulse
width.

The second laser source used to create the pulses
had a wavelength of 1064 nm, a power of 0.03 mJ,
and an 800 ps duration. These pulses were produced
in the infrared (IR) spectrum. The green nanosecond
laser produced a spot with a diameter of 132 meters
and fluence of 1.90 J/cm2when it was focused on the
silver target's surface. The focused 196 nm laser spot of
the IR-Picosecond laser is at that wavelength and has
a fluence of 0.09 J/cm?2. Two distinct samples of Ag-
NPs (GO and IR0) in colloidal suspension were created
as a consequence of the laser ablation procedure
[148].

The upper surface of the silver target served as the
focus of all experiments. Similar to this, the laser beam
continued to scan the item at a pace of 50 mm/s
throughout the laser ablation procedure. Each
sample underwent LASL processing for the amount of
fime necessary fo produce silver nanoparticles that
were 300 mg/L concentrated.

Using the same laser source, a part of each
created colloidal solution was used to create colloidal
suspensions of resized Ag-NPs (G1, IR1, and G3, IR3).
Discs of fitanium with a thickness of 1T mm and a
diameter of 25 mm were exposed, the different Ag-NP
groups were immobilized, or grade 2 medical titanium,
tfo conduct the bacteriological tests. These fitanium
discs underwent a 15-minute ulirasonic cleaning
procedure with methanol, followed by a thorough
washing in ulirapure deionized water to eliminate any
impurifies. Three fitanium discs and 50 mL of each
prepared colloidal solution were used to immobilize
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the Ag-NPs. The colloidal solution was applied evenly
to the titanium discs, and they were then allowed to
air dry at room temperature. Evaporation maintains
the nanoparticles' immobilization on the disc's surface.

8.0 CONCLUSION

AgNPs are a fantastic antimicrobial agent and have
outstanding antibacterial properties nowadays. They
address a number of the requirements necessary for
new anfimicrobial technologies to be effective,
performance against microorganisms, speed of
action, and minimal cytotoxicity. Additionally,
nanoparticles may be modified to achieve target
delivery and selectivity. Their use against bacteria
must be watched over and measured in order to
avoid germs from being unnecessarily exposed to
sublethal nanoparticle doses that may promote the
emergence of drug resistance. Utiliziing AgNPs lowers
the dosages of antibiotics and nanoparticles needed
to have an antibacterial impact against different
bacteria, reducing the possibility of adverse effects.
Finally, nanoparticles have antibacterial effects on a
variety of bacterial species, including resistant strains
and both Gram-positive and Gram-negative
bacteria. Drugs or antibiotics can be carried by
complexes of nanoparticles, enhancing the release
and selectivity of those substances. During the
synthesis process, in these studies used the Laser
Ablation method, which can manufacture high purity
nanoparticles without a mixing of hazardous
substances. Nanoparticles can be created using the
laser ablation process with or without the use of a
stabilizer. In this study, a low-energy laser is employed.
One may see the formation of nanoparticles by
varying the fluid medium, wavelength, spot size, pulse
duration, repetition rate, and pulse duration. The
Porphyromonas gingivalis, an important oral bacterial
species, is a part of the multispecies biofilm model,
Actinomyces naeslundii, Veillonella dispar, and
Streptococcus oralis. Staphylococcus aureus biofilms
and biofilms from various species were examined fo
assess the effectiveness of Ag-NPs in preventing the
production of biofilms. In both cases, outstanding
antibiofilm activity was observed. Due to the
increased biofilm suppression achieved by Ag-NPs of
smaller sizes, the triple laser ablation process may be
used to create various types of nanoparticles with
improved antibacterial capabilities. That might serve
as a substitute for silver in light of the widespread
usage of this material as an antibacterial agent and
the probable emergence of bacterial resistance to it.
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