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Abstract: Silver nanoparticles easily interact with other particles and increases their antibacterial efficiency
moreover has received considerable attention due to their attractive chemical, physical and optical properties. The
optical properties of silver nanoparticles are highly dependant on the nanoparticle diameter and refractive index near
the nanoparticle surface. Silver nanoparticle are extraordinally efficient at absorbing and scattering light due to their
optical properties. These particles were synthesized by chemical reduction method of AgNO3 using NaBH4. The
borohydride anions were adsorbed onto silver nanoparticles and addition of PVP prevented the aggregation of silver
nanoparticles. A yellow colour was given by the silver nanoparticle solution.
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Introduction integrated into glass. For over centuries, silver based

Silver nanoparticles are of great scientific interest compounds have been used as nontoxic, inorganic, and
as they are effectively a bridge between bulk materials antibacterial agents owing to their biocidal properties
and atomic or molecular structures. Abulk material in many applications such as wood preservatives or for
should have constant physical properties regardless of water purification in hospitals. Nanomaterials
its size, but at nanoscale, size dependent properties are demonstrate unique and significantly modified
often observed. Thus the properties of the material s physical and chemical properties, compared to their
changes as their size approaches the nanoscale and the macroscaled counterparts, which make them of
percentage of atoms at the surface of the material particular interest. For this reason, silver nanoparticles
become significant. For bulk materials larger than one have become of major interest for their antibacterial
micrometer the percentage of atoms at the surface is properties and are already integrated into applications
insignificant as compared to the number of atoms in such as wound treatment, sterilization, food sanitation,
yhe bulk of the material. Silver is currently used to antibacterial textiles, and more recently drug delivery.
control bacterial growth in a variety of applications, In fact, silver nanoparticles exhibit a broad spectrum
including dental work and burn wounds. Also Ag ions of antibactericidal and antifungicidal activities making
and Ag based compounds are highly toxic to the them extremely popular in a diverse range of
envoironment and aquatic life. Reducing the particle consumer products, including plastics, soaps, pastes,
size of the materials is an efficient and reliable tool for food, and textiles, thus increasing their market value.
improving their biocompatibility. The extremely small In the present context, they have attracted increasing
size of nanoparticles exhibhit different properties interest due to their unique physical, chemical, and
when compared with bulk material. As a result biological properties compared to theirmacroscaled
nanoparticle with large surface area relative to their counterparts. Silver nanoparticles are also studied by
volume have become possible. These particles easily material scientists who investigate their integration
interact with other particles and incresase their anti into other materials in order to obtain enhanced
bacterial efficiency. properties, as, for example, in solar cells where silver

Due to vast application of nanotechnology in the nanoparticles are used as plasmonic light traps. These
area of bioscience, synthesis of silver nanoparticles properties make them valuable in applications such as
was possible. Reagents such as sodium borohydride inks, microelectronics, medical imaging, and waste
are used as reducing agent. The formation of silver management. Traditionally, metal nanoparticles are
nanoparticles can be observed by a change in colour produced by physical methods like ion sputtering or
since they form yellow colour on synthesis. Silver pulsed laser ablation and chemical methods like
nanoparticles have been of interest since the IV solvothermal synthesis and sol-gel methods. More
century AD owing to their dichroic character when recently, however, environmentally friendly synthesis
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methods have been developed, called “green
syntheses.” Depending on the chosen method, silver
nanoparticles with different morphologies, sizes, and
shapes can be obtained. Nevertheless, one of the
critical criteria remains the size distribution that
should be as narrow as possible to target specific
applications. The following special issue focuses on
works that emphasize silver nanoparticles in today’s
technologically advancing society. The contribution
from K.-S. Chou and C.-H. Lee “Fabrication of Silver
Interdigitated Electrode by a Stamp Method” proposes
the fabrication of interdigitated electrodes via a stamp
containing the imprint of the required electrode and
employing silver ink. The stamping force required
appears to be crucial in the reproducible printability of
these electrodes. Further improvements in the printing
can be obtained by changing the consistency of the
silver ink, keeping in mind an ultimate automated
method for such electrode fabrication. The method is
attractive due to its cost-effectiveness and possible
applications as sensors. On a different note, K.-H.
Tseng et al. in their study entitled “A Study of
Antibioactivity of Nanosilver Colloid and Silver Ion
Solution” prepare the mood for a biomedical
application of silver nanoparticles. Synthesis of the
nanoparticles by nontoxic methods, such as electrical
spark discharge without

surfactants, is the appeal the paper.
Antibioactivity  effectiveness of these ionic
nanoparticles on yeast and bacteria is compared.
Clearly, the study is of fundamental importance in
understanding the effect of silver ions on various
bioactivities. In the same spirit, Y. Jeong et al. in
“Assessment of Size-Dependent Antimicrobial and
Cytotoxic Properties of Silver Nanoparticles” have
studied not only antimicrobial activities of these silver
nanoparticles but also their cytotoxicity.

The size controlled synthesis of these
nanoparticles further helped in assessing their size-
dependent properties. Their work brings in new
information on such materials as their experiments
suggest that even though smaller nanoparticles tend to
be more efficient antimicrobial agents, they also tend
to present higher cytotoxicity for humans. In their
work, they have studied antibacterial effect of Ag on
Methylobacterium spp. and cytotoxicity on human
peripheral blood mononuclear cells. They suggest that
not only silver ions but also the nanosize of silver
could be a factor in determining the antimicrobial
activity. The special issue also proposes review
articles. The paper “Preparation of Silver
Nanoparticles and Their Industrial and Biomedical
Applications: A Comprehensive Review” by A.

Haider 1.-K. Kang, and as suggested by the title,
is one such review article. The paper discusses the role
of silver nanoparticles in industrial and biomedical

of
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applications. It describes various synthesis routes,
including chemical and biological methods. Size of the
nanoparticles and its effect on their cytotoxicity have
been given a closer look along with their applications
in textiles and plastic coatings, among others.
Environmental consequences of releasing them into
nature are also considered here. Furthermore, due to
their antimicrobial properties, silver nanoparticles
have also been an ingredient in wound dressings as
presented by P. Uttayarat et al. in their research paper,
“Radiolytic ~ Synthesis of  Colloidal  Silver
Nanoparticles for Antibacterial Wound Dressings.” In
this paper, the nanoparticles were synthesized by
radiolysis where the precipitation of the silver
nanoparticles depended on the gamma radiation dose.
For a certain dose, the silver nanoparticleswere
efficient in inhibiting Staphylococcus aureus and
Pseudomonas aeruginosa. They therefore prove to be
good candidates as antiseptic agents in wound healing.
Finally, a contribution from the guest editors entitled
“A Review on the Green Synthesis of Silver
Nanoparticles and Their Morphologies Studied via
TEM” is part of this special issue. Since green
synthesis is gaining importance and health and safety
risks of other synthesis methods are continuously
being assessed, the present review article by P.
Rauwel et al. provides an overview of different green
synthesis methods of silver nanoparticles using
bacteria, fungi, yeast, and plant extracts. Furthermore,
a review on the various particle sizes as a function of
different plant extracts has been explored. In fact, even
if organisms from bacteria to eukaryotes are used to
produce silver nanoparticles, plant extracts possess the
advantage of cost-effectiveness and abundance. In
conclusion, all the articles in the present issue present
original research efforts in the field of the synthesis of
silver nanoparticles, the study of their properties, and
their integration in applications. This issue presents
new research results developed in the field of
interdigitated electrodes and their roles as antibacterial
and antifungal agents. This issue also demonstrates the
broad field of applications of silver nanoparticles via
the two review articles that present the recent
advances in industrial and biomedical applications and
the development of new environmentally friendly
methods for the synthesis of silver nanoparticles.
Finally, we hope that this issue is useful and a
reference for scientists, researchers, and teachers in the
field of materials science and nanotechnology. For
over centuries, silver basedcompoundswere used as
nontoxic inorganic antibacterial agents owing to their
biocidal properties in many applications such as wood
preservatives, water purification in hospitals, in wound
or burn dressing, and so forth. In fact, silver ions and
their related compounds have low toxicity toward
animal cells but present a high toxicity to
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microorganisms like bacteria and fungi. The recent
advances in the field of nanoparticle synthesis have a
strong impact in many scientific areas and the
synthesis of silver nanoparticles has also followed this
tendency. These unique properties of nanomaterials
have spurred numerous investigations and applications
in electronics, nanomedicine, biomaterials, energy,
and food. In fact, silver based compounds are much
cheaper than gold based one; moreover, silver
nanoparticles are now considered as an important class
of nanomaterials. They are presently mainly used as
catalyst [1] or antibacterial/antifungal agents [2].
Environmentally friendly synthesis methods are
becoming more and more popular in chemistry and
chemical technologies. This trend has several origins,
including the need for greener methods counteracting
the higher costs and higher energy requirements of
physical and chemical processes. For this reason,
scientists search for cheaper methods of synthesis. The
other reason is that conventional methods for
nanoparticle synthesis usually require harmful
reductants such as sodium borohydride or hydrazine
and many steps in the synthesis procedure including
heat treatments, often producing hazardous by-
products. In order to reduce the environmental impact
of nanoparticle synthesis, greener routes have been
investigated for over a decade. The principles of green
chemistry were presented by Anastas and Warner who
developed 12 principles that eloquently describe green
chemistry [3]. Green chemistry should aim at
thwarting waste, minimizing energy use, employing
renewable materials, and applying methods that
minimize risk.

Properties

Due to the unique optical properties of silver
nanoparticles, information about the physical state of
the nanoparticles can be obtained by analysing the
spectral properties of silver nanoparticles in solution.
Silver nanoparticles are extraordinary efficient at
absorbing and scattering light due to its optical
properties. Their strong interaction with light occurs
because the conduction electrons on the metal surface
undergo a collective oscillation when they are excited
by light at specific wavelenghts. this oscillation is
known surface plasmon resonance (SPR). Noble metal
nanoparticles display unique optical properties that
differentiate them from their bulk counterparts. Metal
nanoparticles often exhibit strong extinction bands in
the visible Spectrum, which are not present in the
spectrum of the bulk metal. Metal nanoparticles also
scatter light with high efficiency and their extinction
spectra are really a combination of both absorption
and scattering. The interaction of the oscillating
electromagnetic field of the light with metal
nanoparticles, results in the collective coherent
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oscillation of the metal conduction electrons with
respect to the nanoparticle positive lattice. At a
particular frequency of the light this process is
resonant, receiving the name of Localized Surface
Plasmon Resonance, LSPR (Figure 2), and is the
responsible of the strong extinction band exhibited by
the nanoparticle. Additionally to the extremely high
molar extinction coefficients and resonant Rayleigh
scattering, LSPR also results in enhanced local
electromagnetic fields near the surface of the
nanoparticle.
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Figure: 1 Schematic representation of surface plasmon
(electronic cloud) oscillation under the effect of an
electromagnetic field [40]

The first theoretical approach for modelling the
optical properties of nanoparticles proposed by Mie.
According to the Mie theory, the resonance condition
is achieved when the real part of the dielectric function
of the metal equals the dielectric function of the
surrounding medium (Mie, 1908). Therefore, the
LSPR frequency depends both on the nanoparticle
itself and on the medium where it is dispersed. Two
important consequences arise from this dependency,
on the one hand, the LSPR is tunable, i.e., its
frequency can be modified through changes in the
nanoparticle composition, size and shape (Kelly et al.,
2003). On the other hand, metal nanoparticles are
sensitive to their local environment, i.e., changes in
the dielectric properties of their surroundings results in
LSPR shifts that can be measured. Both tunability and
sensitivity of LSPR convert metal nanoparticles in
materials of choice for optical sensing and imaging
applications. The most suitable metals are silver since
the localized plasmon resonance condition mentioned
above is satisfied at wvisible light frequencies.
Additional advantages of these metal nanoparticles
include simple preparation methods for a wide range
of sizes and shapes.
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Several types of sensors have been developed on
the basis of the plasmonic properties of noble metal
nanoparticles like extremely high molar extinction
coefficients and resonant Rayleigh scattering and
enhanced local electromagnetic fields near the surface
of the nanoparticle. Sensors are classified in two main
groups depending on the type of interaction involved
between the metal nanoparticle and the analyte
molecule. The first group sensors involving LSPR
frequency shift, due to the interaction between
nanoparticle and target molecule. This group is further
classified in two different sensors depending on the
origin of LSPR changes as aggregation sensors and
refractive index sensors. In aggregation sensors the
LSPR shift is due to the plasmon coupling of
nanoparticles in close proximity, in refractive index
sensors the LSPR shift is due to changes in the local
refractive index of the medium. The second main
group of sensors is based on the electromagnetic field
enhancement in the vicinity of noble metal
nanoparticles, which results in the surface enhanced
spectroscopy, such as Surface Enhanced Raman
Spectroscopy (SERS).

Experimental:
Synthesis of AgNPs
Chemical synthesis of AgNPs:

The rapid growth of nanotechnology is directly
related to the ability to design novel materials at the
nanoscale level alongside recent innovations in
analytical and imaging technologies for measuring and
manipulating nanomaterials. The rapid development of
commercial applications involve the use of a wide
variety of manufactured NPs. Nanotechnologies hold
great promise for reducing the production of wastes,
reducing industrial contamination and improving the
efficiency energy production and use. However, the
production, use and disposal of manufactured NPs will
inevitably lead to discharges to air, soils and aquatic
systems. Silver nitrate is corrosive, causing burns in
contact with the skin and eyes. Sodium borohydride is
flammable and toxic.

Chemicals used:
The chemicals used in the process was silver
nitrate, sodium borohydride, poly vinyl pyrodiline.
Prepration of silver nanoparticle using sodium
borohydride as reducing agent required following
process:
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396 nm, associated with the presence of smallspherical
silver nanoparticles. If the particles would not be
spherical (or equiaxial), the absorption band would
appear at longer wavelengths and would gradually
shift to shorter wavelengths as the particles become
more spherical Absorption bands are smooth with a
single pronounced plasmonresonance that appear
around 400 nm. have reported that the electronic
transitions involving the Ag+ ion give rise to
absorption bands located between 200 and 230 nm,
whereas the electronic transitions of metallic Ag0
appear in the 250-330 nm spectral range. The UV-VIS
spectra of all samples analyzed in this study did not
show distinct absorption signals around 230 nm due to
the electronic transitions involving Ag+ ions. The
presence of silver ions in the synthesized nanoparticle
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A number of Bragg reflections in the (111),
(200), (220) and (311) set of lattice planes were
observed. The high intensity for fcc materials is
generally (111) reflection, which is observed in the
samples. This confirmed the lattice structure to be fcc
(face centered cubic).

To sum up, in the X-ray diffraction pattern of
silver nanoparticles four peaks at 26 values of 38.3°,
44.5° 64.6° and 77.1° corresponding respectively to
(111), (200), (220) and (311) planes of silver were
observed. The results indicate that the resultant
particles are fcc silver nanoparticles with a predicted
size of ~ 10nm.
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A TEM image of the prepared silver nano
particles is shown in the fig. The Ag nano particles are
spherical in shape with a smooth surface morphology.
The diameter of the nano particles is found to be
approximately 16 nm. TEM image also shows that the
produced nano particles are more or less uniform in
size and shape.
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Conclusion

Nanotechnology has helped in overcoming the
limitations of size and can change the outlook of the
world regarding science.

Synthesis of silver nanoparticle has become
possible using NaBH, as a reducing agent and using
AgNO; as a reluctant. These gave dark yellowish
colour when synthesized by a protective layer of
borohydride ions. The Ag solution became yellowish
in colour because of absorption of wavelength at
386nm. As silver nanoparticles are very delicated to
the absorption of light, they interact with light due to
very high dielectric constant that makes the light
response occur in the visible region. Thus silver
nanoparticles absorption and scattering properties can
be tuned by controlling the particle size shape, and the
local refractive index near the particle surface. Silver
nanoparticles are harmful to the environment, due to
which mesocosms are created to protect it.
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