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Abstract 
______________________________________________________________________________________________________ 

In various fields of science, nanoparticles of noble metals, particularly silver nanoparticles, 
have been widely used. Its specific properties, which can be integrated into the materials of 
biosensors, composite fabrics, cosmetics, antimicrobial applications, conducting materials, 
and electronic components, make it a very interesting topic to be studied in the fields of 
chemistry, biology, healthcare, electronics, and other related fields. Such unique features 
depending on the size, and shape of the silver nanoparticles. Various methods of 
preparation for the synthesis of silver nanoparticles have been reported, such as electron 
irradiation, laser ablation, chemical reduction and biological methods. 
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INTRODUCTION 

A particle with a nanometre range of 1-100 nm represents 
nanoparticles. Compared to its bulk structure, the nanoscale 
material has fresh, special, and superior physical and 
chemical properties due to an improvement in the surface 
area ratio per material/particle volume.1 Metal nanoparticles 
are the most widely studied nanoparticle materials because 
they are easier to synthesize. Also, there is a wide range of 
applications for these materials: detectors, catalysts, surface 
coating agents, antibacterial/antimicrobials, among many 
others. Silver (Ag)2, gold (Au)3, platinum (Pt)4, and 
palladium5 are some of the most studied metallic 
nanoparticles. Nanoparticles produced and characterized 
due to their inherent characteristic of acting as an 
antimicrobial agent even in a solid-state, Ag NPs assume an 
important role. While its value was recognized much earlier, 
except its use in oriental medicine and coins, it was not well 
utilized. Almost 320 tons of Ag NPs are expected to be 
produced per year and used in nanomedical imaging, 
biosensing, and food products.6 

SILVER NANOPARTICLES 

Due to their chemical stability, catalytic activity, localized 
surface plasma resonance, and high conductivity, silver 
nanoparticles have attracted growing interest.7 Besides, 
previous reports showed that the reactive oxygen species 
(ROS) produced under certain conditions at the surface of 
the silver nanoparticles or by the released free silver ions 
may cause cell death of either mammalian or microbial cells, 
giving specific antibacterial and antifungal effects to the 
silver nanoparticles.8 Silver nanoparticles have great 

potential to prevent wound inflammation and thus facilitate 
wound healing in the form of topical administration based on 
these effects. The skin penetration ability and protection of 
silver nanoparticles should be tested for topical use. 
Compared to other inorganic metal nanoparticles such as 
gold, the skin penetration potential of silver nanoparticles is 
much smaller, as a higher percentage of free ions in the 
outermost layers of the stratum corneum are precipitated as 
Ag-S. TEM micrographs showed that the deepest layers of the 
stratum corneum could be passively penetrated by silver 
nanoparticles.9  

Researchers have recently conducted an in-depth study on 
the excellent function of silver nanoparticles such as 
photoelectricity10, catalysis11, antibacterial agents12, 
biosensors13, and surface-enhanced Raman dispersion 
(SERS).14 Through chemical reduction15, photo reduction16, 
and laser synthesis17, etc. Therefore, it is increasingly 
necessary to develop simple and economical methods by 
which the scale, shape, and size distribution of AgNPs can be 
finely controlled. An efficient way to make AgNPs with good 
stability and dispersibility is to use protective agents. Until 
then, protective agents can prevent agglomeration between 
particles. So, it is important to use protective agents for the 
synthesis of AgNPs.18 

SYNTHESIS OF SILVER NANOPARTICLE 

Silver nanoparticles are generally synthesized by two 
approaches,  

(a) Top to bottom approach  

(b) Bottom to top approach 
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Figure 1: Synthesis of Nanoparticles 

 

In top to bottom approach, the suitable bulk material is 
broken down into smaller fine particles by size reduction 
using various techniques like grinding, milling, sputtering, 
thermal/laser ablation, etc., thus the “top-down” 
method comprises of mechanical grinding of bulk metals 
with subsequent stabilization using colloidal protecting 
agents while in the bottom to top approach, nanoparticles 
are synthesized using chemical and biological methods by 
self-assembly of atoms to new nuclei, which grow into nano-
size particles while the “bottom-up” methods include 
chemical reduction, electrochemical methods and sono-
decomposition.19 The biggest advantage of the “bottom to 
top” approach method is the production of a large number 
of nanoparticles within a short period. The major advantage 
of chemical methods is a high yield, contrary to physical 
methods, which have a low yield. In the case of the “top to 
bottom,” approach nanoparticles are generally synthesized 
by evaporation condensation technique with the help of a 
tube furnace at atmospheric pressure. In this method, the 
primary material placed centered at the furnace is vaporized 
into a carrier gas, within a boat. One of the biggest 
limitations of this method is the imperfections in the surface 
structure of the product and the other physical properties of 
nanoparticles are highly dependent on the surface structure 
of surface chemistry. Hence, a cost-effective and 
environment-friendly alternate synthetic route was 
inevitable that culminated into the green syntheses.20 

Green synthesis 

Green nanoparticle synthesis is progressively identified as a 
significant nanotechnology field in which nanoparticles are 
produced with the help of biological organisms such as 
microorganisms, plant extracts, or plant biomass and could 
be an environmentally friendly substitute for chemical and 
physical methods. Green synthesis is chosen over physical 
and chemical approaches as the former is environmentally 
sustainable, cost-effective, large-scale syntheses can be easily 
scaled, no high temperature, energy, and toxic chemicals 
need to be used. Due to the ease of improvement, the less 
biohazard, and the strenuous method of maintaining cell 
cultures as needed in the microorganism process, the use of 
plant extracts is potentially advantageous over 
microorganisms.19 

MECHANISM OF ACTION OF SILVER 
NANOPARTICLES 

The exact mechanism of the antimicrobial properties of 
silver nanoparticles is not yet known.  Silver nanoparticles 
bind and penetrate the bacterial cell wall, causing structural 
changes in the cell membrane, such as cell membrane 
permeability and cell death. Another mechanism of action of 
silver nanoparticles is the formation of free radicals by 
AgNPs causing the cell's death. The formation of free radicals 
is indicated by resonance studies of electron spin. Free 
radicals can damage the cell membrane when in contact with 
bacteria, rendering it porous, which finally leads to cell 
death.21 Due to their large surface area that provides better 
contact with microorganisms, silver nanoparticles show 
effective antimicrobial properties compared to other salts. 
The release of silver ions by nanoparticles in the bacterial 
cells improves their bactericidal activity.22 

 

Figure 2: Mechanism of action of AgNPs. 
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Pharmacokinetics of silver nanoparticles 

For enhanced therapeutic effects, primary absorption of 
drugs or nanoparticles in the target tissue is always 
beneficial and, conversely, a high degree of distribution to 
non-target tissues may cause unwanted toxic effects and 
should be avoided.   Therefore, for the safe and effective 
biomedical applications of nanoparticles, pharmacokinetic 
and tissue bio-distribution data are crucial.23 

Absorption 

The nanoparticle absorption process is more complex than 
that of small molecules. Paracellular transport, transcytosis, 
and M cell uptake in the GI tract will absorb nanoparticles 
that are administered orally, whereas macrophages and 
lymphatic uptake absorb mainly subcutaneous, 
intramuscular, or inhaled nanoparticles.24 

 Distribution 

The in vivo distribution of nanoparticles depends on various 
transport mechanisms, such as opsonization, the formation 
of the protein corona, the absorption of mononuclear 
phagocytes (MPS), the enhanced permeability and retention 
(EPR) effect, target-mediated disposal, and the transport of 
lymph.24 The liver was identified as the primary organ of the 
delivery of Ag followed by the spleen and kidneys, whether 
oral, intravenous, subcutaneous, or inhaled exposure. Silver 
accumulation in the liver, including Kupffer cells, 
hepatocytes, and sinusoidal endothelium cells, has been 
detected in several cell types. The silver deposition has been 
observed in all regions of the kidney, including the cortex, 
medulla, inner medulla, and cortical glomeruli, and gender-
related differences in silver accumulation have been 
documented in rat kidneys after repeated oral exposure, 
with double inflation in females compared with males.23 

Metabolism 

After oral exposure to both ionic and nanoparticulate silver 
suspensions, silver has been reported to be deposited as 
particles in tissue, such as the skin epidermis, the glomeruli, 
and the intestines. The particle size of these nanoparticles in 
the rat intestine has been reported to be 12 nm in diameter 
and to contain sulfur and selenium in addition to silver. Ag+ 
can react with GSH, creating H+ and GS-Ag, which eventually 
form polymer complexes of Ag-GSH, followed by division into 
different tissues.  

Ag-thiol complexes can also be reduced to zero-valent AgNPs 
in visible light at slower rates when UV-photodecomposition 
takes place. In the production of Ag2S NPs, in addition to 
thiols, AgNPs can be sulphidized. Ag2S NPs are also capable 
of interacting with selenium for the production of Ag2Se NPs 
and Ag/S/Se argyrial particles.23 

Elimination 

Researchers found low silver excretion in urine (0.1 percent 
of 24 h intake for both groups) but high excretion of silver in 
faeces (63 and 49 percent of the daily dose for AgNPs and 
silver acetate groups, respectively) after a 28-days23 
repeated oral exposure to 14nm PVP-coated AgNPs or silver 
acetate in rats. Excretion of faeces: 14nm AgNP has a higher 
faecal excretion rate than ionic silver after oral 
administration, with 63 and 49 percent for nanoparticles and 
ionic silver, respectively. This was due to the lower 
bioavailability of silver nanoparticles.26 

Urinary excretion: East et al. found that a woman's urinary 
excretion of an orally administered dose of radioactive silver 
tracer was between 2 and 41% after 12 hours.25 

Following orally administered 110 radionuclide of silver, 
Furchner et al. registered silver excretion in the urine.27 After 
8 weeks with post-oral dosing of silver or silver 
nanoparticles (15 and 20 nm), Van der Zande et al. 
discovered that silver was still present in the rat brain and 
testes.28 

CHARACTERIZATION TOOLS FOR ANALYSIS OF 
SILVER NANOPARTICLES 

 X-ray diffraction spectroscopy (XRD) 

With X-ray diffraction spectroscopy you can determine the 
crystalline construction, size, and shape of the unit cell and 
material crystallite sized (XRD). The peaks of x-ray 
diffraction in the face-centered metal-faced cubes of silver 
(fcc) respectively at 2Ɵ = 38.00, 44.16, 64.40, and 77.33 were 
generally observed, which corresponded to (111), (200), 
(220), and (311). The crystalline size of the particulate can 
be estimated by using the Debye-Scherrer formula d = 0.89 
cos Ɵ, where d is the particle size, is the wavelength of X-ray 
radiation (1.5406 Å), is the full-width at half maxima 
(FWHM) of the strongest peak (in radians) of the diffraction 
pattern and 2 is the Bragg angle.29 

 Scanning electron microscopy (SEM) 

In the process, a scan with a fine, concentrated beam of 
electrons and electrostatic or electromagnetic lenses 
analyzes the entire sample to create much higher resolution 
images. The sample surface morphology is determined using 
secondary electrons generated from the surface of the 
sample. 

Transmission electron microscope (TEM) 

In TEM, an incident electron beam is transmitted through an 
ultra-thin sample which interacts with the sample and 
transforms into undisputed electrons or elastically dispersed 
electrons. The dispersed and dispersed electrons are 
centered by a series of electromagnetic lenses and then 
projected onto a screen to generate electrons diffraction, 
amplitude contrast, a phase-contrast picture, or a shadow 
image with different darkness depending on the density of 
dispersed electrons. Techniques of transmission electron 
microscopy can provide the atomical or sub-nanometer 
spatial-resolution, either simultaneously or based on a serial 
method, direct imaging, diffraction, and spectroscopic 
information, and chemical composition. In combination with 
nano diffraction, scanning tunneling microscopy (STM), 
atomic resolution electron energy loss spectroscopy, and 
nanometer resolution X-ray energy dispersive spectroscopy 
techniques, high-resolution TEM imaging is crucial to 
fundamental nanoscience and nanotechnology studies. 

Different surface structures can be obtained from various 
synthesis routes. The surface morphology of the nano-
structural features of silver is examined using the above 
electron microscopic techniques.30 

Atomic force microscopy (AFM) 

The AFM can analyze nanomaterials' size, shape, structure, 
sorption, and dispersion. It is based on the physical scan of 
submicron-level samples (contact- or non-contact mode) 
using a probe tip of the atomic dimension and provides ultra-
high-resolution measuring (>100 times higher than visual 
diffraction). One of the main advantages of this non-
destructive technology is that it commends the imaging of 
non-dirigent specimens without pre-treatment or significant 
damage to the surface.31 

The major drawbacks of this technique are  
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The curved tip generally exceeds the nanomaterial 
dimensions to be examined and the lateral dimensions of the 
samples are overestimated.32 

The capacity of AFM is also insufficient to detect or locate 
particular molecules; however, recent advances in single 
molecular force spectroscopy with AFM cantilever tips 
containing a ligand have eliminated this disadvantage.32 

UV-Visible spectroscopy analysis 

Due to their excellent optical properties, such as surface-
enhanced scattering of Raman (SERS) and the surface 
plasmonic resonance that strongly depend on their size, 
form, and composition, the synthesis of silver nanostructures 
has become an active research field for decades. They can be 
checked using optical analyses such as XPS and UV-visible 
spectroscopy. While the color change from silver to silver 
nanoparticles was visually observed, the UV visible 
spectrophotometer was used to monitor the silver 
nanoparticle's stability. Standard feature Due to the inter-
band 4d-5sp transitions, the UV-Vis spectrum peak of bulk 
Ag occurs at 320 nm33 and the red change in this peak to 
about 420 nm was observed due to the occurrence of the 
plasmonic resonance phenomenon in the silver metal nano-
dispersion. 

UV-Vis spectroscopy is also used for determining the particle 
size of silver nanoparticles, using the principle of Mie 
scattering. Using the following equation, the full width at the 
half limit of the optical spectra (Lorentz-shaped peak Ω) can 
be used to measure the particle size of the stable 
suspension.34 

 

where, w is full width at half maxima of the Lorentz shaped 
peak, and E0, n, c, m, UF, Nc, e, and D, are the frequency-
independent dielectric constant, refractive index of water, 
velocity of light, the mass of an electron, electron velocity at 
the Fermi energy, number of electrons per unit volume, the 
electron charge and diameter of the particle, respectively. 

Surface-enhanced Raman scattering spectroscopy (SERS) 

As a sensitive and selective tool for the identification of 
molecules, SERS can be used. Strong electromagnetic fields 
are produced when they are exposed to visible light due to 
the localized surface plasmon resonance (LSPR) of nano-
noble metals. The induced dipole increases if the Raman 
scatterer is placed near these amplified nano-noble metal 
electromagnetic fields, increasing the intensity of the 
inelastic scattering. Similar links can be useful for the 
nanoparticle's extinction and dispersion cross-sections. If the 
nanoparticle's disappearance and dispersion cross-sections 
at resonant wavelengths are maximized, this reflects the 
spectroscopic signature of the excitation of the LSPR. In 
condensed phases, the SER spectrum also provides precise 
details on the molecular structure and local environment 
than any other electronic spectroscopy technique.35 

APPLICATIONS OF THE SILVER 
NANOPARTICLES 

 Medical: diagnosis and treatment of aliment- The silver 
nanoparticles exhibit a broad spectrum of anti- bactericidal, 
antiviral, anti-inflammatory, antiangiogenic, anti-tumor, and 
anti-oxidative properties along with the biological and 
chemical sensing, imaging, drug carrier, and diagnosis of 
cancer/HIV/AIDS.36 

Because of its antimicrobial properties, silver 
nanotechnology seems to have become a fast-growing 
technology in the field of orthopaedics. Therefore, silver 
nanoparticles can be used in orthopaedic applications such 
as trauma implants, tumor prostheses, bone cement, and 
hydroxyapatite coatings to prevent biofilm formation. 
Biofilm formation is a major source of morbidity in 
orthopaedic surgery. The promising results with in vitro and 
in vivo studies of the use of AgNPs in this field reduce the 
risk of infection in an effective and biocompatible manner.37 

Food industry - Silver nanoparticles are now being used in 
dietary supplements, food packaging, and usable food 
products for a wide range of applications. Nanocomposite 
LDPE films containing Ag and ZnO nanoparticles packaging 
will be a safer, inert, cheaper to make, simple to dispose of, 
and reuse-way to protect food from dust, gases (O2, CO2), 
light, bacteria, and moisture.38 

Catalyst 

In recent years, one of the most important applications of 
silver nanoparticles has been observed in the catalysis of 
chemical reactions. Nanosilver catalysts have sparked 
interest in nano silver-mediated organic synthesis in recent 
years due to its interesting reactivity and selectivity, 
stability, and recyclability in catalytic reactions with atom-
economy and environmentally benign nature. Nanosilver of 
different shapes and sizes catalyzed many organic 
transformations such as cyclization, Michael addition, 
alkylation, alkynylation, oxidation, cross-coupling reaction, 
A3-coupling reaction, reduction, Friedel-crafts, Diel-Alder 
reaction, and many more.39 

Air disinfection (bio-sols filter) 

Bioaerosols are biological source in the air, such as viruses, 
bacteria, and fungi that can cause bacterial, allergenic, or 
toxic diseases. The filters of heating, ventilating, and air-
conditioning (HVAC) systems accumulated large amounts of 
these bioaerosols. Bioaerosols were effectively removed 
using Ag-deposited-activated carbon filters (ACF) to 
minimise microbial growth in air filters. Bacillus subtilis and 
E. coli antibacterial activity of Ag-coated ACF filters were 
tested.40 

Drinking water purification 

Studies supported that the silver nanoparticle can work 
as an excellent antiviral, antimicrobial, and disinfectant 
agent. Silver nanoparticles in surface water, 
groundwater, and brackish water were found to be 
stable, according to the findings. However, in seawater 
conditions, AgNP tends to aggregate. The comparison of 
silver nanoparticle-impregnated ceramic water filters 
and ceramic filters impregnated with silver nitrate was 
made. The results showed that silver nanoparticles-
impregnated ceramic water filters are more suitable for 
this application than silver nitrate-treated filters because 
the amount of silver desorbed is lower, without affecting 
the water chemistry conditions or filter efficiency.41 

General/health care 

Nano silver products such as beauty soap, hair shampoo and 
conditioner, body cleanser, toothbrush, sanitizer, facial mask 
sheets, a skincare line, makeup line, wet wipes, disinfectant 
spray, wash and laundry detergent, etc., have been 
influencing our daily life at great extent.42 Silver 
nanoparticles can also be incorporated in the manufacturing 
of toothpaste or oral care gels. Silver nanoparticles with 
particle size less than 15 nm and a concentration of 0.004% 
w/w showed maximum efficiency to prevent the growth of 
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bacteria that causes unpleasant oral smells and dental 
cavities.43 

The nanoproduct can also be used in the dyeing of cosmetic 
foundations, eye shadows, powders, lipsticks, inks, varnishes, 
or eyebrow pencils. According to Ha et al., the products with 
metal nanoparticles, unlike the conventionally used metallic 
pigments, are not harmful to human health, and may even 
have health benefits.44 

CONCLUSION 

Different approaches for planning AgNPs and their 
implementations are discussed in this study. Specifically, . 
Based on the importance of the silver NPs over other 
nanometals, their properties such as surface-enhanced 
plasmonic character, cost, stability, and so on were 
developed. In keeping AgNPs in mind, the methods of 
synthesis and advanced characterization techniques were 
also presented. This review article also explains the 
applications of these qualified nanoparticles along with their 
goodness and particular qualities. The challenges and 
potential prospects of this up-bringing region have 
eventually been discussed. 
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