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Abstract 

Nanoparticles synthesis plays a significant role in nanotechnology and nanoscience. A number of noble metals have used for 

different purposes, nanoparticles focused on potential applications in various field like chemistry, biology, clinical, environment, 

pharmaceutical, agriculture etc. In this review article confer the biosynthesis, characterization and multifunctional application of 

nanoparticles. The nanoparticles specify top-down and bottom-up approaches to synthesize nanoparticles and nanoparticles are 

characterized by UV-Visible spectrophotometer, Fourier transforms infrared (FTIR), X-ray diffraction (XRD), Scanning electron 

microscopy (SEM) and Transmission electron microscopy (TEM). Synthesis of NPs have prospective applications in cancer 

treatment ,antimicrobial, antifungal, antiviral, anti-inflammatory, drug delivery, DNA analysis, biosensors and gene therapy. 
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Introduction: 

Nanoparticles are a small particle that ranges between 1 to 100 nm in size. Ephemeral by the human eye, nanoparticles reveal 

significantly different physical and chemical properties to their larger material counterparts. Most of the nanoparticles are made 

up of only few hundred atoms. Nanoparticles used by mankind for about several years, silver metal recognized as a very potent 

antimicrobial agents, which is able to kill several types of microorganisms causing various infectious diseases. Assorted 

synthetic methods for silver nanoparticles, biological methods appear to be simple, rapid, non-toxic, and green approaches that 

can produce well-defined size and morphology under optimized conditions for translational research. Nanoparticles synthesis, 

definite particles have significant impact on their biological properties. The compressive potential of any nanomaterial in the 

purpose of human welfare in nano-medicine, or in the health care industry. The characteristics features of nanomaterial such as 

size, shape, size distribution, surface area, solubility and aggregation etc. need to be appraising before assessing toxicity or 

biocompatibility. To estimate the synthesized nanoparticles, different analytical techniques used as, including ultraviolet visible 

spectroscopy, Fourier transform infrared, X-ray diffraction, Scanning electron microscopy and Transmission electron 

microscopy. The biological activity of AgNPs confide on factors including surface chemistry, size, shape, particle morphology, 

particle composition, coating, capping ,dissolution rate and particle reactivity in solution. The type of reducing agents used for 

the synthesis of silver nanoparticles is imperative factor for the determination of cytotoxocity. The betterment of silver 

nanoparticles with invariant size, morphology and functionality are essential for various biomedical applications cancer is 

complex disease, characteristic feature of the uncontrolled growth and spread of abnormal cells caused by several factors, 

including a combination of genetic, external, internal and environmental factors and it is treated by various therapies including 

chemotherapy, hormone, immune therapy, surgery, radiation and targeted therapy. According to the distinctive properties 

nanomaterial used in different field like pharmaceutical, agriculture, environmental, toxicology, medical sciences, electronics, 

cosmetics, food processing, water detoxification, air filtration and textile industries. This review focused on recent developments 

in synthesis, characterization, properties and bio applications mainly on the antibacterial, antifungal, anti viral, anti 

inflammatory, anti-cancer and anti-angiogenic properties of AgNPs [1-4]. 
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Synthesis of Silver nanoparticles: 

Synthesis of silver nanoparticles there are mainly three methods to prepare silver nanoparticles. Physical paths normally employ 

laser impulse energy to reduce silver from bulk to atoms and ions. Chemical methods exploit reducing agents to reduce silver 

ions from their precursors into metallic silver atoms. In the biological approach, the reducing agent and the stabilizer are 

replaced using molecules obtained from living organism such as plants, fungi, yeast and algae[5]. 

Physical approach: 

Silver nanoparticles (AgNps) were synthesized by using a laser ablation method in solution. AgNPs is physical method utilizing 

dispersion and laser ablation from metallic quantum materials in liquid solution. A method to produce silver nanoparticles from 

silver plates immersed in liquid phases and highlight by high energy laser beam. This method is the most broadly used method 

nowadays and metal plate absorbs a great part of the laser impulse energy and forms hot plasma containing a high concentration 

of silver ions. The liquid phase provide as a cooling medium to cool down the heat from plasma. The physic-chemical prospect 

of the solution affects the rate of nanoparticles formation, their shape, size and poly-dispersity.Synthesis procedures of AgNPs 

by means of the physical approach are listed in table-1. 

Table 1.Synthesis of AgNPs (Silver nanoparticles) by Physical method: [6-16] 

Sr.No. Method/Approach Shape AgNPs(nm) 

1.  Laser ablation Spherical 2.5-8.5 

2.  Laser ablation Spherical 4-18 

3.  Laser ablation Spherical 5-13 

4.  Laser ablation Spherical 5-50 

5.  Laser ablation Spherical 6.48 

6.  Laser ablation Spherical 9-15 

7.  Laser ablation Spherical 50 

8.  Laser ablation Spherical 15-20 

9.  Thermal decomposition Spherical 3.1 

10.  Thermal decomposition Spherical 4-7 

11.  Thermal decomposition Spherical 4.7 

12.  Thermal decomposition Spherical 9.5 

13.  Thermal decomposition Spherical 40-50 

14.  Thermal decomposition Spherical 14.4 

 

Chemical approach: 

The chemical method is widely used for synthesizing AgNPs using water or organic solvents.It is an easy way to synthesize 

AgNPs in solution. 

Table 2. Synthesis of AgNPs (Silver nanoparticles) by Chemical method: [17-24] 

Sr.No. Silver Salt Reducing agent Stabilizer/Capping 

agents 

AgNPs (nm) 

1.  Silver Nitrate (AgNO3) Hydrazine hydrate 

and sodium citrate 

Sodium dodecyl 

sulfate 

10-20 

2.  Silver Nitrate (AgNO3) Gallic acid Gallic acid 7-89 

3.  Silver Nitrate (AgNO3) Sodium borohydride Tri-sodium citrate  5 

4.  Silver Nitrate (AgNO3) Ethyl glycol Poly vinyl pyrrolidine 8-10 

5.  Silver Nitrate (AgNO3) Glucose Poly vinyl pyrrolidine 20-80 

6.  Silver Nitrate (AgNO3) D-Glucose NaOH Carboxy methyl 

cellulose 

5-15 

7.  Silver Nitrate (AgNO3) Alkaline lignin Alkaline lignin (low 

sulfonate) 

7.3 

8.  Silver Nitrate (AgNO3) Sodium borohydride - 3.5-6 

9.  Silver Nitrate (AgNO3) NaOH Alkaline lignin (low 

sulfonate) 

5-100 

10.  Silver Nitrate (AgNO3) Sodium borohydride 

and NaOH 

Oleic acid and poly 

acrylic acid 

13-478 

 

Biological approach: 

The biological path for synthesizing AgNPs is being increasingly investigated. This method is a green technology aimed at 

minimizing the negative environmental impact, known that the synthesis of AgNPs using the chemical method requires three 

main constituents: a silver salt, a reducing agent and capping agents. In biological method the reducing agent and the stabilizer 

are replaced using molecules obtained from living organisms such as plants, bacteria, fungi, yeast and algae. 
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Table 3. Synthesis of AgNPs (Silver nanoparticles) by biological method: [25-34] 

Sr.No. Silver Salt Plant Name Shape AgNPs (nm) 

1.  Silver Nitrate (AgNO3) Alov vera Spherical 15.2 

2.  Silver Nitrate (AgNO3) Amaranthusretroflexus Spherical 10-32 

3.  Silver Nitrate (AgNO3) Jatropha curcas Spherical 10-20 

4.  Silver Nitrate (AgNO3) Coffee arabica Spherical 20-30 

5.  Silver Nitrate (AgNO3) Zingiber officinale Spherical 10-20 

6.  Silver Nitrate (AgNO3) Morinda citrifolia Spherical 30-55 

7.  Silver Nitrate (AgNO3) Justicia adhatoda Spherical 25 

8.  Silver Nitrate (AgNO3) Emblica officinalis Spherical 10-20 

9.  Silver Nitrate (AgNO3) Lantana camera Spherical 14-27 

10.  Silver Nitrate (AgNO3) Azadirachta indica Spherical 50-100 

 

Micro-organism as reduction agents: 

Fungi and bacteria also used to synthesize silver nanoparticles. A method was suggested to synthesize AgNPs from silver nitrate 

using the proposed method. Spherical and triangular AgNPs in the different size ranges in nm were fabricated. 

Table 3. Synthesis of Silver Nanoparticles by biological reduction using micro-organism:[35-46]. 

Sr.No. Silver Salt Fungi/Bacteria Shape AgNPs(nm) 

1.  Silver Nitrate (AgNO3) Fusarium oxysporum Spherical 5-15 

2.  Silver Nitrate (AgNO3) Verticillim Spherical 25 

3.  Silver Nitrate (AgNO3) Humicola Sp. Spherical 5-15 

4.  Silver Nitrate (AgNO3) Aspergillus flavus Spherical 17 

5.  Silver Nitrate (AgNO3) Aspergillus niger Spherical 3-30 

6.  Silver Nitrate (AgNO3) Aspergillus fumigatus Spherical 5-25 

7.  Silver Nitrate (AgNO3) Penicillium chrysogenum Spherical 6-100 

8.  Silver Nitrate (AgNO3) Aspergillus oryzae Spherical 14-76 

9.  Silver Nitrate (AgNO3) Bacillus licheniformis Spherical 18-63 

10.  Silver Nitrate (AgNO3) Klebsiella pneumonia Spherical 28-122 

11.  Silver Nitrate (AgNO3) Escherichia coli Spherical 28-122 

12.  Silver Nitrate (AgNO3) Enterobacter cloacae Spherical 28-122 

13.  Silver Nitrate (AgNO3) Bacillus substilis Spherical 5-60 

14.  Silver Nitrate (AgNO3) Staphylococcus aureus Spherical 160-180 

15.  Silver Nitrate (AgNO3) Serratiane matodiphilia Spherical 10-31 

 

Characterization of Silver Nanoparticles: 

Characterization of (AgNPs) nanoparticles is imperative to understand and control nanoparticles synthesis and applications. 

Characterization is performed using a variety of different techniques such as UV-Visible spectrophotometer, Fourier transform 

infrared (FTIR), X-ray diffraction (XRD), Scanning electron microscopy (SEM) , Transmission electron microscopy (TEM), 

Atomic force microscopy (AFM) and Dynamic light scattering (DLS).These techniques are used for determination of different 

parameters such as particle size, shape, crystallinity, fractal dimensions, pore size and surface area. The morphology and 

molecule size could be resolved by TEM, SEM and AFM. The advantage of AFM measures three dimensional images so that 

particle height and volume can be calculated.Furthermore, dynamic light scattering is used for determination of particles size 

distribution.XRD is used for the determination of crystallinity, while UV-Vis. spectroscopy is used to affirm sample formation 

by showing the Plasmon resonance. 

UV-Visible spectrophotometer 

UV-Visible spectroscopy used for primary characterization of synthesized nanoparticles. UV-Vis technique is one of the easiest 

and reliable method, synthesized nanoparticles interact with the specific wavelength of light. Nanoparticles are optical properties 

like sensitive on size, shape, agglomeration and concentration. The optical properties of nanoparticles are repercussions of the 

collective oscillations of conduction electrons are excited by electromagnetic radiations are called Surface Plasmon Polarit ion 

Resonances (SPPR).This changes affects on the refractive index next to the nanoparticles surface, characterize the nanoparticles 

using UV-Vis spectroscopy [47]. 

X-Ray Diffraction Spectroscopy 

X-Ray Diffraction Spectroscopy (XRD) very useful for the study of molecular and crystalline structure, determination of 

quantitative movements in chemical species, degree of crystallinity and particle size.XRD identify the crystalline nature of the 

product and also useful for the phase identification measurements, conduction of qualitative analysis etc [48]. 

Dynamic Light Scattering 

Dynamic Light Scattering (DLS) techniques used for the determination of particle size and particle distribution. DLS study of 

biological activities by using radiation scattering technique, physiochemical parameters and evaluation of prepared 

nanoparticles. Particle size ranging from submicron to one nanometer can be determined by DLS [49]. 

Fourier Transform Infrared Spectroscopy 

Fourier Transform Infrared Spectroscopy (FTIR), spectra provided information about the molecular environment of the organic 

molecules on the surface of nanoparticles. FTIR techniques used to authentication of functional molecules that are graft onto 

silver, gold, silver and graphene nanoparticles, carbon nanotubes etc [50]. 
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Atomic Force Microscopy 
Atomic Force Microscopy (AFM) find dispersion and aggregation of nanomaterials.AFM characterized nanoparticles size, shape 

and structure to visualize changes in the cell morphology and to nitration with the extracellular polymeric substance [51]. 

Scanning Electron Microscopy 

Scanning Electron Microscopy (SEM) is a techniques used to determine the morphology of the particle. SEM is surface imaging 

method; determine the particle size, particle size distribution, surface morphology and nanomaterial shapes [52]. 

Transmission Electron Microscopy 

Transmission Electron Microscopy (TEM) is the most important technique used for the characterization of particles.TEM detect 

quantitative dimension of particle size, size distribution and morphology. The magnification of TEM determined by the ratio of 

the distance between the objective lens and the specimen, distance between objective lens and its image plane [53]. 

 

Applications 

Silver considerably used from last 5000 years for its antibacterial nature. Silver (Ag) is preferred as nanoparticles for the reason 

that it has antibacterial property and non-toxic to human beings. Reducing the growth of microorganism without affecting 

surrounding cells is known as antimicrobial activity. AgNPs are used enormously for other purpose like for their antiviral, 

antifungal, anti angiogenic, cosmetics, water treatment, health care, anti oxidative, anti inflammatory, drug carrier and 

biosensing [54]. 

 

Table 4 Application of nanoparticles in the different field: [55-56] 

Sr.No. Applied field Application 

1.  Agriculture and  

Scientific tools 

Atomic force, microscopic and scanning tunneling microscope 

2.  Nano medicine Nano drug, Medical devices, Tissue engineering 

3.  Material Nanoparticles, carbon nanotubes, biopolymers, points, coatings 

4.  Chemical and     

Cosmetics 

Nanoscale chemicals and composite, paints, coating etc. 

5.  Food Sciences Processing, nutraceutical food, nanocapsules 

6.  Environmental and  

Energy  

Water and air absolution filters, fuel cells, photovoltaic 

7.  Military and Energy Biosensors, weapons, sensory enhancement 

8.  Electronics  Semiconductors chips, memory storage, photonica, optoelectronics  

 

Conclusion 

Silver nanoparticles are now used predominantly because of their innumerable uses in many of the sectors. Intensely used as an 

anti-bacterial, apart from these silver nanoparticles have their uses as anti-fungal, anti-viral, anti-inflammatory, gene therapy and 

imagining purpose etc.AgNPs is an area of explore in case of cancer therapy as an alternative to other conventional therapies like 

chemotherapy and radiation therapy etc., these silver nanoparticles are used as anti angiogenic so it is found to be one of the 

alluring approach for cancer therapy. The AgNPs prepared by three methods these are physical, chemical and biological method. 

Out of these biological method is used as it is environmental, non-toxic and eco-friendly. The silver nanoparticles are safe, 

simple, definitive treatment for many of the diseases. 
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