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Abstract: Nanoparticles is the emerging technique in current era and thus the following review paper present the synthesis of silver 

nanoparticles and application towards its uses as antiviral activity. The silver nanoparticles have diverted the mass attention of the scientific 

community and medical professionals due to their wide range of application in the biomedical fields. It especially has effective use against 

the microbes and infectious agents. An antiviral Nano-coatings developed by Professor Ashwini Kumar Agrawal of Indian Institute of 

Technology, Delhi has been approved by the Department of Science and Technology (DST), India for producing anti-COVID-19 Triple 

Layer Medical masks. As Silver is known to have strong antimicrobial activity against bacteria, viruses, fungus, and so on it can be used for 

producing these triple layer masks. In this review paper the various techniques are explained for the preparation of silver nanoparticles. 

Along with its importance, applications in the medical field and also can be used as antiviral agents in the preparation of masks, sanitizers, 

etc. 
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I. INTRODUCTION: 

Over the last few decades, the development of microbicidal coatings has received a great deal of attention because of their distinctive 

physicochemical and biological properties. Impregnating, adsorbing, or covalently attaching microbicidal agents to the object are some 

methods by which the microbicidal coating can be prepared. In current period of time, the production of auto-sanitizing products for 

healthcare is highly recommended. Silver is known to have strong antimicrobial activity against bacteria, viruses, fungus, and it has been 

used as an antimicrobial agent for centuries. For example; the Phoenicians used silver vessels to preserve water and wine during their long 

voyages and also the ancient Egyptians believed that silver powder provided beneficial healing and anti-disease properties, thus silver 

compounds were used for prohibiting wound infection prior to antibiotics. Here comes the reason why silver nanoparticles have received a 

great deal of attention. Silver nanoparticles can be used in many different products because of their exceptionally small size and their 

potential antimicrobial effect. At the present time silver nanoparticles have attracted increased interest and are currently used in various 

industries including medicine, cosmetics, textiles, electronics, and pharmaceuticals. In the development of nanoparticles for mediated 

therapy, some laboratories have used a variety of cell lines under in vitro conditions to evaluate the properties, mode of action, differential 

responses, and mechanisms of action of silver nanoparticles. [1,2 ,3] 

 

II. CORONA: 

In late December 2019, several patients from Wuhan, China were admitted to hospitals with symptoms of pneumonia. As the number of 

patients presenting with similar symptoms started to rise, the causative agent was eventually isolated from samples. It was initially called the 

2019 novel coronavirus (2019-nCoV) and has been recently relabeled as severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2); 

the disease had been named coronavirus disease 2019 (COVID-19).  

Over the next few weeks, the virus spread from Wuhan to affect different provinces in China and, after a few months, it is now present 

across the globe. As of May 3, 2020, there have been 3,558,840 confirmed cases globally, and 247,970 deaths have been registered. The 

World Health Organization (WHO) called COVID-19 a pandemic on March 11, 2020. 

 

2.1 Coronavirus Genetics: 

Coronavirus, so named because they look like halos (known as coronas) when viewed under the electron microscope, are a large family of 

RNA viruses. The typical generic coronavirus genome is a single strand of RNA, 32 kilobases long, and is the largest known RNA virus 

genome. Coronaviruses have the highest known frequency of recombination of any positive-strand RNA virus, promiscuously combining 

genetic information from different sources when a host is infected with multiple coronaviruses. In other words, these viruses mutate and 

change at a high rate, which can create havoc for both diagnostic detection as well as therapy (and vaccine) regimens. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1: Diagram of coronavirus virion structure showing spikes that form a "crown" like the 

solar corona, hence the name. 
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Coronaviruses have an unusual replication process, which involves a 2-step replication mechanism. Many RNA virus genomes contain a 

single open reading frame (ORF) which is then translated as a single polyprotein that is then catalytically cleaved into smaller functional 

viral proteins, but coronaviruses can contain up to 10 separate ORFs. 

 

table 1: symptoms of coronavirus disease 

Symptom Range 

Fever 83-99% 

Cough 59-82% 

Loss of appetite 40-84% 

Fatigue 44-70% 

Shortness of breath 31-40% 

Coughing up sputum 28-33% 

Muscle aches and pains 11-35% 

 

III. WHAT ARE SILVER NANOPARTICLES:  

Silver (Ag) nanoparticles are nano sized particles of elemental silver, of size less than 100 nanometers. Silver Nanoparticles have been 

synthesized in various shapes and sizes like spherical, triangular, Nano-rods, prisms, Nano-wires, etc. and sizes ranging from 1 nm to 100 

nm. 

 

IV. SYNTHESIS OF SILVER NANOPARTICLES: 

There are various physical, chemical and biological synthetic methods have been developed by which silver nanoparticles can be obtained of 

different shapes and sizes. 

 

4.1 Physical approaches: 

4.1.1 Evaporation-Condensation: In this method Vaporize the material into gas, and then cool the gas.[41,42,43] 

(a) Using a tube furnace has some disadvantages: 

The tube furnace consumes a great amount of energy which raises the environmental temperature around the source material and it 

requires power consumption of more than several kilowatts. Requires a preheating time of several tens of minutes to reach a stable 

operating temperature. 

 

(b) Using a small ceramic heater with a local heating source 

The evaporated vapour can cool faster than tube furnace. This physical method can be used for:  

1. Formulation of small nanoparticles in high concentration.  

2. Formation of nanoparticles for long-term experiments for inhalation toxicity studies. 

 

4.1.2 Laser ablation: Laser ablation of metallic bulk materials in solution. Laser ablation can vaporize materials that cannot readily be 

evaporated. The produced silver nanoparticles depend upon[44]:  

1. Wavelength of the laser.  

2.The duration of the laser pulses.  

3. The ablation time duration.  

4. The liquid medium.  

5. The presence of surfactant. 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Chemical approaches: 

The most common approach for synthesis of silver nanoparticles is chemical reduction. In general, different reducing agents such as; Sodium 

citrate, Ascorbate, Sodium borohydride(NaBh4), Elemental hydrogen etc. The reducing agents reduce silver ions and lead to the formation of 

metallic silver, which is followed by agglomeration into clusters. These clusters eventually lead to formation of metallic colloidal silver 

particle. 

It is important to use protective agents to stabilize dispersive nanoparticles during the course of metal nanoparticle preparation, and protect 

the nanoparticles, avoiding their agglomeration.  

Some chemical methods for the synthesis of Ag NPs include chemical reduction, electrochemical synthesis, the irradiation-assisted method, 

and the pyrolysis method, as summarized in Table 1. 

 

fig 2: laser ablation in liquid medium 
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table 2: chemical method for preparation of silver nanoparticle 

Method Size (nm) Note 

Chemical reduction <50 Hydrogen peroxide was used as reducing agent.[25] 

Chemical reduction 7.6-13.11 Sodium borohydride was used as reducing agent.[26] 

Chemical reduction 7, 29, 89 Gallic acid was used as reducing agent.[27] 

Chemical reduction <30 Sodium citrate was used as reducing agent.[28] 

Chemical reduction 5, 7, 10, 15, 20, 30, 50, 63, 85, 100 Sodium borohydride and trisodium citrate were used as 

reducing agent.[29] 

Chemical reduction 9, 11, 24, 30 Hydrazine hydrate and sodium citrate were used as reducing 

agent.[30] 

Chemical reduction ∼5 Sodium borohydride and citrate were used as reducing 

agent.[31] 

Electrochemical synthesis 4.8 Dry oxygen-free solvents were used under an argon 

atmosphere.[32] 

Electrochemical synthesis 1-18 The film, as a cathode, was ion exchanged to desired Ag 

contents in AgNO3 solutions and then reduced 

electrochemically.[33] 

Electrochemical synthesis 30, 46 A platinum was employed as cathode and anode.[34] 

Irradiationassisted method 30-120 Dual-beam illumination system (546 nm/440 nm) was 

used.[35] 

Irradiationassisted method 2-8 Ag NPs were synthesized with UV (266 nm) irradiation.[36] 

Irradiationassisted method 50 Ag NPs were synthesized by a microwave irradiation (Cu-

Kα; 0.154 nm at 40 kV).[37] 

Irradiationassisted method 3-30 Ag NPs containg hydrogels were prepared by radiation 

crosslinking and reduction, simultaneously.[38] 

Pyrolysis method 20-300 An argon gas was used under oxygen-free environment.[39] 

Pyrolysis method 3-150 All solutions were dispersed by oxygen environment.[40] 

 

4.3 Biological approaches:  

Biological approaches or in other term it can also be called as the green synthesis method. It is based on green chemistry programs which is 

known as the representative environment-friendly synthesis method. Some biological materials using green synthesis methods using bacteria, 

fungi, and plant are shown in Table 2.[24] 

 

table 3: biological method for preparation of silver nanoparticle 

Material Size (nm) Note 

Bacteria 28-122 E. coli.[4] 

Bacteria 10-15 Rhodococcus spp.[5] 

Bacteria 44-143 Bacillus thuringiensis.[6] 

Bacteria 38-85 Ochrobactrum anhtropi.[7] 

Bacteria 8.1-91 Pantoea ananatis.[8] 

Bacteria 41-68 Bacillus brevis.[9] 

Bacteria 105 Bacillus mojavensis.[10] 

Fungi 1-20 Aspergillus terreus[11] 

Fungi 8-50 Pleurotus ostreatus.[12] 

Fungi 25-50 Bryophilous rhizoctoni.[13] 
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10,50 Penicillium fellutanum.[14] 

7 Biomass derived from Aspergillus flavus.[15] 

14,25 Penicillium expansum.[16] 

Plant 9 Jasminum nervosum.[17] 

10-40 Artemisia princeps.[18] 

20 Cassia auriculata.[19] 

34 Eclipta prostrate[20] 

20, 30 Coffea arabica.[21] 

10-60 Antigonon leptopus.[22] 

25-40 Fraxinus excelsior.[23] 

 

V. APPLICATIONS FOR HEALTHCARE WORKERS (HCWS): 

“Emerging” infectious diseases (EIDs) can be defined as infections that have newly appeared in a population or have existed but are rapidly 

increasing in incidence or geographic range. Among recent examples are Ebola Virus Disease (EVD), Middle East Respiratory Syndrome 

coronavirus (MERS-CoV), Severe Acute Respiratory Syndrome (SARS), infection with MRSA, and Cholera. The HCWs involved during 

medical treatment of EID patients have a fatal risk of contact infection. As described, Ag NPs have a strong microbicidal activity with a 

broad spectrum. Furthermore, the mechanism that has been proposed is that Ag NPs yield ROS (reactive oxygen species), leading to 

oxidative stress in addition to the generation of free silver ions. Therefore, Ag NPs will provide useful materials to protect HCWs from the 

risk of contact infection. To prevent contact infection, HCWs usually wear protective clothing. Pathogenic microbes, which are mainly 

generated by patients, stay alive on the surfaces of protective clothing. There is a risk of infection by incorrect contact when removing the 

clothing, to overcome that problem, it is necessary to develop an evidence-based protective clothing for HCWs with the aim of developing a 

new microbicidal/antiviral material, using Ag NPs absorbed on a chitin sheet with a nanoscale fiber-like surface structure.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VI. ANTIVIRAL ACTIVITY OF SILVER NANOPARTICLES: 

Ag NPs are famous for their antimicrobial activities; therefore, researchers have started evaluating the importance of Ag NPs in controlling 

infectious diseases caused by pathogens and viruses. However, the number of reported works using Ag NPs for controlling viral infections is 

very low but still it can pave the way for other researchers to show their interest in dealing against viral infections using nanoparticle 

specifically Ag NPs. Elechiguerra et al. published their study conducted for assessing the effect of Ag NPs on the HIV-1 virus. The authors 

concluded and revealed that the interaction between Ag NPs and virus is size dependent (small sized nanoparticles are more effective against 

these viruses). They further enlightened the idea that Ag NPs get adhered to the sulphur present in the gp120 glycoprotein knobs that results 

in hampering the normal activities of the virus therefore hindered the normal functions of the virus. This mechanism was second by another 

group of researchers when they published their report after assessing the role of Ag NPs on HIV virus. According to their published article 

they proposed that Ag NPs were effective against HIV virus having the capability to bind to the sulphur present at gp120 glycoprotein knobs 

thus ultimately retarding their normal functions and binding to the hosts.[45,45] 

 

 

fig 3: The mechanism for microbicidal and antivirus activities of the Ag NP chitin nanofiber sheet 

(CNFS). To prevent contact infection of healthcare workers (HCWs), an Ag NP chitin nanofiber 

sheet (CNFS) was developed, showing strong microbicidal activity against microorganisms/viruses 

via reactive oxygen species (ROS) and silver ions on the surface of substratum. 
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VII. CONCLUSION: 

During this uplifting pandemic of coronavirus in various countries, the clothing used by healthcare workers are not completely immune to 

microbes as it still retains on the surface of equipment and fiber. Using Ag NPs can improve the safety for healthcare workers by its 

automatic sanitizing properties. This review comprehensively addressed the preventive measures, which can be used to prevent contact 

infection from various infectious microbes. Due to the microbicidal/antiviral properties of silver nanoparticle, production of various 

medicinal products and clothing can be achieved. 
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