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Preparation	method	of	
Silver	Nano	particles	

Abstract	
The last few years have perceived the most important 
development in the field of metals nanoparticle. As they have 
emerged a highly demanding chemical, physical and biological 
properties, thereby they employed in the various chemical and 
pharmaceutical industry. Silver as a metal with exceptional 
properties, its nanoparticles have devoted significant efforts for 
their synthesis and utility evaluation. In this review, the most 
recent and important approaches for the synthesis of silver 
nanoparticles will be covered along with the use of Ag NPs in a 
various disciplines especially those that are related to human life 
such as medicine, drug delivery and water purification. Besides 
reviewing several different opinions about the risks resulting 
from the synthesis and use of this type of materials. 
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1.	Introduction	

Nanotechnology and nanoparticle manufacturing 
have entered into important and different application 
areas. Has become an important part of human life 
and developed to open wide gates areas and 
developed in the service of man and human 
development [1,2]. Nanoparticles, by definition, are 
structures that have one remoteness in the 1–100 nm 
area. Because of their common enforcement, the 
traditional nanotechnology manufacture is foresee to 
growing safely to $3 trillion by 2015[3, 4]. Ag (NP) 
were used widely in consumer products while Silver 
nanoparticles represent the elevated grade of 
commercialization [5]. There are extensive 
applications of Silver nanoparticles in medical, 
industrial, and other areas of life. These applications 
include the use of Silver nanoparticles to sterilize 
medical and household devices appliances. In 
addition of it was using in sterilization and treatment 
of water [6,7]. In addition to using it in biometric 
sensors for imaging that enhanced by the exceptional 
characteristics of plasmon-resonance optical 
scattering of nanoparticles [8-12].  

2.	Silver	Nano	particles	preparations				

2.1.	The	Chemical	Preparation	Methods	

Chemical methods refer to the most type of Ag 
NPs preparation, which are widely common to 
most of the chemists as a polyol method by 
which the nanoparticles were synthesized by 
chemical reduction through dispersions in water 
or organic solvents followed by the addition of 
reducing agent [13]. More specifically, AgNPs 
particles were chemically prepared by 
dissolving AgNO3 in ethylene glycol with the 
addition of PVP polymer (poly 
vinylpyrrolidone) [14]. Ethylene glycol act as a 
solvent and reducing agent. The molar ratio 
between silver nitrate and the reducing agent as 
well as the use of precursor injectors will control 
the shape and size of Ag nanoparticles and this 
is an effective monodispersed process [13]. 
Silver nanoparticles should be protected against 
agglomeration because of the high purity of 
produced AgNps [15]. However, the 
aforementioned has a potential drawback on the 
environment besides it was expensive [16]. The 
chemical approach for the synthesis of silver 
nanoparticles might be detrimental according to 

the toxicity nature of the products in terms of the 
fine size of the formed particles [17]. 

2.2.	Thermal	way	

	The template The preparation of Nanoparticles 
by using the Microwave way (thermal process) 
is referred to as a hopeful procedure of Ag-NPs 
synthesis. This method is leading more than 
using classical oil bath because the yielding Ag 
NPs are smaller, narrower and giving very good 
crystal of nano-particles. The produced 
Nanoparticles will not agglomeration by using 
this microwave method because the time 
reaction is shorter, consumption energy was 
reduced besides getting good product yield [18]. 
Moreover, using a microwave in the preparation 
of AgNPs reduces the chemical wastes which 
might be produced by an oil bath [19]. Sodium 
carboxymethyl cellulose can be used to prepare 
AgNPs, where it was used as a stabilizing and 
reducing agent in this process. The size of the 
synthesized particles will depend on AgNO3 
and sodium carboxymethyl cellulose 
concentrations. Regularity and stability of the 
thermal reaction products using microwave last 
for 2 months at room temperature and there are 
no visible changes [20]. Microwaves application 
together with polyol process were employed in 
the synthesis of silver nanospheroids where poly 
N-vinylpyrrolidone and ethylene glycol were 
used as stabilizing and reducing components, 
respectively [21]. Different kinds of 
nanoparticles can be prepared by using 
Microwave way. That by using sodium citrate 
with metal nitrate like AgNO3 and then divide 
the solution for five groups. These five groups 
were heated for five different times. It has been 
observed that the Ag nanoparticles have a 
negatively charged surface when they were 
heated for a long time. While, they have a 
positively charged surface when they were 
heated for a short time [22, 23]. 

2.3	Morphologies	way	

The second way is morphologies way. This way 
can be highly depending on the deposited 
temperature during the creation of Ag NPs. Size 
of Silver nano particles which were prepared by 
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this way about 40-80nm. For this method, 
Ascorbic acid represents the main factor by 
which play the main role at preparation method 
[24]. 

.	2.4	Polyol	way	

  By another method, Silver Nano particles 
were prepared by using the polyol way. That 
with assistance of supercritical Carbon dioxide 
(SCCOS), with AgNO3 which was the last 
used as the main material of getting Silver 
nanoparticles [25]. The stabilizer compound 
for this method was polyvinyl pyrrolidone, 
used as promoter of nucleation of 
nanoparticles beside of its main usage as 
protection agent for the Silver nanoparticles 
size from aggregation [26]. Properties of Ag 
NPs were prepared by Supercritical Carbon 
dioxide, were smaller and more dispersion 
with the comparison to usual heating method at 
the same circumstances [27]. 

2.5	Photochemical	method	

By using various types of radiation methods, 
Silver nano particles can be prepared 
successfully. A radiation laser is, a type of 
many types for the previous method, using 
watery solution of Silver salt with the 
surfactant to get good well silver nanoparticles 
with a good size and distribution. This method 
was not need to reduction factor [28]. 

 

3.		Photochemical	Synthesis	

There are two different methods at 
photochemical techniques to prepare Silver 
nanoparticles: 

      First one is: Photochemical method which is 
referring to reducing of precursor or ions of 
Silver to produce AgNPs. This method happen 
in activated medium like free radical and the last 
prepare by using photochemical process. By UV 
radiation and watery solution, water solution 
contain Triton x-100 as stabilizing factor, Silver 
nanoparticles were gained. The stability of 

monodispersing beside uniform size for the 
synthesis of silver nanoparticles at the 
photoreaction was provided by good choosing of 
surfactant [28].      

     The second process, Silver nanoparticles 
were created in watery alkali solution when 
AgNO3 and carboxymethylated chitosan 
(CMCTS) were dissolved in it. This mixture was 
treated by UV radiation that beside of CMCTS 
acting as reducing agent as well as of its benefits 
of increasing the AGNPs preparation stability. 
AgNPs, were gained from this process, had 
diameter of less than 10nm. Stability forming of 
silver nanoparticles was not less than 6 months 
if them were prepared in alkali/CMCTS medium 
[29]. A research was done by Ballan and his 
colleagues, AgNPs particles were prepared by 
applying direct photoreduction on Silver nitrate 
solution. The photo radiation was supplied from 
laser source. This source has the ability to emit 
the radiation of the range from the near infrared 
region. The photoactive agents that were used at 
this research was being dyes [30]. Photo 
chemical preparation of nanoparticles generally 
and Silver nanoparticles especially, showed high 
quality according to:  

1- The purity of prepared nanoparticles: High 
purity and easy method to prepare silver 
nanoparticles.  

2- These nanoparticles were prepared by using 
UV light radiation and with the occurring of 
reducing factor. 

3- Different types of medium reaction can be 
used at this process like polymer, glass, 
micelles and emulsion [31].  

At this way a good shape, size and distribution 
of nanoparticles were gained without using 
reducing compounds or stabilizer. Also, the heat 
that ivolve at this method have faster rate of 
heating with the comparison to classical or 
traditional heating[25].    

4.	Electrochemical	method	

The word As it was known, electrolysis [32] 
were used in the past to reduce metal ions. Now, 
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it was used to prepare nanoparticles mostly 
Silver nanoparticles. So it was recorded as a type 
of silver nanoparticles preparation methods. 
Size can be gotten by this way approximately to 
11nm and particles grown at room temperature. 
Preparation of nanoparticles relys on the 
presence of AgNO3 in polyol solution which 
was reduced by using electrochemical way. All 
the process achieved by presence of PVP and 
KNO3[33].  
5.		Spray	pyrolysis	method		

Spray pyrolysis is another method of Ag NPs 
preparation by which the size of prepared 
nanoparticles about 100nm as average. A 
solution of Silver nitrate, was used to fabricate 
as Silver nanoparticles by using spray pyrolysis 
method [34]. At ◌ِ◌ِ Ag nanoparticles preparation 
study, Kalyana and et al were prepared by using 
the flash pyrolysis method.  flash pyrolysis 
designing is shown in Fig.1. Aqueous solution 
of Ag nitrate was prepared and injected in 
burette. The solution was follow into atomizer 
from this burette and the spray method was 
achieved by atomizer. The atomized spray 
injected throw the reaction chamber at 
temperature more than 650°C at tube furnace. A 
vacuum pump was used for ventilation of water 
vapor and other gases. The axial profile of 
temperature within the reaction chamber is 
recorded by thermocouples placed close to the 
surface of atomizer and the sample holder. 

FIG. 1 System of spray pyrolysis reactor and 
supportive equipment [35]. 

At Fig. 2, an ultrasonic generator was attached 

to the spray atomizer by way make the atomizer 
emptying tube swayed in a certain frequency to 
Control the size of the drops that are sprayed. 
The atomizer was inserted into a flanged pipe by 
welding a flange on the atomizer unit, to provide 
the pyrolysis reactor chamber.. 

 

 

 

FIG. 2 System of Spray pyrolysis reactor 
system, showing feeding unit details and 
ultrasonic atomizer location in pyrolysis chamber 
[35]. 

Samples of particles were designed to be fit 
with the normal distribution, which lead to 
characterized by using size of mean particles and 
standard deviation .The calculating of 
nanoparticles size were achieved manually and 
then characterized from the gained images from 
scanning electron microscopy (SEM) or the 
transmission electron microscopy(TEM) with a 
JEOL 200CX using a Hitachi S-3200N. The 
substrates were a Formvar-glazy 200-mesh 
nickel lattices. The SEM was used to image 
sample particles of greater than 100nm while the 
TEM technique was used to image the smaller 
particles, which were less than 100 nm. At this, 
the researcher studied the efficiency of this 
reactor by studying the influence of feeding 
samples concentrations beside effect of atomizer 
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power on prepared AgNPs properties. The 
concentration of samples were studied via 
different types of amounts, from 10-1kmole/m3 
to 10-7kmole/m3, to obtain the influenced 
concentration of AgNPs concentration. Aerosol 
size is proportional to the inverse of the 
ultrasonic frequency applied to the atomizer 
(0.79 power as mentioned previously). A power 
range was between 4 to 11 W or a frequency of 
50 to 100 kHz [35]. 

6.	Physical	method	

Physical methods, to prepare Nanoparticles,  
by don`t emission a toxicity compounds if it is 
compared to chemical method as well as it was 
easy and fast although it is from the old classical 
methods. Physical way branched to physical 
vapor condensation (PVC) method and Arc-
discharge method[25,36]. 

6.1	Physical	vapor	condensation	(PVC)	
method		

Nanoparticles prepared by used target materials. 
Target compound was vaporized by heat source 
and after vaporized, it was condensed falsely. 
These steps is repeated frequently to vapor the 
target and then fabricated as nanoparticles. 
There is tow ways for vaporization process, first 
one is physical method itself and the other one is 
chemical method [37]. 

6.2	Arc-discharge	method	

	Positioning This method was studied in a new 
technique  to synthesis AgNPs as watery nano 
suspension which was achieved without using 
stabilizer or surfactants material that was by 
using arc-discharge way(the second method of 
physical method. Silver compound as 
wires(with 1mm diameter) were used as two 
electrodes put in deionized water. A pulse 
voltage(70-100V) was supplied by the DC arc-
discharge system to ionize the watery media 
between the two the silver electrodes. This 
voltage continued for 2-3msec. Then a voltage 
of a pulse 20-40-V  stays for 10 sec. The two Ag 

wires electrodes were steaming and condensing 
in the water through the arc-discharge process. 
The transparent solution converts to a 
characteristic pale yellow color and then a silver 
suspension is created[25]. 

7.	Biological	Methods		

Recently, Scientist discovered that plants and 
microorganism can be as a manufacture of metal 
nanoparticles [38, 39]. Because of this ability, 
they take advantage of the microorganisms' 
ability to prepare nanoparticles and use it as 
possible factories of the same purpose. Some 
types of metal that microorganism can synthesis 
it, are gold, Silver, Zirconium and Ni/Ti. 
[40,41].Prepared Nanoparticles by using 
microorganism can be classified according to 
environmental friendly [42]. The cause that push 
scientists to using bacteria or fungi to prepare 
nanoparticles is the well and good control on 
distribution size of prepared nanoparticles [43]  
By using a base of Lennox L agar (LB) or 
bacteria, which contain 50mmole of AgNO3, 
Silver nanoparticles of 200 nm were prepared at 
30 C and for two days at dark [44]. By reducing 
aqueous Silver ions with biomass of B. 
licheniformis, were used as a preparation 
method for Ag NPs. Diagnosis of Ag Nps 
conformation was characterized by changing 
with the color (white-yellow) to brown [45-48]. 

The biological process is the very good way of 
NPs preparation because it is using friendly 
technques in the AgNPs preparation. AgNPs 
were prepared out of the cell wall by using the 
fungi type which are called (Geotricum sp). The 
simple effective and eco-friendly process was 
used to synthesize Ag Nano particles with size 
of 30-50nm.  

  The cause of using this method return to 
circumstances of NPs preparation. that is beside 
of the absent of harmful reducing agents, the low 
cost, environment friendly good high percent 
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amount yield. Also, AgNPs extract from the 
living cells by this method by supplementary 
handling to dismiss AgNPs. These particles 
were prepared with a very good stability and a 
very good high production that beside of the 
anti-(bacterial, fungal, cancer and viral). All 
these causes make the biological method to be 
the preferred method using by the researchers 
and scientists to prepare NPs[49].     

References	

[1]. Jaison Jeevanandam, Ahmed Barhoum, Yen 
S Chan, Alain Dufresne and Michael K Danquah 
``Review on nanoparticles and nanostructured 
materials: history, sources, toxicity and 
regulations`` Beilstein J Nanotechnol.; 9: 1050–
1074, 2018.  

[2].Ritu Gupta and Huan Xie``anoparticles in 
Daily Life: Applications, Toxicity and 
Regulations`` J Environ Pathol Toxicol Oncol. 
Author manuscript; available in PMC 2018. 

[3]. Shreya Kaul, Neha Gulati, Deepali Verma, 
Siddhartha Mukherjee, and Upendra 
Nagaich``Role of Nanotechnology in 
Cosmeceuticals: A Review of Recent 
Advances`` J Pharm (Cairo).: 3420204, 2018. 

[4].Wim H De Jong1 and Paul JA Borm``Drug 
delivery and nanoparticles: Applications and 
hazards`` Int J Nanomedicine.; 3(2): 133–149, 
2008. 

[5].Sein León Silva, Fabián Fernández-
Luqueño, Fernando López-Valdez ``Silver 
Nanoparticles (AgNP) in the Environment: a 
Review of Potential Risks on Human and 
Environmental Health``September 2016,Water 
Air and Soil Pollution 227(9):1-20. 

[6].Amro El-Badawy, David Feldhake and 
Raghuraman Venkatapathy``State of the 
Science Literature Review:Everything 
Nanosilver and More``Scientific, Technical, 
Research, Engineering and Modeling Support 
Final Report,EPA/600/R-10/084, 2010. 

[7].Zhang, Hongyin, "Application of Silver 
Nanoparticles in Drinking Water Purification" 

Open Access Dissertations. Paper 29. 
http://digitalcommons.uri.edu/oa_diss/29, 2013.   

[8].S. P. Deshmukh, Satish Patil and Sajid 
Mullani``Silver nanoparticles as an effective 
disinfectant: A review`` Materials Science and 
Engineering C,97,954-965,2019.  

[9].Matthew Charles Stensberg,1 Qingshan Wei, 
Eric Scott McLamore, David Marshall 
Porterfield, Alexander Wei and Marĺa Soledad 
Sepúlveda``Toxicological studies on silver 
nanoparticles: challenges and opportunities in 
assessment, monitoring and imaging`` 
Nanomedicine (Lond). 6(5): 879–898, 2011. 

 [10].Jiwen Zheng, Jeffrey D. Clogston, Anil K. 
Patri, Marina A. Dobrovolskaia and Scott E. 
McNeil``Sterilization of Silver Nanoparticles 
Using Standard Gamma Irradiation Procedure 
Affects Particle Integrity and 
Biocompatibility``J Nanomed Nanotechnol. 
2011.  

[11].Andrea Porcari, Alessandro Inguscio, Elvio 
Mantovani`` Silver nanoparticles: situation and 
perspective for industrial application in the 
Lombardia region (synthesis)``Report, 
AIRI/Nanotec IT - Italian Association for 
Industrial Research (AIRI), Italian Centre for 
Nanotechnology (Nanotec IT), 2013.  

[12].Lorna Fewtrell and Ruth 
Bevan``Alternative drinking-water 
disinfectants: bromine, iodine and silver`` 
Geneva: World Health Organization; 2018. 
Licence: CC BY-NC-SA 3.0 IGO.   

[13].Krzysztof SZCZEPANOWICZ, Joanna 
STEFAŃSKA, Robert P. SOCHA, Piotr 
WARSZYŃSKI ``PREPARATION OF 
SILVER NANOPARTICLES VIA 
CHEMICAL REDUCTION AND THEIR 
ANTIMICROBIAL ACTIVITY`` 
Physicochem. Probl. Miner. Process. 45(2010) 
85-98, 2010. 

[14].Angel Slistan, R. Herrera-Urbina, J.F. 
RivasSilva, Miguel Avalos-Borja, F. F. 
Castillon-Barraza, Alvaro Posada-Amarillas`` 
Synthesis of silver nanoparticles in a 
polyvinylpyrrolidone (PVP) paste, and their 



Journal of Advanced Sciences and Engineering Technologies Vol.3 No 2  (2020) 1-8 

 

optical properties in a film and in ethylene 
glycol``  Materials Research Bulletin 43(1):90-
96, 2008 

[15].Meng Chen, Yong-Gang Feng , Xia 
Wang ,Ting-Cheng Li ,Jun-Yan Zhang  and 
Dong-Jin Qian ``Silver Nanoparticles Capped 
by Oleylamine: Formation, Growth, and Self-
Organization`` Langmuir 23(10):5296-304,  
2007. 

[16]..Nidhija Roy,Archana Gaur,Aditi Jain, 
Susinjan Bhattacharya  and Vibha Rani``Green 
synthesis of silver nanoparticles: An approach to 
overcome toxicity`` Environmental Toxicology 
and Pharmacology, Vol.36, No.3:807-812, 
2013. 

[17].Adnan Haider1 and Inn-Kyu 
Kang``Preparation of Silver Nanoparticles and 
Their Industrial and Biomedical Applications: A 
Comprehensive Review``Advances in Materials 
Science and Engineering,Volume 2015 , 16 
pages. 

[18].Microwave-assisted green synthesis of 
silver nanostructures. Nadagouda MN, Speth 
TF, Varma RS Acc Chem Res. 19; 44(7):469-
78, 2011. 

[19].Polshettiwar V, Nadagouda MN, Varma R. 
Microwave assisted chemistry: A rapid and 
sustainable route to synthesis of organics and 
nanomaterials. Aust J Chem. ;62:16–26, 2009. 

[20].Chen J, Wang K, Xin J, Jin Y. Microwave-
assisted green synthesis of silver nanoparticles 
by sodium carboxymethyl cellulose  and silver 
nitrate. Mater Chem Phys. ;108:421–424, 2008. 

[21].Komarneni S, Li D, Newalkar B, Katsuki 
H, Bhalla AS. Microwave-polyol process for pt 
and ag nanoparticles. Langmuir. ;18:5959–5962, 
2002. 

[22].Si MZ, Fang Y, Dong G. Research on nano-
silver colloids prepared by microwave synthesis 
method and its SERS activity. Acta Photon 
Sin. ;37:1034–1036, 2008. 

[23].S. Iravani, H. Korbekandi, S.V. 
Mirmohammadi and B. Zolfaghari ``Synthesis 
of silver nanoparticles: chemical, physical and 

biological methods``Res Pharm Sci. Nov-Dec; 
9(6): 385–406, 2014. 

[24].Ludivine Malassis, Rémi Dreyfus, Ryan J. 
Murphy, Lawrence A Hough, Bertrand Donnio, 
Christopher B Murray``One-step green 
synthesis of gold and silver nanoparticles with 
ascorbic acid and their versatile surface post-
functionalization`` RSC Advances 6(39), 2016. 

[25].Bekkeri swathy``A Review on Metallic 
Silver Nanoparticles `` IOSR Journal Of 
Pharmacy Vol.4, No.7 :38-44, 2014. 

[26].Revathi Janardhana, Murugan Karuppaiah, 
Neha Hebalkar and Tata Narsinga Rao 
``Synthesis and surface chemistry of nano silver 
particles``, Polyhedron 28(12):2522-2530, 2009 

[27].Xiaosong Hu,a   Jie Bai,*a   Hailong Honga  
and  Chunping Lia  ``Supercritical carbon 
dioxide anchored highly dispersed silver 
nanoparticles on 4A-zeolite and selective 
oxidation of styrene performance`` Cryst. Eng. 
Comm,  No. 14, 2016. 

[28].Adnan Haider and Inn-Kyu 
Kang``Preparation of Silver Nanoparticles and 
Their Industrial and Biomedical Applications: A 
Comprehensive Review`` Advances in 
Materials Science and Engineering Vol.2015, 1-
16, 2015. 

[29].Mamun Ur Rashid, Md. Khairul Hassan 
Bhuiyan and M. Emran Quayum ``Synthesis of 
Silver Nano Particles (Ag-NPs) and their uses 
for Quantitative Analysis of Vitamin C Tablets`` 
Dhaka Univ. J. Pharm,. Sci. 12(1): 29-33, 2013. 

[30].Sang Hun Lee1 and Bong-Hyun Jun``Silver 
Nanoparticles: Synthesis and Application for 
Nanomedicine`` Int J Mol Sci.; 20(4): 865, 2019. 

[31].Xi-Feng Zhang,1 Zhi-Guo Liu,1 Wei Shen 
and Sangiliyandi Gurunathan``Silver 
Nanoparticles: Synthesis, Characterization, 
Properties, Applications, and Therapeutic 
Approaches``Int J Mol Sci.; 17(9): 1534, 2016. 

[32].Bahareh Khodashenas Hamid Reza 
Ghorbani ``Synthesis of silver nanoparticles 
with different shapes``Arabian Journal of 
Chemistry,Vol. 12, No.8: 1823-1838, 2019. 



Muhanned A E Al-Saedy.et   / Journal of Advanced Sciences and Engineering Technologies   

 

[33].Vega-Baudrit, Stephanie Marin Gamboa, 
Ericka Rodriguez Rojas, Veronica Vega 
Martinez ``Synthesis and characterization of 
silver nanoparticles and their application as an 
antibacterial agent`` International Journal of 
Biosensors & BioelectronicsJose ,Vol.5,No.5, 
2019. 

[34].Qiaoxin Zhang, Hao Liu, Xiaohui Wang, 
Xiaoliang Shi, Duan Xinglong``Fabrication and 
characterization of nano silver powder prepared 
by spray pyrolysis`` Journal of Wuhan 
University of Technology-Mater Sci Ed 
24(6):871-874, 2009. 

[35].Kalyana C. Pingali,David A. Rockstraw & 
Shuguang Deng ``Silver Nanoparticles from 
Ultrasonic Spray Pyrolysis of Aqueous Silver 
Nitrate``Journal Aerosol Science and 
Technology , Vol.39, No.10, 2005. 

[36].Sheila Shahidi, Bahareh Moazzenchi and 
Mahmood Ghoranneviss ``A Review- 
Application of Physical Vapor Deposition 
(PVD) and related methods in textile industry`` 
The European Physical Journal Applied Physics 
71(3),2015. 

[37].Attarad Ali, Hira Zafar, Muhammad Zia, 
Ihsan ul Haq, Abdul Rehman Phull, Joham 
Sarfraz Ali and Altaf Hussain ``Synthesis, 
characterization, applications, and challenges of 
iron oxide nanoparticles`` Nanotechnol Sci 
Appl.; 9: 49–67, 2016. 

 [38].H. Reza Ghorbani,a, A. Akbar Safekordi,a 
H. Attar,a and S. M. Rezayat Sorkhabadi 
``Biological and Non-biological Methods for 
Silver Nanoparticles Synthesis `` Chem. 
Biochem. Eng. Q. 25 (3) 317–326 (2011). 

[39].Chengzhu Liao ,Yuchao Li  and Sie Chin 
Tjong ``Bactericidal and Cytotoxic Properties of 
Silver Nanoparticles`` Int. J. Mol. Sci. , 20(2), 
449, 2019. 

[40].Ranoszek-Soliwoda, K.; Tomaszewska, E.; 
Socha, E.; Krzyczmonik, P.; Ignaczak, A.; 
Orlowski, P.; Krzyzowska, M.; Celichowski, G.; 
Grobeln, J. The role of tannic acid and sodium 
citrate in the synthesis of silver nanoparticles. J. 
Nanopart. Res.  19, 273, 2017.  

[41].Thomas Nesakumar Jebakumar Immanue 
Edison, Raji Atchudan, Mathur Gopalakrishnan 
Sethuraman and Yong RokLeea Reductive-
degradation of carcinogenic azo dyes using 
Anacardium occidentale testa derived silver 
nanoparticles`` Journal of Photochemistry and 
Photobiology B: Biology, Volume 162:604-610, 
2016. 

[42].Muhammad Akram Raza, Zakia Kanwal, 
Anum Rauf, Anjum Nasim Sabri, Saira Riaz and 
Shahzad Naseem``Size- and Shape-Dependent 
Antibacterial Studies of Silver Nanoparticles 
Synthesized by Wet Chemical Routes`` 
Nanomaterials, 6, 74, 2016. 

[43].Biswash Sapkota and Grinsun Sharma 
``Green Synthesis of Silver of Nanoparticles 
using Extract`` World Journal Of Pharmacy And 
Phamraceutical Sciences, Vol.6, No. 11: 1443-
1451. 

[44].Sharad Bhatnagar, Toshiro Kobori, Deepak 
Ganesh, Kazuyoshi Ogawa and Hideki Aoyagi 
``Biosynthesis of Silver Nanoparticles Mediated 
by Extracellular Pigment from Talaromyces 
purpurogenus and Their Biomedical 
Applications`` Nanomaterials, 9, 1042, 2019. 

[45].S.Iravani, H.Korbekandi, 
S.V.Mirmohammadi and B. 
Zolfaghari``Synthesis of silver nanoparticles: 
chemical, physical and biological methods`` 
Res Pharm Sci. 2014 Nov-Dec; 9(6): 385–406, 
Daniel Martín-Yerga ``Electrochemical 
Detection and Characterization of 
Nanoparticles with Printed Devices`` 
Biosensors , 9(2), 47, 2019. 

[46].Kholoud Abou El-Nour, Ala'a F. Eftaiha, 
Abdulrhman Al-Warthan and Reda A.A. 
Ammar ``Synthesis and applications of silver 
nanoparticles ``Arabian Journal of Chemistry 
3(3):135-140, 2010. 

[47].Pantidos and Louise E Horsfall ``Biological 
Synthesis of Metallic Nanoparticles by Bacteria, 
Fungi and Plants`` J Nanomed Nanotechnol, 5:5, 
2014.  

[48].Pramila Khandel Ravi, Kumar Yadaw 
Deepak, Kumar Soni Lee ladhar, Kanwar Sushil 



Journal of Advanced Sciences and Engineering Technologies Vol.3 No 2  (2020) 1-8 

 

and Kumar Shahi``Biogenesis of metal 
nanoparticles and their pharmacological 
applications: present status and application 
prospects``Journal of Nanostructure in 
Chemistry  , Vol. 8, No. 3: 217–254, 2018. 

[49].Zhi Zhang, Wenfei Shen, Jing Xue, 
Yuanmeng Liu, Yanwei Liu, Peipei Yan, Jixian 
Liu and Jianguo Tang``Recent advances in 
synthetic methods and applications of silver 
nanostructures`` Nanoscale Research Letters 
vol.13, (54) (2018)  

	

	


