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ABSTRACT

A curiosity has been created as we are progressing towards the deep study of species in nano-metric
size. Their scale of size and metallic character makes them more and more interesting and useful
in various applications like petroleum refining, automotive catalytic converters, etc. They are being
used increasingly as catalyst to boost the chemical reactions. The area of silver (Ag) nanoparticles
research has also been witnessed tremendous growth due to their unusual chemical and physical
properties. Production of Ag nanoparticles can be achieved through different methods like
biological method, ion implantation method, and wet chemical method or chemical reduction
method. Chemical approaches are one of the most popular methods for the production of
nanoparticles. In the present paper, silver nanoparticles have been prepared by reducing the silver
nitrate in polyvinylpyrrolidone (PVP) aqueous solution. Glucose was used as reducer and sodium
hydroxide to accelerate the reaction. Characterization has also been done and discussed using
techniques like X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and Transmission
Electron Microscope (TEM)

Keywords-Silver nanoparticles, chemical reduction method, particle size, X-ray Diffraction (XRD), Transmission
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[L]INTRODUCTION

Silver nanoparticles (AgNPs) are used increasingly in various fields like medical, health care,
food, industrial purpose and consumer due to some unique chemical, physical, optical and
biological properties like high electrical and thermal conductivity [1-6]. AgNPs have also been
used in various applications like optical sensors, household products, antibacterial products,
industrial products, healthcare related products, medical device coating, cosmetics, food
industry, drug delivery, anticancer agents, in diagnostic, optical sensors and pharmaceutical
industry [7-9]. Surface to volume ratio of nanoparticles is an important parameter on which
physical, biological and chemical properties depend and used for various applications.
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Surface to volume ratio depends on shape and size of particles, which can be derived by
synthesis method. Various physical and chemical methods are developed to synthesize silver
nanoparticles. In this work, chemical reduction method is used to prepare AgNPs [10]. Further,
the characterization has to be done and discussed by using techniques like X-ray Diffraction
(XRD) and Scanning Electron Microscopy (SEM) and Transmission electron microscope
(TEM)

[2]JEXPERIMENTAL DETAILS
Synthesis of Silver (Ag) nanoparticles:

All the chemicals used in this work were analytic reagent (AR) and provided by LobaChemie,
India. Silver nanoparticles were prepared by reducing the silver nitrate in polyvinylpyrrolidone
(PVP) aqueous solution. Glucose was used as reducer and sodium hydroxide to accelerate the
reaction. Solution A was then prepared by adding 3.4g of AgNOs into 20ml distilled water.
Solution B was prepared by dissolving PVP (2.6gm), glucose (11.88gm) and sodium hydroxide
(1.92gm) in 60ml distilled water together. Solution B was heated to 60°C and stirred hardly,
and solution A was added to B drop by drop. At the end, all the silver nitrate solution was added
and the mixed solution was stirred for 10 minutes. The particles were separated by
centrifugation method and washed with distilled water several times. The particles were then
dried by vacuum.
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Fig.-1: Structural characterization of Ag nanoparticles

Structural characterization of silver nanopatrticles:

The dried powder of silver nanoparticles was analysed under X’Pert Pro X-ray diffractometer
operated at a voltage of 40 kV and a current of 40 mA with Cu K a radiation in 0-20
configurations. Crystalline domain size was calculated from the width of the XRD peaks using
the Scherrer’s formula:

D=0.94)/BCos0 (1)
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Where D is the average crystalline domain size perpendicular to the reflecting planes, A is the
X-ray wavelength i.e. 1.54A, B is the full width at half maximum (FWHM) and 0 is the
diffraction angle
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Fig.-2: X-Ray diffraction of Ag nanoparticles
[2]JRESULT AND DISCUSSION

The XRD pattern of Figure 2 shows 20 value ranging from 10 to 90 with five intense peaks
specific for silver nanoparticles at 38.23°, 44.39°, 64.53°, 77.49°and 81.61°. These peaks
correspond to 111, 200, 220, 311 and 222 planes for silver nanoparticles indicating that the
particles were crystalline in nature. The sharp bands of Bragg’s peak authenticates that the
particles were nano-sized and were stabilized by the reducing agents present in the leaf broth.
The XRD pattern also showed peaks for additional and yet unassigned bio-organic phase
present on the surface of the silver nanoparticles. The calculated average particle size was 35nm
with size ranging from 20nm to 50nm. TEM image Fig.3, and SEM image Fig.4 clearly
indicates that the shape of the silver nanoparticles synthesized were spherical.

Fig.-3: TEM micrograph of Ag nanoparticles Fig.-4: SEM micrograph of Ag nanoparticle

117
Seema Bansal, Deepti Chauhan


http://www.ijaconline.com/

Journal of Analysis and Computation (JAC)
(An International Peer Reviewed Journal), www.ijaconline.com, ISSN 0973-2861
Volume XVII, Issue |, Jan-June 2023

REFERENCES

[1]Muth, J.T., Daniel M.V., Ryan L.T., YigitMengii¢, David B.K., Robert J.W.Jennifer A.L.:‘Embedded 3D
printing of strain sensors within highly stretchable elastomers’,Adv. Mater., 2014, 26(36), pp.6307-6312

[2]Felton, S., Tolley, M., Demaine, E., Rus, D., Wood, R.:*A method for building self-folding machines’, Science,
2014, 345(6197), pp. 644-646

[3]Xu, S. et al.:*Stretchable batteries with self-similar serpentine interconnects and integrated wireless recharging
systems’, Nat. Commun., 2013, 4(1543)

[4]Yu, C. et al.:*Adaptive optoelectronic camouflage systems with designs inspired by cephalopod skins', PNAS,
2014, 111(36), pp. 12998-13003

[5]Jeong, S.H., Hjort, K., Wu, Z.G.:‘Tape transfer atomization patterning of liquid alloys for microfluidic
stretchable wireless power transfer’, Sci. Rep., 2015, 5, pp. 8419

[6]Minev, I.R. et al.:‘Electronic dura mater for long-term multimodal neural interfaces’,Science, 2015, 347(6218),
pp. 159-163

[7]1Barkat, Md. A., Harshita, Beg, S., Pottoo, F.H., Garg, A., Singh, S.P., Ahmad, F.J.: ‘Silver Nanoparticles and
their Antimicrobial Applications’, Current Nanomed., 2018,8, pp. 1-8

[8]Burduse, A.C., Gherasim, O., Grumezescu, A.M., Mogoanta, L., Ficai, A., Andronescu, E.:‘Biomedical
Applications of Silver Nanoparticles: An Up-to-Date Overview’, Nanomater., 2018, 8(9), pp.681

[9]Mahmud, F.B. et al.: ‘A Review on Silver Nanoparticles and its Role in Treating Diseases: Anticancer Activity
of AgNPs, Int. Res. J. Mod. Eng. Technol. Sci., 2023, 5(5), pp. 4284-4299

[10]Zhang, X.F., Liu, Z.G., Shen,W., Gurunathan S.: ‘Silver Nanoparticles: Synthesis, Characterization, Properties,
Applications, and Therapeutic Approaches’,Int. J. Mol. Sci., 2016,17(9), pp. 1534

[11].Mandava Siva Sai Vighnesh, MD Shakir Alam and Vinitha.S, (2021), “Leaf Diseases Detection and
Medication” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 01-07, doi
10.30696/1JEEA.1X.1.2021.01-07

[12].Pradeep M, Ragul K and Varalakshmi K,(2021), “Voice and Gesture Based Home Automation System” Int.
J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 08-18, doi 10.30696/IJEEA.1X.1.2021.08-18

[13].Jagan K, Parthiban E Manikandan B,(2021), “Engrossment of Streaming Data with Agglomeration of Data
in Ant Colony” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 19-27, doi
10.30696/1JEEA.1X.1.2021.19-27

[14].M. Khadar, V. Ranjith, K Varalakshmi (2021), “Iot Integrated Forest Fire Detection and Prediction using
NodeMCU” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 28—35, doi
10.30696/1JEEA.1X.1.2021.28-35

[15].Gayathri. M, Poorviga. A and Mr. Vasantha Raja S.S, (2021), “Prediction Of Breast Cancer Stages Using
Machine Learning” Int. J. of Electronics Engineering and Applications, Vol. 7, No. 1, pp. 36-42, doi
10.30696/1JEEA.1X.1.2021.36-42

[16].Karthikeyen, N. Ramya, M. Sai Priya and C. Yuvalakshmi, (2021), “Novel Method Of Real Time Fire
Detection And Video Alerting System Using Open-CV Techniques” Int. J. of Electronics Engineering and
Applications, Vol. 9, No. 1, pp. 43-50, doi 10.30696/1JEEA.1X.1.2021.43-50

118
Seema Bansal, Deepti Chauhan


http://www.ijaconline.com/
https://onlinelibrary.wiley.com/authored-by/Muth/Joseph+T.
https://onlinelibrary.wiley.com/authored-by/Vogt/Daniel+M.
https://onlinelibrary.wiley.com/authored-by/Truby/Ryan+L.
https://onlinelibrary.wiley.com/authored-by/Meng%C3%BC%C3%A7/Yi%C4%9Fit
https://onlinelibrary.wiley.com/authored-by/Kolesky/David+B.
https://onlinelibrary.wiley.com/authored-by/Wood/Robert+J.
https://onlinelibrary.wiley.com/authored-by/Lewis/Jennifer+A.
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang%20XF%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Liu%20ZG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Shen%20W%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Gurunathan%20S%5BAuthor%5D

Journal of Analysis and Computation (JAC)
(An International Peer Reviewed Journal), www.ijaconline.com, ISSN 0973-2861
Volume XVII, Issue |, Jan-June 2023

[17].L.Prinslin, M.A.Srenivasan and R.Naveen (2021), “Secure Online Transaction With
User Authentication” Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 51-57, doi
10.30696/1JEEA.1X.1.2021.51-57

[18].S Lokewar, A Hemaranjanee and V. Narayanee (2021), “Edge Based Ecosystem For Internet Of Things
(EBEFIOT)” 1Int. J. of Electronics Engineering and Applications, Vol. 9, No. 1, pp. 58-67, doi
10.30696/1JEEA.1X.1.2021.58-67

[19].Prof. K. Phani Srinivas and Dr. P. S. Aithal, (2000). "Practical Oriented Analysis On The Signal Processing
Using FFT Algorithm", Int. J. of Electronics Engineering and Applications, Vol. 8, Issue I, July-Dec. 2020. pp
01-10, doi 10.30696/1JEEA.V111.11.2020.01-10

[20].Onintra Poobrasert, Sirilak Luxsameevanich, Sarinya Chompoobutr, Natcha Satsutthi, Sakda Phaykrew and
Paweena Meekanon, (2000), “Heuristic-based Usability Evaluation on Mobile Application for Reading
Disability «, Int. J. of Electronics Engineering and Applications, Vol. 8, Issue II, July- Dec. 2020, PP- 11-21, doi
10.30696/1JEEA.V111.11.2020.11-21

[21].Rajeev Ranjan Kumar and S. P. Singh, (2020), “Variation Of Capacitive Reactance Of Coupled Microstrip
Line Structure With Width Of The Similar Metal Strips™ Int. J. of Electronics Engineering and Applications, Vol.
8, No. 2, pp. 22-28, DOI- 10.30696/1JEEA.VI111.11.2020.22.28

[22].Sunita Swain and Rajesh Kumar Tiwari, (2020), “Cloud Security Research- A Comprehensive Survey” Int.
J. of Electronics Engineering and Applications, VVol. 8, No. 2, pp. 29-39, DOI- 10.30696/1JEEA.V111.11.2020.29.39

[23].Ritesh Kumar Thakur, Rajesh Kumar Tiwari (2020), ‘Security On IoT: A Review”, Int. J. of Electronics
Engineering and Applications, Vol. 8, No.2, July-Dec 2020, pp-40-48, DOI- 10.30696/IJEEA.VII11.11.2020.40.48.

119
Seema Bansal, Deepti Chauhan


http://www.ijaconline.com/

