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Abstract

In recent years, the usage of solar energy as a source

to produce power has increased exponentially as it

provides a clean and efficient alternative to depleting

non-renewable resources. The normal working period

of a photovoltaic (PV) panel is 20 years, but due to

defects in manufacturing or atmospheric condition

changes, the efficiency and the lifespan of the panel
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decrease each year. The objective of this review

article is to present and analyze the different

methods that can be used to reduce the degradation

rate of the PV cells in an economically viable way.

Open-source frameworks are important to make any

solution affordable; hence we explore the usage of

python language in developments relating to

improvement in the performance of PV cells. Based

on this review a practically employable solution to

improve working conditions for PV cells can be

obtained.

Keywords

Solar energy PV panels Python
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Fault detection

This is a preview of subscription content, access via
your institution.

Chapter EUR   29.95
Price includes VAT (India)

Buy Chapter

Available as PDF

Read on any device

Instant download

Own it forever

https://wayf.springernature.com/?redirect_uri=https%3A%2F%2Flink.springer.com%2Fchapter%2F10.1007%2F978-981-15-5258-8_12


8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 3/9

eBook EUR   160.49

Softcover Book EUR   199.99

Hardcover Book EUR   199.99

Tax calculation will be finalised at checkout

Purchases are for personal use only

Learn about institutional subscriptions

References

1. Fernandes TR, Fernandes LR, Ricciardi TR, Ugarte

LF, de Almeida MC (2018) Python Programming

Language for Power System Analysis Education

and Research. In: IEEE PES Transmission &

Distribution Conference and Exhibition-Latin

America (T&D-LA), pp. 1–5. IEEE

2. Grout I (2018) Electronic Circuit and System

Design using Python and VHDL. In: 15th

International Conference on Electrical

Engineering/Electronics, Computer,

Telecommunications and Information Technology,

pp. 13–16. IEEE

3. Bonneel P, Le Besnerais J, Pile R, Devillers E (2018)

Pyleecan: an open-source Python object-oriented

software for the multiphysic design optimization

https://www.springernature.com/gp/librarians/licensing/agc/ebooks


8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 4/9

of electrical machines. In: XIII International

Conference on Electrical Machines, pp 948–954.

IEEE

4. Umahsnakar S, Arunkumar G, Sivapriyan R (2017)

Comparative analysis of solar photovoltaic cell

models. In: 2017 International Conference On

Smart Technologies for Smart Nation, pp 46–51.

IEEE

5. Sivapriyan R, S. Umashankar, P. Sanjeevikumar, and

Atif Iqbal.: Direct-Coupled Permanent Magnet DC

Motor-Driven Solar Photovoltaic Water Pumping

System—A Literature Review. In: Advances in

Smart Grid and Renewable Energy, pp. 307–314.

Springer, Singapore (2018)

6. White, Jeremy T., Michael N. Fienen, and John E.

Doherty.: A python framework for environmental

model uncertainty analysis. In: Environmental

Modelling & Software 85. pp. 217–228. (2016)

7. Alonso-Álvarez D, Wilson T, Pearce P, Führer M,

Farrell D, Ekins-Daukes N (2018) Solcore: a multi-

scale, Python-based library for modelling solar

cells and semiconductor materials. J Comput

Electron 17(3):1099–1123



8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 5/9

8. Charles, Nathan, Mahmoud Kabalan, and Pritpal

Singh.: Open source photovoltaic system

performance modeling with python. In: IEEE

Canada International Humanitarian Technology

Conference, pp. 1–4. IEEE (2015)

9. Stein, Joshua S., William F. Holmgren, Jessica

Forbess, and Clifford W. Hansen.: PVLIB: Open

source photovoltaic performance modeling

functions for Matlab and Python. In: ieee 43rd

photovoltaic specialists conference, pp. 3425–

3430. IEEE (2016)

10. Thurner, Leon, Alexander Scheidler, Florian

Schäfer, Jan-Hendrik Menke, Julian Dollichon,

Friederike Meier, Steffen Meinecke, and Martin

Braun.: Pandapower—An open-source python

tool for convenient modeling, analysis, and

optimization of electric power systems.

In: Transactions on Power Systems 33, no. 6, pp.

6510–6521 (2018)

11. Phongtrakul, Tipthacha, Yuttana Kongjeen, and

Krischonme Bhumkittipich.: Analysis of Power

Load Flow for Power Distribution System based

on PyPSA Toolbox. In: 15th International

Conference on Electrical Engineering/Electronics,



8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 6/9

Computer, Telecommunications and Information

Technology, pp. 764–767. IEEE (2018)

12. Kang, Shinyuk, and Ilwoo Lee.: Implementation

of PV Monitoring System Using Python. In: 21st

International Conference on Advanced

Communication Technology, pp. 453–455. IEEE,

(2019)

13. Deshmukh, Neha S., and D. L. Bhuyar.: A Smart

Solar Photovoltaic Remote Monitoring and

Controlling. In: Second International Conference

on Intelligent Computing and Control Systems,

pp. 67–71. IEEE (2018)

14. Walters, Joseph, Siyu Guo, Eric Schneller, Hubert

Seigneur, and Matthew Boyd.: PV module loss

analysis using system in-situ monitoring data. In:

IEEE 7th World Conference on Photovoltaic

Energy Conversion, pp. 2204–2208. IEEE (2018)

15. Prasanna, J. Laxmi, D. Lavanya, and T. Anil Kumar.:

Condition monitoring of a virtual solar system

using IoT. In: 2nd International Conference on

Communication and Electronics Systems, pp.

286–290. IEEE (2017)



8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 7/9

16. Dyamond WP, Rix AJ (2019) Detecting

Anomalous Events for a Grid Connected PV

Power Plant Using Sensor Data. In: Southern

African Universities Power Engineering

Conference/Robotics and Mechatronics/Pattern

Recognition Association of South Africa, pp.

287–292. IEEE

Acknowledgements

The authors would like to thank Punitharaj Research

and Training Institute (OPC) Private Limited,

Bangalore (https://prti.co.in) and Sir MVIT, Bangalore

for their technical and financial support for this work.

Author information

Authors and Affiliations

Sir MVIT, Bengaluru, India

R. Sivapriyan & Kavyashri S. N. Lekhana

SELECT, VIT, Vellore, India

D. Elangovan

Corresponding author

Correspondence to R. Sivapriyan .

Editor information

Editors and Affiliations

Research and Industry Incubation Center,

Department of Information Science and

https://prti.co.in/
mailto:sivapriyan@gmail.com


8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 8/9

Engineering, Dayananda Sagar College of

Engineering, Bangalore, India

Prof. V. Suma

Department of Technology and Maritime

Innovation, University of Southeast, Horten,

Norway

Dr. Noureddine Bouhmala

Go Perception Laboratory, Cornell University,

Ithaca, NY, USA

Dr. Haoxiang Wang

Rights and permissions

Reprints and Permissions

Copyright information

© 2021 Springer Nature Singapore Pte Ltd.

About this paper

Cite this paper

Sivapriyan, R., Elangovan, D., Lekhana, K.S.N. (2021). Review

of Python for Solar Photovoltaic Systems. In: Suma, V.,

Bouhmala, N., Wang, H. (eds) Evolutionary Computing and

Mobile Sustainable Networks. Lecture Notes on Data

Engineering and Communications Technologies, vol 53.

Springer, Singapore. https://doi.org/10.1007/978-981-15-

5258-8_12

.RIS .ENW .BIB

DOI Published Publisher Name

https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Review%20of%20Python%20for%20Solar%20Photovoltaic%20Systems&author=R.%20Sivapriyan%2C%20D.%20Elangovan%2C%20Kavyashri%20S.%20N.%20Lekhana&contentID=10.1007%2F978-981-15-5258-8_12&copyright=Springer%20Nature%20Singapore%20Pte%20Ltd.&publication=eBook&publicationDate=2021&startPage=103&endPage=112&imprint=Springer%20Nature%20Singapore%20Pte%20Ltd.
https://citation-needed.springer.com/v2/references/10.1007/978-981-15-5258-8_12?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-15-5258-8_12?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-981-15-5258-8_12?format=bibtex&flavour=citation


8/8/23, 3:25 PM Review of Python for Solar Photovoltaic Systems | SpringerLink

https://link.springer.com/chapter/10.1007/978-981-15-5258-8_12#:~:text=Python and its libraries and,also for simulating PV systems. 9/9

https://doi.org/10.

1007/978-981-15-

5258-8_12

01 August 2020 Springer,

Singapore

Print ISBN

978-981-15-5257-

1

Online ISBN

978-981-15-5258-

8

eBook Packages

Engineering

Engineering (R0)

https://link.springer.com/search?facet-content-type=%22Book%22&package=11647&facet-start-year=2021&facet-end-year=2021
https://link.springer.com/search?facet-content-type=%22Book%22&package=43712&facet-start-year=2021&facet-end-year=2021


9 788194 068716



8/8/23, 3:12 PM Performance Evaluation of Nature Inspired Algorithms for MPPT in Solar PV Systems with Partial Shading | IEEE Conference Publi…

https://ieeexplore.ieee.org/document/9036599 1/4

IEEE.org IEEE Xplore IEEE SA IEEE Spectrum More Sites

Conferences  > 2019 2nd International Confer... 

Performance Evaluation of Nature Inspired Algorithms for MPPT in Solar PV
Systems with Partial Shading
Publisher: IEEE Cite This  PDF

R Subha. ; S Himavathi. All Authors 

1
Paper
Citation

64
Full
Text Views

Cart 


Create
Account

   

Alerts
Manage Content Alerts 

Add to Citation Alerts 



Abstract

Document Sections

I. Introduction

II. Nature Inspired
Algorithms

III. Application of Nature
Inspired Algorithms To
MPPT

IV. Results and Discussions

V. Conclusion

Authors

Figures

References


Downl

PDF

Abstract:Nature inspired algorithms have been found to be powerful in solving complex optimization problems due to
the intelligence embedded in them. Some of these algorithms have... View more

Metadata
Abstract:
Nature inspired algorithms have been found to be powerful in solving complex optimization problems due to the
intelligence embedded in them. Some of these algorithms have also been used in tracking the maximum power point
(MPP) in a partially shaded photovoltaic (PV) array. This paper evaluates the capability of five algorithms inspired from
nature in tracking maximum power point under partial shading. The performance of the algorithms are compared in
terms of their tracking accuracy, convergence time and implementation complexity to find the most suitable method for
MPP tracking.

Published in: 2019 2nd International Conference on Power and Embedded Drive Control (ICPEDC)

Date of Conference: 21-23 August 2019 INSPEC Accession Number: 19455699



ADVANCED SEARCH

All 

 Browse  My Settings  Help 
Access provided by:
Sir M Visvesvaraya Inst.
of Technology

Sign Out

Access provided by:
Sir M Visvesvaraya Inst.
of Technology

Sign Out



Personal
Sign In

IEEE websites place cookies on your device to give you the best user experience. By using our websites,
you agree to the placement of these cookies. To learn more, read our 

Accept & Close
Privacy Policy.

Scheduled System Maintenance
On Tuesday, August 8, IEEE Xplore will undergo scheduled maintenance from 1:00-5:00 PM ET.

During this time, there may be intermittent impact on performance. We apologize for any inconvenience.



http://www.ieee.org/
https://ieeexplore.ieee.org/Xplore/home.jsp
http://standards.ieee.org/
http://spectrum.ieee.org/
http://www.ieee.org/sitemap.html
https://ieeexplore.ieee.org/browse/conferences/title/
https://ieeexplore.ieee.org/xpl/conhome/9028056/proceeding
https://ieeexplore.ieee.org/Xplorehelp/ieee-xplore-training/working-with-documents#interactive-html
javascript:void()
https://ieeexplore.ieee.org/author/37085388032
https://ieeexplore.ieee.org/author/37298420100
javascript:void()
https://www.ieee.org/cart/public/myCart/page.html?refSite=http://ieeexplore.ieee.org&refSiteName=IEEE%20Xplore
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9036599
https://www.ieee.org/profile/public/createwebaccount/showCreateAccount.html?ShowMGAMarkeatbilityOptIn=true&sourceCode=xplore&car=IEEE-Xplore&autoSignin=Y&signinurl=https%3A%2F%2Fieeexplore.ieee.org%2FXplore%2Flogin.jsp%3Furl%3D%2FXplore%2Fhome.jsp%26reason%3Dauthenticate&url=https://ieeexplore.ieee.org/document/9036599
https://ieeexplore.ieee.org/xpl/dwnldReferences?arnumber=9036599
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/alerts/citation
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9036599
javascript:void()
javascript:void()
javascript:void()
javascript:void()
javascript:void()
https://ieeexplore.ieee.org/document/9036599/authors
https://ieeexplore.ieee.org/document/9036599/figures
https://ieeexplore.ieee.org/document/9036599/references
https://ieeexplore.ieee.org/document/9036599/citations
https://ieeexplore.ieee.org/xpl/conhome/9028056/proceeding
https://ieeexplore.ieee.org/search/advanced
https://ieeexplore.ieee.org/Xplore/home.jsp
https://ieeexplore.ieee.org/servlet/Login?logout=/document/9036599
https://ieeexplore.ieee.org/servlet/Login?logout=/Xplore/guesthome.jsp
javascript:void()
https://www.ieee.org/about/help/security_privacy.html


8/8/23, 3:12 PM Performance Evaluation of Nature Inspired Algorithms for MPPT in Solar PV Systems with Partial Shading | IEEE Conference Publi…

https://ieeexplore.ieee.org/document/9036599 2/4

Citations

Keywords

Metrics

More Like This

Date Added to IEEE Xplore: 16 March 2020

 ISBN Information:
Electronic ISBN:978-1-7281-2414-8
Print on Demand(PoD) ISBN:978-1-7281-2415-5

DOI: 10.1109/ICPEDC47771.2019.9036599

Publisher: IEEE

Conference Location: Chennai, India

Authors 

Figures 

References 

Citations 

Keywords 

Metrics 

I. Introduction
There has been a phenomenal growth in photovoltaic (PV) power generation in the recent years
due to increase in power demand and the benefits of solar power. Multiple peaks in the P-V
characteristics during partial shading makes maximum power extraction difficult [1] - [2].Due to
multiple peaks, the commonly used algorithms fail to extract maximum power and need
modifications for global maximum power point tracking(MPPT) [3]–[5].
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Abstract:
The demand for the power generation from wind is constantly growing. This situation forces the revision of the grid
codes requirements, to remain connected during grid faults. Immediately the voltage level will drop below 80% when
fault occurs at PCC (Point of Common Coupling) and the rotor speed of IG (Induction Generators) becomes unstable.
In this work, UPFC are used under fault condition to improve the LVRT (Low Voltage Ride-Through) of WECS (wind
energy conversion system) and damping of rotor speed oscillations of IG. Furthermore, after the fault UPFC act as
virtual inductor, leads to increase in terminal voltage of WECS. WECS with DFIG-based system is considered for
analysis here. By simulating DFIG-based WECS with UPFC indicates the improvement in LVRT & remains and WTGs
continues to operate with grid at certain voltage fluctuations, near grid. Also, indicates voltage improvement at PCC
under fault conduction, and voltage is recovered easily to 1pu at PCC.
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I. Introduction
The energy demand in world increases day by day. To meet this energy demand, we should
consider conventional & nonconventional sources of energy. The nonconventional sources of
energy are become more important to meet demand in recent years. The nonconventional energies
are nothing but Renewable Energy sources like Wind, Solar, and Biomass etc. As compared to all
energy sources Wind & Solar abundantly available in nature. But availability wind energy more [1],
[2].
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Abstract:
In recent years, conventional energy sources are depleting and getting exhausted. In replacement of this, solar
Photovoltaic (PV) systems are used because of its free availability, renewabiiity and less operating cost. But the
constraints such as low efficiency, dependability on weather conditions are overcome by using maximum power point
tracking(MPPT) algorithms and efficient converters to produce the maximum power output. MATLAB/Simuiink is used
to model and analyze PV array, MPPT algorithms, and converters. In this paper, recent research developments in PV
array, various MPPT techniques, many efficient Converters are presented. This paper will give an overall idea about the
present research trends in the field of Solar Photovoltaic systems.
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I. Introduction
Nowadays, constant decrease of fossil fuels and increasing demands for energy has led to
research on the renewable sources. Solar irradiance is freely available and is the most convenient
form of energy to generate electricity. The solar PV array is used to extract electrical energy from
the sun light. But due to the change in weather conditions [1], the panel output is low. To improve
the output of the solar panel, it is required to operate the PV array at maximum power point (MPP).
The MPP technique will adjust the duty cycle of the converters which in turn improves the power
from the solar array. To operate the panel at MPP, a well suited algorithm is required. So, by using
MPPT algorithm, additional converters and batteries in a PV system, reliable power supply can be
provided [2]. This regulated output is used in practical applications. This paper examines the recent
research trend in the solar PV system components.
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Abstract:
A MEMS based acoustic sensor that combines high sensitivity, wide frequency range and low cost batch processed
miniaturized silicon components to build self powered systems is presented in this paper. It also throws light on an
effective method to monitor health of a machine which is by using an piezoelectric Mems microphone. The proposed
Acoustic sensor consists of a sputtered piezoelectric ZnO layer that transforms the mechanical deflection of a thin-
etched-Si diaphragm into a piezoelectric charge. This ZnO layer is sandwiched between bottom Al electrode and top Al
electrode. The simulations of the proposed acoustic sensor is carried out for two designs i) The piezoelectric material
being placed at the 4 corners of the silicon substrate and ii) The piezoelectric material being placed at centre of the
silicon substrate. The thickness of the layers are chosen so as to withstand the dynamic sound pressure of 96-106db
and it produces maximum of 8pV/Pa. The simulation is done by Comsol multiphysics and Coventorware.
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I. Introduction
Mechanical energy is one of the most abundantly available and reliable energy sources in our daily
life, regardless of weather or temperature conditions, in contrast with solar and thermoelectric
energies. At micro scale, energy harvesting technology based on the piezoelectric effect have been
developed to harvest small scale and irregular sources of mechanical energy present in our living
environment.
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Abstract 
Nanotechnology deals with the study of particles in the range of 1-100nm where they have unique properties which define their 

application. In recent years, green synthesis of silver nanoparticles is prominent with scientists and researches for its ease of 

availability, nonhazardous waste production and is economically viable too. It is seen that the green synthesis has over taken the 

chemical synthesis of nanoparticles as it is quick and easy. The methodology of synthesis along with various conditions like the 

temperature, time, pH, silver ion concentration, radiations also plays a vital role in the shape, size and yield of the nanoparticles 

produced. Optimization of the parameters for the better quality yield of silver nanoparticles enables us to apply in areas as 

microbiology, photography, catalysis, biological labeling, phototonics, optoelectronics, medical devices and healthcare products 

 

Keywords: Nanotechnology; silvernanoparticles; green synthesis; optimization 

----------------------------------------------------------------***-------------------------------------------------------------- 

1. INTRODUCTION 

In current scenario with a concern to protect the 

environment, green technology has got its own potential to 

overcome it. Metal nanoparticles for its own advantage of 

being used in various applications, the more economic and 

environment friendly way of producing it is a challenge. The 

applications of metal nanoparticles are in various field as in 

electronics as sensors, as an antimicrobial agent, as bio 

catalytic activity in various reactions, environmental 

remediation, physics, material science etc. Green synthesis 

has paved a way of more environmental and economic way 

of producing silver nanoparticles and with availability of lots 

of sources it has got its own specificity and application. 

 

Characterization, play a vital role in estimating their nature 

of application in which the physical properties of the 

nanoparticles as size, shape, functional groups attached 

along with the optical properties are known. 

 

The different parameters which influence the synthesis of 

nanoparticles are the pH, temperature, Silver ion 

concentration, concentration of the leaf extract used, time of 

reaction, radiations, pressure and so on. On optimizing these 

parameters maximum yield with desirable properties can be 

achieved. This paper discusses on the green synthesis 

methods of silver nanoparticles with all the characterization 

methods and the different optimization parameters. 

 

2. GREEN SYNTHESIS METHODS 

2.1 Polysaccharide Method 

Reduction of silverions to nanoparticle is enabled by 

polysaccharide as reducing agent that can act as capping 

agent too. Synthesis of nanoparticle with Alpha D glucose 

and Beta D glucose in the presence of starch as a capping 

agent are also carried out. Significance of starch mediated 

silvernanoparticles is its easy integration into systems of 

biological and pharmaceutical applications. The interaction 

between starch and nanoparticles are week and are reversible 

at elevated temperatures enabling the separation of them 

(Ravendran et al 2003) 

 

2.2 Tollens Method 

The Tollens Synthesis method gives silver nanoparticles 

with controlled size in about one step process. The basic 

Tollens reaction involves the reduction of Tollens reagent 

(Ag(NH3)2) by an aldehyde. In the modified Tollens 

procedure Ag
+
 ions are reduced by saccharides in the 

presence of ammonia yield a stable particle size where the 

ammonia concentration and the nature of the reductant play 

a major role in controlling the size of silver nanoparicle (Yu 

etal 2004) 

 

2.3 Irradiation Methodology 

Various studies indicate the successful production of silver 

nanoparticles by radiations.Silvernanoparticles of well 

defined shape and size can be produced by passing laser 

irradiation through an aqueous solution of Silver salt and 

surfactant. Also the microwave radiation of solution 

containing carboxymethyl cellulose sodium and silver nitrate 

produced uniform silvernanoparticles stable for 2 months. 

Stable nanoparticle is also synthesized by irradiating with 

gamma radiation and passing 6 MeV electrons beam. [26] 

 

2.4 Polyoxometalates Method (POMs) 

POMs have the capability of undergoing stepwise, 

multielectron redox reactions without disturbing their 

structure. POMs serve both as a photocatalyst, reducing 

agent and a stabilizer (Bogle etal 2004) 
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2.5 Biological Method 

Extracts from microorganisms and plant, act both as 

reducing and capping agents in silver nanoparticle synthesis. 

The reduction process of silver ions takes place by 

biomolecules such as enzymes, proteins, aminoacid, 

polysaccharides and vitamins. Lot of researches are going on 

by using the extracts of various bacterias, fungi, 

Actinomycetes and also the plant extracts as this seem to be 

the safest and economical way of producing nanoparticle. 

Out of this green synthesis, using plant material as source is 

advantageous overall as they are abundantly available and 

easy to handle.  Different plant sources that produce silver 

nanoparticles as listed out in Table1. 

 

 

Table 1 Plant sources for the synthesis of silver nanoparticles with shape and sizes. 

Plant source Part Size Shape Reference 

Cinnanmon zeylanicum Bark 31-40nm Quasi spherical shaped and 

rod shaped 

(Sathikumar 2009) 

Pelargonium graveolens Leaves 16-40nm Quasi linear 

superstructures 

(Shanker et al 2003) 

Cinnammum camphora Leaves 55-80nm Triangular or spherical (Huang et al 2007) 

Aloe vera Leaves 50nm Triangular (Chandran et al 2006) 

Cycas Leaves 2-6 nm Spherical (Philip et al 2001) 

Jatropha curcas Latex 20 nm Spherical (Bar et al 2009) 

Jatropha curcas Seed 15 to 50 nm Rod shaped (Bar et al 2009) 

Cynnamon zeylanicum Bark 80 nm Spherical (Sathikumar 2009) 

Black Tea Leaves 40nm Spherical (Begum et al 2009) 

Desmodium triflorum Leaves 5-20nm Spherical (Ahmed etal 2010) 

Murraya koenigii Leaves 20nm Hexagonal and spherical (Jha et al 2009) 

Citrus limon Leaves 50nm Spherical (Prathnaa et al 2011) 

Coriandrum sativum Leaves 26nm Spherical (Sathyavathi et al 

2010) 

Capsicum annuum Leaves 10-12nm Triangular (Li et al 2007) 

Medicago sativa Leaves 2-20nm Spherical (Gardea et al 2003) 

Azadirachta indica Leaves 5-35nm 

 

Spherical, plate  like, core 

shell structure 

(Shankar et al 2004) 

Pelargoniumgraveolens Leaves 16-40nm Triangular (Shankar et al 2003) 

 

 

2.6 Mechanism of Synthesis of Silvernnaoparticles 

through Plant Extracts 

Main mechanism in which the silver nanoparticles are 

synthesized is through the reduction of silver ions in which 

the phytochemicals play a vital role in it. Phytochemicals 

such as terpenoids, flavones, ketones , aldehydes, amides 

and carboxylic acid play a vital role (Gluskar 1999). 

Mechanism of synthesis of silver nanoparticles involves 

three main phases. The first phase is called an activation 

phase in which the reduction of the silverions is carried out 

and nucleation of reduced metal ions are carried out. The 

second phase is called as a growth phase in which small 

adjacent nanoparticles spontaneously coalesce into particles 

of larger size (Oswald Ripening). During the growth phase 

the nanoprticles aggregates to form nanotubes, nanoprisms, 

nanohexadrons and variety other irregularly shaped 

nanoparticles. The third phase is called as a termination 

phase in which the final shape of nanoparticles are confined. 

Also the nanoparticles acquire most energetically favourable 

conformation. Plant extracts play a vital role to stabilize the 

metal nanoparticles (Si etal 2007). 

 

2.7 Role of Plant Metabolites in Silver Nanoparticle 

Synthesis 

Various plant metabolites including terpenoids, polyphenols, 

sugars, alkaloids, phenolic acids and proteins play an 

important role in reduction of metal ions which yields 

nanoparticles. FTIR spectroscopy reveals that Terpenoids 

are often associated with the nanoparticles. Terpenoids have 

strong antioxidant activity and was found to play an 

principal role in bio reduction of silver ions (Rai et al 2007). 

Flavanoids have various functional group which involves in 

silver nanoparticle formation. It is noted that the tautomeric 

transformation of flavanoids from the enol form to keto form 

may release a reactive hydrogen atom that can reduce metal 

ions to form nanoparticles.(Ahmed etal 2010) Flavanoids are 

also able to adsorbed on the surface of nascent nanoparticle. 

This means they are involved in stages of nucleation and 

further aggregation in addition to bio reduction stage. 
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3. CHARACTERIZATION 

3.1 Reduction of Silverions 

The reduction of silver ions is noticed by the colour change 

from pale green to dark brown colour which is observed 

within minutes after the addition of 1mM silver nitrate to the 

leaf extract. The formation of nanoparticles by different salts 

gives characteristic peak at different absorptions which can 

be monitored by UV/VIS spectroscopy. Silver nanoparticle 

formation from the silverions shows a characteristic peak at 

450 nm. 

 

3.2 Shape and Size 

Various factors govern the size and shape of the nanoparticle. 

Estimation of the morphological features silvernanoparticle 

is by Transmission electron microscope (TEM). 

Determination of size and shape has a greater impact on its 

optical behaviour and surface plasmon effect. They can be in 

triangular, spherical or hexagonal in shape. 

 

3.3 Functional Group 

Sometimes the functional group gets attached to the 

nanoparticle formed. The functional groups attached depend 

on the source of nanoparticles. This might be also due to the 

improper purification step performed during synthesis of 

nanoparticles. The functional group attached to the silver 

nanoparticle has to be found to ensure its relevance to the 

application. Functional groups attached to the nanoparticle 

can be well analyzed by FTIR. 

 

3.4 Crystalline Nature 

The crystalline nature of silver nanoparticles can be 

confirmed by X-ray diffraction studies. The spectrum shows 

distinct peaks indexed to the reflection of the crystalline 

planes of face centred cube. Understanding the crystalline 

nature of silver nanoparticles enables its application in 

optical sensors and image analysis. The optical properties 

can be well studies by the addition of stabilizer and capping 

agent as polyvinyalcohol and glycerol during the synthesis 

of nanoparticles. 

 

3.5 Size Distribution 

Dynamic light scattering system (DLS) is generally used for 

analysis of the size distribution pattern of particles in 

suspension or solution which gives the hydrodynamic 

diameter of particles. The average size of particles in a 

suspension can be well analyzed by DLS. 

 

3.6 Elemental Composition 

Energy dispersive X-ray spectroscopy (EDX) determines the 

elemental composition. It is used to confirm that the 

nanoparticle suspension contains nothing but silver. 

 

3.7 Stability Analysis 

Zeta potential is an essential parameter for the 

characterization of stability in aqueous nano suspensions. 

This possibly gives the charge of the nanoparticles formed. 

The indication of positive or negative nature of nanoparticles 

enables its use in electronic devices. 

 

3.8 Thermal Stability 

Thermal stability of the nanoparticle formed can be 

monitored by Thermo Gravimetric Analysis (TGA). The 

change in weight of the subjected materials with respect to 

temperature range of 0-1000
o
C can be carried out. The loss 

in weight might be related to the decomposition of surface 

coated phytochemicals, adsorbed water molecules and 

oxidation of silver nanoparticle upon increase in temperature. 

 

3.9 Silver Ion Concentration Determination 

Silver ion concentration can be analysed by Atomic 

Absorption Spectroscopy (AAS), which shows the 

conversion of Ag
 +

 ions to Ag
0
 nanoparticles. The reaction 

time of complete conversion of Ag 
+
 to Ag

0
 nanoparticles 

can be well noted by this method. 

 

4. FACTORS INFLUENCING METAL 

NANOPARTICLE SYNTHESIS 

4.1 Silverion Concentration 

The concentration of silver nitrate solution used also has an 

effect on Silver nanoparticle formation. Experiments carried 

out by varying dilutions of silver nitrate solution also have 

an effect on the shape and size of the nanoparticle. It is seen 

that the increased dilution as 1:1 with the extract will give a 

comparatively bigger size of nanoparticle and lesser 

concentration gives a smaller sized one. The optimum silver 

ion concentration at most cases is reported as 1mM. 

 

4.2 Effect of pH 

pH has a great influence in formation of nanoparicle. pH has 

the capability in affecting the phytochemicals by a charge 

change in them. It also affects the ability to bind to each 

other during the termination phase and thereby affecting the 

shape, size and yield of the nanoparticles. 

 

It is well noted that the better yield of nanoparticles are 

obtained at alkaline pH where is acidic pH low yield or no 

nanoparticle formation in noticed in different studies. 

 

Table 2 Effect of pH on yield of nanoparticle 

pH Yeild % Reference 

<3 Agglomerates, 

No yield 

(Shankar etal 2003) 

3-5 less yield (Sathikumar 2009) 

6 52.3 (Jiang et al 2009) 

7 69.8 (Prathna et al 2011) 

8 88.7 (Huang et al 2007) 

9 86.2 (Gluskar et al 1999) 

10 80.3 

 

(Jiang et al 2009) 
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4.3 Effect of Temperature 

Temperature elevation can increase the reaction rate and 

efficiency of synthesis. Most studies are carried out at room 

temperature as it is the simplest and natural way of 

synthesizing the nanoparticle. As the temperature increases 

the time of reaction decreases and 95% conversion into 

nanoparticle is obtained at 95
0
C within 10 minutes. The 

temperature greatly influence on the shape of the 

nanoparticle too. Nanoparticles which give spherical shape 

at 60
0
C are giving triangular shape at 90

0
C. 

 

Table 3 Effect of temperature on nanoparticle formation 

Temp. Shape Plant species Reference 

40
0
C Triangular M.sativa (Shankar 

et al 

2003) 

50
0
C Spherical Cassia fistula (Prathna 

et al 

2011) 

60
0
C Spherical Coriandrum sativum (Li et al 

2007) 

70
0
C Spherical, C. aromaticus (Gluskar 

et al 

1999) 

80
0
C Spherical Nyctanthes arbortristis (Prathna 

et al 

2011) 

90
0
C Triangular Pelargoniumgraveolens (Shankar 

et al 

2003) 

 

4.4. Effect of Time on Reaction 

The reduction reaction and formation of nanoparticles starts 

immediately after the addition of silvernitrate with the plant 

extract which is noted by the colour change from light green 

to brown colour. But, it is seen that the particle size 

increases with increase in time and stabilize at a particular 

time. For instances studies reveal that seconds after the 

addition of the plant extract the size was 7nm and further 

increasing the time nucleation process has proceeded and 

became stable before 30mins were the size was 20nm. 

 

4.5 Effect of Radiation 

It is seen that the radiations have an impact on the silver 

nanoparticle synthesis. Studies are done on different 

radiation as Sunlight, Microwave, laser and UV radiation. 

The radiations induce the synthesis of nanoparticles also 

contributes on the shape. The sunlight is proved to give 

greater yield in comparison with other radiation. Studies 

reveal that the laser radiation produces triangular shaped 

nanoparticle whereas the microwave radiation has the ability 

to produce spherical shaped particles. 

 

4.6 Effect of Extract Amount 

As the amount of extract added increases the formation of 

silver nanoparticles increases. The reductase present in the 

leaf extract enables the synthesis of silver nanoparticles by 

reduction reaction with silver ions. The ideal concentration 

is in 1:1 ratio with silver ions. Increase in amount of extract 

results in the production of larger size nanoparticles. 

 

4.7 Effect of Electron Donor 

Glucose (56 mM) acts as an electron donor and has positive 

effects on nanoparticle synthesis. In absence of electron 

donor, electron reservoirs in reaction mixture for the 

recovery and revival of cofactors after a short time are 

finished and reaction declines. 

 

5. CONCLUSION 

Green synthesis of nanoparticles paves a way for future for 

economical synthesis without any harmful byproduct. 

Although there are different methods of green synthesis, the 

biological method using the plant extract serve as the widely 

used amongst all. It is seen that the source plays a vital role 

in contributing the shape and size of nanoparticles. As plants 

serves as a source for nanoparticle production there might be 

possible contaminations associated with the nanomaterials. 

Proper purification steps helps in overcoming the 

contamination. The synthesis of nanomaterials are 

associated with different factors affecting it such as pH, 

temperature, reaction time, radiations, silver ion 

concentration and plant extract. Each factor contributes to 

the size and shape. The yield can also be increased by 

optimising certain parameters. Hence it is essential to 

optimize the synthesis of silver nanoparticles for the better 

application of the same. 
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