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Abstract: Metal nanoparticles (NPs) are a subject of global interest in research community due to their diverse applications in
various fields of science. The stabilization of these metal NPs is of great concern in order to avoid their agglomerization during
their applications. There is a huge pool of cations and anions available for the selection of ionic liquids as stabilizers for the
synthesis of metal NPs. lonic liquids are known for their tunable nature allowing the fine tuning of NPs size and solubility by
varying the substitutions on the heteroatom as well as the counter anions. However, there has been a debate over the stability of
metal NPs stabilized by ionic liquids over a long period of time and also upon their recycling and reuse in organo-catalytic
reactions. ionic liquids covalently attached to solid supports have given a new dimension for the stabilization of metal NPs as well
as their separation, recovery, and reuse in organo-catalytic reactions. The stabilization of metal nanoparticles and their
applications as a function of their metal cations and counter anions.
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l. INTRODUCTION

The way we see, feel, and touch things is about to change. In fact, the change has already begun and though it has not
touched our lives in any significant manner, the day when that happens is around the corner. From self-cleaning windows to super
energy efficient lighting, nanotechnology is revolutionizing the way we live. Lighting has been an important aspect of our lives,
of our existence. There is hardly any doubt that nanotechnology is very beneficial to man. With all the applications this new
frontier of knowledge has been seen from the human body to industries and chemicals; thus far, nanotechnology has lived up to
its name in enhancing the wealth of knowledge possessed by man. In science and technology, one among the rapidly developing
concepts in the latest years is nanotechnology, which has brought tremendous development. the nanomaterial which comprises
distinctive physicochemical properties has the potential to develop new systems, structures, devices, and nanoplatforms with
impending bids in extensive variety of disciplines(H. Mirzaei & M. Darroudi, 2017 and Arruda 2015 ). Nanomaterials are
particles that are in nanoscale size, and they are very small particles with improved thermal conductivity, catalytic reactivity,
nonlinear optical performance, and chemical stability due to their large surface area-to-volume ratio (H. Agarwal 2017) This
quality has attracted many researchers to locate novel techniques for their synthesis. Though conventional techniques (physical
and chemical methods) use less time to synthesize bulk amount of nanoparticles, they require toxic chemicals like protective
agents to maintain stability, which leads to toxicity in the environment. Keeping this in mind, green technology by using plants is
rising as an eco-friendly, nontoxic, and safe option, since plant extract-mediated biosynthesis of nanoparticles is economically
advantageous and offers natural capping agents in the form of proteins(H. A. Salam, 2014). To regulate chemical toxicity in the
environment, biological synthesis of various metal oxide and metal nanoparticles through plant extraction is used, which is a
marginal technique for regulating chemical synthesis, and it permits a distinct shape and size of nanoparticles with a meticulous
synthesis (Anastas, 2000).Nanotechnology is one of the most active of area-research in modern material science. This field which
is developing day by day is making an impact in spheres of humans’ life and creating a growing excitement in the life science,
especially biotechnology and biomedical science(S. Prashanth, 2011). Nanoparticles exhibit completely new properties based on
specific characteristics such as shape, size and distribution. Nanocrystalline particles have found tremendous application in the
field of high sensitivity bimolecular detection and diagnostics, therapeutics and antimicrobials(. Sridhara 2012) catalysis and
microelectronics(B. N. Veera, 2012 ) . However there is still need for commercially viable as well environmentally clean
biological route to synthesized nanoparticles(N. C. J. P. Lekshmi ,2012) . A number of approaches are available for the synthesis
of nanoparticles for example, reduction in solution, photochemical and chemical reaction in reverse micelles thermal
decomposition of nanoparticles compounds(M. Akl, Awwad, 2012) , radiation assisted, electrochemical, microwave assisted
process and recently via green chemistry route(B. M. Ravindra, 2012), Figure:1 have shown scheme of green synthesis of
nanoparticles. The use of environmentally benign material like plant extract (leave, flower, bark, seed, peels etc.), fungi, bacteria,
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and enzyme for the synthesis of nanoparticles offers numerous benefits of ecofriendliness and compatibility for pharmaceutical
and other biomedical applications as they do not use toxic chemical for the synthesis protocol(R. Gokulakrishnan, 2012)
.Nanoparticles have long been recognized as having inhibitory effect on microbes present in medical and industrial process(A.
Nasrollahi ,2011) .

Plant
Extracts

Metal salt Metal solution

Figure:1 Scheme of green synthesis of nanoparticles

Il. MECHANISM OF GREEN SYNTHESIS OF NPS BY PLANT EXTRACTS

The mechanism of green synthesis of NPs, by plant extracts in vitro Figure 2 schematically describes the formation of
metallic NPs from the corresponding metal ions. When metallic salt dissociates into cation and anion, cations will be saturated to
form hydroxyl complexes [M(OH)"]. Immediately after the supersaturation of hydroxyl complexes, crystillite growth of metal
with oxygen species starts to originate. This results in the formation of crystalline planes with different energy levels. Heat plays a
key role in providing energy to the reaction system. The process continues until activation of the capping agent from the plant
extracts, which will ultimately arrest the growth of high-energy atomic growth planes.

This results in the formation of specific type NPs. Generally, during the synthesis, the reducing agents donate electrons
to the metal ions and convert them to NPs. These NPs exist at a high-surface energy state and tend to convert to their low-surface
energy conformations by aggregating against each other. Thus, the presence of higher amounts of reducing agents and stabilizing
agents prevents the aggregation of nanoparticles and promotes production of smaller NPs. Additionally, proteins can trap metal
ions on their surface and convert them to their corresponding nuclei, which could further aggregate and, consequently, form NPs.
Amine groups of proteins, hydroxyl and carboxyl groups of polyphenols and amino acids, hydroxyl groups of polysaccharides,
and carboxyl groups of organic acids chelate metal ions and suppress the superoxide-driven Fenton reaction (which is believed to
be the most important source of ROS), catalyzing the formation of metallic NPs . Although it is essential to form a protein-metal
ion complex for the vacuolar sequestration of metal ions during in vivo accumulation of NPs, the role of proteins upon in vitro
green synthesis is not clear. Interestingly, plant extracts possess the capacity to reduce metal ions and produce NPs even after
boiling(mith,2009: Khalil,2012: MubarakAli, ,2011: Suman, 2014). Although boiling could denature proteins by altering their
secondary and tertiary structures, the peptide bonds of the primary structure between the amino acids are left intact. Because all
structural levels of the protein determine its function, the denatured protein can no longer be fully functional. It has been stated
that the protein can bind to Au NPs, either through free amino groups or cysteine residues; the surface-bound protein lead to the
stabilization of the NPs(Gole, A 2001).
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Table:1 lonic solution with plant extracts

S.No Strong Electrolyte Metal Plants species Extracts MNPs Reference
cations
1 MgS0O,.6H.0 Mg?* | Chromolaena odorata leaf MgNPs Enobong 2020
2 Mg(NO3)2 Mg? Nephelium peels MgNPs Suresh 2014
lappaceum L
3 AI(NO3)3 Al 1. Aerva lanta Seed AINPs Duraisamy
2. terminalia chebula 2018
4 BiNO; Bi* mentha pulegium leaves BiNPs Kazemia
2020
5 Ca (NO3)2. 4 H,0 Ca* Papaya leaves CaNPs Ashwini
2016
6 K2Cr,07 Cr¥* Allium garlic CrNPs Satgurunathan
sativum 2018
7 Co(NOQO3)2.6H,0 Co? Punica granatum Fruit peel CoNPs Ismat Bibi
2017
8 Co(NO3)2.6H,0 Co? Populus ciliata leaves CoNPs Hafeez
2020
9 CuS04.5H,0 Cu? tea leaf leaves CuNPs Mohindru
2017
10 CuCl; Cu? papaya extract Fruits CuNPs Suresh
2014
11 CuS0,4.5H,0 Cu? Ocimum sanctum leaves CuNPs Vasudev
2013
12 Cu(OAc)2 Cu? Eclipta prostrata leaves CuNPs 11I-Min Chung
2017
13 CuCl; Cu? Aegle marmelos leaf CuNPs Vasudeo
Kulkarni,
2014
14 HAuUCI4.3H,0 AUt Abelmoschus Seeds AUNPs Jayaseelan
esculentus 2013
15 HAuUCI4.3H,0 Au®* olive leaf AuUNPs Mostafa 2012
16 FeCl;.6H,0 and Fes* Glycosmis mauritiana leaves FeNPs Amutha 2018

FeCl,.4H,0 (1:2
molar ratios)

17 FeCl, .4H,0 Fe%* Citrus medica Hund FeNPs Esam J. AL-
Fruit. Kalifawi
2015
18 Fe(NO3)2.6H,0 Fe3* Rambutan fruit peel FeNPs Yuvakkumar,
2014
19 FeSO4 Fes* Musa ornata Flower FeNPs Saranya
Sheath 2017
20 FeCl;.6H,0 and Fe3* Azadirachta Indica leaves FeNPs Nurul 1zza Taib
FeCl».4H,0 (1:2 2018
molar ratios)
21 (NH4)2 Fe Fe3* Euphorbiaceae Niruri FeNPs Viju Kumar
(SO4)2.6H20 and 0.1 Phyllanthus 2018
M

NH4 Fe (804)2
.12H,0] in 1:2 ratio

22 FeCl3.6H0 Fe3* Carica papaya leaf FeNPs Bhuiyan
2020

23 TiO(OH);, Ti** Ocimum basilicum leaves TiNPs Prathyusha 2018

24 TiO(OH): Ti* Sonchus asper leaves TiNPs Neelesh
2019

25 TiO(OH); Ti* Psidium guajava leaves TiNPs Thirunavukkarasu
2014

26 TiO(OH); Ti* Nyctanthes arbor- leaves TiNPs Sundrarajan 2011

tristis

27 TiO(OH); Ti* Glycyrrhiza glabra root TiNPs Zahra Madadi
2020

28 TiO(OH); Ti* Kniphofia foliosa root TiNPs Bekele 2000

29 Mg(NO3),.6H,0 Mg?* Lepidium sativum Seeds MgNPs Ashwini 2016

30 Mg(NO3),.6H,0 Mg?* Arabic Gum Plant Gum MgNPs Saeid Taghavi
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2015
32 (NH4)sM07024 Mao®* Citrus Limetta Fruit Pith MoNPs Abhimanyu 2014
33 NiSO. Ni2* Thespesia populnea leaves NiNPs Dhivya 2019
34 NiCl, Ni2* Coriandrum sativum leaves NiNPs Vasudeo 2016
35 NiSO..6H,0 Ni2* Betel leaves NiNPs Ravindra 2018
36 Ni(NO3)2.6H20, Ni2* Ageratum conyzoides leaf NiNPs Miessya 2019
L.
37 Ni(NO3)2 Ni2* Rhamnus triquetra leaves NiNPs Javed Igbal 2020
38 PdCl, Pd? Anogeissus latifolia Gum PdNPs Aruna 2015
ghatti’
39 PdCl, Pd?*® | Pimpinellatirupatiens leaves PdNPs Palajonna 2017
is
40 H,PtCls.6H,0 Pt Quercus glauca leaves PtNPs Karthik 2016
41 H.PtCls.6H,0 Pt Jatropa Gossypifolia leaf PtNPs Jeyapaul , 2017
And Jatropa
Glandulifera
42 H,PtCls.6H,0 Pt Lantana Camara leaves PtNPs Musthafa 2016
43 NaHSeOs Se#* fenugreek seed SeNPs Ramamurthy
2013
44 AgNO3 Ag* Olive leaf AgNPs Mostafa 2014
45 AgNO3 Ag* Manihot esculenta leaves AgNPs Velayutham 2016
46 AgNO;3 Ag* Rhizophora leaves AgNPs Gnanadesigan
mucronata 2011
47 Sr(NOs )2 Sr2* Ocimum sanctum Leaf SrNPs Apsana, 2018
48 SnCl,+2H,0 Sn?* Ficus Carica Leaf SnNPs Junjie Hu 2015
49 Y (OAC)s Y3+ Azadirachta Fruit YNPs Hamadneh
Indica 2019
50 Zn(0OAc).2H,0 Zn% Moringa Oleifera Leaf ZnNPs Sukanta Pal 2018
51 Zn(OAc).2H0 Zn* Hibiscus subdariffa leaf ZnNPs Niranjan Bala
2014
52 Zn(NO3),*6H,0 Zn?* C. halicacabum ZnNPs Nithya 2019
53 Zn* Jatropha curcas latex ZnsNPs Hudlikar
2012
54 Zn(0OAc).2H,0 Zn* Passifloraceae leaves ZnNPs Santhoshkumar
2017
55) ZnS04.7H20 Zn* Sesamum indicum Seed ZnNPs Sara Zafar
2020
56 ZrOCl;-8H.0 E. globulu leaves ZrNPs Balaji 2017
57 Zr(OAc)2.2H,0 Citrus aurantifolia Fruit ZrNPs Ali Majedi
2015
58 Pb(NOs), Pb?* Cuminum cyminum seeds PbNPs Gandhi 2018
59 Hg(OAC): Hg?* Callistemon flower HgNPs Amlan 2015
viminalis
60 Na,S,07.5H,0 F. benghalensis leaves SNPs Tripathi 2018
61 BaCl,-2H,0 Ba?* Kiwifruit, BaNPs Chen 2016
Tomato,
Orange,
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Figure: 2 Mechanism of nucleation of metal cations with plant extracts

111. CONCLUSIONS

Nanotechnology is improving our everyday lives by enhancing the performance and efficiency of everyday objects. It
provides a clean environment by providing safer air and water, and clean renewable energy for a sustainable future.
Nanotechnology has gained a wide attention where more investment is made for the research and development by top institutions,
industries and organizations. Nanotechnology has established to be an advanced field of science where extensive research is
carried out to implement the technology. lonic solutions are very important role in the synthesis of the nanoparticles (MNPs). Itis
being tested for various new applications to increase the efficiency and performance of the object or process and subsequently
reduce the cost so that it is accessible for everyone. The nanotechnology has a great future due to its efficiency and environmental
friendly property

[JCRT2101160 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1283


http://www.ijcrt.org/

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 1 January 2021 | ISSN: 2320-2882

REFERENCES

[1] H. Mirzaei and M. Darroudi.,Ceramics International, vol. 43, no. 1, pp. 907-914, 2017.

[2] S. C. C. Arruda, A. L. D. Silva, R. M. Galazzi, R. A. Azevedo, and M. A. Z. Arruda, Talanta, vol. 131, pp. 693-705,
2015.

[3] H. Agarwal, S. V. Kumar, and S. Rajeshkumar, ResourceEfficient Technologies, vol. 3, no. 4, pp. 406-413, 2017.

[4] H. A. Salam, R. Sivaraj, and R. Venckatesh,” Materials Letters, vol. 131, pp. 16-18, 2014.

[5] P. T. Anastas and J. C. Warner, Green Chemistry: Theory and Practice, Oxford University Press, Oxford, UK, 2000.

[6] S. Prashanth, 1. Menaka, R. Muthezhilan and K.S. Navin., International Journal of engineering Science and Technology.
2011, 3(8): 6235-6250.

[7] V. Sridhara, B. Ali., K. Shaziya., L.N. Satapathy and P. Khandelwal.,. Research Journal of Biotechnology. 2012, 8 (1):
11-17.

[8] B. N. Veera, A. Jahnavi, K. Rama, R. D. Manisha, B. Rajkiran and R. M. P. Pratap.. Asian Pacific Journal of Tropical
Biomedicine. 2012, 1-5.

[9] N. C. J. P. Lekshmi, S. B. Sumi, S. Viveka, S. Jeeva, and J. R. Brindha. Journal of Microbiology and Biotechnology
Research. 2012, 2 (1): 115-119.

[10] M. Akl, Awwad and M. Nida Salem.. Journal of Nanoscience and Nanotechnology. 2012, 2 (4): 125-128.

[11] B. M. Ravindra, L. N. Seema, T. M. Neelambika, S. M. Gangadhar, K. Nataraja and K. S. Vijaya.. Research in
Biotechnology. 2012, 3 (5): 26-38.

[12] R. Gokulakrishnan, S. Ravikumar., J. A. Raj J.A.. Asian Pacific Journal of Tropical Disease. 2012, 2(5): 411-413.

[13] A. Nasrollahi, K. H. Paurshamsian and P. Mansourkiaee, International Journal of Nano Dimension. 2011, 1 (3): 233-239.

[14] Smitha, S.L.; Philip, D.; Gopchandran, K.G.. Spectrochim. Acta A Mol. Biomol. Spectrosc. 2009, 74, 735-739.

[15] Khalil, M.M.H.; Ismail, E.H.; EI-Magdoub, F.. Arab. J. Chem. 2012, 5, 431-437.

[16] MubarakAli, D.; Thajuddin, N.; Jeganathan, K.; Gunasekaran, M.. Colloids Surf. B Biointerfaces 2011, 85, 360-365.

[17] Suman, T.Y.; Radhika Rajasree, S.R.; Ramkumar, R.; Rajthilak, C.; Perumal, P. Spectrochim. Acta A Mol. Biomol.
Spectrosc. 2014, 118, 11-16. [CrossRef] [PubMed]

[18] Gole, A.; Dash, C.; Ramakrishnan, V.; Sainkar, S.R.; Mandale, A.B.; Rao, M.; Sastry, M. Langmuir 2001, 17, 1674—
1679.

[19] Enobong R. Essien , Violette N. Atasie, Taiye O. Oyebanji & Davies O. Nwude.,. Chemical Papers 74, 21012109(2020)

[20] J. Sureshl,a, R. Yuvakkumar2,b, M. Sundrarajanl,c* and S.I. Hong2,d*, Advanced Materials Research Vol. 952 (2014)

pp 141-144

[21] Duraisamy.P., IJRASET., 6,1, 2018, 428-433

[22] Negar Motakef-Kazemi and Masoumeh Yaqoubi., Iranian Journal of Pharmaceutical Research (2020), 19 (2): 70-79

[23] Ashwini A , Ramalakshmi S , and Mary George., IJERA., 6, 10, 2016, 27-31

[24] Satgurunathan.T, Saravana Bhavan.P, Sherin Joy.R.D., Biological Trace Element Research (2018),
https://doi.org/10.1007/s12011-018-1407-x

[25] Ismat Bibi , Nosheen Nazar , Munawar Igbal , Shagufta Kamal , Hag Nawaz , Shazia Nouren, Yursa Safa , Kashif Jilani
, Misbah Sultan, Sadia Ata, Fariha Rehman , Mazhar Abbas., Advanced Powder Technology 28 (2017) 2035-2043

[26] Hafeez M, Shaheen.R Akram.B, Zain-ul-Abdin, Sirajul Hag, Salahudin Mahsud , Shaukat Ali and Rizwan Taj Khan..,
Mater. Res. Express 7 (2020) 025019.

[27] Mohindru J.J, Garg.U.K ., Green synthesis of copper nanoparticles using tea leaf extract., IJESRT., 6(7): July, 2017,
307-311

[28] Suresh.Y, Annapurna.S, Bhikshamaiah G., Singh A.K., 1JSER., 5( 3), (2014) 156-160

[29] Vasudev D. Kulkarni , Pramod S. Kulkarni ., International Journal of Chemical Studies ., 1(3) 2013, 1-4

[30] I1I-Minm Chung, Abdul Abdul Rahuman, Sampath Marimuthu, Arivarasan Vishnu Kirthi, Karunanithi Anbarasan,
Parthasarathy Padmini and Givindasamy Rajkumar., Exp Ther Med. 2017 Jul; 14(1): 18-24.

[31] Vasudeo Kulkarni, Pramod Kulkarni., NSNTAIJ, 8(10) 2014, 401-404

[32] Jayaseelan.C, Ramkumar.R , Abdul Rahumana A, Perumal.P ., Industrial Crops and Products., 45 (2013) 423-429

[33] Mostafa M.H. Khalil , Eman H. Ismail, Fatma El-Magdoub.,Arabiyan journal of chemistry., 5, 2012, 431-437

[34] Amutha S., Sridhar S., JIPBS, Vol 5 (2), 22-26, 2018

[35] Esam J. AL-Kalifawi., JINSR., Vol.5, No0.20, 2015, 125-135

[36] Yuvakkumar.R and Hong.S.I., Advanced Materials Research., 1051, 2014, pp 39-42

[37] Saranya.S, Vijayarani.K and Pavithra.S., Indian J Pharm Sci., 79(5) (2017):688-694

[38] Nurul Izza Taib, Famiza Abdul Latif , Zakiah Mohamed, Nur Diyana Syazwani Zambri., International Journal of
Engineering & Technology, 7 (4.18) (2018) 9-13

[39] Viju Kumar V G and Ananthu A Prem., Orient. J. Chem., Vol. 34(5), 2583-2589 (2018)

[40] Bhuiyan .Md.S.H , Muhammed Yusuf Miah , Shujit Chandra Paul , Tutun Das Aka, Otun Saha , Md. Mizanur Rahaman,
Md. Jahidul Islam Sharif, Ommay Habiba , Md. Ashaduzzaman., Heliyon., 6 (2020) e04603., 2-13

[41] Prathyusha .K and Padma Alapati., Int, Jr of Chem Studies., 2018; 6(4): 670-674

[42] Neelesh .B, Pathak V.M, Ajeet Singh and Navneet., The Pharma Innovation Journal 2019; 8(4): 817-822

[43] Thirunavukkarasu .S , Abdul Rahuma.A, Jayaseelan C, Rajakumar G, Marimuthu S, Vishnu Kirthi A , Kanayairam
Velayutham.K , John Thomas2 , Jayachandran Venkatesan3 , Se-Kwon Kim., Asian Pacific Journal of Tropical
Medicine (2014)968-976

[44] Sundrarajan.M, Gowri.S,. Chalcogenide Letters., 8, 8,( 2011). 447-451

[45] Zahra Madadia, Mohammad Soltanieha , Tayebe Bagheri Lotfabadb, Beheshteh Sohrabi Nazari.,., Asian Journal of
Green Chemistry, 4(3) 2020, 256-268.

[46] Bekele. E.-T, Gonfa.B.A, Zelekew.O.A, Belay H.H., and Sabir.F.K., Journal of Nanomaterials., Volume 2020, Article
ID 2817037, 1-10 pages

[47] Ashwini A., Sheethal K., Sathyabhama and Mary George., International Journal of Recent Scientific Research., 7, 10,

(2016) 14029-14032.

IJCRT2101160 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] 1284


http://www.ijcrt.org/
https://doi.org/10.1007/s12011-018-1407-x

www.ijcrt.org © 2021 IJCRT | Volume 9, Issue 1 January 2021 | ISSN: 2320-2882

[48]
[49]

[50]
[51]
[52]
[53]
[54]

[55]

[56]
[57]
[58]
[59]

[60]
[61]

[62]
[63]

[64]
[65]
[66]
[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]

[76]
[77]

Saeid Taghavi Fardood , Ali Ramazani, Sang Woo Joo , Journal of Applied Chemical Research, 12, 1, 8-15 (2018)
Krishna Moorthy. S ,Ashok.CH , Venkateswara Rao.K, Viswanathan.C., Materials Today: Proceedings., 2 ( 2015 ) 4360
— 4368

Abhimanyu. K, Manasa.CH, Prathyusha D., (IJEAT., 3(5), 2014., 128-130

Dhivya Christo Anitha. S, Lakshmi.V, Mary Jenila.R, IJRD., 4 (9), (2019) 68-74

Vasudeo K and Pramod K., Biotechnol Ind J., 2016;12(11):106.

Ravindra D. Kale, Sangeeta Barwar, Prerana Kane, Asfiya Contractor., IJEAT., 7(3), 2018, 89-92

Miessya Wardani, Yoki Yulizar , Iman Abdullahl , Dewangga Oky Bagus Apriandanu.,., Materials Science and
Engineering., 509 (2019) 012077

Javed Igbal, Banzeer Ahsan Abbasi, Riaz Ahmad, Mahboobeh Mahmoodi, Akhtar Munir, Syeda Anber Zahra, Amir
Shahbaz, Muzzafar Shaukat, Sobia Kanwal, Siraj Uddin, Tarig Mahmood, and Raffaele., 8(5): (2020) 117.

Aruna J. K, Rastogi.L,., Ar.jr.Chem., 11, 2018, 1097-1106

Narasaiah.P, Badal Kumar Mandal and Sarada.N.C, Materials Science and Engineering., 263 (2017) 022013
Narasaiah.P, Badal Kumar Mandal and Sarada.N.C, Materials Science and Engineering., 263 (2017) 022013

Karthik.R, Sasikumar.R, Shen-Ming Chen, Govindasamy.M , Vinoth Kumar.J , Muthuraj.V, , Int. J. Electrochem. Sci.,
11 (2016) 8245 — 8255

Jeyapaul U, Mary Jelastin Kala, John Bosco.A, Piruthiviraj.P and Easuraja.M, .orientjchem.org/vol34no2 ., 2017
Mostafa M.H. Khalil a, *, Eman H. Ismail a,b , Khaled Z. El-Baghdady ¢ , Doaa Mohamed., Arab.Jr.Chem., 2014, 7,
1131-1139

K. Velayutham a , R. Ramanibai a, *, M. Umadevi., The Journal of Basic & Applied Zoology.,2016, 74., 37-40.
Gnanadesigan.M , Anand.M , Ravikumar.S , Maruthupandy.M , Vijayakumar.V , Selvam.S, Dhineshkumar.M ,
Kumaraguru.A.K,, Asian Pacific Journal of Tropical Medicine.,: (2011)799-803

Apsana G, George PP, Devanna N, Yuvasravana R., Asian J Pharm Clin Res., 11,3, 2018, 384-389

Junjie Hu., Int. J. Electrochem. Sci., Vol. 10, 2015., 10668 — 10676

Imad Hamadneh, Hadeel Alhayek , Ahmed Al-Mobydeen, Afnan Abu Jaber, Rula Albugain, Shorouq Alsotari, Ammar
Al-Duijaili., Egypt. J. Chem. Vol. 62, No. 4 pp. 973 - 981 (2019)

Sukanta Pal , Sourav Mondal , Jayanta Maity and Ratul Mukherjee., Int. J. Nanosci. Nanotechnol., Vol. 14, No. 2, June.
2018, pp. 111-119

Niranjan Bala , S. Saha , M. Chakraborty , M. Maiti , S. Das , R. Basu , P. Nandy ., RSC Adv., 2014, DOI:
10.1039/C4RA12784F

Nithyaa.K , Kalyanasundharam.S, OpenNano., 4 (2019) 100024, 1-10.

Santhoshkumar.J, Venkat Kuma.S, Rajeshkumar.S., Resource-Efficient Technologies., 3 (2017) 459-465

Sara Zafar , Asma Ashraf , Muhammad Umar ljaz , Saima Muzammil , Muhammad Hussnain Siddique e , Sidra
Afzal, Rahat Andleeb , Khalid A. Al-Ghanim , Fahad Al-Misned , Zubair Ahmed , Shahid Mahboob., Journal of King
Saud University — Science 32 (2020) 1116-1122

Siripireddy Balaji, Badal Kumar Mandal,* , Shivendu Ranjan, Nandita Dasgupta, Ramalingam Chidambaram.,., Journal
of Photochemistry & Photobiology, B: Biology 170 (2017) 125-133

Ali Majedi, Alireza Abbasi, Fatemeh Davar., J Sol-Gel Sci Technol., DOI 10.1007/s10971-015-3881-3

Gandhi.N, Sirisha.D and Smita Asthana., IJESRT., 7(1),2018,623-644

Amlan Kumar Das, Avinash Marwal, Divya Sain, Vikram Pareek., Int Nano Lett (2015) DOI 10.1007/s40089-015-
0144-9

Tripathi. R.M, Pragadeeshwara Rao.R and Takuya Tsuzuki., RSC Adv., 2018, 8, 36345-36352

Chen. L, Jianli Wang , Hongfeng Wang , Yuchuan Zheng, Zhaopeng QI , Guangru Chang , Shaohua Xu , Ruifeng Li ,
Tiantian Wu, Wen Xu., MATEC Web of Conferences ,67,(2016) 02017

IJCRT2101160 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 1285


http://www.ijcrt.org/

