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Abstract: In recent years, the green synthesis of silver nanoparticles using various plant extracts has attracted great attention. 
This is because these methods are simple, inexpensive, environment benign, nontoxic and large scale up process. Green 
synthesis method of nanoparticles is evolution from the Nano biotechnology. Development of green nanotechnology is 
generating interest of researches toward eco-friendly biosynthesis of nanoparticles. In this study, it was observed that silver ions 
were reduced by Ageratina adenophora leaf extract by refluxing method around 2 hours until leading to the formation of 
crystalline silver nanoparticles. A.adenophora is known as Crofton weed or sticky snakeroot, Mexican devil, eupatory, 
eupatorium adenophorum is a synonym. The green synthesized AgNPs were characterized using physical-chemical techniques 
viz., (UV-Vis) ultraviolet-visible spectroscopy, (XRD) X-ray diffraction, (SEM) scanning electron microscope coupled with 
(EDX) X-ray energy dispersive spectroscopy and (FTIR) Fourier transform-infrared spectroscopy. 

I. INTRODUCTION 
Nanotechnology is a rapidly growing and important field of research is the synthesis various nanoparticles, Nanoparticles can be 
synthesized by various physical, chemical and biological methods [1].Nanoparticles exhibit different color depending upon their 
size, distribution and morphology [2]. Green nanotechnology gives more effective nanoparticles synthesis with expected products 
and economical manner [3]. Now- a -days nanoparticles are synthesized using various parts of the plants such as leaf, tuber, bark, 
buds  [4]. Earlier research revealed that silver nanoparticles are highly stable and toxic to bacteria fungus and viruses. Silver is 
widely used in Nano systems and    is used for various biomedical purposes. The most important applications of silver nanoparticles 
are in biotechnology science and biomedicine [5]. A. adenophora Eupatorium adenophorum, common name: Crofton weed; sticky 
snakeroot) is a weed plant widely found in the hilly region of the Nilgiris District, Tamil Nadu, India [6].   The leaf juice of A. 
adenophora is used to stop bleeding of cut  wounds, and forming clots [7]. In the present study the leaf of  A. Adenophora is used to 
prepare silver Nano particles. 

II. MATERIALS AND METHODS 
A. Scientific Classification 

 
Fig. 1 Picture of Ageratina adenophora leaves[6] 

1) Kingdom     : Plantae 
2) Clade       : Angiosperms                      
3) Order       : Asterids  
4) Family     : Asteraceae                                    
5) Genus      : Ageratina 
6) Species     : Ageratina adenophora 
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B. Plant extract  preparation 
The fresh leaves of A. adenophora were collected from Government Arts College Campus Ooty.The Nilgiri’s District, Tamil Nadu 
(fig.1).The collected fresh leaves were washed several times with distilled water until the dust particles are removed [8]. The leaves 
of   A.adenophora were measured around 40 gram and cut into small pieces then it was taken in   500ml of round bottom flask. A 
mixture the leaf along with 400ml of distilled water was made to reflux (fig.2) around 2 hours until extract color  changes to pale 
yellow [9] (fig.3). The extract was collected and filtered using Whats Mann No.1 filter paper. After filtering the extract was stored 
in room temperature for further process.[10] 

 
Fig.2 Refluxing method                      Figure.3  Leaf extract 

 
(a)                         (b)                            (c)                       (d) 

Fig5. Change in color  of the leaf extract(a) AgNo3 (b)freshly prepared extract (c)after added AgNo3 (d)after 20 minutes 

                                                             
Fig.6.   Collected silvernanoparticles in perti dish glass plate 
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C. Green Synthesis Of Silver Nanoparticles 
Silver nitrate (AgNO3) was purchased from Spectrum Reagents and Chemical Pvt.Ltd Edayar, Cochin, India. 100ml of A. 
adenophora leaf extract and 200ml of 0.01mM solution was added. The  mixture was stirred around 20-30 minutes until the color 
changed from pale yellow to dark brown[11] (Fig.5)and was allowed to rest to precipitate.  Then the precipitate was washed with 
distilled water twice to remove soluble impurities and was collected and centrifuged around 1000 rpm for about 30 minutes . The 
obtained precipitate was taken into petri dish glass plate (Fig.6) and it was shade dried until the moisture was removed. The change 
in color indicates the particle size reduction. The powder samples were then collected for further characterization techniques.  

                                                

                                                          Ageratina adenophora leaves 

 

                                                                                                     

Silver nitrate solution                             leaf extracts                                                silver nanoparticles 
Fig.7.   Schematic synthesis procedure of green synthesized silver nanoparticles 

Silver nitrate was purchase from spectrum reagents and chemical pvt.ltd Edayar cochin India. All the characterization studies were 
done from SAIF cochin. Spectra were recorded with UV Vis NIR spectro photometer  agilent cary 5000  in the region 200 nm to 
3000 nm DRS(diffuse intergrating sphere diameter 150mm angle of incidence 80).The X-Ray Diffraction(XRD) measurement was 
performed on X-ray diffractometer(Bruker D8 Advance) operated at 30 Kv and 100 MA and  spectrum was recorder by cukα 
radition with wave length of 1.506 A0  in the range 200-800nm.The surface morphology and size  were  characterized  by Scanning 
Electron Microscope (SEM)( Joel 6390LA)and  Energy Dispersive X-ray (EDX) ON oxford XMX N operated at 0.5 kV to  30 kV  
at magnification 300000 and EDAX  resolution  at 136 Ev and FTIR analysis was using Thermo Nicolet Avtar )370 range between 
4000cm-1 to400cm-1 

III. RESULTS AND DISCUSSION 
A. Xrd Analysis Result 
The XRD analysis was carried out to determine the known phase of the silver nanoparticles. XRD pattern of the dried synthesized 
AgNPS Nano particles prepared by A.adenophora leaf extract is shown in the fig (4).  

                         T= K λ ∕ βcosθ nm 
The above given is the scherrer formula[14] .Where T – is the mean size of the ordered crystalline domains –is a dimensionless 
shape factor, with a value also to unity. The shape factor has a typical value of about 0.9 λ –is the X-ray wavelengthβ –is the line 
broadening at half the maximum intensity (FWHM)θ –is the Bragg angle. The spectrum exhibited distinct separate maximum peaks 
at 2θ= 37.9700[1] and 44.1350[1], 46.0830, 57.3180, 64.2860 [14], 67.3160, 77.1840 that could be indexed to (111) [16].   (200), (200), 
(222), (220), (112), (311)[1] planes respectively.  
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(Fig 8)  XRD pattern of greensynthesized silver nanoparticles 

 The peaks corresponding to (111) plane is more in dense than other planes suggesting it as a predominant orientation .Full Width at 
Half Maximum (FWHM) data was used with Scherrer’s formula to determine the average particle size. The average particles size 
was estimated as 14 nm [8]. 

B. Sem Analysis Result 

 
(a)                                                  (b)                                                                                                                          

Fig(9) SEM analysis of (a) silver nanoparticles in 1μm and (b) silver nanoparticles in 50μm 
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Fig.9 (a) Show SEM images recorded for silver nanoparticles synthesized with A.adenophora leaf extract. The silver nanoparticles 
formed were predominatly plate surface shape Fig9(b).  It is known that the shape of metal nanoparticles considerably change their 
optical and electronic properties [19]. 

C. EDX Analysis Result 

 
Fig.10 EDX spectrum recorded for prepared silver nanoparticles and different X- ray emission peaks are labeled 

Analysis through energy dispersive x-ray (EDX) spectrometers confirmed the presence of elemental silver signal of the silver 
nanoparticles in high peak (fig.4.5). The vertical axis displays the number of x-ray counts whilst the horizontal axis displays energy 
in key. Identification lines for the major emission energies for silver (Ag) are displayed and  these correspond with confidence that 
silver has been correctly identified [12]. 

D. FTIR Analysis Result 

 
Fig.11 FTIR spectrum of the silver nanoparticles 
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Table-1 
Fourier Transform Infra- Red Analysis Of Silver Nanoparticles 

WAVELENGTH                    INTENSITY                                     ASSINGNMENT          FUNTIONAL GROUP 

 

3454.1                                               Strong                         N-H: stretching mode [15]      Alcohols and phenols 

1615.2                                               Strong                         C=O: stretching mode[2]      Aldehyde and ketones 

1265.3                                               Strong                           C-O: stretching mode       Alcohols and phenols 

1022.9                                               Strong                        C-O: stretching mode [17]      Alcohols and phenols 

539.9                                                 Strong                       C-Cl: stretching mode  [18]    Halogen compound 

                                                                                                                                            [Chloro-compound]                 

442.3                                                Strong                          C-I: stretching mode  [18]      Halogen compound] 

                                                                                                                                           [Iodo-compound] 

The FTIR measurements of stretching mode nanoparticles were carried out to identify the possible interaction. Result of FTIR study 
showed sharp absorption peaks located at about 3454.1 wavelengths with O-H: Stretching mode . 

E. UV-VIS Analysis Result 
UV-Vis is spectroscopy is a valuable tool for structural characterization of AgNPs. It is a fundamental technique to ascertain the 
formation of stable metal nanoparticles in aqueous medium. 

                                                
Fig.12  UV-Vis spectroscopy of silver nanoparticles. 

Fig(12) shows UV-Vis spectra recorded from the aqueous silver nitrate with A.adenophora leaf extract. It is observed that the silver 
surface resonance band occurs at 320nm.[13][20]  ,which says the particle is in Nano size.                                                        
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IV. CONCLUSION 
In this study the silver nanoparticles were successfully synthesized using the extract of A.adenophora leaf for the first time. The 
biosynthesized AgNPs were characterized using UV-Vis, FTIR, SEM, EDX, and XRD have confirmed characteristic features of 
A.adenophora silver nanoparticles. Furthermore A.adenophora silver nanoparticles were made without any impurities. The results 
were within approximate ranges of each other and the values reported in previous studies. The UV-Vis analysis confirmed the 
AgNPs at 320 nm. The average size of the AgNPs prepared was calculated in the range of 14 nm using XRD pattern. The spherical 
shape and plate surface shape of AgNPs was observed by SEM image. Energy dispersive x-ray (EDX) shows the ED spectrum of 
the synthesized silver nanoparticles strong silver signal along with weak chlorine (Cl), carbon(C), oxygen (O) peak was observed. 
The FTIR analysis related the presence of various functional groups. Here in we reported eco-friendly and low cost process for 
synthesis of AgNPs. The plant source may act as capping agents which control the size and capping agents which control the size 
and shape of the silver nanoparticles. 

V. ACKNOWLEDGMENT 
The authors sincerely  thank SAIF ,STIC, cochin university for recording powder XRD and SEM,SEM- EDX spectrum,FTIR 
spectrum  and UV-VIS spectrum. sincere gratitude to my guide Dr.S.Venkateshwari Assistant professor, Department of physics, 
Government Arts College Udhagamandalam Tamil Nadu. 

REFRENCESS 
[1] A. R   Allafchian, S.Z. Mirahmadi-  zare, S.A.H. Jalali, S.S. Hashemi, M.R. Vahabi). Green synthesis of silver nanoparticles using phlomis leaf extract and 

investigation of their antibacterical activityVol 6, issue 2, pp. 129-135.                                     
[2] Mehtab parveen, Faheem ahmad, Alimohammed malla, Shaista Azaz). Microwave assisted green synthesis of silver nanoparticles from fraxinus excelsior leaf 

extract and its antioxidant assay. Vol 6, issue 2, pp267-276.  
[3] M. Vanaja, S. Rajeshkumar, K.Paulkumar, G.Gnanajobitha, C.Malarkodi and G. Annadurai) Kinetic study on green synthesis of silver    nanoparticles using 

Coleus aromaticus leaf extract. 
[4] K. Jaggajjanani Rao, Santanu Paria Green synthesis of silver nanoparticles from aqueous Aegle marmelos leaf extract       Department of              chemical     

engineering, National institute of technology, Rourkela  760 008, Orissa, India Article  history: Received 17 April2012 Received  in revised form3 September 
2012 Accepted 6 November 2012 Available online 15 November 2012 

[5] EK.  Elumalai,T.N.V.K.V. Prasad, Venkata kambala, P.C. Nagajyothi, E. DavidGreen synthesis of silver nanoparticles using Euphorbia hirta leaf and their 
antifunfgal activities. Arch. Appl. Sci. Res., 2010, 2(6):76-8 

[6] D . Raj mohan and M. Ramaswamy .Evaluation of larvicidal activity of the leaf extract of a weed plant, Ageratina Adenophora,         against two important 
species of mosquitoes,     two important     species of mosquitoes, Aedes   aegypti and culex quinquefasciatus . Vol. 6 (5), pp.631-638, 5 march, 2007   

[7] Bimala subba  and Ram Chandra Kandel.Chemical composition and bioactivity of essential oil of Ageratina adenophora from Bhaktapur District of Nepal. J. 
Nepal chem.soc.,vol. 30,2012.  

[8] Garima singahal, Riju bhavesh, Kunal kasariya , Ashish ranjan Sharma, Rajendra pal singh..Biosynthesis of silver nanoparticles using ocimum sanctum (Tulsi) 
leaf extract screening its        antimicrobial activity. J nanopart res (2011) 13:2981-2988 

[9] Manish dubey, Seema bhadauria, B. S. Kusttwah.Green synthesis of nano silver particles from extract eucalyptus hybrid (safeda) leaf. Vol 4,no . 3,sep 2009, p. 
537-543.  

[10] B. Ajitha, Y. Ashok kumar reddy, P. Sreedhara reddy .)Biosynthesis of silver nanoparticles using plectranthus amboinicus leaf extract and its antimicrobial 
activity.  

[11] Vyshanava satyanarayana swamy, ram prasad Green synthesis of silver nanoparticles from the leaf extract of santalum album and its antimicrobial activity  
*Journal of Optoelectronics and Biomedical Materials            Vol. 4 Issue 3, July - September  2012 p. 53 – 59. 

[12] Bokka durga1, shaik raziya1, santoshi g rajamahanti1, boddeti govindh2, korimella vijaya raju1 and nowduri annapurna1* Synthesis and Characterization of 
Cadmium Sulphide Nanoparticles Using Annona Muricata Leaf Extract as Reducing/Capping Agent DOI:10.7598/cst2016.1291   Chemical Science 
Transactions ISSN:2278-3458   2016, 5(4), 1035-1041 

[13] S. Heera1*, I. Dhanya1*, LiyaMariya Varghese1, Malathy Krishna1 and Reny Renji1 Antifungal Studies of Tea Leaf mediated Silver Nano Colloid 
[14] Narayanaswamy Krithiga, Athimoolam Rajalakshmi, and Ayyavoo Jayachitraindawi Green Synthesis of Silver Nanoparticles Using Leaf Extracts of Clitoria 

ternatea and Solanum nigrum and Study of Its Antibacterial Effect against Common Nosocomial Pathogens Publishing Corporation Journal of Nanoscience 
Volume 2015, Article ID 928204, 8 pages http://dx.doi.org/10.1155/2015/928204 

[15] Shakeel Ahmed, Saifullah, Mudasir Ahmad, Babu Lal Swami, Saiqa Ikram*Green synthesis of silver nanoparticles using Azadirachta indica aqueous leaf 
extract journal of radiation research  and applied sciences 9(2016)1-7 

[16] Aparajita Verma, Mohan Singh Mehata*    Controllable synthesis of silver nanoparticles using Neem leaves and their antimicrobial activity journal of radiation 
research  and applied sciences 9(2016)109-115 

[17] Kumari Jyoti, Mamta Baunthiyal, Ajeet Singh* Characterization of silver nanoparticles synthesized using Urtica dioica Linn. leaves and their synergistic effects 
with antibiotics journal of radiation research  and applied sciences 9(2016)217-227 

[18] Abi Munajad * ID , Cahyo Subroto ID and Suwarno ID sFourier Transform Infrared (FTIR) Spectroscopy Analysis of Transformer Paper in Mineral Oil-Paper 
Composite Insulation under Accelerated Thermal Aging    Received: 26 December 2017; Accepted: 29 January 2018; Published: 4 February 2018 

[19] SandipKumarChandraker1 ,MishriLal1,MithunKumarGhosh2,VivekTiwari1, TanmayKumarGhorai2 andRavindraShukla1 
Greensynthesisofcoppernanoparticlesusingleafextractof AgeratumhoustonianumMill.andstudyoftheirphotocatalytic andantibacterialactivities      open access 
received 13 march 2020 revised 20 April 2020 accepted for publication 29 April 2020 published 12 May 2020 



 


