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Abstract

Developing an environment friendly process for synthesis of nanoparticles is a 
significant step in the field of nanotechnology. Nanotechnology involves the tailoring 
of materials at the atomic level to attain unique properties, which can be suitably 
manipulated for the desired applications. Among the all metallic nanoparticles silver 
nanoparticles draw more attention due to its unique physical, chemical and biological 
properties. Green protocol of synthesizing nanoparticles has emerged as an alternative 
to overcome the limitation of conventional methods. Plant and microorganisms are 
majorly applied for green synthesis of metallic nanoparticles. Using plants towards 
synthesis of nanoparticles are emerging and also beneficial compared to microbes 
with the presence of broad variability of bio-molecules in plants which can act as 
capping/stabilizing and reducing agents and so increases the rate of reduction and 
stabilization of synthesized nanoparticles. Among all organisms plants seem to be the 
best candidates for biosynthesis of silver nanoparticles and they are suitable for large-
scale biosynthesis. Nanoparticles produced by plants are more stable and the rate of 
synthesis is faster than in the case of microorganisms. This review focuses on the green 
synthesis of silver nanoparticles using various plant sources.

INTRODUCTION
Nanotechnology is a field of science which deals with 

production, manipulation and use of materials ranging in 
nanometers. With the advancement of technologies and improved 
scientific knowledge a way for research and development in the 
field of herbal and medicinal plant biology towards intersection 
of nanotechnology has been observed. One such interference is 
applying plants source in the green synthesis of nanoparticles. 

Nanoparticles can be easily synthesized using various 
methods by various approaches available for the synthesis of 
silver nanoparticles include chemical [1], electrochemical [2], 
radiation [3], photochemical methods [4] and Langmuir-Blodgett 
[5,6] and biological techniques [7]. But most of the chemical 
methods used for the synthesis of nanoparticles involve the 
use of toxic, hazardous chemicals that create biological risks 
and sometime these chemical processes are not ecofriendly. 
This enhances the growing need to develop environmentally 
friendly processes through green synthesis and other biological 
approaches. Sometimes the synthesis of nanoparticles using 
various plants materials and their extracts can be beneficial 
over other biological synthesis processes which involve the very 
complex procedures of maintaining microbial cultures [8,9]. 

A lot of literature has been reported till to date on biological 
synthesis of silver nanoparticles using microorganisms including 
bacteria, fungi and plants; because of their antioxidant or 
reducing properties typically responsible for the reduction of 
metal compounds in their respective nanoparticles. Although; 
among the various biological methods of silver nanoparticle 
synthesis, microbe mediated synthesis is not very suitable for 
industrial feasibility because of requirements of highly aseptic 
conditions and their maintenance. So, the use of plant extracts for 
this purpose is potentially advantageous over microorganisms 
due to the ease of improvement, the less biohazard and elaborate 
process of maintaining cell cultures [10]. It is one of the best 
platforms for synthesis of nanoparticles as it is free from toxic 
chemicals as well as providing natural capping agents for 
the stabilization of silver nanoparticles. Now, plant mediated 
synthesis of metal nanoparticles is receiving lots of attention 
due to its simplicity, speedy synthesis of nanoparticles of 
attractive and diverse morphologies and elimination of detailed 
maintenance of cell cultures and eco-friendliness. The reason for 
selecting plant for biosynthesis is because they contain important 
reducing agents like Citric acid, Ascorbic acids, flavonoids, 
reductases etc., dehydrogenases and extracellular electron 
shuttlers that may play an important role in biosynthesis of metal 
nano particles [11]. 
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The nanoparticles used so far, the metallic nanoparticles 
considered as the most promising as they contain remarkable 
antimicrobial properties due to their large surface area to 
volume ratio, which is of interest for researchers due to the 
growing microbial resistance against metal ions, antibiotics and 
the development of resistant strains [12]. In nanotechnology, 
silver nanoparticles are the most promising one. It is observed 
that silver nanoparticles do not affect living cells, so not able 
to provoke microbial resistance. It is believed that silver 
nanoparticles can attach to the cell wall and disturb cell-wall 
permeability and cellular respiration [13]. 

Silver is well-known since ancient time due to its medicinal 
value and for its preservative properties. Silver is one of the basic 
elements that make up our planet. It is efficient antimicrobial 
agent compared to other salts due to their extremely large surface 
area, which provides better contact with microorganisms. Silver 
nanoparticles have many applications (Figure 1); spectrally 
selective coatings for solar energy absorption and intercalation 
material for electrical batteries, as catalysts in chemical reactions, 
for bio-labelling etc. Silver containing particles also used in 
textile fabrics, as food additives, and in package and plastics 
to eliminate microorganisms. Because of such a wide range of 
applications, various methods concerning the fabrication of 
silver nanoparticles, as well as various silver-based compounds 
containing metallic silver (Ago) have been developed [14]. Silver 
nanoparticles used in environmental-friendly antimicrobial nano 
paint [15], antimicrobial nature of silver ions plays a prominent 
role in food packaging systems [16]. Silver nanoparticles have 
antibacterial properties mediated by silver ions [17], it used 
as preservative in food and various food related products [18]. 
Silver nanoparticles are reported to show better wound healing 
capacity, better cosmetic appearance and scar less healing when 
tested using an animal model [19].

The present review article draws attention to the current 
knowledge regarding the potential of plant materials for 
biosynthesis of silver nanoparticles and presents a database that 
future researchers can be based on the green synthesis of silver 
nanoparticles using plants. 

Biosynthesis of silver nanoparticle by using plant 
materials

Green synthesis of nanoparticles has been an emerging 
research area now a day. The advancement of green syntheses 
over chemical and physical methods is: environment friendly, 
cost effective and easily scaled up for large scale syntheses 
of nanoparticles, furthermore there is no need to use high 
temperature, pressure, energy and toxic chemicals.

The use of plants for the production of silver nanoparticles 
has received lots of attention due to its rapid, eco-friendly, non-
pathogenic, economical protocol and providing a single step 
technique for the green synthesis processes [20]. The reduction 
and stabilization of silver ions by combination of biomolecules 
such as proteins, amino acids, enzymes, polysaccharides, 
alkaloids, tannins, phenolics, saponins, terpinoids and vitamins 
which are already established in the plant extracts having 
medicinal values and are environmental benign, yet chemically 
complex structures [21]. A large number of plants are already 

reported to facilitate silver nanoparticles synthesis and some of 
them are mentioned in this review (Table 1). The different parts 
of plant such as stem, root, fruit, seed, callus, peel, leaves and 
flower are used to synthesis of metallic nanoparticles in various 
shapes and sizes by biological approaches.

The general protocol for the nanoparticle synthesis involves 
the following steps- the collection of the part of plant/plant 
materials of interest from the available sites followed by washing 
thoroughly twice/thrice with distil water to remove both 
epiphytes and necrotic plants; followed with washing with sterile 
distilled water to remove associated debris if any. Thereafter, 
clean and fresh plant sources are dried for 10-15 days in dark 
and then powdered using domestic blender. Now, for the plant 
broth preparation, ~10 g of the dried powder is boiled with 100 
mL of deionized distilled water. The resulting solution is then 
filtered thoroughly until no insoluble material appeared in the 
broth. Soon after, filtrate is collected and to this filtrate (Raw/
diluted) at a 1 mM final concentration AgNO3 solution need to be 
added. Then, after addition the mixture is sometime shaken in 
a shaking incubator and very soon color of the mixture changes 
due to the reduction of pure Ag+ ions to Ago and the resulted 
sample need to be monitor at regular intervals in UV-visible 
spectra of the solution to identify the characteristic absorption 
properties of nanoparticles, this gives an indication of formation 
of nanoparticles [22]. Thereafter, the synthesized nanoparticles 
need to be characterized by using various techniques. At last after 
confirmation of formation of nanoparticles for its application it 
needs to be purified and separated from the plant extract (Figure 
2).

Flavonone and terpenoid components of leaf broth are 
being predicted to stabilize the formation of nanoparticles in 
comparison to high molecular weight proteins of fungal biomass 
[23]. The polyol components and the water soluble heterocyclic 
components are mainly responsible for reduction of silver ions 
(Ag+) as well as stabilization of nanoparticles. Information 
regarding the activity of reductases in nanoparticles fabrication 
is well illustrated [24]. Differences in morphology of nanopar
ticles synthesized, is one possible reason for variation in optical 
properties [25]. It is well known that silver nanoparticles exhibit 
brownish color in aqueous solution due to excitation of surface 
plasmon vibrations in silver nanoparticles [26]. 

Among the list of plant materials mentioned in Table 1 and 

Figure 1 Various applications of silver nanoparticles.
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Table 1: Green synthesis of silver nanoparticles using plant. 
Sl. No. Name of Plant Size of nanoparticles References

1. Allium cepa 33.6 nm Saxena et al. [27]
2. Allium sativum L. 4 .4 ± 1.5 nm White II et al. [28]
3. Achyranthus aspera L. 20-30 nm Daniel et al. [29]
4. Andrographis paniculata Nees. 28 nm Sulochana et al. [30]
5. Astragalus gummifer Labill 13.1 ± 1.0 nm Kora et al. [31]
6. Asiatic Pennywort 18-21 nm Saikia et al. [32]
7. Azadirachta indica L. < 30 nm Velusamy et al. [33]
8. Andrographis paniculata 40-60 nm Sinhaa & Paul [34]
9. Bryophyllum 18-21 nm Saikia et al. [32]

10. Carica papaya L. 15 nm Jain et al. [35]
11. Centella asiatica L. - Palaniselvam et al. [36]
12. Chenopodium album L. 12 nm Dwivedi and Gopal [37]
13. Coleus aromaticus Lour. 40-50 nm Vanaja and Annadurai [38]
14. Citrullus colocynthis L. 31 nm Satyavani et al. [39]
15. Capsicum annuum L. 30-70 nm Li et al. [40]
16. Citrus limon 10-30 nm Mohapatra et al. [41]
17. Clerodendrum Inerme - Farooqui et al. [42]
18. Datura metel L. 16-40 nm Kesharwani et al. [43]
19. Desmodium triflorum (L) DC. 5–20 nm Ahmed et al. [44]
20. Dioscorea bulbifera L. 8-20 nm Ghosh et al. [45]
21. Dioscorea oppositifolia L. 14 nm Maheswari et al. [46]
22. Elettaria cardamomom (L) Maton. - GnanaJobitha et al. [47]
23. Euphorbia hirta (L) 40-50 nm Elumalai et al. [48]
24. Emblica officinalis 10-70 nm Ramesh et al. [49]
25. Glycyrrhiza Glabra L. 20 nm Dinesh et al. [50]
26. Hibiscus cannabinus L. 9 nm Bindhu and Umadevi [51]
27. Hydrilla verticilata (L.f.) Royle. 65.55 nm Sable et al. [52]
28. Lantana camara L. 12.55 nm Sivakumar et al. [53]
29. Leonuri herba L. 9.9-13.0 nm A-Rang Im et al. [54]
30. Mentha piperita L. 90 nm Ali et al. [55]
31. Morinda pubescens L. 25-50 nm Mary and Inbathamizh [56]
32. Ocimum sanctum L. 10 nm Ahmad et al. [57]
33. Ocimum sanctum L. - Brahmachari et al. [58]
34. Ocimum sanctum L. 4-30 nm Ramteke et al. [59]
35. Parthenium hysterophorus L. 10 nm Ashok Kumar [60]
36. Parthenium hysterophorous L 40-160 nm Sarkar et al. [61]
37. Parthenium hysterophorus L 30-80 nm Parashar et al. [62]
38. Psidium guajava L. 2–10 nm Lokina et al. [63]
39. Pedilanthus tithymaloides (L) Poit. 15-30 nm Sundarayadivelan et al. [64]
40. Piper betle L. 3-37 nm Mallikarjuna et al. [65]
41. Plumeria rubra L. 32-220 nm Patil et al. [66]
42. Sesuvium portulacastrum L. 5-20 nm Nabikhan et al. [67]
43. Solanum xanthocarpum L. 10 nm Amin et al. [68]
44. Swietenia mahogany (L) Jacq. - Mondala et al. [69]
45. Saururus chinensis 38 nm Nagajyoti et al. [70]
46. Syzygium cumini L 93 nm Banerjee & Narendhirakannan [71]
47. Trianthema decandra L. 10-50 nm Geethalakshmi and Sarada [72]
48. Tagetes erecta 10-90 nm Padalia et al. [73]
49. Viburnum lantana 20–80 nm Shafaghat [74]
50. Zingiber officinale Rosc. 10 nm Singh et al. [75]
51. Paederia foetida L. 4-15 nm Mollick et al.[76]
52. Cucumis sativus 8-10 nm Roy et al. [77]

53. Morinda tinctoria 79-96 nm Vanaja et al. [78]

54. Aloe vera 15.2 ± 4.2 nm Chandran et al. [79]
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55. Jatropha curcas 10-20 nm Bar et al. [80]
56. Cinnamomum camphora 10-20 nm Huang et al. [81]
57. Medicago sativa 2-20 nm Gardea-Torresdey et al. [82]
58. Azadirachta indica 50 nm Shankar et al. [83]
59. Cinnamon zeylanicum 50-100 nm Sathishkumar et al. [84]
60. Coriandrum sativum 26 nm Sathyavathi et al. [85]
61. Holarrhena antidysenterica 2-70 nm Yadav and Rai [86]
62. Opuntia ficus-indica - Gade et al. [87]
63. Ocimum sanctum 50-200 nm Gudadhe et al. [88]
64. Carica papaya 60-80 nm Mude et al. [89]
65. Euphorbia hirta 31 nm Mano Priya et al. [90]
66. Nerium indicum 29 nm Mano Priya et al. [90]
67. Plectranthus barbatus 20 nm Manikandan et al. [91]
68. Aerva lanata. 18.62 nm Joseph and Mathew [92]
69. Myristica fragrans 7-20 nm Sharma et al. [93]
70. Solanum trilobatum 12.50-41.90 nm Ramar et al. [94]
71. Piper pedicellatum 5-40 nm Tamuly et al. [95]
72. Ocimum sanctum 4–30 nm Singhal et al. [96]

Figure 2 Biosynthesis of silver nanoparticles using plant extract.

Figure 3 Various characterization techniques of nanoparticles.

few of them are discussed briefly in the present review. 

Singhal et al. described biosynthesis and antimicrobial 
activity of silver nanoparticles using Ocimum sanctum. They 
showed that O. sanctum leaf extract can reduce silver ions 
into silver nanoparticles within 8 min of reaction time. 
Biosynthesized silver nanoparticles are in the size range of 
4–30 nm and possessed antimicrobial activity. They showed 
silver nanoparticles were exhibit more antimicrobial activity on 
gram-negative microorganism than gram-positive ones and also 
showed synthesized silver nanoparticles have stronger activity 
than silver nitrate and standard antibiotic ciprofloxacin. 

Jain et al. reported green synthesis of silver nanoparticles 
using Carica papaya L and studied antimicrobial activity of the 
synthesized nanoparticles against multi-drug resistant human 
pathogen. The synthesized silver nanoparticles were found 
to be cubic particles with average particle size of 15 nm. They 
showed that biologically synthesized nanoparticles were found 
to be highly toxic against different multi drug resistant human 
pathogens. 

Farooqui et al. described green synthesis of silver 
nanoparticles using extracts of a medicinal leaf Clerodendrum 
Inerme. They synthesized nanoparticles from three different leaf 
conditions- fresh leaves, sun-dried leaves, and hot-air oven dried 
leaves and silver nanoparticles synthesized using fresh leaves 
gives the smallest sizes. They showed that the Clerodendrum 
inerme plant which is grown as an ornamental plant in many 
gardens in India and other parts of the world can be beneficially 
used for biosynthesis of silver nanoparticles.

Banerjee et al. synthesized silver nanoparticles using 
Syzygium cumini seed extract as reducing agent and also studied 
the antioxidant activity of the synthesized nanoparticles. The 
average size of silver nanoparticles was 93 nm. They showed 
green synthesized silver nanoparticles using Syzygium cumini 
seed have greater antioxidant activity compare to seed extract of 
Syzygium cumini.

Velusamy et al. reported green synthesis of silver 
nanoparticles using Azadirachta indica and also studied the 
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antimicrobial activity. The synthesized silver nanoparticles were 
monodispersed and spherical particles with an average size < 
30 nm. They showed that, the synthesized silver nanoparticles 
showed potent antibacterial activity. What is more, the 
antibacterial activity of the synthesized nanoparticles was 
confirmed by degradation of test bacterial DNA. Their results 
showed that the gum mediated synthesized silver nanoparticles 
could be used as a promising antibacterial agent against clinical 
pathogens.

Saxena et al. described biosynthesis of silver nanoparticles 
using Allium cepa and also studied the antibacterial activity 
of the synthesized nanoparticles. The synthesized silver 
nanoparticles were 33.6 nm in averages mean size and showed 
antibacterial activity against E.coli and Salmonella typhimurium. 
The bactericidal property of nanoparticles was examined by 
measuring the growth curve of bacteria in presence of 50 μg/ml 
concentration of silver nanoparticles and the results was found 
to be very effective.

Gade et al. showed Opuntia ficus-indica mediated synthesis 
of colloidal silver nanoparticles and studied the antibacterial 
activity as well as the mechanism involved in the synthesis 
process. Their report established that silver nanoparticles in 
combination with commercially available antibiotics showed 
a remarkable antibacterial activity and the maximum activity 
was demonstrated by Ampicillin followed by Streptomycin and 
Vancomycin. They also suggested two-step proposed mechanism 
of bio-reduction and formation of an intermediate complex 
leading to formation of capped biogenic silver nanoparticles.

Sarkar et al. reported synthesis of silver nanoparticles 
of varying sizes using parthenium leaf extract at a higher 
temperature of 100 °C as well as at room temperature. 
They showed the variation of particle size with the reaction 
temperature and reaction time. The synthesized colloidal silver 
nanoparticles were photo-luminescent. The size of the silver 
nanoparticles synthesized after 2 minutes of chemical reaction 
at a higher temperature of 100 °C lie within 40-160 nm and the 
average size of the nanoparticles was ~ 110 nm.

Ramesh et al. described plant mediated green synthesis of 
silver nanoparticles and its antibacterial activity using Emblica 
officinalis fruit extract. The synthesized silver nanoparticles are 
in the size of around 70 nm. They showed silver nanoparticles 
possess significant antimicrobial activity against gram-negative 
bacteria, E. coli and K. pneumonia and gram-positive bacteria, S. 
aureus and B. subtilis. 

Mohapatra et al. reported Citrus limon extract mediated 
synthesis of silver nanoparticles. The biosynthesized silver 
nanoparticles are of in the size range of 10-30 nm. They showed 
that addition of NaOH is a key factor for rapid biosynthesis 
of stable aqueous dispersions of high concentration of silver 
nanoparticles. So, the alkaline environment is favorable for the 
biosynthesis of silver nanoparticles using Citrus limon.

Sinha and Paul synthesized silver nanoparticles using 
aqueous extract of Andrographis paniculata and they also studied 
the antibacterial activity against various bacterial strain. The size 
of the synthesized silver nanoparticles was in between 40 and 
60 nm. They showed the antibacterial activity of the synthesized 

nanoparticles is very promising against Pseudomonas aeruginosa 
among the bacteria tested. 

Saikia et al. described the green synthesis of silver 
nanoparticles using Asiatic Pennywort and Bryophyllum leaf 
extracts as reducing and capping agents. Their synthesized silver 
nanoparticles have average sizes 18-21 nm. They also described 
the size dependent antimicrobial activities of silver nanoparticles 
against gram negative bacteria Pseudomonas Fluorescens and 
gram positive bacteria Staphylococcus epidermidis. They showed 
that silver nanoparticles obtained from Asiatic pennywort 
was more effective on gram positive bacteria while silver 
nanoparticles obtained from Bryophyllum was more effective on 
gram negative bacteria.

Sathishkumar et al. reported biosynthesis of nanoparticles 
and also studied the antibacterial activity using the bark extract 
and powder of Cinnamon zeylanicum. The average size of the 
nanoparticles ranged between 31 and 40 nm. They showed that 
pH played a major role in size control of the particles and also 
bark extract are more effective silver nanoparticles producer 
than the powder. The nanoparticles synthesized showed an 
EC50 value of 11±1.72 mg/L against Escherichia coli BL-21 
strain. So, the bark extract is good source of biosynthesis of silver 
nanoparticles and synthesized nanoparticles can be used as a 
potential antimicrobial agent.

Vanaja et al. synthesized silver nanoparticles using Morinda 
tinctoria leaf extract and studied the photocatalytic activity 
of synthesized nanoparticles. The synthesized nanoparticle 
is spherical shape with the size ranges from 79-96 nm. They 
evaluated the photo catalytic activity of green synthesized silver 
nanoparticles using methylene blue dye and results indicate 
silver nanoparticles exhibits excellent photo catalytic activity. 

Mollick et al. synthesized silver nanoparticles using Paederia 
foetida L. leaf extract as a reducing cum stabilizing agent and 
also studied the antimicrobial activity of the synthesized 
nanoparticles against various bacteria. Their synthesized silver 
nanoparticles were spherical in shape with size range of 4–15 nm. 
The synthesized nanoparticles showed significant antibacterial 
reactivity on both the gram classes of bacteria. 

Ali Shafaghat reported green synthesis of silver nanoparticles 
using methanol extract of Viburnum lantana leaves and also 
analyzed the biological activity of synthesized silver nanoparticles 
against various bacteria. They showed silver nanoparticles are 
in 20–80 nm size range. The antibacterial efficacy against some 
bacteria confirmed that the silver nanoparticles are capable of 
rendering antibacterial efficacy and strengthen the medicinal 
value of plants.

Roy et al. described biosynthesis of silver nanoparticles 
using fruit extract of cucumber (Cucumis sativus) and they 
also analyzed the photo catalytic and antibacterial activity of 
synthesized nanoparticles. The biologically synthesized silver 
nanoparticles were found to have spherical shape with average 
diameter nearly 8-10 nm. The Photo catalytic study suggests the 
efficiency of these biosynthesized nanoparticles in degrading 
organic dyes methylene blue under solar radiation. In addition, 
the result of antibacterial assay (tested against- Staphylococcus 
aureus, Klebsiella pneumoniae and Escherichia coli) showed that 
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these nanoparticles possess effective bactericidal property. 

Priya et al. reported plant mediated synthesis of silver 
nanoparticles using Euphorbia hirta and Nerium indicum 
and examined the antimicrobial activity of nanoparticles 
against various bacteria. Antimicrobial activity of synthesized 
nanoparticles tested against six different bacteria such as E. 
coli, S. pyrogens, S. auereus, B. Subtilis, S. typhi and Citrobacter 
sp. They showed the synthesized nanoparticles were highly 
effective in their activity against S. pyrogens, B. Subtilis, S. typhi 
and Citrobacter sp. than antibiotics.

Satyavani et al reported biosynthesis of silver nanoparticles 
using stem derived callus extracts of bitter apple (Citrullus 
colocynthis L.) and analyzed the antimicrobial activity of 
the prepared nanoparticles. The shape of the nanoparticles 
synthesized by stem derived callus extract was spherical and 
was found to be in the range of 75 nm. The silver nanoparticles 
exhibited a tremendous antibacterial activity against various 
strain and among those it showed the maximum activity against 
biofilm bacteria E.coli.

Characterization techniques of nanoparticle

After green synthesis of nanoparticles, characterization is an 
important step to identify the nanoparticles by their shape, size, 
surface area and dispersity [97]. To characterize nanomaterials 
various techniques [98-105] are employed which are shown 
below (Figure 3)-

1) UV-visible spectrophotometer- UV-Vis spectrophotometer 
allows identification, characterization and analysis of metallic 
nanoparticles. In general 200-800 nm light wavelength is used 
for the characterization of size range 2-100 nm [98]. 

2) Dynamic light scattering (DLS) - The dynamic light 
scattering (DLS) is used to characterize the surface charge 
and the size distribution and quality of nanoparticles. It is also 
very useful to know the polydispersity index of the prepared 
nanoparticles [97]. 

3) Scanning electron microscopy (SEM), and Transmission 
electron microscopy (TEM) - Electron microscopy is a common 
method for surface and morphological characterization. 
Scanning electron microscopy (SEM) and transmission 
electron microscopy (TEM) are used for the morphological 
characterization at the nanometer to micrometer scale [101]. 
SEM can provide morphological information on the submicron 
scale and elemental information at the micron scale, but TEM has 
a much higher resolution compared with the SEM. So, to know the 
surface morphology of the prepared nanoparticle sample same 
is used and TEM is useful to know the exact size and shape of 
nanoparticles. 

4) Zeta potential measurement- Zeta potential is used to 
know the stability of prepared nanomaterial, more the value of 
zeta potential more stabilized sample. 

5) Fourier transforms infrared spectroscopy (FTIR)- 
Characterization of nanoparticle using FTIR is very useful for the 
surface chemistry because the organic functional groups can be 
determined which are attached to the surface of nanoparticles 
[102]. 

6) X-ray diffraction (XRD) - XRD is used to examine the 
overall oxidation state of the particles as a function of time, i.e. 
phase identification and characterization of the crystal structure 
of the nanoparticles [103]. 

7) Energy dispersive spectroscopy (EDS) - To know the 
elemental composition of metal nanoparticles EDS is used, which 
gives the elemental knowledge of sample [104].

8) Auger electron spectroscopy (AES), scanning probe 
electron microscopy (SPM), X-ray photoelectron spectroscopy 
(XPS), time of flight secondary ion mass spectrometry (TOF-
SIMS)- AES, XPS, TOFSIMS, scanning probe microscopy (SPM) 
techniques are important for the primary surface analysis of 
nanoparticles. AES and XPS are used to determine the presence, 
composition and thickness of coating on nanoparticles, surface 
enrichment and depletion at particle surfaces. Sometimes XPS 
is used to determine particle sizes when conditions are not 
appropriate for analysis by other methods. TOF-SIMS is useful for 
obtaining molecular information about surface layers, functional 
groups which are added to the surface. 

9) Low energy ion scattering (LEIS)- In LEIS process the 
amount of energy lost by the ion during this scattering process 
due to a low energy ion beam can be determined. This scattering 
process is used to determine the identity of the elements present 
in the outermost surface of the material under analysis. Recently 
it is found that it is useful due to its high sensitivity to the 
outermost atomic layers of a sample [105]. 

10) Scanning tunneling microscopy (STM), Atomic 
force microscopy (AFM) - AFM and STM provide surface 
characterization at the atomic scale. 

All these techniques are very useful to know the complete 
characterization details of synthesized nanoparticles.

CONCLUSION
Synthesis of silver nanoparticles using plant extracts is 

beneficial as it is an economical, energy efficient, low cost and 
supplemented to that it protecting human health and environment 
leading to lesser waste and safer products. Green synthesized 
silver nanoparticles have significant aspects of nanotechnology 
through unmatched applications and synthesis of nanoparticles 
using plants can be beneficial over other biological entities which 
can overcome the time consuming process of employing microbes 
and maintaining their culture which can lose their potential 
during biosynthesis of nanoparticles. Thus the present review 
showed the importance of plant mediated synthesis of silver 
nanoparticles by conferring the various literatures reported 
recently. With the vast plant diversity much more plant species 
are in way to be exploited and reported in future era towards 
rapid green synthesis of metallic nanoparticles.
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