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Abstract: 

The development of the biological synthesis of nanoparticles using microorganisms or plant 

extracts plays an important role in the field of nanotechnology as it is environmentally friendly and 

does not involve any harmful chemicals. In this study, the synthesis of silver nanoparticles using the 

leaves extract of Plumbago indica is reported. The synthesized nanoparticles were characterized using 

UV-vis spectroscopy, X-ray diffraction (XRD), Scanning electron microscopy (SEM), and Fourier 

transform infrared (FTIR) spectroscopy. The antibacterial activity of the synthesized silver 

nanoparticles was studied against the gram positive bacteria (Staphylococcus aureus, Bacillus cereus) 

and gram negative bacteria (Escherichia coli, Salmonella typhi).  Silver nanoparticles synthesized 

from Plumbago indica leaf extract should have good catalytic activity for the degradation of a toxic 

azo dyes methyl orange.  The application of the green synthesized nanoparticles can be used in many 

fields such as cosmetics, foods, and medicine. 

Keywords: silver, nanoparticles, green synthesis, leaf extract, scanning electron microscopy, 

nanotechnology 

 

Introduction 

In the last two decades, nanoparticle research has become one of the most important areas in 

modern materials science research. It has attracted considerable interest in the fields of electronics, 

biology, and medicine, due to the distinctive properties of nanoparticles, such as optical, 

antimicrobial, cancer therapeutic, and catalytic properties [Abdel-Mohsen et al, 2012]. Nanoparticles 

[NPs], which are 100 to 10,000 times smaller than human cells, offer unprecedented interactions with 

biomolecules on both the surface and inside of the cells [Jacob et al, 2012]. Currently, metal 

nanoparticles with their unparalleled characteristics are extensively studied owing to their potential 

applicability in diverse areas such as packaging, coatings, biological tagging, and pharmaceutical 

applications [Chen et al, 2007]. Silver nanoparticles (AgNPs) have attracted intensive research 

interest owing to their unique properties, such as catalytic and good conductivity, but specipically 

their wide range of promising bioactivities. These include antifungal, anti-oxidant, antibacterial, anti-

inammatory and anticancer effects [Treuelet al,2013]. 

 

 Moreover, conventional chemical and physical methods raise environmental and biological 

risks on account of the poisonous reducing agents used during the synthesis procedures [Ansari et 

al,2015]. To full the growing demand for environmentally friendly methodology to produce metal 

nanoparticles, biological or green-chemistry synthesis has received much attention because of its 

economy in the use of time and the minimal use of external hazardous reducing/stabilizer chemicals 

compared to physical and chemical synthesis[Vasanth et al,2014]. For this purpose, the utilization of 

eco-friendly benign reducing agents and solvents, as well as renewable and non-toxic materials, is 

Journal of Shanghai Jiaotong University

Volume 16, Issue 11, November - 2020

ISSN: 1007-1172

https://shjtdxxb-e.cn/ Page No:                                                14

mailto:Drmadhu6666@yahoo.com


one of the important issues that should be evaluated for a green synthesis strategy [Gopinath et 

al,2012] green synthetic approaches to silver nanoparticles using microorganisms such as bacteria, 

yeast and fungi have been reported [Mohanpuria et al,2007]. 

 

 However, there are several drawbacks, including multiple purification steps and the elaborate 

process of maintaining the microbial culture. Green synthesis is preferred over conventional synthesis 

because it is ecofriendly, cost-effective, single-step method that can be easily scaled up for large scale 

synthesis and does not require high pressure, temperature, energy and toxic chemicals [Saha et 

al,2017]. Many researchers have reported the use of materials such as plant leaf extract, root, stem, 

bark, leaf, fruit, bud and latex [Mariselvam et al,2014], fungi [Bhainsa et al,2006], bacteria 

[Saifuddin et al,2009] and enzymes [Willner et al,2007] for the synthesis of silver nano-particles.  

 

A lot of work has been done on green synthesis of silver nano-particles using microorganism 

including bacteria, fungi and plants because of their antioxidant properties capable of reducing metal 

compounds in their respective nanoparticle. Plant extract produce best capping material for the 

stabilization of silver nanoparticles [Ahmed et al,2015]. To date, silver and its salts have been used as 

potent antimicrobial agents in curative and preventative health care, with low toxicity.15 Currently, 

silver nanoparticles are widely employed as an antimicrobial agent for the treatment of infections for 

open wounds and chronic ulcers [Kharissova et al,2013]. Many effective approaches have been 

devoted to the synthesis of silver nanoparticles, including physical and chemical techniques, such as 

electrochemical, photochemical, and chemical reductions of silver ions[Ansari et al,2011] heat 

evaporation[Lara et al,2010] and so on. However, conventional chemical and physical methods raise 

environmental and biological risks on account of the poisonous reducing agents used during the 

synthesis procedures. 

 

Materials and Methods 

The chemicals silver nitrate, sulfuric acid, sodium hydroxide, sodium borohydride, hydrochloric acid, 

methyl orange was purchased from Kevin scientific laboratories, Chennai. All the chemicals used 

were of analytical reagent and used without any purification. The solutions were prepared from 

double distilled and kept in a dark bottle to avoid photo-oxidation. 

 

 Preparation of leaf extract 
The freshly collected leaves of Plumbago Indica plant were cleaned several times using distilled 

water.The washed leaves were chopped into small sizes. Thereafter, the small-sized leaves were 

compactly packed into a thimble of the soxhlet apparatus. 100 ml of methanol was performed to get 

the plant extract. Such soxhlet extraction method leads to remove desirable compounds from the 

leaves and plant extract collected by this method was used for converting silver nitrate into silver 

nanoparticles.  The freshly collected leaves of Plumbago Indica plant were cleaned several times 

using distilled water. The leaves are dried in the absence of sunlight for 20 days. Then leaves were 

grained and 20 g of grained dry powder are taken in a 400 ml beaker. To this 100 ml of methanol was 

added and allowed to stand for 48 hours. The solution is boiled for about 5 min. Then the methanolic 
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plant extract was filtered through a Whatman no 40 filter paper. The collected methanolic plant 

extract solution was used for synthesis of silver nanoparticles.  

                                       

Synthesis of silver nano particles 

10 ml of fresh leaf extract was added vigorously to 100 ml aqueous solution of silver nitrate [1 mM] 

and 5 ml of NaOH solution was added and stirring was continued for 1 hour using magnetic stirrer. 

This process was maintained at room temperature and colour of the solution was changed to a 

chocolate brown colour. The colour change indicates the formation of silver nanoparticles. The liquid 

sample was used for the analysis of UV and FTIR spectrum.The formation of silver nanoparticles 

solution filtered through a Whatmann no 40 filter paper. The precipitate was dried in a silica crucible 

using electrical burner for about 3 hours.  The powder sample was collected and it was used for 

analysing the XRD and SEM.  Similarly the same process is repeated for dry leaf extraction.  

 

Catalytic degradation of methyl orange 

The catalytic degradation of methyl orange by NaBH4 was studied as follows. To 10 mL of aqueous 

methyl orange solution (0.001 M) was taken in quartz cell of 1 cm path length and 0.5 mL freshly 

prepared NaBH4 solution (0.5 M) was added. Followed by this, 0.5 mL of AgNP-Plumbago indica 

Linn solution of a definite concentration was added to start the reaction. The variation in the 

concentration of methyl orange with time was monitored using UV–vis spectrophotometry by 

following the change in the absorbance of the peak. 

 

Characterization of silver nanoparticles: 

UV-Vis Analysis: 

The formation of silver nanoparticles was determined by the reaction mixture absorption spectrum at 

a resolution of 1nm between 200nm and 800nm at room temperature using UV-Vis 

spectrophotometer (Perkin Elmer, Lamda 35,Germany). 

FT-IR analysis: 

The chemical composition of the synthesized silver nanoparticles was studied by using FT-IR 

spectrometer (perkin-Elmer LS-55- Luminescence spectrometer). The synthesized silver 

nanoparticles were mixed with KBr to prepare the disc, which was analysed to obtain FTIR spectrum. 

XRD Analysis: 

For the structure and composition characterization of biosynthesized silver nanoparticles, the 

Shimadzu XRD-6000 diffraction with Cu Ka (1.54nm) was used. The average particle size can be 

calculated by Debye-Scherrer equation. 

  D = 0.94λ/βcosƟ 

Where D is the average crystalline domin size which is perpendicular to the reflecting planes, λ is the 

x-ray wavelength, Ɵ is the diffraction angle and β is the full width of half maximum.  

SEM Analysis: 

 The morphological studies of the synthesized silver nanoparticles were studied by Scanning Electron 

Microscope (JSM-6480 LV). After 24Hrs. of the addition of AgNO3 the SEM slides were prepared 

by making a smear of the solutions on slides. A thin layer of platinum was coated to make the 
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samples conductive. Then the samples were characterized in the SEM at an accelerating voltage of 20 

KV. 

Antibacterial Activity 

The silver nanoparticles synthesized using Plumbago indica was subjected to Antibacterial 

study through the Agar-well diffusion method against Gram positive bacteria (Bacillus cereus, 

Staphylococcus aureus) and Gram negative bacteria (Escherichia coli, Solmonella typhi). Three 

different concentrations 50µl, 75 µl, and 100 µl of silver nanoparticles and DMSO as negative control 

was loaded in the wells inoculated with the study pathogen. 

 

Result and Discussion 

The bio-molecules such as proteins, amino acids, enzymes, polysaccharides, alkaloids, 

tannins, phenolics, saponins, terpenoids and vitamins which are mostly responsible for reducing 

silver nitrate into silver nanoparticles. It is reported that aqueous extract of Plumbago indica Linn is 

composed of a variety of phenolic compounds, proteins amino acids, etc. and these may be 

responsible for reduction of metal ions and efficient stabilization of nanoparticles. 

 

Visual analysis 

 Plumbago indicaca L plant extract when incubated with AgNO3 solution under dark 

conditions changed its colour from colourless to light reddish and finally to reddish-brown. The 

colour of the filtrate changed to intense brown after 15 min of incubation indicates the formation of 

silver nanoparticles. The control AgNO3 solution (without Plumbago indica Linn extract) showed no 

change in colour (Fig. 3A).  

UV-Visible spectral analysis 

Metallic nanoparticles would show unmistakable assimilation range when suspended in 

watery suspension. Hypothetically, colloidal silver nanoparticles obtain optical range with 

assimilation top, otherwise called the surface Plasmon reverberation (SPR) lies in the range 400-450 

nm.  The formation of a pale-yellow to dark brown colour in the reaction bottle was the indication of 

silver nanoparticles formation. Bio reduction silver ions can easily be followed by UV-Vis 

spectrophotometer and one of the most extensive features in optical absorbance spectra of metal 

nanoparticles is surface Plasmon band, which is due to collective electron oscillation around the 

surface mode of the particles1. The colour intensity increased as a function of time due to the 

reduction of silver ions. Green synthesis of silver nanoparticles using Plumbago Indica L plant extract 

was achieved by mixing silver nitrate solution with plant extract that produced brownish-yellow 

within 15min. The formation of clear translucent brownish yellow colour from nearly a colourless 

solution showed the formation of AgNPs. UV–Vis absorption studies for the dried leaf extract 

showed a strong absorption peak at 405nm (Fig. 4). If silver nanoparticles prepared from fresh leaf 

extract of Plumbago indica L showed a strong absorption band at 448nm (Fig-5). From this value, we 

conclude that more and stable silver nanoparticles from fresh leaf extract of Plumbago indica L.  It is 

noted that pure Plumbago indica L extract alone did not show any absorption peak in the visible 

range. It is a well-known phenomenon that AgNPs show various colour depending on the size and 
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morphology. These colours are observed due to excitation of surface plasmon resonance (SPR) in the 

metal nanoparticles.   

 

 

Fig. 3. Digital images of (A) Silver 

nitrate (1mM), (B) mixture of plant 

extract and AgNO3,(C)  Plumbago 

Indica L 
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  Fig.4 UV-Visible spectra of silver 

nanoparticles using dried leaf extract of 

Plumbago indica L. 
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Fig.5 UV-Visible spectra of silver 

nanoparticles using Fresh leaf extract of 

Plumbago indica L 

FT-IR Analysis:  

                      The spectrum of Ag NPs in Figure 10 showed an absorption band at about 3407, 2387, 

1718, 1600, 1350cm-1 and 767cm-1 A number of Anthocyanins, proteins, amino acids alkaloids, 

tannins, saponins and also poly phenols such as flavonoids, hydroxy styrosol, have been isolated from 

the leaves of Plumbago indica L and we suggest that the synthesis of silver nanoparticles is probably 

due to the presence of reducing agents among these poly phenols. 

XRD Analysis: 

 The crystalline nature of the bio synthesized AgNPs was confirmed by XRD pattern displayed 

in figure 11. The diffraction peaks at the 2θ values of 38.11°, 44.33°, 64.35°, and 77.62° 

corresponded to the 111, 200, 220 and 311 crystallographic planes, respectively. This suggests that 

the prepared Ag NPs are face center cubic in nature. Also, the unsigned peaks may be associated with 

the organic compounds which originate from the Plumbago indica L leaf extract and function as 

reductants and stabilizers for Ag NPs in the mixture. 
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Fig.6  FT-IR spectrum of silver nanoparticles using Fresh leaf 

extract of Plumbago indica L. 

 

Fig.7 XRD spectrum of silver nanoparticles using Fresh leaf 

extract of Plumbago indica L. 

Journal of Shanghai Jiaotong University

Volume 16, Issue 11, November - 2020

ISSN: 1007-1172

https://shjtdxxb-e.cn/ Page No:                                                18



Morphological Analysis: SEM 

The SEM, EDX techniques were applied to determine the size, shape and morphologies of AgNPs in 

order to give further insights into the detailed features of biosynthesise AgNPs. The representative 

SEM images at two different magnifications (×50 000 and ×70 000) are shown in figure8, and the 

related EDX spectrum is given in figure 8(d). The AgNPs obtained were mostly cube like shape with 

a narrow size distribution in the range from 46 to 70 nm. Several large nanocubesviewed probably 

resulted from the well distribution nanocubes were clearly observed.. The EDX profile showed strong 

signals for silver(Ag) atoms. The strong signal peak at 3 keV in the EDX spectrum was typical of the 

absorption of silver nanocrystallites , demonstrating the presence of AgNPs. Interestingly, some 

adjoint elements such as C, O and Ag were also detected. C and O are very likely associated with the 

organic compounds from the extract adsorbed on the surface of AgNPs, which play a crucial role in 

the reduction and stability of AgNPs. The appearance of Cu in the spectrum comes from the sputtered 

grid. 

 

Fig.8. shows the SEM and EDX mapping of Prepared Silver nanoparticle (AgNPs). 
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ANTI-BACTERIAL STUDIES 

The silver nanoparticles synthesized using Plumbago indica was subjected to Antibacterial study 

through the Agar-well diffusion method against Gram positive bacteria (Bacillus cereus, 

Staphylococcus aureus) and Gram negative bacteria (Escherichia coli, Solmonella typhi). Three 

different concentrations 50µl, 75 µl, and 100 µl of silver nanoparticles and DMSO as negative control 

was loaded in the wells inoculated with the study pathogen. The zone of inhibition developed by 

silver nanoparticles was measured in millimeters and the same depicted in the table-4. 

 DMSO has not developed any zone of inhibition in all the four study pathogens. As far the 

study, the minimum zone of inhibition was developed by 15µl concentration of silver nanoparticles 

and maximum zone of inhibition was developed at 100µl concentrations.  Of the four pathogenic 

organism studied, the maximum antibacterial activity was shown by Gram positive Staphylococcus 

aureus followed by Gram negative Escherichia coli and then Solmonella typhi. The minimum 

antibacterial activity produced by Bacillus aureus. 

 
 

 

Fig-9 Antibacterial activity of synthesized silver nanoparticles 

using Gram positive bacteria (Bacillus cereus, Staphylococcus 

aureus) and Gram negative bacteria (Escherichia coli, Solmonella 

typhi) 

 

 
Fig – 10 Zone of inhibition of AgNps-Plumbago indica Linn 

AZO DYE DEGRADATION  

Methyl orange (MO) is an organic azo dye which is frequently used as an indicator in several 

analytical fields (Fig. 11). Because of environment pollutions the highly coloured methyl orange, its 

deterioration and removal are an impressive field of research. The aqueous solution of methyl orange 

is orange red in colour. The UV–visible spectrum of aqueous solution shows strong absorptions at 

466 nm and 255 nm. The λmax at 466 nm is due to the absorption of azo group. The synthesized 

silver nanoparticles from Plumbago indica plant extract show an excellent catalytic activity on 

degradation of azo dyes. The reduction takes place in presence of NaBH4 at 300C.  As the intensity of 
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the peak at 466 nm diminished gradually on adding silver nanoparticles shows that degradation takes 

place (Fig-12) 

 

 
Fig-12 UV Visible spectra for degradation for methyl orange catalysed  by Plumbago indica plant extract at 300C 

 

Conclusion 

A simple one-pot green synthesis of stable silver nanoparticles using Plumbago Indica L was 

proposed in this investigation. The appropriate condition to biosynthesize AgNPs using Plumbago 

Indica L extract was optimized. It was found that the silver nanoparticles synthesis reaction 

influenced towards the completion within 15 min and the higher temperature was favorable for the 

formation of smaller particles. Also, the initial silver nitrate concentration had a great impact on the 

size distribution of AgNPs. Synthesis was found to be efficient in terms of reaction time as well as 

stability of the synthesized nanoparticles which exclude external stabilizers/reducing agents such as 

sodium hydroxide and sodium borohydride. It proves to be an eco-friendly, fast green approach. For 

the synthesis providing a cost-effective and powerful way for the synthesis of silver nanoparticles. 

Therefore, this reaction pathway satisfies all the conditions of a 100% green eco-friendly method. 

This eco-friendly method could be a competitive alternative to the conventional physical and 

chemical methods used for the synthesis of silver nanoparticles and thus has the potential to use in 

biomedical applications and will show an important role in optoelectronics and medical devices. The 

biosynthesized AgNPs were characterized by UV–visible absorption spectroscopy, SEM, XRD, and 

FITR. The synthesized nanoparticles are proved to be remarkably competent catalytic activity for the 

degradation of organic dyes methyl orange.  The AgNPs so prepared exhibit effective antibacterial 

activity against both gram positive and gram negative bacteria. The AgNPs so-prepared exhibited 

effective antioxidant, antibacterial and anti-cancer activities, suggesting AgNPs might be useful as a 

silver dressing for wounds or as an alternative material, Therefore, further investigations are needed 

to fully characterize the cytotoxicity and the mechanism of action associated with the antioxidant and 

antimicrobial activity of their particles. Further research on the AgNPs biosynthesized using 

Plumbago Indica L extract could bring a promising application in the fields of medicine and hygiene. 
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