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Abstract 

Green synthesis of silver nanoparticles has been accomplished for the first time by using the notorious invasive Ipomoea 

(Ipomoea carnea). Apart from the fact that the method does not involve any toxic reactants, nor produces any pollutant, it is the first attempt 

to gainfully utilize a highly eco-degrading invasive plant.  Another novelty of the present work is that it utilizes all parts of the weed, at 

ambient temperatures and pressures, necessitating no fine controls.  The nature of the end product was controlled by varying the proportions 

of metallic solution and the extract. Nanoparticles of controllable shapes and sizes were obtained and the formation was complete in 24 hrs 

with characteristic plasmon vibration peaks at 4305 nm. The synthesis and characterization have been supported by UV-visible spectra, 

fourier transform infrared spectra, X-ray diffraction patterns, energy dispersive X-ray analysis, scanning electron microscopy and 

transmission electron microscopy. 
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Introduction 

Nanoparticles are the fundamental building 

blocks of nanotechnology. The most extensively studied 

nanoparticles today are those made from noble metals, in 

particular Ag, Pt, Au and Pd. These nanoparticles have 

wide-ranging applications in the fields of catalysis, 

optoelectronics, diagnostic biological probes and display 

devices. Conventionally nanoparticles have been 

synthesized by physical and chemical methods which are 

generally energy consuming and involve hazardous 

chemicals/processes/operations. Thus, there is a growing 

need to develop clean, nontoxic and environmentally 

friendly, or “green”, protocols for the synthesis of 

nanoparticles. This means that the approaches should be 

similar/close to the way nanoparticle synthesis occurs in 

nature (Arya, 2010). Plant mediated synthesis appears to 

be cost efficient, eco-friendly and easy alternative to 

conventional methods. At present, there is evidence of 

nanoparticles formation by intracellular and extracellular 

routes in higher plants, reported by many authors. For 

example extracellular synthesis of Ag nanoparticles using 

Lippia citriodora leaves aqueous extract as reducing 

agent was attempted and spherical crystalline Ag 

nanoparticles with well-defined dimensions (average size 

of 15–30 nm) were obtained on treating metallic solution 

of silver with the plant leaf extract (Cruz et al., 2010). The 

aqueous leaves extract of Sorbus aucupariawas used as 

reducing agent for the synthesis of silver and gold 

nanoparticles from their salt solutions (Dubey et al., 

2010). The synthesis of gold nanoparticles from aqueous 

leaf extracts of neem Azadirachata indica was 

accomplished (Abbasi et al., 2009). The formation of 

silver nanoparticles using leaf extract of Acalypha indica 

and the formation of nanoparticles was observed within 

30 min.  

The size of the silver nanoparticles was 

measured to be 20–30 nm (Krishnaraj et al., 2010). The 

synthesis of silver nanoparticles was possible from the 

room dried stem and root of Ocimum sanctum (Basil) 

(Ahmad et al., 2010). Silver nanowires with diameters in 

the range of 50-60 nm and lengths up to tens of 

micrometers were synthesized with extract of the Cassia 

fistula leaf as reductant and capping agent (Lin et al., 

2010). The bioreduction performance of different plant 

leaf extracts such as Helianthus annus, Sorghum bicolour, 

Basellaalba, Oryza sativa, Saccharum officinarum and 

Zea mays in the synthesis of Ag nanoparticles. A 

common feature of all reports summarized above is that 

they use plant species which already have other well-

established uses (Gilaki, 2010; Bankar et al., 
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2010).  Hence their employment in nanoparticle synthesis 

brings them in conflict with their other uses.  It also 

entails high costs.  In contrast the proposed method 

employees a plant which has no utility value.  Rather, a 

huge amount of money is used all over the world to 

control its spread. 

Ipomoea carnea has been listed in the global 

compendium of weeds. It is spread all over India. The 

propagation of this plant is through seeds. It has large 

erect shrubs up to 3 m tall; its branchlets are hollow in 

nature. Flowers are rose or pink in color. Ipomoea is an 

aggressive colonizer and is found commonly on marshy 

lands and in rice, paddy fields. Manual and mechanical 

removal of Ipomoea carnea is difficult because of factors 

such as it needs more man power and cost for clearance 

because of the hard woody stem and is deep rooted. The 

other main problem is that weed re-growth is in a very 

short time if not properly cleared. Ipomoea has significant 

amounts of secondary metabolites and secondary 

biomolecules like phenolics, flavanoids and tannins 

(Mahajan and Badgujar, 2008). The leaves stem and 

flowers of Ipomoea carnea showed varying proportions 

of phenols and flavanoids. The spectroscopic analysis has 

shown that the flowers contain the maximum and the 

stem contains the minimum amount of phenols. The 

flavonoid content of the flowers was quite high compared 

to that of the leaves and the stem (Khatiwora et al., 2010). 

This study involves leaf, tender stem, mature stem and 

root extracts of Ipomoea carnea for the bioreduction. The 

extracts of ipomoea were used in different combinations 

with the metallic solution of silver for the synthesis of 

AgNPs. The characterization of these nanoparticles for its 

shape, size, purity and composition was done using TEM, 

SEM, XRD, EDAX and FTIR.  

Materials and Methods  

Preparation of plant extract for the synthesis of 

nanoparticles 

I. carnea was collected along the marshy area located 

near the campus of Pondicherry University. To prepare 

the aqueous extract 2 g dry weight equivalent fresh 

weight of the plant parts was taken. Dry weight content of 

the plant was determined by taking a known quantity of 

leaves/stem/roots and kept in a hot air oven at 105oC until 

a concordant value is reached. Based on the dry weight 

results the plant parts were weighed having the total solid 

content of 2 gm. They were finely cut into uniform sizes 

of 1 cm x 1 mm and each were transferred into 250 ml 

Erlenmeyer flask and boiled with 100 ml of sterile 

distilled water for 10 min in water bath. The contents 

were decanted through a nylon mesh and filtered through 

whatmann No. 42 filter paper. The filtered extracts were 

then stored under refrigeration at 40c and were used 

within 5 days. The nanoparticle synthesis was studied by 

mixing different volumes of 10-3M AgNO3 solution and 

I.carnea stock solution at room temperature. Table 1 

shows different ratios of extract and AgNO3 solution 

taken for analysis. The spectra of all the reaction mixtures 

were recorded every 2 hrs for 8 hrs using UV-visible 

spectrophotometer (Labindia) with 1 nm resolution. 

Table 1. Ratios of extract to AgNO3 solution 

Extract (in ml)  AgNo3 (in ml) Ratio  

0.5 

1 

2 

3 

5 

9.5 

9 

8 

7 

5 

1:19 

1:9 

1:4 

1:2.3 

1:1 

Characterization of silver nanoparticles  

The reduction of Ag+ to Ag0 was monitored by 

measuring the UV-vis spectrum of each reaction mixture 

(silver nitrate solution + weed extract) at different time 

intervals within the range of 400-480 nm because it has 

been reported that the absorption spectrum of aqueous 

AgNO3 only solution exhibited λmax around 220 nm 

whereas silver nanoparticles showed λ max around 430 nm 

(Leela and Vivekanandan, 2008). The synthesized 

nanoparticles were separated from solutions by 

centrifugation (Remi C 24) at 10,000 rpm for 15 min. The 

pellet containing nanoparticles was re-dispersed in sterile 

distilled water and the procedure was repeated thrice. 

This is done to ensure for the removal of unattached 

biological components on the surface of nanoparticles, 

which are not responsible for stabilization or capping. 

The pure residue was air dried separately and the powders 

obtained were subjected to FTIR analysis using Thermo 

Nicolet Model 6700 spectrometer in the diffuse 

reflectance mode at a resolution of 4 cm−1 for wave 

number range of 4000-400 cm−1 in the mid-IR region. 
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Nanoparticle aqueous solution was drop-cast onto a glass 

substrate for X-ray diffraction measurement (X’pert Pro 

PANalytical X-ray diffractometer). The pattern was 

recorded using radiation with a wavelength (λ) of 

1.5406Å at a tube voltage of 40 kV and a tube current of 

30 mA. The scanning was executed in a region of 2θ from 

0◦ to 80◦ at 0.02◦/min, and the time constant was 2s. The 

average size and the distribution of nanoparticles were 

determined using particle size analyzer-zeta sizer.  

SEM analysis was done using Quanta 200 FEG. 

The instrument has a resolution of 1.2 nm gold particle 

separation on a carbon substrate and magnification from a 

min of 12x to greater than 1,00,000 X. Sample was 

prepared by placing a drop of nanoparticle solutions on a 

carbon tape pasted over a stub and allowing the sample to 

air dry. Elemental identification was performed using an 

energy dispersive X-ray analysis (EDAX) attached with 

the SEM instrument. Sample for TEM analysis was 

prepared by placing the pellets dispersed in water; on the 

copper grid and placed under lamp for it to dry. The dried 

nanoparticle was then placed in the plasma cleaner for 30 

min to remove the moisture content if any. The clear 

images of the nanoparticles were obtained by placing the 

samples on the holder. 

Results and discussion 

A. UV-visible spectral studies 

Reduction of silver ion into silver particles was 

noted by the color change of the reaction. It is known that 

silver nanoparticles exhibit yellowish brown color in 

aqueous solution due to excitation of surface plasmon 

vibrations in silver nanoparticles (Krishnaraj et al., 2010). 

The silver nanoparticle surface plasmon band occurs in 

the range 400–480 nm in an aqueous medium. Table 2 

shows the maximum absorbance that is obtained at 24 hr 

for different ratios employed. This indicates that 1:9 ratio 

of the root extract showed maximum absorbance within 

the given time period. Figure 1 shows the characteristic 

up-visible spectra obtained for the combination of root 

extract: AgNO3 solution. 

SEM and TEM analysis  

The synthesized nanoparticles were further 

characterized by TEM/SEM for the micro structural 

analysis. Fig. 2 and 3 shows the yield of irregular 

spherical shaped, monodispersed silver nanoparticles of 

size ranging from 10–50 nm synthesized using I.carnea 

leaf, tender stem, mature stem and root extracts 

characterized by SEM and TEM analysis. 

X-Ray diffractometer analysis 

The synthesized nanoparticles after the 

reduction of AgNo3 were characterized by x-ray 

diffractometer for the structural analysis. The crystalline 

nature of the nanoparticles synthesized using extracts of 

Ipomoea carnea was confirmed using XRD which 

showed intense peaks corresponding to (111), (200) and 

(220) Bragg's reflection based on the fcc crystal structure 

of silver nanoparticles (Fig. 4). The broadening of Bragg's 

peaks indicates the formation of nanoparticles.  

Table 2. Maximum absorbance obtained at 24 hr for 

different ratios of Extract: AgNo3 solution 

Extract:AgNo3 (ml) λmax(nm) Absorbance 

1:9 – Leaf 461 2.86 

1:9 – Tender stem 461 1.50 

1:9 – Mature stem 444 2.23 

1:9 – Root  444 2.91 

* 

Fig. 1. UV-visible spectra of silver nanoparticles at 

444nm for 1:9 (root: AgNo3) combination at 24 hr. Inset: 

AgNPs solution  

Fourier transform infrared analysis 

FTIR measurement was carried out to identify 

the possible biomolecules from the extracts of Ipomoea 

carnea which are responsible for capping and efficient 

stabilization of the synthesized Ag nanoparticles. Fig. 5 

show the FTIR spectra of AgNPs obtained in this study. 

The NPs synthesized using leaf extract, showed strong 

band at 1654 cm-1 is observed which corresponds to the 

carboxyl or amino groups of proteins (Bankar et al., 
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2010). The bands at 1590 cm-1 and 1385 cm-1 corresponds 

to amide groups of proteins and carboxyl group and agree 

with those reported in the literature (Jia et al., 2009; 

Govindaraju et al., 2010). In case of tender stem extract, 

strong band were seen at 1652 cm-1 which corresponds to 

the carboxyl or amino groups of proteins [14]. The band at 

1384 cm-1 corresponds to amide groups of proteins (Jia et 

al., 2009). In case of mature stem extract, strong band at 

1652 cm-1 is observed which corresponds to the carboxyl 

or amino groups of proteins (Bankar et al., 2010). AgNPs 

synthesized using root extract, showed strong band at 

1654 cm-1 is observed which corresponds to the carboxyl 

or amino groups of proteins. The     bands     at    1607   

cm-1   and    1385  cm-1 corresponds to C=C 

groups/aromatic rings like benzene and carboxyl group 

respectively (Das et al., 2010). From FTIR spectra, it was 

found that the silver nanoparticles were stabilized by 

amide groups of proteins and phenolic groups.  

Fig 2.  SEM micrographs of 1:9 combinations of Ipomoea 

extract: AgNo3 solution a) leaf b) tender stem c) mature 

stem d) root 

 

 

 

 

 

 

 

 

 

 

 

 

Energy dispersive X-ray analysis 

The EDAX spectrum shows the purity of the 

synthesized AgNPs. In lower extract proportion 

[1E+9Ag]; the EDAX showed strong signals for silver, 

indicating that the AgNPs formed were pure (Figure 

6(a)). However, the EDAX images showed strong signals 

for silver atoms along with weak signals from few other 

elements like C and O for greater extract proportion (Fig. 

6d). These weak signals could have arisen from x-ray 

emission from macromolecules like proteins/enzymes 

bound to the nanoparticle or in the vicinity of the particle, 

since the extract proportion is higher than the other 

combination. 

Fig. 3. TEM micrographs of 1:9 combinations of 

Ipomoea extract: AgNo3 solution a) leaf b) tender stem c) 

mature stem d) root 

Fig. 4. XRD images of AgNPs using 1:9 combinations of 

Ipomoea extract: AgNo3 solution a) leaf b) tender stem c) 

mature stem d) root 

In conclusion, we have demonstrated in this 

study a biomimetic method for silver nanoparticle 

synthesis using I.carnea extracts, which is a low-cost and 

eco-friendly approach. The extract processing was 

employed successfully and size control was  achieved  by  

varying the extract and metallic solution proportion. For 

AgNPs synthesis, it was found that narrow SPR peak 

centered on 430 nm gives smaller, monodispersed 

nanoparticles and that broad SPR peak at 450 nm and 

above gives larger, polydispersed nanoparticles. The 

nanoparticles were characterized by UV-visible 
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spectroscopy, SEM, EDAX, XRD and FTIR 

measurements. Formation of particles of various size and 

shape were confirmed using SEM micrographs. The 

purity and crystalline nature of the NPs were confirmed 

using EDAX and XRD analysis. FTIR revealed that the 

amides of proteins and phenolics play a major role in 

reduction/capping during AgNPs synthesis. There is a 

growing need to develop clean and nontoxic procedures 

for synthesis and assembly of nanoparticles in order to 

reduce or eliminate the use and generation of hazardous 

substances. But several of these methods employ natural 

precursors which are expensive, like honey, capsicum [15] 

and other naturally occurring materials which have 

various uses already. Use of Ipomoea, which has no other 

utility value, for biomimetic synthesis of AgNPs adds 

enormous significance to the present study.  

Fig. 5. FTIR images of AgNPs using 1:9 combinations of 

extract: AgNo3 solution a) leaf b) tender stem c) mature 

stem d) root 

 

Fig. 6. EDAX images of AgNPs using 1:9 combinations 

of extract: AgNo3 solution a) leaf b) tender stem c) 

mature stem d) root 
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