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Abstract Biosynthesis of green nanomaterials and their

characterization comprise an emerging field of nanotech-

nology, due to their wide range of applications. The present

study deals with the synthesis of silver nanoparticles

(AgNPs) using an aqueous leaf extract of Cassia alata. The

AgNPs are characterized using UV–Visible spectroscopy.

The surface plasmon resonance spectrum of AgNPs was

obtained at 434 nm, and scanning electron microscopy

coupled with X-ray energy dispersive spectroscopy (EDX)

data revealed that AgNPs were uniformly spherical in

shape. EDX data show very strong silver signal and weak

signals to other elements, and X-ray diffraction patterns

reveal that the particles are crystalline in nature with face-

centered cubic structure. Fourier transform-infrared spec-

troscopy reveals that the carbonyl group (C = O,

1637.07 cm-1) is involved in the reduction of Ag? to Ag.

The synthesized AgNPs were crystalline in nature and

spherical in shape, with an average of [41 nm size. The

stability of AgNPs is due to its high negative zeta potential,

which is –50.7 mV. Further, atomic force microscopy

studies also revealed that the average particle size was

47 nm which correlates with the above result of particle

size analysis. The present study also indicates that AgNPs

have considerable antibacterial activity and exceptionally

superior antifungal activity, in comparison with standard

antimicrobial drugs.
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Background

Green synthesis of nanomaterials is a promising area, due

to its applications in the fields of physics, chemistry,

biology and medicine. The synthesized nanomaterials have

been used widely in medicinal and technological aspects.

There are a number of approaches available for the syn-

thesis of silver nanoparticles, for example, reduction of

solutions [1], chemical and photochemical reactions [2],

thermal decomposition of silver compounds [3], radiation-

assisted [4], electrochemical [5], sonochemical [6] and

microwave-assisted processes [7], use of bacteria [8], fungi

[9] and enzymes [10], and recently via the green chemistry

route [11–13]. The use of environmentally benign materials

like plant leaf extract [14–20] for the synthesis of silver

nanoparticles offers numerous benefits which are compat-

ible with various pharmaceutical and biomedical applica-

tions. The presence of some toxic chemicals adsorbed on

the surface of the nanoparticles that are synthesized by

chemical methods may have adverse effect on the bio-

medical applications. Thus, ‘green synthesis’ is an apt

method, safer than the chemical and physical method.

Green synthesis is effective, eco-friendly and without dif-

ficulty scaled up on a large scale. There is no need of

high pressure, energy, temperature and toxic chemicals.

S. A. Gaddam and V. S. Kotakadi contributed equally to the work.

S. A. Gaddam (&) � D. V. R. Sai Gopal

Department of Virology, Sri Venkateswara University,

Tirupati 517502, Andhra Pradesh, India

e-mail: susmilaaparna@gmail.com

V. S. Kotakadi (&)

DST-PURSE Centre, Sri Venkateswara University,

Tirupati 517502, Andhra Pradesh, India

e-mail: kotakadi72@gmail.com

Y. Subba Rao � A. Varada Reddy

Department of Chemistry, Sri Venkateswara University,

Tirupati 517502, Andhra Pradesh, India

123

J Nanostruct Chem (2014) 4:82

DOI 10.1007/s40097-014-0082-5



The inhibitory effect of silver on microbes, which was

detected in the past, is generally used in medical and

industrial processes [21, 22]. The most important applica-

tion of silver and silver nanoparticles is in medical indus-

tries, in such medicines as topical ointments to prevent

infection against burns and open wounds [23].

In the present study, we report the synthesis of silver

nanoparticles by an aqueous leaf extract of Cassai alata for

the first time. These biologically synthesized nanoparticles

were found to be extremely effective against different bac-

terial and fungal pathogens. The common name for Cassai

alata is candle bush, wild senna, ringworm senna, etc.

(Fig. 1). It belongs to the family Caesalpiniaceae, a tropical

annual herb consisting of leathery, compound leaves. The

leaves have laxative properties and very good antimicrobial

and antifungal activity. The leaves are extensively used

against dermatophyte infections, such as ‘tidea foot,’ popu-

larly known as ‘athlete foot’, for superficial mycoses and also

in the treatment of chronic fungal infections such as ‘pity-

riasis versicolor’. They are used externally for the treatment

of skin disease, acne, tinea infections, insect bites, ring-

worms, eczema, scabies, itchiness, and internally as expec-

torant for bronchitis, for alleviation of asthma symptoms, as

a laxative to expel intestinal parasites, for stomach problems

and weight loss [24–26]. In the present study, Cassia alata

was used for the synthesis of silver nanoparticles by the green

route and characterized by spectral analysis.

Results and discussion

Cassia alata is known to contain some secondary metab-

olites such as resin, saponin, phenols, flavonoids, anthra-

quinone glycosides and alkaloids [24] and it is also useful

in the treatment of eruptive and pustular skin conditions,

which can be cured by rubbing crushed fresh leaves on the

infected area. [24] These phytoconstituents are also known

to possess surface activity and other soap-related proper-

ties. In previous studies, Cassia alata has been found to

possess excellent wound-healing properties [25, 26]. The

water-soluble ingredients present in the extract are

responsible for the reduction of metal ions and efficient

stabilization of nanoparticles.

UV–Vis analysis of Ag nanoparticles

UV–Vis spectroscopy is an important technique for ana-

lyzing the formation of silver nanoparticles in aqueous

solution. AgNPs have free electrons, which give rise to a

surface plasmon resonance (SPR) absorption band, due to

the combined vibration of electrons of the metal nanopar-

ticles in resonance with the light wave. A surface plasmon

resonance spectrum of AgNPs was obtained at 434 nm

after 10 min with the color changing to light yellow brown

(Fig. 2a, b). The UV–visible spectrum of AgNPs and its

excitation also depending upon the particle size [27].The

earlier reports showed that the absorption peaks around

390–420 nm and above can be attributed to AgNPs in the

size range of 25–50 nm [28]. Previous report also reveals

that the particles in the SPR region of around 410–450 nm

can be attributed to spherical nanoparticles [27, 29, 30]. In

the present study, the SPR of AgNPs is 434 nm (Fig. 3)

and the size of the particles is determined at around 22 to

48 nm. The particles are spherical in shape, which is

Fig. 1 Cassia alata plant showing leaves and inflorescence

Fig. 2 a Aqueous extract of Cassia alata. b AgNPs solution after

addition of extract to AgNO3 solution
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further confirmed by scanning electron microscopy (SEM),

particle size analysis and atomic force microscopy (AFM)

studies.

SEM and EDX analysis of AgNPs

The morphology of the synthesized AgNPs was determined

by SEM images (Fig. 4a), which show that the AgNPs are

uniformly spherical in shape. The energy dispersive spec-

troscopy (EDX) data show very strong silver, oxygen and

carbon signals and weak signals of chlorine and aluminum

peaks, which indicate that the reduction of silver ions to

elemental silver possibly originated from the molecules

attached to the surface of the AgNPs (Fig. 4b). Similarly

according to an earlier report, silver nanoparticles showed

an EDX spectrum, with emission energy at 3 keV for silver

and weak signals for other elements [31].
Fig. 3 UV–VIS absorbtion spectra of AgNPs synthesized from

Cassia alata leaves extract with 2 9 10-3 M silver nitrate

Fig. 4 a SEM micrograph of

synthesized AgNPs. b EDX

spectrum of synthesized AgNPs
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XRD

The crystalline nature of the green synthesized AgNPs by

Cassia alata leaf extract was also confirmed by X-ray

diffraction patterns (XRD) pattern analysis. The XRD

pattern (Fig. 5) indicates the face-centered cubic structure

of the AgNPs. There are four distinct reflections in the

diffractogram at 38.5� (111), 44.7� (200), 65.1� (220) and

78.3� (311) (JCPDS Card No. 03-0931). The absence of

any additional reflections other than the reflections

belonging to the Ag lattice clearly suggests that the green

synthesized Ag NP lattice was unaffected by other mole-

cules in the plant extract [32].

FT–IR spectral analysis

Fourier transform-infrared (FT–IR) analysis was per-

formed to identify the possible biomolecules responsible

for the reduction of the Ag? ions and capping of the

reduced silver nanoparticles. Strong IR bands were

observed at 3465, 2088, 1635, 564 and 522 cm-1. The

bands which appeared at 3465 and 2,088 cm-1 corre-

sponded to –OH stretching and aliphatic –C–H stretching,

respectively [33]. The bands at 1,635 cm-1 is due to the

C = O and C = C stretching, respectively. The low band

at 590 cm-1 corresponds to C–Cl stretching. Hence,

Cassia alata is known to contain some secondary

metabolites such as resin, saponin, phenols, flavonoids,

anthraquinone glycosides and alkaloids in the Cassia

alata leaf [24]. The IR spectrum of the silver nanoparti-

cles is shown in Fig. 6. The spectrum reveals that the

carbonyl group (C = O, 1635 cm-1) and –OH stretching

and the aliphatic group (–C–H stretching of 3465 and

2,088 cm-1), are involved in the reduction of Ag? to Ag.

Therefore, it may be concluded that flavonoids, alkaloids

and anthraquinones are responsible for capping and effi-

cient stabilization.

Particle size determination

The particle size of AgNPs obtained was detected by

intensity and laser diffraction which are polydispersed in

mixture solution. The size of synthesized AgNPs ranges

from 22 to 48 nm and the average diameter of the AgNPs

were found to be [42 nm. (Fig. 7a).

Fig. 5 XRD analysis of the synthesized AgNPs

Fig. 6 IR spectrum of the

synthesized AgNPs
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Zeta potential measurement

The higher negative value of zeta potential confirms the

repulsion among the particles and thereby increases the

stability of the formulation. The electrostatic repulsive

forces between the nanoparticles when they are negatively

charged possibly protect them from forming an association.

This prevents the particles from agglomeration in the

medium leading to long-term stability [34]. The AgNPs in

the present study were negatively charged with a zeta

potential of -50.7 mV (Fig. 7b), which proves that the

particles were dispersed in the medium, proving the verdict

that they are stable.

Morphological studies of silver nanoparticles by AFM

The AFM results indicated that the surface topology of the

synthesized silver nanoparticles was spherical in shape, and

it was also found that the deposited silver nanoparticles

formed aggregates on the surface of the aluminum foil. The

size of the synthesized AgNPs varied from 20 to 52 nm,

but the average grain size of the nanoparticles was detected

as 47.934 nm. (Fig. 8a, b) The maximum area peak height

is 44.676 nm, whereas the maximum area of valley depth is

51.192 nm. Sa, the average roughness of the particles is

9.277 nm and, Sq, the root mean square roughness is

12.138 nm. Further, SEM studies also revealed that the

silver nanoparticles were mostly spherical in morphology.

Antimicrobial activity

Though there are many reports regarding antimicrobial

activity of AgNPs biosynthesized by plant materials, in

most of the cases the plant extract showed minimum or no

inhibition, whereas the synthesized AgNPs showed mini-

mum to moderate and good to excellent activity [15, 17–22].

The past studies reveal that different concentrations of

AgNPs are more effective against S. aureus than E. coli

[35], whereas Ruparelia et al. [36] determined the AgNPs

against four different strains of E. coli and three different

strains of S. aureus. Lukman et al. also worked on the

antimicrobial and antibacterial properties of Ag nanopar-

ticles [37] against Salmonella, Shigella and Proteus. So,

the present study deals with the synthesis of AgNPs using

Fig. 7 a Particle size

distribution curve for AgNPs.

b Zeta potential of synthesized

AgNPs
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leaf extract of Cassia alata and studies the antimicrobial

activity of these nontoxic nanomaterials.

The AgNPs synthesized by green route were found to be

very destructive against four bacterial species at a concen-

tration of 10 ll: Gram-positive Staphylococcus aureus and

Lactobacillus and Gram-negative Escherichia coli and

Pseudomonas fluorescens. It revealed higher antibacterial

activity against Pseudomonas fluorescens, where as inter-

mediate activity was revealed against Escherichia coli,

Staphylococcus aureus and lactobacillus. The inhibitory

activities of the AgNPs are reported in Table 1 and were

comparable with reference drug viz. Amoxyclav (Himedia

SD063). The antimicrobial activity of silver has been rec-

ognized by clinicians for over 100 years. It is only in the

past few decades that the mode of action of silver as an

antimicrobial agent has been studied [38]. Several people

have also investigated the antibacterial activity of biosyn-

thesized silver nanoparticles against Staphylococcus aur-

eus, Escherichia coli, P. aeruginosa and K. pneumonia.

[15, 18–22, 35, 36, 39] Similarly, Kim et al. [40] have

reported the antimicrobial activity of silver nanoparticles

against E. coli and S. aureus. The synthesized AgNPs

exhibited very good antibacterial activity against both

Gram-positive (Staphylococcus aureus, Lactobacillus) and

Gram-negative bacteria (Escherichia coli, Pseudomonas

fluorescens) and formed the zone of inhibition of diameters

13, 12, 14 and 15 mm, respectively; the leaf extract also had

moderate antimicrobial activity zone of inhibition of diam-

eters 07, 06, 09 and 09 mm, respectively (Table 1). The

electrostatic attraction of AgNPs with bacterial cells causes

damage to the bacterial cell membrane; thus the formation of

pores occurs on the surface which causes structural changes

in bacterial cells and subsequently cell death. Thus, the zone

of inhibition increases with increasing concentration of

silver nanoparticles [41]. In prokaryotic bacteria, the AgNPs

interact with the bacterial cell membrane, bind with meso-

some cell organelle, reduce mesosomal function and

increase the reactive oxygen species (ROS) generation. The

silver nanoparticles interact with thiol groups in protein;

thus, inactivation of protein synthesis as well as DNA rep-

lication takes places [42]. At the same time the oxygen

associates with silver and reacts with the sulfhydryl (–S–H)

groups on the bacterial cell wall to remove the hydrogen

atoms, causing the sulfur atoms to form an R–S–S–R bond,

thus blocking the respiration within the cell and causing a

lethal effect on bacterial cells [43]. The silver nanoparticles

naturally interact with the cell membrane of bacteria and

disrupt the membrane integrity. Thus, silver ions bind to

sulfur, oxygen and nitrogen of essential biological molecules

and inhibit bacterial growth [44].

Fig. 8 a 2D image of synthesized AgNps. b Grains detected

Table 1 Antibacterial and fungal activity of the synthesized silver

nanoparticles

Leaf

Extract

Silver nitrate

solution

Cassia alata

Inhibition zone

Control AgNPs

Bacterial species

Bacillus sp. 07 – 15 13

Lactobacillus 07 – 15 12

Staphylococcus

aureus

09 – 16 14

Pseudomonas

fluorescens

09 – 18 15

Fungal species

Aspergillus niger 08 – 15 18

Penicillium sp. 09 – 16 20
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Antifungal activity

Further studies of AgNPs synthesized by the green route

have shown them to be extremely toxic against two fungal

species at a concentration of 10 ll, and revealed excep-

tional antifungal activity against Aspergillus niger and

penicillium sp. The inhibitory activities of AgNPs reported

in Table 1 were comparable with the reference drug, viz.

Fluconazole Fu10 (SD114, Himedia). The zone of inhibi-

tion of AgNPs against Aspergillus niger and penicillium sp.

is 18 and 20 mm in diameter, when compared with stan-

dard drug Fluconazole Fu10 it is 15 and 16 mm in diameter,

respectively. At the same time we have tested the activity

of the leaf extract against Aspergillus niger and penicillium

sp. and the zone of inhibition is 08, and 09 mm in diameter.

The leaf extract also showed very good antifungal activity

as reported earlier [24]. On comparing the results, we

finally conclude that the synthesized AgNPs have very

good antifungal activity than the leaf extract and standard

drug. (Table 1) Thus, synthesized AgNPs have the most

important applications in medical industry for the prepa-

ration of antibacterial and antifungal tropical ointments

[23].

Conclusion

Cassia alata leaf extract is found to be appropriate for

rapid extraction of AgNPs by green synthesis within

10 min. The spectroscopic characterization from UV–Vis,

SEM and EDX, XRD, particle size analysis, zeta potential

and AFM analysis reveals the formation of stable AgNPs

by the green route, which are highly stable and polydis-

persed in nature. The average size of AgNPs was found to

be 45 ± 3 nm. The biosynthesized nanoparticles are useful

in various biomedical and biotechnological applications.

We conclude that the AgNPs have excellent antimicrobial

activity when compared with standard drug as well as other

synthesized nanoparticles with various plant sources. The

AgNPs are prepared in a simple and cost-effective manner,

suitable for the formulation of new types of antimicrobial

materials.

Methods

Synthesis of silver nanoparticles

The Cassia alata leaves were collected from trees

growing in the fields in and around Tirupati, Andhra

Pradesh, India. The leaves were shade dried for 7 days at

room temperature. The plant leaf extract was prepared by

taking 1 g of finely powdered leaves in a 250 ml Erlen-

meyer flask, with 100 ml of double-distilled water. The

mixture was boiled for 5 min and filtered first through

sterile muslin cloth and Whatman filter paper before

finally decanting it. The filtrate was used for the prepa-

ration of silver nanoparticles. This filtrate solution was

used as the source extract and utilized in subsequent

procedures (Fig. 2a). To the 5 ml diluted filtrate, 10 ml of

0.025 M AgNO3 was added and the sample was left at

room temperature, until the color of the solution changed

from light yellow to brown (Fig. 2b). The presence of

AgNPs in the solution was confirmed by a dark brown

color. In the present process, silver nanoparticles were

produced with Cassia alata plant leaves extract in aque-

ous solution without any external, man-made chemicals.

Therefore, this method or pathway satisfies the green

chemical process 100 % (schematic diagram of biore-

duction for formation of AgNPs).

Characterization

The bioreduction of pure Ag? ions with the leaf extract

of Cassia alata was monitored periodically by sampling

the 1 ml aliquots and the optical absorbance of silver
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nanoparticles suspended in distilled water was recorded

on a UV–Vis spectrophotometer (Shimadzu 2400 UV–

Vis double beam model) in the 200–800 nm wavelength

range. The reactions were carried out at room temper-

ature on a spectrophotometer at a resolution of 1 nm.

Scanning electron microscopy (SEM) and EDX were

performed by Oxford Inca Penta FeTX3 EDS instrument

attached to Carl Zeiss EVO MA 15 Scanning Electron

Microscope (200 kV) machine with a line resolution

2.32 (in Å). These images were taken by drop coating

AgNPs on an aluminum foil. Energy dispersive absorp-

tion spectroscopy photograph of AgNPs was carried out

by the SEM equipment, as mentioned above. The X-ray

diffraction (XRD) pattern measurements of drop-coated

film of AgNPs on aluminum foil substrate were recorded

at a wide range of Bragg angles 2h at a scanning rate of

2 min-1 and carried out on a spectroscopy using Seifert

Rayflex 300TT X-ray diffractometer with CuK

(k = 1.542Å) radiation that was operated at a voltage of

40 kV and a current of 30 mA with CuK (k = 1.545Å)

radiation. The FT–IR was carried using Shimadzu IR

instrument; particle size and zeta potential measurement

experiments were carried out using a Nanopartica

(HORIBA instrument). Morphological studies of silver

nanoparticles were also done using AFM. A drop of

synthesized AgNPs suspension was placed on thin alu-

minum sheet and dried at room temperature, prior to the

analysis of the sample in atomic force microscopy

(AFM-Solver Next, NT-MDT, Russia).

Antimicrobial activity

The antimicrobial activity of silver nanoparticles was

evaluated against Gram-positive Staphylococcus aureus

and Lactobacillus and Gram-negative Escherichia coli and

Pseudomonas fluorescens by the disc method. The 24-h-old

cultures were prepared in nutrient broth (composition (g/l).

Two replicas of the respective microorganisms were pre-

pared by spreading 100 ll of revived culture on the

nutrient agar plate (composition (g/l) peptone, yeast

extract, sodium chloride, D (?) glucose and agar–agar)

with the help of a spreader. Discs were prepared using

Whatman No.1 filter paper. The discs were placed on agar

plates and a sample of synthesized silver nanoparticles was

added to the disc with the help of a micropipette. The plates

were incubated at 37 �C overnight. Amoxyclav (Himedia

SD063) disc was used as a reference drug. Different bac-

terial strains maintained on nutrient agar and subcultures

were freshly prepared before use. Bacterial cultures were

prepared by transferring two to three colonies into a tube

containing 20 ml nutrient broth and grown overnight at

37 �C.

Antifungal activity

Sterile potato dextrose agar medium was prepared and

poured into sterile Petri plates and allowed to solidify; after

solidification, fungal cultures were swabbed on these

plates. The sterile discs were dipped in AgNPs solution,

placed on the agar plate and kept for incubation for 7 days.

After 7 days the discs dipped in plant extracts and 0.025 M

silver nitrate solution were also placed on the agar plates

along with AgNPs as control to compare the results.
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