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a b s t r a c t 

Silver nanoparticles of 15–20 nm size with spherical shape were synthesized from green synthesis 

method using Datura stramonium leaf extract. Synthesized Ag NPs were studied for their optical, struc- 

tural, surface morphological and antibacterial properties. The optical study shows that the appearance of 

SPR peak at 4 4 4 nm in the absorption spectrum is affirming the formation of Ag NPs and its high inten- 

sity with narrowed width indicating the homogenous size and shape of the Ag NPs. Structural studies 

reveal the good crystalline nature of face center cubic structure of Ag crystal and preferentially oriented 

along (111) plane with average crystallite size of 18 nm. FTIR analysis exhibits the possible reducing bio- 

molecules within the leaf extract. The well defined homogenous spherical shape of the Ag NPs is clearly 

observed from the TEM studies and lattice fringes spacing of 0.23 nm shows the high crystalline nature 

of the synthesized Ag NPs. EDAX profile affirms the Ag crystal by the presence of energy peak at 3 eV. 

The synthesized Ag NPs showed antibacterial activity against E. coli and S. aureus bacteria. However, well 

pronounced activity was observed against E. coli . 

© 2016 Tomsk Polytechnic University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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1. Introduction 

During the recent decades, vigorous research on metal nanopar-

ticles has been developed speedily because of their excellent opti-

cal, electrical, antimicrobial, catalytic, magnetic and other chemi-

cal and physical properties; those are entirely different from their

bulk counterparts. Silver nanoparticles, one of the most important

noble metals, are widely used in photonics [1,2] , micro-electronics

[3,4] , photocatalysis [5,6] , and antimicrobial activities [7–10] . Var-

ious physical and chemical methods were developed to synthe-

sis metal nanoparticles including electrochemical reduction [11,12] ,

chemical reduction [13,14] , heat evaporation [15,16] and microwave

irradiation [17,18] . When these methods were adopted to prepare

metal nanoparticles, mainly surface passivators are used to pre-

vent the agglomeration of nanoparticles. In the large scale pro-
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uction of metal nanoparticles, thiophenol, marcapto acetate and

hiourea were applied as passivators having toxic nature which can

ollute the environment severely. Moreover, chemical synthesis

f nanoparticles may lead to adsorb some toxic chemical species

n the surface that can make adverse effects in its applications.

ven though there are many means available for metal nanopar-

icles synthesis, low cost, non-toxic, high-yield and environmen-

al friendly procedures are required to develop metal nanoparti-

les with desired size and shape thereby biological synthesis pro-

ess becomes very essential. In biological process, microorganisms

ike bacteria, actinomycetes and fungi have been studied in metal

anoparticles preparation, while the extract of whole parts of the

lants in nanoparticles synthesis appeared as a facile and an alter-

ative to chemical synthesis process. 

In this study, we report the synthesis of Ag NPs by green syn-

hesis process using Datura stramonium leaf extract as reducing

gent. The final products characteristics were studied – optical,

tructural, surface morphology and elemental analysis. Along with

hese characteristics, the antibacterial ability against E. coli and S.

ureus was examined and reported. 
n access article under the CC BY-NC-ND license. 
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. Materials and methods 

.1. Preparation of leaf extract and silver nanoparticle (Ag NPs) 

Datura stramonium leaves were freshly collected from the re-

ion of Thanjavur, India. To remove the soil and other contami-

ants present on the surface of the fresh leaves, initially tap water

as used several times to remove the contaminant and then thor-

ughly washed with de-ionized water. After the wash, 10 g of ho-

ogeneous leaves was cut into small pieces and then soaked into

00 mL de-ionized water. These leaves were continuously stirred at

0 °C for 10 min and filtered to get the extract. The extract broth

as stored in refrigerator at 4 °C for the further use. 5 mL leaf ex-

ract was added drop by drop with 1 mM aqueous solution of sil-

er nitrate (Ag NO 3 ). The reaction mixture of Ag NO 3 and leaf ex-

ract was stirred for 2 min to get colloids. The reduction process of

g + ions to Ag 0 takes place completely within the period of 5 min

nd observed visually by varying the initial colour of the reaction

ixture from colourless to dark brown. The schematic diagram of

reparation of Ag NPs is shown in Fig. 1 . 

.2. Characterization 

The optical absorption spectrum was obtained using UV–vis–

IR spectrophotometer (Perkin Elmer Lambda 35 model) and the

-ray diffraction pattern was recorded using an X-ray diffractome-

er (PANalytical-PW 340/60 Xpert PRO). Morphology of the sample

as observed by transmission electron microscope (TEM, Hitachi

-7100) and elemental analyses were made using energy disper-

ive X-ray analysis (EDAX). Fourier transform infrared (FTIR) spec-

rum was measured using Perkin-Elmer RX-I FTIR spectrophotome-

er. 

.3. Assessment of antibacterial activity 

Using the well diffusion method, the antibacterial activity of

ynthesized Ag NPs was tested against Gram positive ( S. aureus )

nd Gram negative bacteria ( E. coli ) to find their ability to pre-

ent the bacterial growth. The nutrient agar was poured into the
Fig. 1. Schematic diagram of preparation of Ag NPs. 

(  

b  

s  

d  

T  

l  

s  
terilized petriplates and allowed to solidify. After solidification,

resh bacterial culture was spread over the plates by spread plate

ethod. Six wells were made in the agar medium using sterile

ork borer; diameter of each well is 5 mm and the well is loaded

ith different volumes of stack solution such as 50, 100, 150 and

00 μL. For the control and standard antimicrobial agent, stack so-

ution without Ag NPs and streptomycin were used, respectively.

he loaded plates were incubated for 24 h at 36 °C. After the in-

ubation, the formation of zone of incubation around the well was

bserved and scaled in mm; the formed inhibition zone indicates

he antibacterial activity of Ag NPs. 

. Results and discussion 

.1. UV-vis spectroscopy studies 

Colloidal dark brown suspension of reaction mixture of AgNO 3 

nd leaf extract is a visual and clear evidence of the formation of

g NPs. This dark brown colour of reaction mixture can be due to

esonance of externally applied UV-vis spectrum and collective os-

illation caused by the surface electrons of formed Ag NPs; this is

ell known as Surface Plasmon Resonance (SPR) [19–21] . The ini-

ial colour of AgNO 3 was changed to dark brown with addition of

eaf extract after reaction period of 15 min. These colour changes

n the reaction mixture strongly indicate the reduction of Ag + ions

o Ag 0 . Due to the formation of Ag crystal in reaction mixture,

harp and narrow SPR peak emerged at 4 4 4 nm and is shown in

ig. 2 , which may be ascribed to the formation of isotropic spheri-

al Ag NPs [22] . The adequate reducing bio-molecules within the

eaf extract greatly reduced the AgNO 3 solution as silver crystal

nd wrapped around the Ag NPs. 

.2. Structural studies 

X-ray diffraction (XRD) pattern of green synthesized Ag NPs was

ecorded in the 2 θ range 30–80 ° shown in Fig. 3 . The XRD pat-

ern shows the face centre cubic structure of silver crystal, having

iffraction peaks at 38, 44.3, 64, 42 and 77.2 ° correspond to (111),

200), (220) and (311) planes. The diffraction peak at 38 ° had a ro-

ust diffraction intensity indicating the preferential orientation of

ilver crystal along (111) plane. Non-indexed peak at 46.3 ° is the

iffraction peak related to crystallization of bio-organic phase [23] .

he highest peak intensity of (111) plane with narrow FWHM il-

ustrates the good crystalline nature of synthesized Ag NPs as ob-

erved from the TEM images. The average crystallite size of Ag NPs
Fig. 2. UV-vis absorption spectrum of Ag NPs. 
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Fig. 3. XRD pattern of Ag NPs. 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. FTIR spectrum of Ag NPs. 
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is calculated from well known Scherrer’s formula [24] : 

D = 

0 . 9 λ

β cos θ

where D is the crystallite size, λ is the wavelength of X-ray used

(1.5406 Å), β is the full width at half maximum (FWHM) and θ is

the Bragg’s angle. Synthesized Ag NPs of calculated mean crystal-

lite size was 18 nm. 

3.3. FTIR analysis 

FTIR analysis was studied for synthesized Ag NPs to find out

the possible reducing bio-molecules within the Datura stramo-

nium leaf extract, and the FTIR spectrum is shown in Fig. 4 . The

FTIR absorption peaks were observed around 1023, 1110, 1380,

1460, 1517, 1647 and 1738 cm 

−1 . The absorption peak located at

1023 cm 

−1 may be owing to −C-O stretching vibrations of alcoholic

groups. The peak emerged at 1380 cm 

−1 is due to −C-O-C stretch-

ing modes. The stretching vibrations at 1110 and 1460 cm 

−1 are
Fig. 5. (a) TEM image, (b) lattice frin
ttributed to hydroxyl functional groups in polyphenols and phe-

ols, respectively. The absorption peak at around 1380 cm 

−1 should

e owing to C-N stretching vibration or O-H bending vibrations.

he absorption peak at 1738 cm 

−1 is associated to stretching vibra-

ion of −C = O indicating the carboxylic acids group. The presence

f stretching vibration at 1641 cm 

−1 representing that Ag NPs is

ounded to proteins via carboxylate group. The stretching vibration

f −C-C- in aromatic ring causes an absorption peak at 1571 cm 

−1 .

ll these stretching vibrations and bends exhibit that proteins, car-

oxylic acids, alcoholic groups and polyphenols are bounded along

ith Ag NPs. 

.4. Surface morphological studies and elemental analysis 

Fig. 5 (a) shows the TEM image of synthesized Ag NPs. The

EM image affirms that the Ag NPs are in nono scale, maximum

f the particles spherical shape in nature with average diameter

f 15–20 nm and a few particles are in large scale. These particles
ges image and (c) EDAX image. 
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Fig. 6. Antibacterial activity of Ag NPs against (a) E. coli and (b) S. aureus bacteria. 

Fig. 7. Variation in zone of inhibition for different stack solution volume against E. 

coli and S. aureus bacteria. 
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re acutely spread over the surface without agglomeration. Highly

rystalline nature of the synthesized Ag NPs is clearly identified

y the obvious lattice fringes spacing of 0.23 nm in Fig. 5 (b). The

DAX spectrum of Ag NPs is shown in Fig. 5 (c) and exhibits that

 strong peak at 3 eV confirms the formation of Ag NPs. 

.5. Antibacterial activity 

Synthesized Ag NPs were examined about their antibacterial ac-

ivity against the bacterial strains of Escherichia coli (E. coli) and

taphylococcus aureus (S. aureus) using well diffusion technique.

he zone of inhibition around the well is shown in Fig. 6 . From

ig. 6 , it is noted that synthesized Ag NPs show significant im-

act on the growth of bacteria around the well. No inhibition zone

as observed for control, prepared by the stack solution taken in

ell without Ag NPs. The antibacterial activity of Ag NPs increases

radually as the stack solution increases from 50 to 200 μL. The

ntibacterial activity of Ag NPs should be associated with several

echanisms including (i) generation of Reactive Oxygen Species

ROS) like super oxide anions (O 2 
−) and hydroxyl radicals (OH 

●),

ii) the presence of Ag + ions in Ag NPs are making bond with

ulphhydryl groups which direct to de-naturation of proteins in the

acteria [25] and (iii) release of Ag + ions from the Ag NPs which
imply penetrate into the cell wall and cause severe damage to

he bacteria and kill them. Moreover, nanosized Ag NPs were at-

ached to the bacteria and disturb the usual function of bacteria

nd hence damage severely to outer surface of the bacteria such

s DNA, lipids and proteins. From Fig. 6 , it is found that Ag NPs

ave robust antibacterial activity on E. coli (Gram negative) than

. aureus (Gram positive) bacteria. This greater antibacterial activ-

ty against gram negative bacteria is ascribed to the variation in

ell wall membrane of these bacteria. The gram negative bacte-

ia such as E. coli consist of a very thin layer cell wall membrane,

ts thickness ranged 7–8 nm and made up of peptidoglycans and

ipopolysaccharides [26] . On the other hand, the gram positive S.

ureus bacteria have a very thick cell wall membrane, its thickness

anged from 20–80 nm and made up of large number of mucopep-

ides, lipoteichoic and acids murein [27] . In addition, S. aureus has

n antioxidant enzyme and shows a strong oxidant resistance [28] .

hus, super oxide anions, hydroxyl radicals and released Ag + ions

an easily penetrate into E. coli than S. aureus and destroyed the

acteria. The variation in zone of inhibition for different stack solu-

ion volume against E. coli and S. aureus bacteria is shown in Fig. 7 .

. Conclusion 

Using green synthesis, Ag NPs were synthesized from Datura

tramonium leaf extract as reducing agent. Optical, structural, sur-

ace morphological and antibacterial activities of synthesized sam-

le were examined. From optical study, arising of SPR peak at

 4 4 nm is obviously affirming the formation of Ag NPs in the re-

ction mixture. XRD profile shows the face centre cubic structure

f Ag crystal and the crystallites were preferentially grown along

111) plane with mean size of 18 nm. Possible bio-molecules in the

eaf extract to reduce Ag + ions to Ag 0 are identified from FTIR

pectrum. The spherical shaped Ag NPs with average diameter of

5–20 nm were observed from the TEM image, and the sign of

etal Ag is affirming from energy peak at 3 eV. Better antibacterial

ctivity of Ag NPs showed against E. coli . 
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