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Abstract : The biosynthesis of nanoparticles have usual increasing attention due to the
growing demand to produce secure, cost-effective and environmentally friendly technologies
for nanomaterials synthesis. The acquainted study explains the green synthesis,
characterization and their potential effect against harmful bacteria, photo catalytic degradation
of dye used in the textile dyeing industry, of silver nanoparticles (AgNps) synthesized by
using agueous leaves extract of Dicrostachys cinerea plant. Formation of silver nanoparticles
was supervised by UV-Visible Spectroscopy. The biomolecules responsible for the formation
of AgNps was confirmed by using Fourier Transform Infrared Spectroscopy. The crystalline
structure of synthesized silver nanoparticles from Dicrostachys cinerea was identified by
using X-ray Diffraction studies. Scanning Electron Microscopy images dipicted Nano-sized
Particles. The Elemental analysis of AgNps was carried out by Energy Dispersive
Spectroscopy.The average size of the particles was calculated by using X-ray diffraction data,
and Transmission Electron Microscopy images. The anti bacterial activity of silver
nanoparticles was performed by using zone inhibition method and the photocatalytic activity
of degradation of textile dye by using sunlight irradiation. The UV-Vis spectroscopy was
exhibited exact peak at 406nm and the size of nano particles were identified as 24nm from the
X-ray diffraction data and Transmission electron microscopic images. The shape of the
nanosized silver nanoparticles was identified as spherical using scanning electron microscopy.
The synthesized silver nanoparticles displayed efficient antibacterial activity against gram
positive and gram negative bacteria, and it has exhibited photocatalytic activity for
degradation of textile dye Green Pls. From the present study it is concluded that the formed
silver nanoparticles are stable and showed significant antimicrobial activity, against four
different harmful bacteria and also act as silver nanocatalyst for degradation of textile dye
Green pls.

Keywords: Green biosynthesis, Silver Nanoparticles, Dicrostachys cinerea, X-ray diffraction,
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Introduction

Synthesis of silver nanoparticles is a booming field trending in the current research owing to their
varied properties. The various applications of silver nanoparticles includesensing devices, information storage’,



Raju Sandupatla et a/ /International Journal of ChemTech Research, 2017,10(3): 302-314. 303

recording media’, biosensor design, catalysis®, optoelectronics®, wound healing®,pollution control®, genetic
disorders detection’ and determination of ct-DNA®.Metal nanoparticles represents many improvise new
properties based on their specific characteristics, such as size, shape, morphology, and distribution®. Traditional
methods for the synthesis of silver nanoparticles include microwave-assisted process™ chemical and
photochemical reactions in reverse micelles*!, thermal decomposition®?, radiation assisted, electrochemical®,
sonochemical and reduction in solutions*. Synthesis of nanoparticles using physical and chemical methods has
been found to possess several difficulties as they are toxic' and in maintaining the size and shape. In such a
condition, biological synthesis'® '" ** stand as an effective and convenient way for the synthesis of silver
nanoparticles. Investigation of biosynthesis of AgQNPs nanomaterials is presently getting enormous attention due
to ever growing consequence of green chemistry practices; Green plants possess the broadest spectrum of
synthetic activity and have been the source of many useful compounds. Many metals have been used for the
synthesis of nanoparticles such as gold*® % platinum, titanium?" ** copper, zinc, cobalt, magnesium, nickel and
silver®? etc. A survey on previous reports of nanoparticle synthesis reports that various parts of the plant®’ can
be used for the synthesis of nanoparticles, those were leaves extract®®, flower extracts, fruit extracts, seed
extracts®***3! and micro organisms®* including phototropic bacteria®.

Dichrostachys cinerea belongs to Mimosaceae, is a semi-deciduous to deciduous tree up to 7 m tall
with an open crown leaves bipinnate. The plant is thorny shrub found almost throughout India. It is commonly
distributed in all arid zone of Indian dry regions. The bark is used to alleviate headache, toothache, dysentery,
elephantiasis Brushed young shoots used in the treatment of ophthalmia, astringent, rheumatism and urinary
calculi. The leaves are particularly useful and can be taken to treat epilepsy and can also be taken as a diuretic
and laxative, and its powder can be used in the massage of bone fractures and used as fodder®, the tannins
isolated from Dichrostachys cinerea were used as bactericides against various bacteria®.

In the current investigation, for the first time silver nanoparticles were successfully synthesized using
Dichrostachys cinerea leaf extract, characterization, and applications like antibacterial and photocatalytic
activity of silver nanoparticles has been reported. Synthesized silver nanoparticles characterized by various
instrumental techniques such as UV-Vis, FTIR, XRD, SEM-EDX, and TEM. The phytochemicals presented in
the plant responsible for the synthesis of silver nanoparticles by reducing the metal ions to stable metals, as well
as they coated on the surface of the particles as a thin layer to act as a capping agent. Therefore, the objectives
of the present study are, (i) to Response surface methodology mediated optimization the AgNPs synthesis using
Dichrostachys cinerea(ii) to characterize the synthesized AgNPs, (iii) to evaluate the anti-bactericidal activity,
and to study the photocatalytic activity of synthesized AgNPs. Because of its applications this silver
nanoparticles can be used as antibacterial agents in medical industry and also for bioremediation of chemical
textile dyes, as it is useful important in the polluted water treatment.

Material and Methods

Dicrostachys Cenerea is easily available in Osmania University campus, Hyderabad, India. The leaves
were collected locally. The bacterial test strains were procured from IMTECH, Chandigarh. The media for the
growth of bacterial strains was purchased from Himedia laboratories, Mumbai, India. Silver Nitrate (AgNO3)
was purchased from SD fine chemicals.

Preparation of Plant Extract

The leaves were washed thoroughly with distilled water in order to remove the adhering foreign
particles. Then the leaves are dried in shade for one week which was then grounded to a fine powder, 5gm of
the plant material is added to 500 ml of double distilled water and incubated overnight facilitating the
phytochemical extraction. Then the extract is filtered by WhatmannNo.1 filter paper, collected the filtrate and
stored at 4 °C until further use. Fig. 1 a) showing the image of the plant selected for synthesis of AgNps and
Fig. 1 b) showing the pale yellow colour of prepared aqueous leaves extract solution of Dichrostachys cinerea.
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Figure 1: a) Dicrostachys cenerea plant b) Prepared leaves extract of Dicrostachys cinerea showing pale
yellow colour of aqueous solution

Preparation of silver nitrate solution

A fresh stock solution of 1 mM AgNO; (molecular weight: 169.87 g/mol, assay: 99%) was prepared by
dissolving requisite solid AgNOj in double-distilled water and stored in an amber colour bottle which prevents
auto-oxidation of silver.

Biosynthesis of Silver Nanoparticles

For the synthesis of silver nanoparticles, the ratio of better volumes was tested by adding leaves extract
of Dichrostachys cinerea and AgNO3 at different concentrations as 1:0.5, 1:1, 1:2, and 1:3 respectively and
incubated for 4 hours at room temperature. After reaction all samples were recorded by UV-Vis spectroscopy,
according to UV the sharp peak was noticed at 406 for the ratio of 1:2, which indicates the small sized, more
number of particles. So for the preparation of silver nanoparticles, 500 ml of plant extract was directly added to
1000 ml of AgNO; solution and kept reaction at room temperature. After reaction, the solution was centrifuged
at 10000 rpm for 15 min, pellet was collected and centrifugation was repeated twice followed by washing with
distil-water to get rid of extra biological material.
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Figure 2: a) Displaying different ratios of volumes of Leaves Extract and AgNosas 1:0.5, 1:1, 1:2, and 1:3
continuously. b) UV-VIS spectroscopy of synthesized silver nanoparticles with different ratios of volumes
of Dc leaves Extract and AgNo;

Characterization Studies
Visual Examination

Formation of silver nanoparticles was confirmed by converting the pale yellow colour of the solution to
dark brown colour, due to surface Plasmon resonance.
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UV-VISIBLE Spectrum

The UV spectra of the biosynthesized nanoparticles were recorded by using an UV 2600 UV-VIS
Spectrophotometer, Shimadzu by continuous scanning from 200 to 800 nm and the distilled water was used as
the reference for the baseline corrections.

FTIR Analysis

FTIR Analysis carried out to identify the phytochemical biomolecules in Dicrostachys cinerea plant
leaves which were responsible for reduction of silver ions to stable silver nanoparticles as well as they acting as
capping agents. 10 pL of the formed silver nanoparticles from the leaf extract was subjected to FTIR analysis
using IR Affinity-1 Shimadzu model instrument, with 4500-500 cm™ wavelength range, spectrophotometer in
the diffuse reflectance mode at a resolution of 4cm™" in KBr pellets.

XRD Analysis

The crystalline structure of synthesized silver nanoparticles was confirmed by x-ray diffraction studies.
X-Ray Diffraction analysis of silver nanoparticles was measured by using Philips Xpert PRO, Instrument with
Cu Ka X-Ray source with voltage 40 kv, with the scanning rate 2° min™ in 16= 26 configurations.

Scanning Electron Microscopy-Energy Dispersive Spectroscopy

The biosynthesized silver nanoparticles were subjected to Zeiss 700 Scanning electron microscope to
determine their morphology. A Thin film of the sample was prepared by dropping a small amount of the sample
on the carbon coated carbon grid, then the film on the SEM grid was allowed to dry by keeping under a mercury
lamp for 5 min and the images were taken. The EDS microanalysis system which automatically identifies the
elements which were corresponds to the peaks in the energy distribution.

TEM Analysis

A drop of the silver nanoparticle sample is placed on a piece of par film of the carbon-coated copper
grid and was allowed to settle for 5-10 minutes, and drain the excess with the help of filter paper. Then the grid
is washed with distilled water and stained with 2% uranyl acetate and allowed for absorption for few seconds.
The grid is then observed under Transmission electron microscopy Hitachi, H-7500 model and the images were
recorded.

Anti-bacterial studies

To evaluate applications, the antimicrobial activity of Dicrostachys Cenerea mediated silver
nanoparticles has been studied. The procedure followed for evaluation of antibacterial action was similar to that
of Manisha et al*®. Well diffusion method, all sterilized labware was used to perform this study. Fresh cultures
of four different bacteria such as staphylococcus aureus, bacillus subtillis, Pseudomonas putida, klebsiella
pneumonia was prepared. Four media plates were prepared by inoculation of 20 ml of sterilized nutrient agar
media and spread with 50 pL of specific bacteria to each plate, then wells were punched and respective samples
were added where ampicillin drug used as a control sample, then plates were incubated at 37 °C for 12 hrs.

Photocatalytic activity

Photocatalytic activity of biosynthesized silver nanoparticles was performed by using degradation of
the textile dye Green Pls, under solar irradiation. The degradation of the textile dye was monitored by UV-VIS
Spectroscopy. 100 ml dye solutions was prepared by dissolving 1 mg of the dye in 100 ml beaker with distilled
water, Then 50 ml of the dye transferred in another 100ml baker and marked as Control. 10 mg of the bio
synthesized silver nanoparticles weighed and added to the dye solution and marked as Sample, and kept for
magnetic stirring at 500 rpm under sunlight irradiation. Control dye solution was kept under same conditions
for comparing any colour change. For every 30 min of time intervals, 4 ml of colloidal dye mixture was taken
and centrifuged at 5000 rpm for 10 min to collect supernatant dye solution, and subjected to UV-VIS
spectroscopy for evaluating the degradation of the dye in the presence of silver nanoparticles.
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Results & Discussion

Silver nanoparticles were formed by the reduction of Ag+ into Ag° by the addition of plant extract to
the solution of 1 mM of AgNO3. After incubation, the change in the colour from pale yellow to brown was
exhibiting in Fig. 2a) indicated the formation of the colloidal AgNPs. The change in the colour was due to
surface Plasmon resonance®” which is an optical property exhibited by silver nanoparticles. The formation of
silver nanoparticles was confirmed by UV-Vis absorption spectra at 200-800 nm where a band was observed at
406 nm showing in Fig. 2 b).The absence of extra peaks suggesting that nanoparticles are not agglomerated
which can be confirmed by SEM and TEM Images which was stated in Venkatesham et al®*. The FTIR
Analysis carried out to identify the phytochemical biomolecules in Dicrostachys cinerea plant leaves which
were responsible for the reduction of silver ions to stable silver nanoparticles as well as they acting as capping
agents to prevent agglomeration of formed particles. The main peaks of FTIR data in Fig. 3 observed at 3331,
1638, 725 which may be due to O-H Stretching or N-H Stretching (alcohols, phenols); -C=C- stretch or N-H
Bend (alkenes.1 ° amines), N-H wag or C-H oop (1 °, 2 %amines or aromatics) respectively, same results were
observed in articles®**. The crystalline structure of synthesized silver nanoparticles was confirmed by X-ray
diffraction studies. The diffraction peaks which were showing in Fig. 4 of silver nanoparticles at 26values,
37.62, 45.78, 63.97, 76.38 these values are assigned to lattice planes of (111) (200) (220) (311) which were
represented to face centric cubic (FCC) crystalline structured silver nanoparticles. The XRD data was well
matched with the Joint Committee on Powder Diffraction Standards (JCPDS file No. 04-0783). The extra peaks
observed, which were weaker than silver were assigned to crystallization of other biological materials found on
the surface of AgNps*, the same kind of results were reviewed in the articles® “.The results from this
procedure indicating the formed silver nanoparticles were nanocrystal of nano-size*” . The particle size of
synthesized silver nanoparticles was calculated by using Debye-Scherer formula. The crystalline size of silver
nanoparticles ranges between 5-80 nm. Average sizes of DCAgNPS were found to be 20 nm. The same is
approximately matched to the size of particles calculated with TEM images.

D = KA/ cosd

The SEM image at different magnifications in Fig. 5 showed relatively spherical shape nanoparticles
formed. In Fig. 6 of Energy Dispersive Spectroscopy analysis the peak indicates the presence of elemental
silver signal was confirmed, the presence of C, O, Cl peaks indicates the other organic compounds that cover
the silver aggregates. The sample contained a high concentration of AgNPS was 71.09% and the atomic % was
30.62 % which was showed in Table 1: The TEM images of the nanoparticles formed in Fig. 7 mostly spherical
and near Spherical shapes can be observed within 5-80 nm size range. The Fig. 8 showing the size distribution
of synthesized silver nanoparticles, which can be indicated the mostly of particles distributed in 20-30 nm
range.

De AgNps|

Figure 3: FTIR spectra of Dc Leaves Extract and silver nanoparticles synthesized from Dicrostachys
cinerea (DcAgNps)
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Figure 5: SEM images of synthesized silver nanoparticles from Dicrostachys cinerea (DcAgNPSs) at
various magnifications.
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Figure 6: Energy dispersive X-ray spectrum (EDS) of DcAgNps synthesized using the leaf extract of
Dicrostachys cinerea
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Table 1: The table showing high concentration of element silver percentage

Element | Weight% | Atomic%o
O 17.78 53.32
Cl 11.12 15.06
Ag 71.09 31.62
Total 100 100
"

S nm ” “-7' 12w

Figure 7: TEM images of synthesized silver nanoparticles from Dicrostachys cinerea(DcAgNps).
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Figure 8: Histogram showing the size distribution of silver nanoparticles synthesized from Dicrostachys
cinerea

Antibacterial activity

The well-known inhibitory effect of silver has been recognized for several years and used for various
medical applications®. The Fig. 9 ofSilver nanoparticles exhibited antibacterial activity against all the four
bacterial strains used in the study. Clear zones of inhibition were seen although smaller zone of inhibition was
found when compared to the standard antibiotic ampicillin, the results are tabulated as in Table 2 which was
indicating the diameter of inhibition zone in mm for four different bacteria with respected samples. The
antibacterial activity images of synthesized silver nanoparticles from Dicrostachys cinerea leaves extract were
clearly depicting inhibition zone in mm of diameter™. Zone of inhibition for synthesized silver nanoparticles for
four bacteria staphylococcus aureus, bacillus subtillis, Pseudomonas putida, klebsiella pneumonia detected as
23mm, 20mm, 17mm, and 18mm respectively, The 3D diagram of Fig. 10 revealing the same with respect of
samples used in this evaluation.



Raju Sandupatla et a/ /International Journal of ChemTech Research, 2017,10(3): 302-314. 309

Figure 9: illustrates the Zone of Inhibition for different bacteria, a) Staphylococcus aureus b)Bacillus
subtillis ¢) Pseudomonas putida d) Klebesiella pneumonia for the samples indicating, 1-Plant extract, 2-
AgNO;, and 3- DCAgNPS, 4-Ampicillin in each of the plate in 20 pL.

Table 2: showing zone of inhibition in mm of Ampicillin, DC plant extract, AgNoz; DCAgNps for different
bacteria

1.DC plant 2.AgNo; 3.Dcagnps 20 4. Ampicillin
Bacteria extract 20 pL 20uL puL 20uL
Staphylococcus aureus 8 20 23 28
Bacillus Subtillis 9 15 20 22
Pseudomonas putida 7 14 17 12
Klebsiella pneumonia 8 15 18 20

I Dc Leaf Extract
. AgNoy
I DcAgNps
2 BN Ampicillin
E-1
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Figure 10: 3D diagrams displaying the zone of inhibition in mm for various bacteria.

Photocatalytic activity

Photocatalytic activity of green synthesized silver nanoparticles from the Dichrostachys cinerea leaves
extract was evaluated by degradation of the textile dye Green pls under sunlight irradiation. The green Pls dye
initially gives deep green colour in dissolving distilled water. The degradation of dye solution was usually
observed by gradual decreases in the colour of the dye from deep green to colourless, which was shown in Fig.
11a) and it is monitored by UV-VIS spectroscopy. The characteristic absorption peaks for Green pls was
noticed at Amax 608 NM. The degradation of the dye in the presence of biogenic Ag nanoparticles was verified by
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the decrease of the peak intensity during some minutes of exposure in sunlight confirmed by UV-Vis spectra as
shown in Fig. 11b). The gradual decreasing in peak intensity (hypochromic shift) was indicating the gradual
degradation of the dye solution. The complete degradation of the dye was observed at 180 minutes of reaction,
the same was confirmed by the UV-VIS Spectral data. The dye solution marked as control showing no colour
change during the reaction. The % of dye degradation was calculated by using below formulae for each-time
interval. The result of dye degradation % of textile dye for each time period was tabulated in Table 3 and The
Fig. 12 of graph displaying the gradual degradation of textile dye with effect of DcAgNps as a time function.

Dye degradation % = [Co-C/Cg] X 100 Where
Co= initial concentration of green pls dye
C= after t hours of time, the concentration of the dye under sunlight.

Dye degradation % was calculated as the concentration of the dye solution is directly proportional to
the observation value. The degradation mechanism involves the excitation of conduction electrons of metallic
Ag in dyes as the earlier reports® **, through exposure in sunlight when the photons from sunlight irradiation
hit the biosynthesized silver nanoparticles which were added to sample dye solution, existing in the colloidal
mixture, and the electrons at the particle surface are excited®. These excited electrons were accepted by oxygen
molecules in green Pls dye solution, and they converted as oxygen anion radicals. The oxygen anion radicals
break the dye into simpler dye molecules which lead degradation of the textile dye®* *°.
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Figure 11: a) Image shows changes in from green to colourless of textile dye after every 30 min of
interval. b) UV-VIS Spectroscopy of degradation of textile dye Green Pls

Table 3 showing % of degradation of textile dye

Time interval | Initial OD | Final OD | % of degradation
(min)
30 0.1791 0.0842 52.98
60 0.1791 0.0550 69.29
90 0.1791 0.0470 73.75
120 0.1791 0.0421 76.49
150 0.1791 0.0332 82.02
180 0.1791 0.00 100.0
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Figure 12: Graph displaying the % of degradation of textile dye at different exposure of time Intervals.

Conclusion

In conclusion, bio green synthesis of silver nanoparticles has materialized as a simpler and better
preference than physical and chemical procedures as it is fast, clean and eco-friendly alternative that does not
involve any chemicals. The present work shows a green synthetic method using Dichrostachys Cinerea leaves
extract used as an effective reducing and capping agent for the formation of silver nanoparticles. Synthesized
silver nanoparticles from silver nitrate solution using Dichrostachys Cinerea leaf extract and the biosynthesized
Ag nanoparticles were found to be spherical in shape with an average diameter of 24 nm. The formed silver
nanoparticles are stable and showed significant antimicrobial activity, against four different harmful bacteria
and also act as silver nanocatalyst for degradation of textile dye Green pls.

Acknowledgement

The authors gratefully acknowledge Department of Chemistry and Department of biochemistry,
University College of Technology, Osmania Universityto use the facilities therein for characterizing the
sample.One of the authors (Raju Sandupatla) thanks and acknowledges UGC for financial assistance (Junior
Research Fellowship), and Department of forensic science for provide the facilities to carry out the research
work.

Conflict of Interest The authors declare that they have no conflict of interest.

References

1. Zhang, HW., Y. Liu, S. H. Sun, 2010. Synthesis and assembly of magnetic nanoparticles for
information and energy storage applications. Front. Phys. china 5: 347-356.

2. Sun, S., C. B. Murray, D. Weller, L. Folks, A. Moser, 2000. Monodisperse FePt nanoparticles and
ferromagnetic FePt nanocrystal superlattices. Science. 287 :1989-92.

3. Shiraishi, Y. and N. Toshima, 2000. Oxidation of ethylene catalyzed by colloidal dispersions of poly
(sodium acrylate)-protected silver nanoclusters. Colloids Surf A Physicochem Eng Asp, 169: 59-66.

4, Mukherjee, P., A. Ahmad, D. Mandal, S. Senapati, S. R. Sainkar, M.l. Khan, R. Ramani R. Parishcha,
P. V. Ajaykumar, M. Alam, R. Kumar, M. Sastry, 2001. Bioreduction of AuCI(4)(-) lons by the
Fungus, Verticillium sp. and Surface Trapping of the Gold Nanoparticles Formed, Nano Lett. 1: 515.

5. Landsdown, A.B. and A. Williams, 2007. Bacterial resistance to silver in wound care and medical
devices, Wound Care. 16: 15-19.

6. Ganaie, S.U., T. Abbasi, J. Anuradha, S.A. Abbasi, 2014. Bio mimetic synthesis of silver nanoparticles
using the amphibious weed ipomoea and their application in pollution control, Journal of King Saud
University, Science. 26: 222-229.

7. Taton, T.A., C.A. Mirkin, R.L. Letsinger, 2000. Scanometric DNA array detection with nanoparticle
probes, Science. 289: 1757-60.

8. Liu, C., X. Yang, H. Yuan, Z. Zhou, D, Xiao, 2007. Preparation of Silver Nanoparticle and Its
Application to the Determination of ct-DNA, Sensors 7: 708-718.



Raju Sandupatla et a/ /International Journal of ChemTech Research, 2017,10(3): 302-314. 312

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Jain, N., A. Bhargava, S. Majumdar, J.C. Tarafdar, J. Panwar, 2011. Extracellular biosynthesis and
characterization of silver nanoparticles using Aspergillus flavus NJP08: a mechanism perspective,
Nanoscale 3: 635-641.

Manisha, DR., R. Merugu, ARV. Babu, MPP. Rudra, 2014. Microwave assisted biogenic synthesis of
silver nanoparticles using dried seed extract of Coriandrum sativum, characterization and antimicrobial
activity, Int J ChemTech Res. Vol.6 No.7: 3957-3961.

Taleb, C., M. Petit, P. Pileni, 1997. Synthesis of Highly Monodisperse Silver Nanoparticles from AOT
Reverse Micelles: A Way to 2D and 3D Self-Organization, Chem. Mater. 9: 950.

Esumi, K., T. Tano, K. Torigoe, K. Meguro, 1990. Preparation and characterization of bimetallic
palladium-copper colloids by thermal decomposition of their acetate compounds in organic solvents,
Chem. Mater. 2(5): 564- 567.

Rodriguez-Sanchez, L., M. C. Blanco, M. A. Lopez-Quintela, 2000. Electrochemical Synthesis of
Silver Nanoparticles, J. Phys. Chem. B 104: 9683.

Goia, D.V. and E. Matijevic, 1998. Preparation of nanodispersed metal particles, New J. Chem. 1203—
1215.

Pastoriza-Santos, I. and L. M. Liz-Marzan, 2002. Formation of PVP-protected metal nanoparticles in
DMF, Langmuir 18: 2888.

Suman, T.Y., D. Elumalai, P.K. Kaleena, S.R.R. Rajasree, 2013. GC-MS analysis of bioactive
components and synthesis of silver nanoparticle using ammonia baccifera aerial extract and its
larvicidal activity against malaria and filariasis vectors. Ind. Crops Prod. 47: 239-245.

Kotakadi, V.S., S.A. Gaddam, Y.S. Rao, T.N.V.K.V. Prasad, A. Reddy, D.V.R.S. Gopal, 2014.
Biofabrication of silver nanoparticles using Andrographis paniculata. Eur. J. Med. Chem. 73: 135-140.

Vidhu, V.K. and D. Philip, 2014. Spectroscopic, microscopic and catalytic properties of silver
nanoparticles synthesized using Saraca indica flower, Spectrochim. Acta Part A, Mol. Biomol.
Spectrosc. 117: 102-108.

Gu, H., P.L. Ho, E. Tong, L. Wang, B. Xu, 2003. Presenting vancomycin on nanoparticles to enhance
antimicrobial activities, Nano Lett. 3 (9): 1261-1263.

Gopinath, K., S. Gowri, V. Karthika, A. Arumugam, 2014. Green synthesis of gold nanoparticles from
fruit extracts of Terminalia arjuna, for the enhanced seed germination activity of Gloriosa superb, J.
Nanostruct. Chem. 4:115.

Retchkiman-Schabes, P.S., G. Canizal, R. Becerra-Herrera, C. Zorrilla, H.B. Liu, J.A. Ascencio, 2006.
Biosynthesis and characterization of Ti/Ni bimetallic nanoparticles, Opt. Mater. 29: 95-99.

Manish Hudlikar, A., C. Shreeram Joglekar, B. Mayur Dhaygude, C. Kisan Kodam, (2012. Green
synthesis of TiO2 nanoparticles by using agueous extract of Jatropha curcas L. latex Mater. Lett. 75:
196-199.

Florence, O., A. Janen, T. Kukhtareva, V. Edwards, C. Michael, 2013. Green Synthesis of Silver
Nanoparticles, Their Characterization, Application and Antibacterial Activity, Int. J. Environ. Res.
Public Health. 10(10): 5221-5238.

Kumara Swamy, M., K. M. Sudipta, K. Jayanta, S. Balasubramanya, 2015. The green synthesis,
characterization, and evaluation of the biological activities of silver nanoparticles synthesized from
Leptadenia reticulata leaf extract, Appl Nanosci. 5: 73-81.

Anandh, B., A. Muthuvel, M. Emayavaramban, 2014. Bio synthesis and characterization of silver
nanoparticles using Lagenaria siceraria leaf extract and their antibacterial activity, ILCPA 19(1): 35-45.
Anandalakshmi, K., J. Venugobal, V. Ramasamy, 2015. Characterization of silver nanoparticles by
green synthesis method using Pedalium murex leaf extract and their antibacterial activity, Appl
Nanosci. 10: 0449.

Gnanadesigan, M., M. Anand, S. Ravikumar, M. Maruthupandy, M. Syed Ali, V.Vijayakumar, A.K.
Kumaragu, 2012. Antibacterial potential of biosynthesised silver nanoparticles using Avicenna marina
mangrove plant, Appl Nanosci. 2 (2): 143-147.

Dubay, M., S. Bhadauria, BS. Kushwah, 2009. Green synthesis of nanosilver particles from extract of
Eucalyptus hybrid (Safeda) Leaf, Dig. J. Nanomater. Biostruct. 537-543.

Harekrishna, B., K.B. Dipak, P.S. Gobinda, S. Priyanka, P. Santanu, M. Ajay, 2009. Green synthesis of
silver nanoparticles using seed extract of Jatropha curcas, Colloids and Surfaces A: Physicochem. Eng.
Aspects 348: 212-216.


http://g.linkscholar.org/citations?view_op=view_citation&hl=zh-CN&user=yYCopqcAAAAJ&citation_for_view=yYCopqcAAAAJ:2osOgNQ5qMEC
http://g.linkscholar.org/citations?view_op=view_citation&hl=zh-CN&user=yYCopqcAAAAJ&citation_for_view=yYCopqcAAAAJ:2osOgNQ5qMEC

Raju Sandupatla et a/ /International Journal of ChemTech Research, 2017,10(3): 302-314. 313

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Manisha, D.R., M. Ramchander, M.P. Pratap Rudra, 2014. Biofabrication of antibacterial silver
nanoparticles from black mustard seed powder and their characterization, International Journal of
Nanomaterials and Biostructures 4(3): 58-62.

Manisha, DR., M. Ramchander, A.R.V. Babu, M.P.Pratap Rudra, 2014. Microwave assisted biogenic
synthesis of silver nanoparticles using dried seed extract of Coriandrum sativum, characterizartion and
antimicrobial activity, Int J ChemTech Res. 6(7): 3957-3961.

Govindaraju, K., V. Kiruthiga, VG. Kumar, G. Singaravelu, 2009. Extracellular synthesis of silver
nanoparticles by a marine alga, Sargassum wightii Grevilli and their antibacterial effects, J. Nanosci.
Nanotechnol. 9: 5497-50.

Manisha, D.R., M. Ramchander, Y. Prashanthi, M.P. Pratap Rudra, 2014. Phototrophic Bacteria
Mediated Synthesis, Characterisation and Antibacterial Activity of Silver Nanoparticles, Nanoscience
and Nanotechnology An International Journal 4(2): 20-24.

Vijayalakshmi, M., K. Periyanayagam, S. Lakshmana Prabu, 2010. Invitro Antilice activity of
Dichrostachys cinerea (L.) Wight & Arn, Int J Pharm Tech Res. VVol.2 No.4: 2210-2213.

Banso, A. and S.O. Adeyemo, 2007. Evaluation of antibacterial properties of tannins isolated from
Dichrostachys cinerea, Afr J Biotechnol. Vol. 6 (15) :1785-1787.

Manisha, D.R., A. Jahnavi, K. Karunakar Rao, M.P. Pratap Rudra, 2014. biosynthesis of silver
nanoparticles using flower extracts of catharanthus roseus and evaluation of its antibacterial efficacy,
Wijpps. 3: 669-677.

Vigneshwaran, N., N.M. Ashtaputre, P.V. Varadarajan, R.P. Nachane, K.M. Paralikar, R.H.
Balasubramanya, 2007. Biological synthesis of silver nanoparticles using the fungus Aspergillus flavus,
Mater. Lett. 61: 1413-1418.

Venkatesham, M., D. Ayodhya, A. Madhusudhan, N. Veera Babu, G.Veerabhadram, 2014. A novel
green one-step synthesis of silver nanoparticles using chitosan: catalytic activity and antimicrobial
studies, Appl Nanosci. 4:113-119.

Shanmugam N., P. Rajkamal, S. Cholan, N. Kannadasan, K. Sathishkumar, G. Viruthagiri, A.
Sundaramanickam,2014. Biosynthesis of silver nanoparticles from the marine seaweed Sargassum
wightii and their antibacterial activity against some human pathogens. Appl Nanosci 4: 881-888.

Wang Y., J. Lu, Z. Tong, H. Huang,2009. A fluorescence quenching method for determination of
copper ions with CdTe quantum dots. J Chil Chem Soc 54: 274-277.

Perni S., V. Hakala, P. Prokopovich,2014. Biogenic synthesis of antimicrobial silver nanoparticles
capped with L-cysteine. Colloids Surf A 460: 219-224.

Prakash P., P. Gnanaprakasama, R. Emmanuel, S. Arokiyaraj, M. Saravanan, 2013. Green synthesis of
silver nanoparticles from leaf extract of Mimusops elengi, Linn. For enhanced antibacterial activity
against multi drug resistant clinical isolates. Colloids Surf Biointerfaces 108: 255-2509.

Yang W., C. Yang, M. Sun, F. Yang, Y. Ma, Z. Zhang, X. Yang,2009. Green synthesis of nanowire-like
Pt nanostructures and their catalytic properties. Talanta 78: 557-564.

Suvith VS and D. Philip,2014. Catalytic degradation of methylene blue using biosynthesized gold and
silver nanoparticles. Spectrochim Acta A Mol Biomol Spectrosc 118: 526— 532.

Mallikarjuna K., N. John Sushma, G. Narasimh, L. Manoj, B. Deva, B. Deva prasad raju, 2014.
Phytochemical fabrication and characterization of silver nanoparticles by using Pepper leaf broth.
Arabian J Chem 7: 1099-1103.

Awwad Akl M., N M. Salem, A. Abdeen,2013. Green synthesis of silver nanoparticles usingcarob leaf
extract and its antibacterial activity. Int J Ind Chem 4: 29.

Balaji, D.S., S. Basavaraja, R. Deshpande, D. Bedre Mahesh, B.K. Prabhakara, A. Venkataraman, 20009.
Extracellular biosynthesis of functionalized silver nanoparticles by strains of Cladosporium
cladosporioides fungus, Colloids. Surf. B. 68: 88-92.

Ahmed, A., P. Mukherjee, S. Senapati, D. Mandal, M.l. Khan, R. Kumar, M. Sastry, 2003. Extracellular
biosynthesis of silver nanoparticles using the fungus Fusarium oxysporum, Colloids Surf. B 28: 313—
318.

Geethalakshmi R, and D V L. Sarada,2012. Gold and silver nanoparticles from Trianthema decandra
synthesis characterization and antimicrobial properties. Int J Nanomed 7: 5375-5384.

Manisha, D.R., K. Karunakar Rao, A. Jahnavi, M. Anila, B. Sreedhar, M.P. Pratap Rudra, 2013.
Synthesis of silver nanoparticles using extracts of Securinega Leucopyrus and evaluation of its
antibacterial activity, Int J. Curr. Sci. 7: 1-8.



Raju Sandupatla et a/ /International Journal of ChemTech Research, 2017,10(3): 302-314. 314

51.

52.

53.

54.

55.

Kumar P., M. Govindarajua, S. Senthamilselvi, K. Premkumar,2013. Photocatalytic degradation of
methyl orange dye using silver (Ag) nanoparticles synthesised from Ulva lactuca. Colloids Surf B
Biointerfaces. 103: 658-661.

Kansal, SK., M. Singh, D. Sudo, 2008. Studies on TiO2/ZnO photocatalysed degradation of lignin. J
Hazard Mater. 153, 412-417.

Yu L., J. Xi, M. Li, HT. Chan, T. Su, DL. Phillips, WK. Chan, 2012. The degradation mechanism of
methyl orange under photo-catalysis of TiO2. Phys Chem Chem Phys 14: 3589-3595.

Houas A., H. Lachheb, K. Mohamed, E. Elimame, C. Guillard, H. Jean-Marie,2001. Photocatalytic
degradation pathway of methylene blue in water. Appl Catalysis B Environ 31: 145-157.

Ameta A., R. Ameta, M. Ahuja,2013. Photocatalytic degradation of methylene blue over ferric
tungstate. Sci Revs Chem Commun 3(3): 172-180.

%k %k Xk %k %k



