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Abstract:- The silver nanoparticles (AgNPs) was synthesized in Calotropis procera extract. The synthesized AgNPs were characterized by UV—
vis spectoscopy, dynamic light scattering (DLS)and transmission electron microscopy (TEM). DLS and TEM analysis of the synthesized AgNPs
clearly showed the nanoscale particle size distribution having spherical shaped morphology. The color change and spectral shift in absorption
spectrum after addition of Fe?* ion to AgNPs solution develop a simple and quick method for quantitative determination of Fe?* from aqueous
solution without any interference from excipients. The selective adsorption of Fe?* ions over the nano particle surface and mechanism of binding
was supported by Langmuir adsorption plot, zeta sizer and absorption titration results. The results suggest that the synthesized AgNPs to be used
as an ideal, eco-friendly nano probe for selective and sensitive detection of Fe?* ion in aqueous medium based on adsorption studies. The present
method successfully applied for the quantitative analysis of Fe®* ion in samples collected from local area having limit of detection 4.29 pg/mL.
The method offers a simple, selective, economical approach for quantitative detection of Fe?" in environmental samples without any
pretreatment.

Keywords: Calotropis procera, Silver nanoparticles, Fe?*ion detection, Environmental sample analysis, Green synthesis.
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Introduction: approaches is desirable. Microorganisms, plants and

. . enzymes are employed as environmentally benign materials
Recently, metal nanoparticles received much y ploy y g

importance in the nanotechnology field due to their to use in the synthesis of metal nanoparticles [11-12].

noteworthy properties such as optical, magnetic and Synthesis of metal nanoparticles using part of plant extracts

was found valuable process as compared to microbes due to

catalytic activity. Nanosensors, optoelectronics,

. . . several advantages viz. simple process, easily available, safe
nanodevices, absorbents, information storage are the key g plep y

areas for the application of metal nanoparticles [1-3]. Metal to handle and easily scaled up.  Reduction rate and

nanoparticles can be synthesized by various methods such as stabilization of nanoparticles can be increased by the

electrochemical  sonochemical.  chemical  reduction presence of various phytochemicals in plant extract which

microwave irradiations [4-6]. Use of toxic chemicals as can act both as capping and reducing agents. Therefore,

reducing and capping agents in chemical synthesis restricts biological approach has advantages over physicochemical

. I . . methods because of its clean, non-toxic chemicals,
the direct application of metal nanoparticles in aqueous
environmentally benign solvents, and user-friendly nature
[13-15].

Now a days, plant (leaf, flower, seed, tuber, and bark)

mediadue to discharge of wastes leading to environmental
pollution. Up to date, most of the synthetic physicochemical

methods were reported for preparation of metal

. . . . . extract mediated biological process for the synthesis of
nanoparticles using organic solvents and toxic reducing

agents like thiophenol, mercapto acetate, sodium silver nanoparticles has been extensively explored as

borohydride [7-10], which are highly reactive and has compared to other bio-inspired processes [16-17]. A range

potential environmental and biological risks. With the
increasing interest in minimization or elimination of such
kinds of hazardous chemicals, the method development

based on Dbiological, biomimetic and biochemical
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of plant extracts have been investigated for their ability to
synthesize silver nanoparticles. Ananda Babu et al. reported
the synthesis of silver nanoparticles using Calotropis

procera flower extract at room temperature [18]. In
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addition, the report is also available on the synthesis of
silver nanoparticles using soy (Glycinemax) and curry
(Murraya Koengii) leaf extracts [19-20]. Similarly, neem
(Azadirachta indica) and mango (Mangifera indica) leaf
extracts were effectively utilized for the synthesis of silver
nanoparticles [21-22]. Apart from silver nanoparticles, plant
extract mediated biological processes are also explored for
the synthesis of gold and palladiumnanoparticles [23-24].
The Calotropis procera (CP), is a desert plant known as
Madar in GreecoArab medicine and is widely distributed in
tropical and subtropical Africa and Asia. The different parts
of the plant are used in Indian traditional medicine for the
treatment of painful muscular spasm, dysentery, fever,
rheumatism, asthma and as an expectorant and purgative.
CP, is a plant with good enough quantities of latex i.e. milky
liquid, when any mechanical damages, their tissues are
broken and secrete the milky latex, consisting of several
biologically active compounds, including proteins, amino
acids, carbohydrates, lipids, vitamins, alkaloids, resins, and
tannins. Predominantly, milky latex contains several
alkaloids of interest such as calotropin, catotoxin, calcilin,
gigatin etc [25-26]. To the best of our knowledge, biological
approach using milky latex of Calotropis procera has been
used for the first time as a reducing material as well as
surface stabilizing agent for the synthesis NPs. The stem and
leaf extracts of Calotropis procera did not produce
nanoparticles of appreciable size.

Silver nanoparticles receive enormous scientific,
technological, and commercial attention due to their unique
size and shape dependent properties. Extensive research has
been devoted to explore the applications of silver
nanoparticles in different fields including healthcare/
biomedical, sensors, spectroscopy and catalysis [18, 27-28].
One of the challenging tasks in the synthesis of
nanostructured materials is the precise control of size and
shape. Especially, silver nanoparticles exhibit drastic
variation in their physicochemical properties with the size,
shape, and their conjugation with other organic/ biological
substances. Among the biological processes that are based

on part of plant extracts are extensively investigated due
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their eco-friendly protocol and better morphological control.
Using “green” methods in the synthesis of silver
nanoparticles has increasingly become a topic of interests as
conventional chemical methods are expensive and require
the use of chemical compounds/organic solvents as reducing
agents [29]. The present study reports the utilization of
Calotropis procera (CP) flower extract as reducing agent to
synthesis silver nanoparticles (AgNPs). Characterization of
synthesized AgNPs was done by UV-Vis spectroscopy,
DLS, and TEM analysis. We found that latex of the plant
CP, a multifarious plant having many remedial properties,
can act as both reducing and capping agent in the NPs
synthesis. This motivated us to further explore the synthesis
of AgNPs using CP flowers. We found remarkable
shortening in the reaction time and NPs of reduced diameter
as compared to conventional heating method. The approach
is a green route for the rapid CP stabilized AgNPs synthesis
as no hazardous chemicals.

Experimental:
Reagents

All chemical reagents were of analytical reagent grade and
used as received without further purification. Silver Nitrate
(AgNO;) was procured from Sigma Aldrich, Mumbai
(India). The metal salts used were purchased from S. D.
Fine-Chem Ltd (Mumbai, India). The stock solution of Fe®*
was prepared using ferrous sulphate. The 2-3 drops of dilute
solution of hydroxylamine hydrochloride was added to Fe*
ion ssolution to avoid its oxidation into Fe** state. Doubly
distilled water was used throughout the experiments. The
flowers of Calotropis Procera were obtained from local

campus.

Characterization Techniques:

UV-visible spectra were recorded on a UV-3600
Spectrophotometer  (Shimadzu, Japan) in respective
solvents.The size of the nanoparticles was measured
using a Malvern Zetasizer (nano ZS-90) equipped with
a 4 mW, 633 nm He-Ne Laser (U.K.)at 25" C under

the fixed angle of 90" in disposable polystyrene cuvettes.



The morphology of NPs was assessed by transmission
electron microscope (TEM) (Technai G2 F30).

Synthesis of silver nanoparticle

The experimental procedure for the preparation of silver
nanoparticles includes use of the Calotropis proceraflowers.
The purpose of using flowers of Calotropis procera is to
stabilize the prepared nanoparticles in aqueous solution [30]
and to develop a negative zeta potential over the
nanoparticles surface which could be useful to explore its
use in the sensing of metal ion detection. About
20gcalotropis proceraflowers were taken washed thoroughly
with double deionized water and boiled in beaker containing
100mLdouble distilled water for 10-15 min. The hot
solution was kept at room temperatureto settle down and
was filtered through Whatmann No.1 filter paper. The
obtained filtrate was diluted to 250mL and stored in a
refrigerator.10 mL of the flower extract was injected in
100mL of 1 mM AgNO; solution and kept stirr for 12 hours.
The change in color was noted and which was preliminary
test toward formation of Calotropis procera stabilized silver
nanoparticles (CP-AgNPs) solution. The resultant aliquots
were stored in a freezer at4® C to avoid aggregation of
nanoparticles into larger size. The schematic diagram for the

formation of CP-AgNPs is shown in Scheme 1.

Adding as reducing agent Flower
extract of Calotropis procera plant
G

After 12 hr

1X 103 M AgNO,
Scheme 1 Synthesis route for CP-AgNPs
Result and Discussion:
UV-Visible spectroscopy analysis

Fig. 1 shows UV- visible spectra of Calitropis Procera
stabilized silver nanoparticles (CP-AgNPs). The colour

change in the reaction mixture wasresponsible for the bio-
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Silver nanoparti

reduction process of silver ions in aqueoussolution resulting
in CP-AgNPs. The UV-Vis spectra of prepared CP-AgNPs
shows broad absorption band peaking at 450 nm. The color
of solution supports the absorption wavelength in the visible

range.

250 300 350 400 450 500 550 500
Wawvelength

Fig.1 UV-visible absorption spectrum with maximum
wavelength 450 nm of synthesized CP-AgNPsin aqueous

solution

Dynamic light scattering

Fig. 2 shows the typical size and particle size distribution of
the synthesized CP-AgNPs measured using Dynamic Light
Scattering equipment. The average hydrodynamic diameter
of well-dispersedCP-AgNPs is seen to be of 37 nm shows
monodispersivity in aqueous solution. Fig. 3 shows Zeta (z)
potential measurements for the nanoparticle and was found
to be -22.8mV which confirms the stability of nanoparticles
at ambient temperature. The zeta potential in between the
range +25 to -25 mV indicates the high and best stability for
the prepared nanoparticles [31]. The obtained negative zeta
potential for the present nanoparticles indicates that negative
charge was developed over the surface of CP-AgNPs and
which could be useful to explore its use in the metal ion
detection of particular interest. The particle size distribution
and size of CP-AgNPs obtained from the Transmission
Electron Microscope (TEM) technique shown in Fig. 4
supports the results obtained by DLS technique.
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Fig.2  Particle size distribution of CP-AgNPs obtained
using DLS equipment
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Fig.3  Zeta potential of CP-AgNPs
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Fig.4 Microphotograph of CP-AgNPs obtained by TEM
Selectivity of CP-AgNPs towards Fe®* ion

The negative zeta potential of CP-AgNPs confers the
negative charge over the surface of nanoparticles which
could responsible to bind the oppositely charged ion or
positively charged metal ion due to the adsorption and
electrostatic attraction between oppositely charged ions. The
aqueous solution of CP-AgNPs was tested against the
different metal ions viz. Cu?*, Pb*, Ni**, zn%*, Ca*, Na",
K*, Co?, Hg®, Fe** and AP* solution of 20 pg/ mL
concentration. Fig.5shows absorption spectra of CP-AgNPs

in absence and presence of different metal ion solution

http://www.ijritcc.org

tested. The present probe CP-AgNPs show high selectivity
response for the Fe”* ion solution over other metal ions
solutions. The drastic change in absorbance of CP-AgNPs
with blue shift in wavelength maxima due to addition of
Fe?* solution reveals the electrostatic interaction between
oppositely charged surface of CP-AgNPs and Fe? ion
solution. The color change in the CP-AgNPs with successive
addition of Fe?" solution was observed and indicates the
strong complexation between CP-AgNPs and Fe®* ion
showing increase in absorption value.Neithersignificant
color changes, nor shift in absorption maxima were
observed upon addition of the other cations indicates the

strong interactions was observed only with Fe®* jon.
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Fig.5 Absorption intensity of the CP-AgNPs solution
shows selectivity for Fe?* compared with other
interfering metal ions

The color change behavior with addition of different metal

ion solution is shown in Fig.6.The study explore the use of

synthesized CP-AgNPs as a highly selective and sensitive
optical and colorimetric probe for Fe®* ijon in aqueous

media.

Fig.6 The photographic images of the CP-AgNPs

solution in presence of different ions



Absorption titration with Fe?*

At ambient temperature, the absorption spectra ofthe CP-
AgNPs with increasing amounts of Fe?* were recorded.The
results are shown in Fig. 7 indicates slight blue shift in
absorption maxima of CP-AgNPs and increase in absorption
value with incremental addition of Fe** ion solution over the

linear range of 2 to 40 ug/mL Fe?* ion solution.

Absorbance

T T T T T T T T T o
300 350 400 450 500 550 600 650 700 750 800

Wavelength in nm

Fig.7  Absorption spectra of the synthesized CP-AgNPs
solution withvarious concentrations of Fe?’(a : 0
pg/mL, b: 2 pg/mL, ¢: 5 ug/mL, d: 10 pg/mL, e: 15
pg/mL, f: 20 pg/mL, g: 30 pg/mL and h: 40pug/mL)

The experimental data well fittedin linear plot
relationshipshown in Fig.8 and Fig. 9. The obtained results
shows excellent linearity in the calibration graph(A-A,) at
wavelength 438 nm against concentrations of Fe?* with a
correlation coefficient of 0.9731 within the range 2-20
pg/mL of Fe*" addition.Fig. 8 shows equilibrium calibration
curve for the present study and reveals that beyond addition
of 20 pg/mL Fe®" ion solution, there is equilibrium state
formation in between the interaction of Fe?* and CP-AgNPs.

1
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Fig.8Equilibrium curve for (A-A,) of the CP-AgNPs

solution at 438 nm and different Fe?* concentration
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Fig 9Linearity of (A- Ay) values with increasing
concentration of Fe?* solution to CP-AgNPs

Mechanism of binding between CP-AgNPs and Fe? ion

Fe®*ions are believed to be adsorbed and bind with the
CP-AgNPs.The

interactionoccurs due to electrostatic forces of attraction

negatively ~ charged  surface  of

between them.The mechanism of bindingwas discussed on
the basis of the Langmuir adsorptionconcept [32-34].The
rate of binding of Fe®*ion to the nanoparticlesurface (Rb) is
proportional to their concentration (C) in theanalyte solution
and the fraction of available binding sites is 1-8; where 0 is

defined as the fraction of occupied sites.
R, =K, xC(1-6) 1
Similarly, the rate of desorption of bound Fe?*from the nano

particle surface depends only on the fraction of the occupied

binding sites and is expressed as,
Ry =K, x8 (2
At equilibrium, the rate of binding is equal to rate of

desorption
Kyx8=K,xC(1-6) ®)
where,KyandKgqare the binding and desorption constant

ofFe?*ions. The above equations can be solved as function

of theratio as,
5 K
Kd
0= BC
1+BC

(4)



The fraction of occupied binding sites (0) is related to
theratio of the absorption signal obtained (A) at given
Fe*"concentration and the maximum absorption intensity

(Ag)without Fe**solution and is expressed as,

A BC
== 5)
A, 1+BC
The equation can be linearized to take the form,
C 1 1
—= (6)
A BA, A
Equation 6 is the linear form of the Langmuir adsorption
equation.
30 -
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Fig 10 Langmuir adsorption plot for C/A as function of
concentration of Fe?* solution

The linearized plot ofC/Avs. concentration of Fe*‘ions
added (C) is shown in Fig.10. The adsorption equilibrium
constant,B,istheLangmuirbindingconstant(K) given by the
slope and the intercept of thelinear plot. Hence, according to
the Langmuir adsorptiondescription, the binding of Fe* on

the surface of the nanoparticles can be examined by the plot

(C)oftheFe**ionsolutionaddedandasperthe expectation this
plot is linear as shown in Fig. 10. Thecoefficientoflinear fit
is 0.9919 and the Langmuir bindingconstantKis 1.0826 x
10* M. The adsorption results led toconsider that the
spectral changes in absorption spectra of CP-AgNPs with
addition of Fe”" ion solution from 450 nm to 438 nm is

because of the binding of adsorbed Fe* on the nanoparticle

surface. In addition to this, the results of the DLS-
Zetasizersupport the adsorption of Fe?ion on the
nanoparticle surface.
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Fig. 11 Bar diagram of variation of zeta potential and
particle size distribution for CP-AgNPs with increasing
concentration of Fe?* ion solution

The bar diagram in Fig. 11 shows variation of the zeta
potentialand the size of CP-AgNPs in the presence of the
Fe?*solution. It can be seen that the negative zeta potential of
thenanoparticle/water interface decreases successively from-
22.8mV t0-17.0 mV and-15.1 and the particle sizeincreases
from 37 nm to 251 nm and 450 nm upon additionof 20 pg/
mLand 40 ug/mLsolutions of Fe**ions respectively. It is also

supported by the TEM image in absence and in presence of

ofC/Aas a function ofconcentration
Fe*" ion with nanoparticles and shown in Fig.12.
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Fig. 12 TEM images of CP-AgNPs without (a) and with (b and c) Fe?* jon solution

http://www.ijritcc.org




These observations suggested that the adsorption ofFe**ions
over the negatively charged surface of nanoparticles
increases the possible absoption unit in CP-AgNPs-Fe?*

complexation and introduces naked eye color change

behavior. The plausible  mechanism based on
Fe*"ionadsorptiononthesurface of CP-AgNPs is graphically

represented inScheme 2.

Selective
Absorption
spectral shift

CP-AgNPs Fe?* adsorbed
on CP-AgNPs surfaci

A4

.M" Negative charge over nanoparticle surface due to Calitropis Procera flower extract

Scheme 2 Plausible mechanism of binding between CP-AgNPs and Fe?*

Determination of Fe?* from environmental water
samples:

To demonstrate the potential use of developed colorimetric
nano probe to analyse the environmental water samples for
the Fe?* content using standard addition method. The water
samples collected from Shivaji University, Kolhapur
campus. The water samples were boiled for few minutes to
settle down the aggregate particles and impurities. The
samples were then filtered through filter paper (Whatman
no. 41) to remove suspended impurities. After that the water
samples were spiked with standard Fe?* at two different

concentration levels and further diluted within the working

linear range andanalyzed with the method proposed via a
standard additionmethod. The accuracy and reliability of the
method were further ascertained by recovery results for
spiked samples. The obtained results are summarized in
Table 1, which shows good consistency between the
expected and experimental found values. These results
demonstrate that the designed nano probe is successfully
applied for the quantitative determination of Fe®* in
environmental water samples without interference of other

ingredients present in the matrix.

Table: 1: Detection of Fe %" in water samples from different water sources using a standard addition method (n = 3)

Water sample Amount of Total Fe* Recovery of Fe* RSD(%) Relative Error
studied Fe?" added in found(n=3) added(%) (%)
ppm In ppm
Tap water from
Dept. of Chemistry 20 20.614 103.068 0.293 0.031
Drinking water
from Dept. Of 20 19.913 99.563 0.409 -0.437

Chemistry (SUK)
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Conclusion:

A simple biological reduction method usedto synthesize
AgNPs which have the ability to detect Fe** over ten other
tested cations in aqueous solution. The synthesized CP-
AgNPs was characterized by using DLS, TEM and UV-
visible spectroscopy techniques. The present nano probe
was found to be efficient and selective probe for naked dye
detection of Fe®* ion in aqueous medium. The ground state
complexation between CP-AgNPs and positively charged
Fe? ion was confirmed on the basis of results obtained in
the absorption titration. The strong binding constant of
complex formation between CP-AgNPs andFe®*was
evaluated using Langmuir adsorption plot. The addition of
increasing amounts of Fe®* increases the absorption intensity
of AgNPs and a visible color change from yellow to
brown.The obvious color change induced by Fe*" can be
easily observed by the naked eye. This study reports a
selective method for the detection of Fe*" in aqueous
solution and can open a new cost-effective, rapid and simple
detection method for Fe?*ion from environmental samples
without further pretreatment.
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