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Abstract: Plant extracts have a very important role for the synthesis of different nanoparticles due to its reducing
capability, availability and nontoxicity. Biosynthesized silver nanoparticles were investigated for colorimetric sensing of
metal ions at different concentrations. Aqueous leaf extract of Plumeria alba was used as bio reduction to synthesize stable
Silver nanoparticles (AgNPs). A possible interaction between AgNPs and metal ions at different concentrations was
proposed on the basis of UV-Vis spectral analysis. The produced silver nanoparticles were characterised by different
technique which includes UV-vis spectroscopy and transmission electron microscopy (TEM). The intensity of the localized
surface plasmon absorption band at 438 nm in UV-visible spectrum confirmed the presence of silver nanoparticles. TEM
analysis showed the spherical and irregular particles shape and size of nanoparticles ranging from 20 to 100 nm. Metal ion
sensing properties of these AgNPs in aqueous solution has been explored. In the detection of different metal ions using
these green synthesized AgNPs, the promising colorimetric response was observed with naked eyes and spectroscopic
changes were examined by using a UV-Visible spectrophotometer. The colorimetric sensor studies showed selective
sensing of Fe** and potentially hazardous Hg®* ions in aqueous medium with a limit of detection of about 0.2 mM
concentrations. This method may be applied as low cost and high potential colorimetric sensor for the selective
recognition and monitoring of Hg** and Fe** ions in biological, pharmaceutical samples as well as in water.
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| INTRODUCTION

Pollution by heavy metal is one of the most serious
environmental  problems, which  undermines  global
sustainability. Due to increasing industrial activities heavy
metals enter the environment and have been found to be
potential pollutants even at trace concentrations'. They are
persistent pollutants because they do not breakdown in the
environment and can bio-accumulate through a food web
which serves as a treat to the environment and human
health>. Numerous analytical methods for heavy metal
measurement include atomic absorption spectroscopy
(AAS)?, inductively coupled plasma/ mass spectrometry, high
performance liquid chromatography (HPLC)*, inductively
coupled plasma/atomic emission spectrometry, flame
photometry®, ultraviolet—visible spectroscopy, etc.® Although
these techniques are highly sensitive, selective and have good
accuracy they still have several major limitations. These
methods require sophisticated instrumentation, laborious
sample pre-treatment processes, and well-trained operators
etc., which makes them unsuitable for rapid detection’®
Therefore the advancement of real-time, rapid, highly
sensitive, selective and cost-effective tools is important for
detection, measurement of heavy metals concentration in
environmental, drinking water, food and biological samples
under aqueous conditions. Recent literature reports on the
utilization of nanotechnology in the analytical or biological
sciences have started a new phase for designing novel
nanoprobes for heavy metal detection’. Particularly,
colorimetric sensors have been widely used to monitor metal
ions due to their simplicity, cost-efficiency, high sensitivity,
rapidity and applicability for on-site monitoring'®'". In
Particular, functionalized metal nanoparticles of silver
(AgNPs) have attracted much attention for their effective
sensing ability towards heavy metal detection due to their
unique optical properties'”. Generally, metal nanoparticles
can be synthesized by two methods: chemical method
(bottom-up) and the physical method (top down)*'*. The
most reported method is the chemical reduction method
which involves the reduction of metal ions using different
reducing agents like borohydrides, hydroxylamine
hydrochloride, trisodium citrates and dimethylformamide'”.
However most of the methods are quite expensive and
potentially hazardous to the environment, requiring high
energy consumption'®. In such a situation, biological approach
for synthesis of nanoparticles appears to be very appropriate.
Recently the green synthesis of silver nanoparticles using
different plant extract like Bombax ceiba flower'® Latex of
Plumeria rubra ", Carica papaya leaf'®, Flower of Butea
monosperma'® and Plumeria rubra flower® is available. For the
selective sensing of heavy metal ions, Nanoparticle surfaces
have to be functionalized with receptors with specific binding
affinity for metal ions which is not an eco-friendly approach?'-
22, Different phytoconstituents as well as metal interacting
multi-functional groups like hydroxyl, carboxyl groups etc.
were present in the plant (flower, leaf, bark, fruit etc )
extracts, supposed to involve in the reduction and capping of
silver nanoparticles offer an opportunity to develop cost
effective and environmentally benign colorimetric sensors for
metal ions in aqueous solution. The green synthesized AgNPs
using different plant extracts showed colorimetric sensing of
Hg** Pb*, Co* Zn™ and Fe’**metal ions at micromolar
concentrations 722 |n the present study, we showed that
an aqueous extract of Plumeria alba leaf was used in reduction
of Ag(l) and demonstrate the ability of this green synthesized
AgNPs to detect Hg?*and Fe*" ions in aqueous solution.

Chemistry
2 MATERIALS AND METHODS
2.1 Preparation of leaf extract

Fresh leaves of Plumeria alba were collected from the
Bankura town, West Bengal, India. To remove the dirt and
dust particles, the collected leaves were cleaned by washing
many times with double distilled water. Then, they were
dried in sunlight and ground to make powder. 10g of powder
taken in 250 ml beaker and 100 ml double distilled water was
added and allowed to sit in a hot water bath for 30 minutes.
Then filtered and a very pale yellow transparent extract
solution was collected. This leaf extract was used for
nanoparticle synthesis.

2.2 Chemicals

0.5M AgNO;(Silver nitrate) (AgNO,, Sigma Aldrich, USA)
solution was prepared for Silver nanoparticles synthesis. All
the heavy metal salt solutions (10 mM, stock) were prepared
by mixing the requisite amount of salt in Double distilled
water. From stock solution different concentration metals
solution used for experiments were prepared.

23 Bio-Synthesis of Silver nanoparticles using
leaf extract

The green Synthesis of Silver Nanoparticles using leaf extract
was done according to procedure described by Mandal
2018 who reported synthesis of Silver nanoparticles using
flower of Plumeria rubra flower. Here we have synthesized
Silver nanoparticles using aqueous Plumeria alba leaf extract.
Digital photographs were taken for these nanoparticles at
different time intervals.

2.4 Instruments for Characterization

The obtained AgNPs were characterized using UV-vis
spectroscopy and their particle sizes were measured using
Transmission electron microscope (TEM). Initially colour
change was detected using naked eye. UV-Vis absorption
spectra were recorded on Shimadzu UV-visible
spectrophotometer (UV-1800) within the 200—700 nm range
using | cm quartz cell. The morphology and particle sizes of
the biosynthesized silver nanoparticles were examined using
a high-resolution transmission electron microscope (TEM,
JEOL JEM1400 plus microscope, operated at an accelerated
voltage of 120 kV). TEM’s grid was prepared by spreading 5ul
of the silver nanoparticles solutions on carbon-coated copper
grids followed by air-dried and then analyzed.

2.5 Colorimetric determination of Hg** and Fe**
ions

For colorimetric detection of mercury (Il) and iron (lll) ions
in aqueous samples, as-prepared AgNPs were diluted three
times by double distilled water and transferred to test tubes
and then known concentration of Hg2+, Fe3* and other
metals ions (Pb, Cu, Mg and K) were added into the test
tube. The changes in the UV—vis absorption spectra were
monitored and performed at room temperature. The
photographs were taken with a digital camera after 5 min of
mixing. All the experiments were carried out in triplicate to
confirm reproducibility.
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3 RESULTS AND DISCUSSION
3.1 UV-Vis Spectroscopy and TEM analysis of AgNPs

The present study reports the green synthesis of silver

Solution

Chemistry

nanoparticles (AgNPs) from leaf extract of Plumeria alba and
synthesized AgNPs were investigated for colorimetric sensing
of metal ions at different concentrations as described in
Scheme .

Leaf extract of
Plumeria alba

Scheme |. Schematic representation for green synthesis of AgNPs and sensing strategy of

metal ions at different concentrations.

Nanoparticles (NPs) are generally characterized by their size,
shape, surface area, and dispersity. When the leaf extract was
mixed with AgNO; at room temperature, no colour change
observed. However, as the reaction proceeded, within |5

30 mins

15 mins

This bio-reduction is an efficient, one-pot, rapid and cost-
effective method which was very well explained by other
researchers 2. Change in colour was due to the excitation
of surface plasmon vibrations in metal nanoparticles”. Our
results similar to Mandal et al., 2018 '*%°, who reported the
formation of AgNPs within |5 min of incubation. It is
believed that water-soluble phenolic acid and flavonoid
compounds which are present in Plumeria alba leaf 2% play a

min of the reaction, the solution starts colour change and
turned its colour from very light yellow to dark brown
(Figure. 1) due to the reduction reaction of Ag" ions to Ag’,
indicating the formation of AgNPs of different particle sizes.

24 hours

Fig |. Digital photograph of green synthesized AgNPs from a mixture of aqueous
Plumeria alba leaf extract and AgNO; solution at different time intervals.

1 hour

major role in bio-reduction reaction, though the possible
mechanism is still unknown. The characteristic dark brown
colour of silver nanoparticles provided a convenient
spectroscopic signature to indicate nanoparticles formation.
Figure 2 shows the UV-Vis spectra of synthesized AgNPs
using aqueous leaf extract of P. alba taken at different
reaction time intervals.
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Fig 2. UV-vis absorption spectra of mixture of aqueous Plumeria alba
leaf extract and AgNO; at different reaction time.

After addition of freshly prepared silver nitrate solution into
the aqueous leaf extract, the consequent colour changes of
the reaction mixture was monitored from very light yellow
to dark brown within 24 hours. The maximum absorbance
peak at 438 nm in the UV-absorption spectrum, confirmed
the presence of surface plasmon resonance peak of silver
nanoparticles (Figure 2). The spectra of silver nitrate solution
and leaf extract did not show any surface plasmon resonance
(SPR) band. The intensity of the SPR peak increases with
reaction time (15 mins, 30 mins, | hr, 24 hrs). However, the
wavelength of SPR peaks does not change. The increase in
intensity could be due to an increase in the number of

AgNPs form as a result of reduction of silver ions present in
the aqueous solution. UV-vis spectra of synthesized
nanoparticles showed a single SPR band which indicates the
presence of spherical shaped nanoparticles in the reaction
mixture®. Morphological characterization of formed silver
nanoparticles was performed with transmission electron
microscopy (TEM). Micrograph revealed roughly spherical
shapes with a diameter range from 20 to 100 nm (Figure 3)
which agree to the shape of single SPR band in the UV-visible
spectrum. However, some of the nanoparticles were found
to be having structures of irregular shape.

Fig 3. Different magnifications (a,b) of Transmission Electron Microscopy images
of Silver Nanoparticles synthesized using Plumeria alba leaf extract.

3.2 UV-Visible spectral study and optical sensing of
Hg* and Fe** ions

Hg?* is one of the most hazardous metal pollutants, and is

widely distributed in water, soil and even food. Toxic effect
of mercury includes damage to the brain, lungs, kidney and
especially nervous system®'. The sensitivity and selectivity of
the leaf extract reduced AgNPs towards various metal ions
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were monitored by UV-visible spectral change and also the
colour change was visualized with naked eyes. As-prepared
AgNPs were characterized before and after addition of metal
ions using UV—vis spectroscopy. As shown in Figure 2, the
characteristic SPR band of the AgNPs after diluting 4 times
was observed at 438 nm and the solution was almost
colourless in the absence of metal ions. Out of several
number of metal ions tested, only Hg** and Fe® ions
exhibited significant spectral change indicating that the AgNPs
have very high selectivity and specificity toward Hg®*, Fe®*

Chemistry

ions and AgNPs are not significantly sensitive to other metal
ions under similar conditions. The addition of Hg**solution
into AgNPs decolourised the solution from dark brown and
demonstrated the selective sensing of Hg® ions. The
minimum detectable concentration of Hg?ions in aqueous
solution (visible observation of colour change) was
determined by adding different concentrations of mercury
ions into AgNPs and monitoring the absorbance change
(Figure 4 A).
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Fig 4. UV-visible spectra of AgNPs interaction with various concentrations of metal cations (A) change of
AgNPs absorption in presence of Hg** ions (B) change of AgNPs absorption in presence of Fe** ions

Mercury (Il) ion with a closed-shell d'° configuration has no
optical spectroscopic signature. After addition of 2 yM Hg**
to Ag NPs, the colour of solution decreases accompanying
with the broadening and blue shifting of the SPR band and
finally turns to colourless after addition of 200 uM of Hg** at
room temperature. This may be stated that the observed
phenomena is probably related to a redox reaction between
zero-valent silver and Hg?*. The oxidation of AgNPs is due to
electrochemical reduction potential differences. According to
the electrochemical series, metals with a higher reduction
potential act as better oxidising agents. The standard
reduction potential for Ag is +0.80 V (Ag" + e = Ag)
whereas for Hg® it is +0.92 V (2Hg* + 2e = 2Hg").
Therefore the AgNPs were oxidised to form Ag* and Hg**
reduced to Hg® or Hg® ***. Similarly, quantitative Fe®*
assays for direct colorimetric visualization were done by
adding various concentrations of Fe** to the AgNPs solution
and the changes in the SPR band were noted using
UV-visible spectroscopy (Figure 4 B). The colour of AgNPs
solution changes from yellowish-brown to pale yellow and its
colour decreases gradually with increasing concentration of
Fe®* and finally changes to colourless after addition of 500
UM of Fe**. The addition of iron (lll) solution resulted in a
redox interaction between the iron(lll) and AgNPs present in
the solution. After the addition of iron(lll) into the solution,
the AgNPs reduced the Fe** to zero valent iron. Annadhasan
et al., 2014 7 reported similar observations. It is noted here
that the intensity of the SPR band decreases remarkably with
a blue shift in the A, and showed preferably strong
interactions between Hg”* and AgNPs when compared to
that of Fe** and AgNPs.

4 CONCLUSION

We have reported a simple, fast and an eco-friendly method

for synthesis of silver nanoparticles. The water soluble
bioactive compounds from leaf extract of Plumeria alba that
act as bio reduction of Ag(l) to form AgNPs. The formation
of Ag-NPs was confirmed by UV-Visible spectroscopy and
TEM. Importantly, a simple, cost effective, portable, selective
and sensitive detection method has been developed using this
biologically prepared AgNPs as a colorimetric probe that
allows rapid detection of Hg** and Fe®* ions. The metal ion
sensing is based on the optical response (change in the
absorbance strength of LSPR band) of silver nanoparticles.
The mechanism probably relies on simple redox reaction
between AgNPs and metal ions in solution. The presence of
metal ions in the mixture will re-oxidise Ag(0) of AgNPs to
Ag(l) ions. The colour of AgNPs solution changes from
yellowish-brown to pale yellow and colour decreases to
colourless linearly with increasing concentration of metal
ions. The sensor reaction showed good sensitivity for Hg*
and Fe’" ions with a limit of detection of about 0.2 mM
concentrations in aqueous medium. Our results indicated
that apart from the usual pharmacological properties, the
green synthesized AgNPs can be effectively employed for
selective sensing of Hg® and Fe’* ions in biological,
environmental and pharmaceutical samples.
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