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Bio-Inspired Localized Surface Plasmon Resonance
Enhanced Sensing of Mercury Through Green

Synthesized Silver Nanoparticle
Bijoy Sankar Boruah, Namita Ojah, and Rajib Biswas

Abstract—We report sensing of mercury ion through local-
ized surface plasmon resonance based intensity modulation. A U-
shaped probe is utilized for this purpose that is functionalized with
Chitosan mediated silver nanoparticles. The nanoparticles have
been synthesized through a green route. The as-synthesized silver
nanoparticles are found to be ∼44 nm, as affirmed by absorption
curves and DLS experiment. Subject to the dipping of as- fabricated
probe in various heavy metal ion solutions, we attain excellent
selectivity towards mercury. The sensing offers a limit of detection
of 1.5 ppb with an excellent linearity ∼0.97. The eco-friendly as
well as cost-effective with simplistic design approach has enough
potential for the application in real time monitoring of heavy metal
contaminants in aqueous solutions.

Index Terms—Chitosan, green synthesis, mercury, silver
nanoparticles, U-shaped probe.

I. INTRODUCTION

WATER pollution has become an acute problem for the
world, especially for developing countries. The alarm-

ing rise of water pollution has substantially jeopardized sus-
tainability issues. In general, water pollution occurs in two
ways; either caused by man-made or by natural means [1].
Irrespective of the causes, heavy metal ions such as mercury,
iron, cadmium etc. are regarded as major pollutants. Among
them, mercury is widely known for its toxicity. For instance,
intake of mercury-polluted water can lead to several ailments like
brain damage, neurotoxic effect [2]. WHO recommends 2 ppb
as the permissible level of concentration of mercury in water [3].
The significant demand of mercury compounds fuels their ex-
cessive use in industrial applications. This eventually leads to the
release of non-degradable mercury ions into the aqueous system.
Over the years, the exponential rise in these waste materials has
put the flora and fauna at high risk. It is indeed essential to
explore qualitative and quantitative assays towards monitoring
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heavy metal ions, which can help in restricting concentration
within the WHO limit.

Towards the detection of metal ions, there are several an-
alytical methods such as atomic absorption spectrometry [4],
inductively coupled mass plasma spectrometry [5] etc. These
methods are robust and have selectivity as well as sensitivity
towards metal ions. However, they lack in several aspects such as
being more expensive, time consuming along with requirements
of fully furnished laboratory and trained personnel [6]. In this
regard, electrochemical and colorimetric methods can be cited.
They enable detection of lead [7], [8], mercury [9], [10] and
arsenic [11], [12]. Although they are prudent, however sensi-
tivity analysis is to be executed in sophisticated instruments.
Interestingly, nanoparticle coated optical fiber-based sensor sys-
tems are superior to many analytical methods. To improve the
sensitivity of the optical fiber based sensors, there are diverse
implementations such as tapered [13], D-shaped [14], S- shaped
[15] and U-shaped [16]. Based on these probes, many research
works have been reported in the field of gas sensing [17], [18],
bio sensing [19], [20], temperature sensing [21], [22] and metal
ions detection [23], [24]. It is found that U-shaped optical probe
owns higher sensitivity than others [25], [26]. This is due to
multiple reflections of light in the U-shaped region, causing a
deeper penetration of the evanescent field. Although, there are
several reports of implementation of U-shaped fiber for sensing
analytes with immobilization of nanoparticles; however, there
are few reports entailing detection of heavy metal ions through
a greener approach. This motivates us to take up this endeavor
of systematic adoption of U-shaped fiber towards the detection
heavy metal ions.

In this work, we have reported a facile and low-cost technique
for the detection of mercury ions in an aqueous medium based
on an optical fiber probe. Nanoparticles are synthesized by
a green route to reduce its toxicity towards the environment.
In general, they are synthesized through chemical reduction
method that might yield toxic sludge. However, we synthesize
our functionalized silver nanoparticles through incorporation
of chitosan and polyethylene glycol. The biodegradable and
biopolymer chitosan facilitates selective detection of metal ions.
As evidenced in several literatures, chitosan and PVA are widely
used as biomaterial in synthesis as well as in diverse biomedical
applications [27]–[34]. As the synthesis of nanoparticles, as
well as functionalization, is done with environment friendly
materials, so we term the unit as a green receptor that is a
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unique amalgamation of silver nanoparticles and chitosan. The
U-shaped probe is coated with the green receptor and hence used
for detection of metal ions. To measure the output of the sensing
probe, we have used an optical detector instead of a spectrometer,
which will further reduce the cost, as well as make the whole
set up compact.

II. EXPERIMENTAL SECTION

A. Materials and Chemicals

Silver nitrate, polyethylene glycol (Mw = 200) and chitosan
were purchased from Sigma Aldrich (U.S.A). Mercury chloride,
cadmium chloride, sodium arsenite, nickel chloride and lead
nitrate were bought from Merck (U.S.A). A plastic optical fiber
of core radius 600 μm was bought from Thorlabs (U.S.A).
Double distilled water is used to prepare all necessary solutions.
All glassware were washed using aqua-regia solution and dried
at 60 °C before synthesis of nanoparticles.

B. Synthesis of Silver Nanoparticles

Green procedure is followed to synthesize the silver nanopar-
ticles (AgNPs). Initially, 10 ml of 0.017 gm silver nitrate solution
is prepared. Polyethylene glycol of molecular weight 200 is
used as reducing agent, which is a water-soluble biocompatible
polymer and acts as a green reducing reagent. Sodium hydroxide
(NaOH) of 1% is used to accelerate the process of synthesis.
In 90 ml water, 1 ml polyethylene glycol and 0.5 ml NaOH
were added and put on a magnetic stirrer at 50 °C. When the
solution started to boil, we added the silver nitrate solution to this
solution. Few minutes later, it is found that the solution turned
into light yellow color, indicating the formation of AgNPs [31],
[32]. Afterwards, it is cooled at room temperature. Then, we have
functionalized the as-synthesized AgNPs with chitosan. For this
purpose, 10 ml AgNPs are taken in a centrifuge tube. Chitosan
solution is prepared in 0.2 M acetic acid. 5ml chitosan solution
was added to the centrifuge tube containing AgNPs and it was
kept for 1 hour [33]–[35]. UV-visible spectroscopy was done to
measure the optical properties of functionalized AgNPs.

C. Instrumentation

Optical properties of the as-synthesized silver nanoparticles
were recorded using UV-vis spectrometer (UV2450, Shimadzu).
pH of all solutions is determined by a pH meter (Eco tester
pH1, Eutech Instruments). White LED as a light source is used
(Thorlabs, U.S.A). Transmittance was sensed through using an
optical detector (Coherent Optics, U.S.A).

D. U-Shaped Probe Preparation and Optical Set-Up

There are different types of optical fiber probes like U-shaped,
D-shaped, tapered, S-shaped etc. that are mostly used in sensing
applications. In our work, we have chosen U-shaped probe for
making the sensor. The hitherto choice is ascribed to higher
sensitivity owing to greater penetration depth of the evanescent
wave, which is maximum in this region. For making the probe,
10 cm of a plastic optical fiber having a diameter of ∼600 μm

Fig. 1. Graphical description of (a) U-shaped probe preparation (b) coating of
functionalized nanoparticles, and (c) optical set-up for metal ions detection.

was taken. From the middle portion, a 2 cm length of cladding is
removed using a surgical blade and cleaned with double distilled
water. This portion is heated with a wax candle and slowly bent
to U-shape [16], [19]. Then, we clean it by aqua-regia solution
and finally with double distilled water. Afterwards, it is kept
in a desiccator for experimental purpose. Schematic of U-bent
probe and optical set-up are shown in Figs. 1(a), (b) and (c),
respectively. In the optical set-up, there is a white LED as light
source, U-shaped optical fiber as sensing probe and a coherent
field max detector to measure the light intensity.

Before performing detection, the U-shaped probe was dip-
coated in green receptor solutions (AgNPs-chitosan), followed
by drying at room temperature. After this process, the U-shaped
probe is made ready for sensing application as shown in Fig. 1(c).

E. Working Principle of the Sensor Probe

In our work, we have reported U-shaped optical fiber coated
with green receptor in the form of AgNPs-Chitosan for the
selective detection of mercury. In an optical fiber, light travels
through it by total internal reflection, which is a function of
refractive index. During propagation, a small portion of light,
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from the core of the fiber, penetrates to the cladding region
and this field is known as evanescent wave. Evanescent wave
decreases exponentially with increase in the distance [16], [47].
If we remove a small portion of cladding of the fiber, then the
evanescent wave field is on the core of the fiber and meets
the surrounding. Any change in surrounding has changed the
local refractive index of the medium and hence it affects the
evanescent wave [45]. It means that the intensity of light propa-
gation through the fiber has changed owing to the interaction of
evanescent wave with surrounding medium. This is the principle
of optical fiber-based sensors.

Chitosan is a non-toxic and biodegradable biopolymer. Its
structure is similar to glucose. The non-toxicity, biocompat-
ibility and biodegradable nature make this polymer for wide
application in biomedical, food chemistry and sensing fields
[35]. Chitosan has hydroxyl (−OH) and amino (−NH2) groups.
These two groups bind with various biomolecules for which its
applications in sensing field rapidly increase in recent years [37],
[49]. Here, we have used chitosan as a receptor for metal ions
along with AgNPs and coated in U-shaped region of the fiber.
When the metal ions bind with –OH or –NH2 groups of chitosan,
then refractive index as well as local environment surrounding
the sensing probes has changed. Due to this binding and change
in local environment, light intensity gets modulated. This means
that transmitted light intensity of the bare coated probe differs
from the attained intensity after the coated probe is dipped into
to the heavy metal ions solutions. Therefore, the difference
between these two values is a direct measure of concentrations
of metal ions solutions [50], [59].

III. RESULTS AND DISCUSSION

A. Characterization of AgNPs

Optical absorption properties of green synthesized and
chitosan functionalized silver nanoparticles are characterized
through a UV-vis spectrometer. Nanoparticles sizes are deter-
mined through dynamic light scattering (DLS).

Fig. 2(a) shows the absorption properties of nanoparticles. As
evident, the characteristic surface plasmon peak could be seen
at 415 nm. This indicates that nanoparticles are almost spherical
in shape. Further, the sizes of the nanoparticles are found to be
of size ∼44 nm as shown in Fig. 2(b).

B. Selectivity Test and Interaction Mechanism

U-shaped optical fiber probe coated with a green receptor
is tested with diverse metal ions such as mercury, cadmium,
nickel, arsenic and lead to know the detection capability of
these ions. Aqueous solutions of these ions except mercury are
taken at concentrations of 10 ppb. Concentration of mercury
was kept intentionally at 4 ppb. U-shaped probe is inserted in
these solutions and output is measured in terms of intensity. It is
observed that the output response corresponding to mercury is
easily distinguishable from others as shown in Fig. 3 even though
the concentration of mercury ion was two or more times less
than other ions. This implies that this sensing unit coated with
the green receptor is capable of selective detection of mercury in

Fig. 2. Characterization of AgNPs (a) optical absorption and (b) Particles size
determination

Fig. 3. Selectivity test for different metal ions and histogram presentation of
relative intensity of various metal ions solutions.

aqueous medium [36]. Inset in Fig. 3 has shown the histogram
representation of intensity of different metal ions.

Selectivity of mercury, among other ions is mainly due to the
binding interaction with a green receptor. The green receptor
consists of silver nanoparticles functionalized with chitosan. It
has the hydroxyl and the amino groups for which it is widely used
in biomedical as well as sensing applications [37], [38]. Here, we
have used chitosan as receptor and silver nanoparticles to induce
localized surface plasmon resonance (LSPR). It is well known
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Fig. 4. Interaction mechanism of mercury with sensing probe.

that AgNPs are highly sensitive and they possess high optical
extinction coefficient. In the visible region of electromagnetic
waves, these nanoparticles have their unique localized surface
plasmon resonance properties. Localized surface plasmon reso-
nance (LSPR) refers to the collective oscillation of conduction
electrons surrounding the surface of the nanoparticle. This LSPR
property of the nanoparticles depends on the shape, size and
surrounding environment of the nanoparticles. Since in our
experiment, the shape and size of the nanoparticles are almost
fixed; hence, only surrounding environment plays important role
in this work.

As the sensor probe is introduced with mercury ions, amino
and hydroxyl group of the sensor probe bind with mercury
ions [39]. This implies that the surrounding environment of
the sensor probe has changed. As the surrounding environment
of sensor probe changes, localized surface plasmon resonance
property of nanoparticles are also changed. As the concentration
of mercury ions increased, we get the increasing output response
of the sensor probe [40]– [42], [55]–[58] as shown in Fig. 4.
This is because as the concentration increases, more and more
mercury ions bind with the sensor probe for which absorption
of light also increases. This absorption of light increases the
resonance of the nanoparticles that gives rise to a modulated
intensity [43]. However, after achieving a certain concentration,
saturation has occurred in the sensor probe and it can no longer
bind with mercury ions. Due to this saturation, the surrounding
environment of the sensor probe does not change further.

C. Sensitivity Analysis of the Sensor Probe

From the selectivity test, it is observed that this sensing probe
is highly selective towards mercury ions. Therefore, this probe
has potential application in mercury ions detection in an aqueous
medium. To study the sensitivity of this probe, mercury ion
solutions of different concentrations are made from mercury
chloride by series dilution [11]. Green receptor coated U-shaped
optical probe has been dipped in these solutions one by one and
thereby, we recorded the output intensity concerning time.

Fig. 5. Output of the sensor probe (a) intensity vs. time at various concen-
trations of mercury ions solutions and (b) saturated values of the output vs.
concentration.

Fig. 6. Linear range of the sensor probe for various concentrations of mercury
ions solutions.

Figure 5(a) depicts the response of the U-shaped probe for
various concentrations of mercury ions solutions. It is evident
that the output responses of the sensing probe are linear to a
certain time and after that, they become saturated. The saturated
values of the sensor probe for various concentrations of mercury
ions solutions are shown in Fig. 5(b). The reason of saturation
of the sensor output values is due to the saturation of binding
interaction of mercury ions with the green receptor after certain
time interval [17], [44], [45]. From Fig. 5(b), we have noticed
that the saturated values provide a linear range within the con-
centration range of 1 ppb to 10 ppb of mercury ions. This linear
range is shown in Fig. 6.
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TABLE I
COMPARISON OF LIMIT OF DETECTION OF THIS PROBE WITH PREVIOUSLY

REPORTED WORKS

When we do the linear fitting of experimental data, a good
regression value of R2∼ 0.97 is attained. From this linear fit,
the limit of detection of the sensor probe has been calculated
using the formula 3 σ/m; as done in previously reported works
[46], [60]. Here σ and m are the standard deviation and slope of
the linear curve, respectively. Limit of detection of the sensor
probe is found to be 1.5 ppb that is below the WHO permissible
limit 2 ppb. Apart from this, the sensitivity of the sensor probe
is 0.09815 μW/ppb and the resolution is 5.2 μW/ppb.

D. Comparison with Other Reported Works

To validate the performance of this sensor probe, we have
made a comparison with already reported works. Table I shows
the comparison of this sensing probe with other reported works
in terms of limit of detection. From the table, it is observed that
this sensing probe has limit of detection 1.5 ppb that is lower
than other reported works. Eco friendly properties of the green
receptor have made the sensing probe more useful that can be
used to detect mercury ions below WHO limit.

IV. CONCLUSION

In summary, U-shaped optical fiber probe coated with chi-
tosan functionalized silver nanoparticles have been fabricated
and implemented for selective detection of mercury ions in an
aqueous medium. Owing to AgNPs synthesized through a green
route as well as use of a biodegradable polymer, this sensor unit
emerges to be non-toxic and hence environment friendly. This
sensing unit has exhibited excellent selectivity towards mercury
among other metal ions and possesses the limit of detection of
1.5 ppb. The use of optical fiber and an optical detector has made
this sensing unit low cost, facile as well as environment friendly
and can be used for real-time monitoring of mercury ions.
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