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ABSTRACT:In this work, a novel Hg2+ sensitive fluorescent chemosensor is constructed. The proposed
nano-chemosensor was prepared through the preparation of 3-(benzo[d]thiazol-2-yl)-7-hydroxy-2H-chromen-
2-one functionalized silica nanoparticles which has high magnetization properties (BTC-Fe3O4@SiO2). The
ûnal product was characterized by Fourier transform infrared spectroscopy (FT-IR), thermal gravimetric
analysis (TGA), transmission electron microscopy (TEM), scanning electron microscopy (SEM), and UV-
visible absorption and ûuorescence emission. The material was found to demonstrate selective interactions
with Hg2+ ions. This interaction is most probably due to the presence of the ûuorophore moiety at the surface
of nanomaterial. Fluorescence measurements revealed that the emission intensity of the Hg2+-bound with the
magnetic core-shell Fe3O4@SiO2 NPs increases signiûcantly upon addition of various concentrations of Hg2+,
while in case of other mono, di, trivalent cations no changes or  weak changes in the intensities were observed.
The enhancement of ûuorescence is attributed to the strong covalent binding of Hg2+ ions with the binding
constant value of 1.7×105/M. The sensor can be applied for analysis of mercury in environmental sample.

Key words: Mercury ion, Fluorescent probe, Nano-chemosensor,Functionalized magnetic
                    core-shell Fe3O4@SiO2 nanoparticles

INTRODUCTION
Since heavy metal ions can cause severe risks for

human health and the environment, methods for the
facile preparation of fluorescence receptors with high
selectivity and sensitivity for heavy metal ions have
received much attention. Among the known heavy metal
ions, mercury is one of the most toxic heavy metals in
the environment. Different forms of mercury can be
accumulated   in   animals   and   plants.  Mercury can
damage   central nerve by entering into   human body
from food cycle (Krämer 1998; Fabbrizzi and Poggi,

1995).  As an environmental widely dispersed element,
mercury can be destructive to natural metabolism,
incretion and procreate of organism, leading to
maladjustment in hormone secretion. Thus, it is
important to develop a safe and effective procedure
to detect mercury in environmental samples.

The most widely used methods for determination
of  mercury are cold vapour atomic absorption
spectrometry (Zhang and Adeloju, 2008), cold vapour
atomic fluorescence spectrometry (Cava-Montesinos
et al., 2004), X-ray fluorescence spectrometry (Aretaki
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et al., 2006), inductively coupled plasma-mass
spectrometry (Nixon et al., 1999), potentiometric ion
selective electrodes (Gupta et al., 2005; 2007) and
(voltammetry (Bonfil et al., 2000). With regard to
sensitivity and accuracy, these methods are efficient
tools for mercury determination, but they are time-
consuming, expensive and require sophisticated
equipment (Mckenzie and Smythe, 1998). Thus, much
interest has attended to the development of fluorescent
sensors that offer distinct advantages in terms of
sensitivity, selectivity, response time and remote
sensing (Lakowicz, 1999; Desvergne and Czarnic, 1997;
Ganjali et al., 2009a; b; Hosseini et al., 2011a; b).

Magnetic core-shell Fe3O4@SiO2 nanoparticles,
as special immobilizing carrier of biomolecules, have
attracted great interest in current researches because
they are biocompatible, easily renewable, and are stable
against degradation (Fang and Zhang, 2009; Gao et
al., 2009). The inner iron-oxide core with outer shell of
silica stabilizes the nanoparticles in the solution and
also provides sites for surface modification with
various biomedical ligands in biomedical applications
(See et al., 2005).

Usually, an inert silica coating on the surface of
magnetite nanoparticles prevents their aggregation in
the solution, improves their chemical stability, and
provides better protection against toxicity
(Lesnikovich et al., 1990). In particular, the magnetic
nanoparticles can also provide efficient binding to the
guest molecules due to their high surface-to-volume
ratio (Lee et al., 2009).

Searching for new type of fluorescent carriers with
excellent analytical characteristics is of considerable
interest. The Schiff bases derivatives, for instance, can
be a good selectophores for transition metal cations
(Gupta et al., 2006).  We investigated them in our
laboratory as a new type fluorophore for optical
chemosensing (Hosseini et al., 2010a; b). Coumarins
belong to a category of important fluorescent
chromogens (Wheelock, 1959). Many coumarin
derivatives have been used extensively as fluorescent
brightening agents and narrow-band pulsed dye lasers
(Duarte and Piper, 1980; Kwen at al., 1989). To date,
these categories of compounds have rarely been used
as fluorescent carriers for optical chemo sensing.

With this in mind, we synthesized a novel organic–
inorganic hybrid fluorescent sensor which fabricated
by covalently anchoring 3-(benzo[d]thiazol-2-yl)-7-
hydroxy-2H-chromen-2-one moiety on the surface of
silicagel encapsulated maghemite nanoparticles
(denoted as [BTC-Fe3O4@SiO2]), as a fluorescent
chromophore. Herein, we report the synthesis of a
‘‘turn-on” fluorescent chemosensor BTC-Fe3O4@SiO2

with high selectivity and sensitivity to detect Hg2+ ion
over other metal ions in trace amount. These particles
have extensive potential for serving as a very useful
tool for facilitating biotechnology applications.

MATERIALS & METHODS
All chemicals were of the reagent–grade from Fluka

and Merck chemical companies (Germany). The nitrate
and chloride salts of all cations used (all from Merck,
Germany) were of the highest purity available and used
without any further purification except for vacuum
drying over P2O5. Tetraethyl orthosilicate (TEOS) and
3-chloropropyltrimethoxysilane (CPTMS) were
purchased from Merck (Germany). All other reagents
and solvents were of analytical grade and used as
received.The 3-cyanocoumarin and 3-(benzo[d]thiazol-
2-yl)-7-hydroxy-2H-chromen-2-one were synthesized
using reported methods (Khoobi et  al., 2011a; b).

The 1H and 13C NMR spectra were recorded using
a Bruker 500 spectrometer (Bruker, Rheinstatten,
Germany), and chemical shifts are expressed as δ (ppm)
related to tetramethylsilane (TMS) as internal standard.
The IR spectra were taken using a Nicolet FT-IR Magna
550 spectrographs (KBr disks) (Nicolet, Madison, WI,
USA) within a 4000–400. SEM analysis was performed
on a Philips XL-30 field-emission scanning electron
microscope operated at 16 kV while TEM was carried
out on a Tecnai G2 F30 at 300 kV. The experiments were
performed using a microwave oven (ETHOS 1600,
Milestone) with a power of 600 W specially designed
for an organic synthesis and modified with a condenser
and mechanical stirrer. The TGA thermograms were
obtained from a PL-Thermal science PL-STA 1500
instrument. The emission spectra were obtained on a
Perkin-Elmer LS50 luminescence spectrometer.
Fluorescence measurements were done in a 1 cm quartz
cuvette containing a magnetic-stirred suspension of
BTC-Fe3O4@SiO2 (20 mg/L) in 3 mL of acetonitrile -
water solution (20/80, v/v). This solution was titrated
with standardized Hg2+ ion solution and the
fluorescence intensity of the system was measured.
The emission intensity was measured at an excitation
wavelength of 360 nm. Spectral bandwidths of
monochromators for excitation and emission were 5
nm.

Fe3O4 nanoparticles were synthesized via the co-
precipitation of Fe2+ and Fe3+ ions (molar ratio 1:2) in
alkali solution. FeCl3·6H2O (3.7 mmol) and FeCl2·4H2O
(1.85 mmol) were dissolved in 30 mL deionized water
and the resulting solution was dropped to a 25%
NH4OH solution (10 mL) with precisely constant drop
rate under nitrogen gas and vigorous mechanical
stirring (800 rpm) to obtain small and uniform particles.
A black precipitate of Fe3O4 was continuously stirred
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for 1 h at room temperature and then heated to 80 oC for
2 h. The desire Fe3O4 was collected by a permanent
magnet, followed by washing three times with deionized
water, EtOH and drying at 100 oC in vacuum for 24 h.
Prior to coat the Fe3O4 with a layer of silica, a sample of
Fe3O4 (1 g) obtained previously suspended thoroughly
with ultrasonic bath in methanol (80 mL) for 1 h at
40oC. Then concentrated ammonia solution was added
to the resulting mixture and stirred at 40oC for 30 min.
Afterward, tetraethyl orthosilicate (TEOS, 1.0 mL) was
introduced to the reaction vessel, and continuously
stirred at 40oC for 24 h. The silica-coated magnetic
nanoparticles were separated by a permanent magnet,
followed by washing several times with EtOH, diethyl
ether and drying at 60 oC in vacuum for 24 h. In the next
step, a sample of silica coated magnetic nanoparticle
(500 mg) which suspended in dry toluene containing 1
mL of 3-chloropropyltrimethoxysilane (CPTMS) was
refluxed for 6 h and the solid (Fe3O4@SiO2-Si-(CH2)3-
Cl) was separated, washed with dry toluene and dried
in vacuum for 24 h at room temperature. The solid (-Cl)
was separated, washed several times with dry toluene,
MeOH, acetone and drying at 60æ%C in vacuum for 24
h.

3-(benzo[d]thiazol-2-yl)-7-hydroxy-2H-chromen-2-
one were prepared according to the literature (Hosseini
et al., 2010a). To a mixture of 3-cyanocoumarin 1 (1
mmol) and 2-aminothiophenol 2 (1.2 mmol) was added
3 ml AcOH as solvent and catalyst and the mixture was
irradiated with microwaves at 300 W for 15 min. After
completion of the reactions, the mixture was cooled
and the precipitated solid was filtered out and washed
with Et2O and water. Further purification was carried
out by crystallization from EtOH giving red solid.

300 mg of as-synthesized Fe3O4@SiO2-Si-(CH2)3-
Cl was suspended thoroughly with ultrasonic bath in
dry acetonitrile (5 mL) for 1 h at room temperature.
Then 3-(benzo[d]thiazol-2-yl)-7-hydroxy-2H-chromen-
2-one 3 (1 mmol) were dissolved in 5 mL acetonitrile
following by addition of 1 mL of triethylamine and the
resulting solution was added to the suspension of
magnetic particle under nitrogen gas with vigorous
stirring. The resulting solution was continuously
stirred for 48 h under reflux condition. The product
was separated by external magnet, washed with
ethanol, acetone and dried under vacuum for 24 h at
50æ%C to give the solid surface bonded to the 3-
(benzo[d]thiazol-2-yl)-2H-chromen-2-one motif.

RESULTS & DISCUSSION
BTC-Fe3O4@SiO2 was synthesized according to

the procedure shown in Scheme 1. To confirm the
surface modification of the BTC-Fe3O4@SiO2, NMR
technique could not be used because of the

superparamagnetic nature of catalyst’s core. Hence,
core-shell magnetic nanocrystallitie were characterized
by FTIR (Fig. 1), SEM, TEM and TGA (Fig. 2-4). The
infrared (IR) spectra of BTC–Fe3O4@SiO2  are shown
in Fig. 1. The successful conjugation of BTC onto the
surface of the Fe3O4@SiO2 nanoparticles can be
confirmed by infrared spectra. The bands at 3300-3500/
cm and 1000-1300/cm of the both samples are ascribed
to the O-H and Si-O stretching vibration on silanol
(Peng et al., 2011). BTC–Fe3O4@SiO2 exhibited a
νlacton(C=O) vibration at 1723/cm and it is attributed to
the coumarin ring. Quantitative determination of the
functional group contents of the surface-bonded
[BTC–Fe3O4@SiO2] nanocrystallites was performed
using thermo-gravimetric analysis (TGA) and a loading
of 0.35 ± 0.01 mmol/g was obtained. TGA analysis of
the immobilized BTC moiety was performed and showed
a first peak due to desorption of the water (centered at
95oC). This is followed by a second peak around 300
until 600 °C, corresponding to the loss of the organic
spacer group (Fig. 2). The SEM and TEM showed that
the average size of synthesized encapsulated
nanoparticles is less than 30 nm and they present as
uniform particles SEM (Fig. 3) and (Fig. 4).

In order to evaluate whether BTC–Fe3O4@SiO2
could be used as a selective fluorescent chemosensor
for Hg2+ ion, we recorded the emission fluorescence
spectra variations that occur upon addition of
increasing amount of the cations (1×10-4 M) to an
acetonitrile -water (20/80, v/v) solution of the ligand
(0.02 g/L) at 25.0±0.1oC. The resulting fluorescence
intensity for the case of cations is shown in Fig. 5. As
it is obvious from Fig. 5, the intensity of emission band
at 460 nm enhanced with addition of Hg2+ ions. Other
metal ions revealed no such addition in the emission
band under the same conditions except Pb2+ ion that
indicate a little quenching.

The UV-Vis absorpt ion  spectra  of the
mesoporous material BTC–Fe3O4@SiO2 showed three
absorption maxima at approximately 219, 252 nm and
380 nm. The mode of coordination of BTC–
Fe3O4@SiO2 with Hg2+ has been investigated by
spectrophotometric titration at 298 K (0.2 g/L)
suspended in acetonitrile -water (20/80, v/v) solution.
Figure 6 shows typical UV-Vis titration curves of
BTC–Fe3O4@SiO2 with different concentrations of
Hg2+ added.  It is apparent from Figure 6 that the
absorption intensity of BTC–Fe3O4@SiO2 at 380 nm
and 252 gradually decreases as the concentration of
Hg2+ decreases stepwise. In addition, there were a
well-defined isosbestic points at 239 nm, respectively.
It indicates that a stable complex was present having
a certain stoichiometric ratio between the receptor
BTC–Fe3O4@SiO2 and Hg2+ formed.
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Scheme 1. Synthesis route of BTC–Fe3O4@SiO2

Fig. 1. IR spectra of BTC–Fe3O4@SiO2 (a) the infrared (IR) spectra of BTC–Fe3O4@SiO2  b) conjugation of
BTC onto the surface of the Fe3O4@SiO2 nanoparticles

Fig. 2. TGA image of BTC–Fe3O4@SiO2
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Fig. 3. SEM image of BTC–Fe3O4@SiO2

Fig. 5. Fluorescence emission spectra of BTC–Fe3O4@SiO2 (3 ml 0.8mg/L) suspended in acetonitrile -water
(20/80, v/v) solution in the presence of different metal ions (1.0×10-4M). Excitation was performed at 360 nm.

Fig. 6. UV-vis spectra change of BTC–Fe3O4@SiO2 (3 ml 0.1 gr/L) upon addition of Hg2+ (1.0×10-3M) in
acetonitrile -water (20/80, v/v) solution

Fig. 4. TEM spectra of BTC–Fe3O4@SiO2
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All of the fluorescence titration experiments were
performed in a suspended aqueous solution and the
maximum excitation wavelength was selected at 360
nm. As illustrated in Fig. 7, BTC–Fe3O4@SiO2 showed
a typical emission band around 460 nm, which was
considerably enhanced in the presence of Hg2+ ions.
This phenomenon may occur a large CHEF (chelation-
enhanced fluorescence) effect in the emission spectra,
resulting from the blocking of the PET process (Valeur
and Leray, 2000; Prasanna de silva et al., 2000). When
the concentration of Hg2+ ions was increased up to
2.0×10-6 M, more than 80% enhancing of the initial
fluorescence of BTC–Fe3O4@SiO2 was observed (Fig.
7). The detection limit of BTC–Fe3O4@SiO2 as a
fluorescent sensor for the analysis of Hg2+ was studied
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from the plot of the fluorescence intensity as a function
of the concentration of added cations and it was found
that BTC–Fe3O4@SiO2 has a detection limit of 1.6×10-7

M for Hg2+ ions with linear range of 0.33-3.6 µM
(Bühlmann et al., 1997).

Here ∆F = Fx-F0  and ∆Fmax = F∞-F0, where F0, Fx,
and F∞ are the emission intensities of  BTC–
Fe3O4@SiO2 considered in the  absence of  Hg2+, at  an
intermediate  Hg2+ concentration  and at  a
concentration  of  complete interaction, respectively,
and where K is the binding constant and [C] the Hg2+

concentration. From the plot of (F∞-F0)/(Fx-F0) against
[Hg2+]-1 (Fig. 8) , the value of K extracted from the slope
is 1.7×105/M.

Fig. 8. Determination of the binding constant, K( ±10%) of Hg2+ with BTC–Fe3O4@SiO2

Fig. 7. Excitation(A) and Emission(B) spectra of the proposed chemosensor in the prescence of varying
concentration of Hg2+ ions: (1) 0,(2) 3.3×10-7M,(3) 6.3×10-7M, (4) 1.0×10-6M, (5) 1.3×10-6M, (6) 1.6×10-6M (7)

2.0×10-6M, (8) 2.3×10-6M, (9) 2.6×10-6M, (10) 3.0×10-6M, (11) 3.3×10-6M, (12) 3.6×10-6M, , λex= 360nm.
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The selectivity behavior is obviously one of the
most important characteristics of a chemosensor, which
is the relative sensor response for the primary ion over
other ions present in the solution. To examine the
selectivity of the proposed nano-chemosensor, its
affinity to other metal ions, including all mono, bivalent
metal ions and trivalent ions were measured. The
influence of interfering ions such as Na+, Ca2+,Cs+,Sr2+,
Cu2+,Zn2+, Cd2+, Hg2+, Al3+,Co2+, Pb2+, Cr3+, La3+, Ce3+

and Dy3+ on the fluorescence behavior of BTC–
Fe3O4@SiO2 (20 mg/L) was shown in Fig. 9. A
fluorescence quenching was detected upon the addition
of Cu2+, however, a fluorescence enhancement was
observed for BTC–Fe3O4@SiO2 upon binding Hg2+ by
comparison with that only BTC–Fe3O4@SiO2 in the
solution. No obvious change in the fluorescence
intensity was observed even when double equivalents
of other metal ions were used.

The competition measurements were carried out
by the subsequent addition of 5×10-4 M metal ions to
the solution of BTC–Fe3O4@SiO2 in aqueous solution.
The ûuorescence spectra were recorded at 460 nm with
the addition of these metal ions and the subsequent
addition of (5×10-4 M) Hg2+ ions to the above solutions.
Fig. 9 illustrates that the enhancement in the
ûuorescence intensity resulting from the addition of
Hg2+ ion has not been signiûcantly inûuenced by the
addition of mono, bivalent metal ions and trivalent
lanthanide ions.
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Fig. 9. (a) Gray bars represent relative fluorescence intensity of BTC–Fe3O4@SiO2 (0.04 g/lit) in the presence
of various cations (30 µmol/L) in the aqueous solution, ex=360 nm, λem=460 nm,(b)Black bars represent
relative fluorescence intensity of BTC–Fe3O4@SiO2 (0.04gr/lit) containing 30 µmol/L cations and the

background Hg2+ (30 µmol/L ) (λex: 360 nm)

Consequently, the new hybrid material BTC–
Fe3O4@SiO2 can be used as a chemosensor for the
detection of different concentrations of Hg2+ ion with
high selectivity.

The high degree of mercury selectivity, exhibited
by the proposed sensor, makes it potentially useful
for monitoring of low level concentrations of mercury
ion in different water samples. These samples were
filtered two times through qualitative filter paper before
use. The 10.0 ml of each water sample (tab and waste
water samples) was taken and diluted with acetonitrile
-water (20/80, v/v) solution in a 25.0 ml volumetric flask.
Different amounts of mercury ions were added to water
samples. The proposed method was used to determine
the mercury content of the samples by using
calibration method. The obtained results are
summarized in Table 1. It was found that the accuracy
of mercury detection in different solution samples is
almost quantitative.

Also, complete magnetic separation of BTC–
Fe3O4@SiO2  was achieved in 30 s by placing a magnet
near the vessels containing the water dispersion of
the nano-particles (Fig. 10). The magnetic separation
capability of BTC–Fe3O4@SiO2  nanoparticles in this
detection method can also offer a simple route to
separate Hg2+ - BTC–Fe3O4@SiO2 system from various
environment.
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Table 1. Determination of mercury ion in water samples and waste water with the present sensor

Sample Added (mol/L) Found a (mol/L) Recovery (%) 
Tap water 
 
River water 
 
Waste Water(Tehran)  
 
Electroplating Factory) 

4.1(±0.1) ×10?6 

 
2.2(±0.2) ×10?6 

 
5.5(±0.2) ×10?6 

 
3.3(±0.3) ×10?6 

4.0 (±0.2) ×10?6 
 

2.3(± 0.2) ×10?6 
 

5.4±( 0.1) ×10?6 

 
3.2(± 0.2) ×10?6 

 

97.5 
 

104.5 
 

98.2 
 

96.9 

 

Fig.10. BTC–Fe3O4@SiO2 responded to an external magnet

CONCLUSION
In summary, we have successfully designed and

synthesized magnetic core-shell Fe3O4@SiO2
nanoparticles functionalized by BTC which acts as a
fluorescent chemosensor for Hg2+ ion solution. This
work provides a platform to report magnetic
nanoparticles modified by organic fluorescent
chemosensor with high affinity, selectivity and
sensitivity to detect metal ions.
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