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A novel urea-derived fluorescent sensor MDSU for Fe** was designed and synthesized. Its sensing
behavior to metal ions was investigated by absorption and fluorescence spectra. In DMSO/H,0 (1:1, v/v)
solution, sensor MDSU showed a highly selective and sensitive recognition to Fe>* over other competitive
metal ions. This sensor formed a 1:1 complex with Fe>* and displayed fluorescence quenching. Moreover,
sensor MDSU can rapidly detect Fe>* in real time with a lower detection limit of 1.816 x 107 M.

© 2016 Elsevier Ltd. All rights reserved.

Introduction

Heavy and transition metal (HTM) ions induce a large number
of environmental issues, and thereby great efforts have been
focused on their detection.!> Among HTM elements, iron is one
of the most essential elements or fulfilling normal physiological
function in human body, which plays key functional roles in mis-
cellaneous fundamental biological processes at the cellular level
ranging from electron transfer, cellular metabolism, energy gener-
ation, gene expression, neurotransmission, regulation of metal-
loenzymes, DNA synthesis as well as differentiation.>® In
particular, its deficiency or overload can cause various disorders
and diseases such as anemia and hemochromatosis.'®'® In order
to protect the human health, it is very important to monitor the
concentration levels of Fe** in the environment and even many sci-
entific fields. Thus, the development of the sensitive and selective
detection approaches in biological systems is of great importance
for deeper investigating of physiological and pathophysiological
functions of Fe** in living organisms.

Fluorescent sensors for metal ions have found widespread use
in both environmental monitoring and biological studies,'92%
owing to their significant advantages including non-destructive
character, simplicity, high sensitivity and selectivity, desirable
photo-physical properties, good water solubility, instantaneous
response and so on.’?° In recent years, a number of fluorescent
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sensors for selective detection of Fe®* have been
developed,*®~**>444> but some of them exhibited evident draw-
backs such as the synthetic difficulty, the interference from co-
existing ions during the detection process and time-consum-
ing,#1-4354445 which restricted their practical performance. There-
fore, the design and development of more selective and sensitive,
efficient and stable fluorescent sensors for detection of Fe3" is
urgent.

In this study, we report the design and synthesis of a new turn-
off fluorescent sensor MDSU based on urea-derived architecture*®
that can selectively detect Fe** in DMSO/H,0 (1:1, v/v) solution.
The sensing behavior of MDSU to various metal ions was studied
by absorption and fluorescence spectra. The investigated results
displayed that MDSU exhibited high selectivity, sensitivity, and
rapid fluorescence quenching response to Fe** over other metal
cations such as Na*, K*, Ag*, Ca%*, Hg?*, AI**, Co?", Cu®", Ni%*, Zn?",
Pb%*, Cd?*, Fe?*, and Cr>*. Moreover, the recognition process of
MDSU is reversible by adding a Fe>* bonding agent EDTA. In addi-
tion, the sensor MDSU can fast detect Fe** in real time, permitting
its incorporation into a portable Fe>* detection kit in aqueous
environment.

Experimental
Apparatus and reagents

All analytical grad chemicals were purchased from commercial
sources and used without further purification. '"H NMR and '3C
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NMR spectra were recorded on a Bruker Avance Il 400 using TMS as
an internal standard operating at 300 MHz for 'H NMR and
100 MHz for '*C NMR in DMSO-dg, respectively. Infrared measure-
ments with the KBr pellet technique were performed within the
4000-400 cm™! region on a Bruker ALPHA FT-IR spectrometer.
All UV-Vis absorption spectra were recorded with a Shimadzu
UV-2600 spectrophotometer at room temperature. All fluorescence
measurements were carried out on a Hitachi F-4600 fluorescence
spectrophotometer with a scan rate at 1200 nm/min at room
temperature.

Analysis

All tests described in this letter were carried out at room tem-
perature. All the metal salts of NaNOs, Ca(NOs3),-4H,0, AI(NO3)s3
-9H,0, Pb(NO3)2, CU(N03)2~3H20, AgN03, Zn(N03)2~6H20, Cd
(N03)2-4H20, Fe(N03)3-9H20, CO(N03)2-6H20, NI(N03)26H20,
KNOs, Hg(NOs),-H,0, FeCl,-4H,0, and CrCl3-6H,0 were dissolved
in water to prepare the stock solution with the concentration of
1.0 x 1073 M. MDSU was dissolved in DMSO to give the stock solu-
tion (5.0 x 1073 M) and diluted with a mixed solution of DMSO/
H,O to prepare the analytical solution (5.0 x 107> M) (DMSO/
H,0, 1/1, v/v). The stock solution of the metal cations and MDSU
was used directly in the spectroscopic measurement. For the sen-
sitivity measurement, different concentrations of Fe** ions were
added to the assay solution, and the fluorescence spectra were
recorded. The selectivity was checked by addition of Na*, K*, Ag",
Ca%*, Hg?*, AI**, Co?", Ni%*, Cd?*, Zn?*, Pb?*, Cu?*, Fe?", and Cr** in
to the stock solution. For fluorescence measurements, both the
excitation and emission slit widths were 5nm. The excitation
wavelength was set at 300 nm.

Synthesis of the fluorescent sensor MDSU

The sensor MDSU was synthesized according to the route as
shown in Scheme 1. A mixture of bis(4-isocyanatophenyl)methane
(0.25 g, 1.0 mmol) and 2-aminothiophenol (0.25 g, 2.0 mmol) was
refluxed in acetone with constant stirring for 1.5 h. The solution
was cooled to room temperature and the crude product precipi-
tated. Then the crude product was recrystallized from DMF to
afforded the desired sensor MDSU (0.41 g, 82%) as a white solid.
Mp =204-206°C; 'H NMR (400 MHz, DMSO-dg) (Fig. S1)
§=10.53 (s, 2H, C(=0)NH), 9.44 (s, 2H, C(=0)NH), 8.21 (s, 1H,
Ar-H), 8.15 (d, J= 4.0 Hz, 1H, Ar-H), 7.47 (d, ] = 8.0 Hz, 1H, Ar-H),
739 (d, J=4.0Hz, 3H, Ar-H), 732 (s, 3H, Ar-H), 7.09 (d,
J=4.0Hz, 6H, Ar-H), 7.02 (d, J=8.0 Hz, 1H, Ar-H), 3.78 (s, 2H,
CH,); '3C NMR (100 MHz, DMSO-dg) (Fig. S2) §=152.5, 152.3,
142.2, 137.6, 1374, 136.7, 135.2, 133.7, 130.7, 130.1, 128.9,
123.1, 1224, 121.7, 120.9, 119.2, 118.5, 116.7, 114.7, 40.3; IR
(KBr, cm™!) (Fig. S3) v = 3309, 1646, 1608, 1565.

Results and discussion
Absorption spectroscopic studies on metal ions
The optical behavior of MDSU was initially studied using

UV-Vis absorption in DMSO/H,0 (1:1, v/v) solution. As shown in
Figure 1, UV-Vis absorption spectra of sensor MDSU (50 uM)
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Figure 1. UV-Vis absorption spectra of MDSU (50 M) in the presence of 2.0 equiv
of different metal cations.

exhibited one weak absorption band at 247 nm. Upon the addition
of Fe** (100 uM), the absorption spectra of sensor MDSU showed
obvious changes, the absorption intensity of peak at 247 nm dra-
matically increased, accompanied with a new absorption band
clearly observed around 325 nm. These changes are due to the sen-
sor MDSU to metal charge transfer and it appears that the core
functionality required for MDSU to efficiently bind Fe** upon exci-
tation are —C=0 and a —SH groups. However, no significant
changes of the absorption were observed upon the addition of var-
ious metal ions such as Na*, K*, Ca%*, Co?*, Ni?*, Cu?*, Zn?*, Pb**,
Ag', Cd**, Hg?", AI**, Cr*, and Fe?" ions (100 pM, respectively). This
indicated that the sensor MDSU can selectively detect Fe** ions in
DMSO/H,0 (1:1, v/v) solution over other metal ions.

Selectivity studies and effects of metal ions

The effect of Fe>* on the fluorescence properties of MDSU was
investigated in DMSO/H,0 (1:1, v/v) solution. As shown in Figure 2,
the free MDSU (50 nM) showed a degree of fluorescence intensity
with emission maxima around 361 nm, surprisingly, a complete
fluorescence quenching was observed in the presence of Fe** ions
(2.0 equiv), indicating the formation of a new complex between
MDSU and Fe3". The fluorescence quantum yield of sensor MDSU
displayed a fluorescence quenching (from @gee=0.18 to
@3: = 0.0074) upon binding to Fe>* with respect to quinine sulfate
in 0.1 N H,SO,4 solution (&,=0.54).*” Nevertheless, other metal
ions including Na*, K*, Ca?*, Co?*, Ni?*, Cu®*, Zn?*, Pb%*, Ag"*, Cd**,
Hg?*, AI**, Cr?*, and Fe?* ions (2.0 equiv) induced small significant
change in the emission spectra relative to the free MDSU. These
distinct observations further confirmed that MDSU displayed high
selectivity toward Fe>* in DMSO/H,0 (1:1, v/v) solution.

The complexation of MDSU with Fe3*

In order to further illustrate the stoichiometry of MDSU and
Fe3*, the fluorescence titration experiment of MDSU with Fe®*
was therefore carried out in DMSO/H,0 (1/1, v/v) solution. As

H

SH HS

MDSU

Scheme 1. The synthetic route for the sensor MDSU.
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