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[16_TD$DIFF]A B S T R A C T

A new simple bifunctional chemosensor 1 based on rhodamine was synthesized by hydrazide and
formylformic acid, which could detect Cu2+ and Hg2+ via different detecting methods in CH3CN-HEPES
buffer solution (20mmol/L, pH 7.4) (1:9, v/v) respectively. When sensor 1 bound with Cu2+, it showed a
colorimetric change, while a selective enhancement in fluorescence occurred upon 1 binding with Hg2+,
resulting from the spirolatam-ring opening process. The binding modes of 1 with Cu2+ and Hg2+ were
investigated based on UV, fluorescence change, ESI-Mass and Job’s Plot data. Moreover, sensor 1 could
selectively detect target ion in a mixed solution of Cu2+ and Hg2+, and the twometal ions do not interfere
with each other in the process of detecting Cu2+ or Hg2+ with 1.
© 2019 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.
Fluorescence detection is a trustworthy approach to monitor
metal ions, especially in chemical reactions, natural environments
and life activities [1–3]. Trace metals are some of the metallic
elements which are essential for human beings while excessive
amount is found to be particularly prone to cause poisoning, cancer
and even death, especially heavy metals such as copper and
mercury. Heavy metal pollution has become increasingly severe
[4–7]. Copper ion (Cu2+) is an indispensable trace element in living
organisms, takes part in a lot of life activities, promoting the
synthesis of hemoglobin and the development of red blood cells.
However, the lack of copper in human body can cause the diseases
such as anemia and vitiligo [8–10]. But no extreme will hold long.
Excessive copper ion tend to bring a great burden on human
organs, especially the gallbladder and liver, leading to disease and
even death [11]. Similarly, the less-common metal, mercury, has
long time been considered to be highly dangerous to human
beings. Oral, inhalation or exposure to mercury can cause severe
brain and liver damage [12]. Mercury ion is also a serious
environmental pollutant. When it accumulates in plants, soil and
water, it is a serious hazard to Earth's organisms such as fish and
some other aquatic organism [13–16].
).
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Therefore, it is of great necessity to monitor the content of
copper and mercury ions. A variety of detection methods have
emerged, such as high-performance liquid chromatography,
atomic absorption, electrochemical analysis [17_TD$DIFF][17,18]. Among these
reported analytical methods, UV absorption and fluorescence
spectroscopy are the most common due to their inherent
advantages of easy operation, high sensitivity and selectivity
[19–22]. A new type of probe capable of simultaneously detecting a
variety of different analytes appeared, which uses a single
detection probe to analyze multiple analytes via different spectra
[23–28]. For example, a chemosensor employed more than two
spectra like UV–vis and fluorescence has become increasingly
popular, since this method does not need tedious receptor
synthesis and can detect multiple analytes with high selectivity
[29,30].

Many chemosensors based on rhodamine have been employed
as fluorescence or colorimetric detection of metal ions [31–33].
Due to a classic open-loop and closed-loop structure of rhodamine,
the differences in fluorescence, absorption and even macroscopic
color are obvious [34]. In addition, due to the longer emission
wavelength of rhodamine structure endow rhodamine-based
sensors with a wider application in detecting metal ions [35–38].

A new rhodamine hydrazone derivative named sensor 1 bearing
carboxylic acid group as a chemosensor has been reported in this
article (Scheme 1), for recognizing Cu2+ and Hg2+ respectively
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Synthesis of sensor 1.
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through different devices. After adding aqueous solution of Cu2+

into the buffer solution containing sensor 1, colorless of the
solution turned pink, indicating that 1 and Cu2+ were effectively
combined. Differently, when Hg2+ was added to 1 solution, no
similar phenomenon was observed, but the fluorescence of the
solution was greatly enhanced.

Stock solutions of metal ions (10mmol/L) such as Cu2+ and Hg2+

were used to detect the ability of sensor 1 to bind with different
metal ions. Other test metal ions were presented in Supporting
information. Separate sensor 1 remained colorless in CH3CN-
HEPES buffer solution (20mmol/L, pH 7.4) (1:9, v/v) and exhibited
no absorption above 450 nm, indicating that the 1 is mainly in
the form of spirolactam. The absorption spectra of sensor 1
(10mmol/L) with different metal ions (100mmol/L) were collected
(Fig. 1A). In the absorption spectra, there was no apparent change
in sensor 1with test metal ions except Cu2+, and when bound with
Cu2+, the absorption intensity at 560 nm of the solution increased
bya largemargin. The solution also has a distinct color change from
colorless to pink by the naked eye. All metal ions with solution of 1
were presented in Fig. S4 (Supporting information). The above
results showed sensor 1 can effectively distinguish Cu2+ and other
metal ions by the naked eye.
[(Fig._1)TD$FIG]

Fig. 1. (A) Absorbance spectra of sensor 1 (10mmol/L) with various metal ions (100mmo
HEPES buffer solution (20mmol/L, pH 7.4) (1:9, v/v). (B) Absorbance spectra of 1 (10mm
increasing amounts of Cu2+. (C) Fluorescent changes of 1 (10mmol/L) with various met
l
[10_TD$DIFF]ex = 545 nm, Slit: 5 nm/5 nm. [11_TD$DIFF] (D) Fluorescent titrations of 1 (10mmol/L) with Hg2+ in CH

5 nm. [11_TD$DIFF]
With titration of 10 equiv. of Cu2+ to sensor 1 (10mmol/L), a
gradual enhancement was observed at 560 nm in the absorption
band (Fig. 1B). In the Job’s Plot curve, the absorption intensity
reaches the maximum when the ratio of Cu2+/(1+Cu2+) is 0.5
(Fig. S5 in Supporting information), from where we got the
information that sensor 1 had a 1:1 ratio relationship with Cu2+. In
addition, the association constant of 1 with Cu2+ was calculated as
1.2�105 L/mol (error [18_TD$DIFF]<15%) [39]. The absorbance titrations curve
of 1with Hg2+ in CH3CN-HEPES buffer solution (20mmol/L, pH 7.4)
(1:9, v/v) was shown in in Fig. S6 (Supporting information).

Then, we collected the fluorescence spectra of sensor 1
(10mmol/L) with above metal ions (100mmol/L) (Fig. 1C) under
ambient condition. Like many literature reported, 545 nm was
chosen as the excitationwavelength. From the spectra, there was a
great increase in the fluorescence intensity of sensor 1 with Hg2+,
up to about 70 times. But no similar increase was observed of 1
with other metal ions even with Cu2+. As for the reason for
fluorescence enhancement, it is clearly found that 1 formed
coordination with Hg2+, resulting in rhodamine spirolactam ring-
opened form. Due to the well-known paramagnetic effect of Cu2+,
when 1 coupled with Cu2+, although ring-opened form occurred,
fluorescence intensity was greatly quenched.

Fluorescence titration experiments were then conducted by
increasing the amounts of Hg2+ into the solution of sensor 1
(Fig. 1D). After adding 10 equiv. of Hg2+, 70-fold enhancement in
the fluorescence intensity was observed. The association constant
of 7.2�105 L/mol (error < 15%) was obtained in sensor 1 solution
within Hg2+. In order to determine the bindingmode of 1 and Hg2+,
ESI mass spectroscopy of the solution of 1 with Hg2+ added was
obtained (Fig. S7 in Supporting information). The peak atm/z 513.2
refers to [sensor 1+H]+, the peak at m/z 1225.2 corresponded to
Hg(1)2 and m/z 443.4 accompanied by hydrolysis reaction was
observed, finally, we acquired the ratio of Hg2+ with 1 to be 1:2.
l/L). Insert: Color change of sensor 1 (10mmol/L) with Cu2+ (100mmol/L) in CH3CN-
ol/L) in CH3CN-HEPES buffer solution (20mmol/L, pH 7.4) (1:9, v/v) in presence of

al ions (50mmol/L) in CH3CN-HEPES buffer solution (20mmol/L, pH 7.4) (1:9, v/v).
3CN-HEPES buffer solution (20mmol/L, pH 7.4) (1:9, v/v). l

[10_TD$DIFF]ex = 545 nm, Slit: 5 nm/



[(Scheme_2)TD$FIG]

Scheme 2. Proposed binding modes of sensor 1 with Cu2+ and Hg2+.
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Although S2� has a strong binding affinity for Hg2+, and after
adding sodium sulfide to a mixed solution of sensor 1 (10mmol/L)
with Hg2+ (100mmol/L), the fluorescence intensitywas quenched a
little. Even more 20 equiv. of Na2S was added, the fluorescence
intensity at 585 nm quenched only 40% (Fig. S8 in Supporting
information). It is thus obtained that the combination of sensor 1
with Hg2+ can be classified as an irreversible chemosensor for
irreversible bond between 1 and Hg2+. On the contrary, it was
believed that 1 bound with Cu2+ was reversible, which has been
proved by reversible experiments (Figs. S9 and S10 in Supporting
information). When 20 equiv. of EDTA was added in the solution
mixture of 1 (10mmol/L) and Cu2+ (100mmol/L), the pink solution
again returned the initial colorless. With reference to absorbance
intensity at 552 nm, about 95% was quenched because of a
spirolactam ring closure. Based on the stoichiometry constant of 1
with Cu2+ and Hg2+, Job’s Plot and ESI-mass data, the proposed
binding modes of 1 with Cu2+ and Hg2+ have been shown in
Scheme 2.

Finally, considering the dual capacity of sensor 1 to detect Cu2+

and Hg2+ selectively via absorbance spectra (naked eye) and
fluorescence spectra respectively, so it is also necessary to test the
interference between the two metal ions. We tested the fluores-
cence and absorption spectra of the four solutions containing the
[(Fig._2)TD$FIG]

Fig. 2. The fluorescence intensity of solutions containing sensor 1, Cu2+, Hg2+, and Cu2+ +
Cu2++Hg2+ (B).
sensor 1, Cu2+, Hg2+, and Cu2++Hg2+ (Fig. 2 and Fig. S11 in
Supporting information). Similar to previous experimental results,
upon adding Hg2+ into solution containing sensor 1, fluorescence
intensity at 580 nm showed a great enhancement. But the
enhancement remained stable after adding both Cu2++Hg2+ into
1 solution (Fig. 2A). As for sensor detecting Cu2+ progress,
absorbance spectra was carried out in a similar way. At the
wavelength of 560 nm, the absorbance had a great enhancement,
but only a small increase with Hg2+ after adding Cu2+ into the
solution of 1, the absorbance intensity did not change a lot after
adding both Cu2+ and Hg2+ (Fig. 2B). During the measurement of
fluorescence and absorbance spectra, both Cu2+ and Hg2+ were 10
equiv. of 1. From the obtained cross-interference data, it was
concluded that when detecting Cu2+ or Hg2+, the detectionwas not
affected by another metal ion.

In conclusion, a bifunctional chemosensor named 1 to
selectively detect Cu2+ and Hg2+ ions via different spectra has
been reported in this article. Sensor 1 binds with Cu2+ and Hg2+ in
the ratio of 1:1 and 1:2 respectively. In the solution containing 1
after adding Cu2+ and Hg2+, absorbance and fluorescence spectra
were employed to monitor the complex formation. And the color
change of sensor 1 with Cu2+ could be detected by the naked eye.
There was an enhancement in fluorescence at 580 nm in the
Hg2+ (A), the absorption intensity of solutions containing sensor 1, Cu2+, Hg2+, and
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solution of 1 and Hg2+. The ability of 1 sensing Cu2+ and Hg2+ does
not interfere with each other according to experiment data.
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