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A new single molecule multianalyte sensor, vanillic aldehyde rhodamine 6G hydrazone has been
designed for the selective detection of Cu?* and Hg?" ions. UV/Vis spectroscopy indicates that the sensor
is a good chromogenic chemosensor for Cu®* in 1:99 (v/v) ethanol—water media. Whereas, other ions,
such as Lit, Nat, Mg?™, KT, Ca®*, Cr3*, Mn?*, Fe3*, Co?™, Ni?*, Zn?*, Ag™, Cd?*, Ba®*, Hg?* and Pb?™ failed
to generate a distinct response. Fluorescence spectral data reveals that the sensor is an excellent fluo-
rescent chemosensor for Hg?* in aqueous ethanol solution and with no fluorescent response toward
other ions. The spectroscopic behavior of the sensor in living cells indicated that it can be used for the
detection of Cu?* and Hg?* in environmental and biological systems. Mechanisms for the high selectivity

cutt of the sensor to Cu?>* and Hg?" are discussed.
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1. Introduction

The design of chemosensors for the detection of heavy- and
transition-metal (HTM) ions, such as copper and mercury, is
particularly attractive because these ions play important roles in
living systems and have an extremely toxic impact on the envi-
ronment [1]. Copper plays a critical role as a catalytic cofactor for
a variety of metalloenzymes, however, copper exhibits toxicity
under overload conditions, causing neurodegenerative disease [2].
Mercury induces a great threat because both elemental and ionic
mercury can be converted by bacteria in the environment to the
highly toxic methyl mercury, which subsequently bioaccumulates
through the food chain [3], leading to many health problems in the
brain, kidney, and central nervous system [4]. Thus, much effort has
been devoted to the development of chemosensors for Cu®>" and
HgZ*. A number of Cu?* and Hg?* sensors have been reported in
recent years [5]. Unfortunately, some of the Cu?* sensors have
disadvantages such as poor water-solubility or UV light excitation.
Most of the reported chemodosimeters for Hg?>* are based on
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thiophilicity [6]. It is hard to avoid interference from mercapto-
chemicals in an organism and sulfur-rich environments in the
detection of Hg?*. Overcoming these disadvantages in the design of
excellent indicators for Cu?>* and Hg?* is a challenging task.

The rhodamine framework is an ideal template to use in con-
structing chelation-enhanced fluorescence (CHEF) OFF—ON fluo-
rescent chemosensors for metal ions due to its particular structural
properties. Without cations, these rhodamine-based chemosensors
existin a spirocyclic form which is colorless and non-fluorescent. The
addition of a specific metal ion leads to spirocycle opening via
coordination or irreversible chemical reaction [7], resulting in the
appearance of a pink color or orange fluorescence. In addition,
rhodamine-based compounds are ideal candidates for fluorescent
sensors because of their good photophysical properties, such as
absorption and emission wavelengths elongated to the visible region,
high fluorescence quantum yield, and large absorption coefficient
[8]. In our previous work, we have reported an excellent rhodamine-
based fluorescent sensor for Fe** and Cr** in aqueous solution [9].
Herein, we report a rhodamine-based spirolactam derivative (L) as
a chemosensor for Cu** and Hg?* by ultraviolet—visible or fluores-
cence spectrophotometry. This dual signaling is of significance
because receptors that are able to display sensing abilities to different
cations when using different signaling channels are very rare [10].
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2. Experimental section
2.1. Instruments and reagents

All the materials for the syntheses were purchased from
commercial suppliers and used without further purification. All of
the solvents used were of analytical reagent grade. Water was
deionized. The solutions of the metal ions were prepared from their
perchlorate salts, except for K" which was available as KNO3. HEPES
buffer solutions (1 x 1072 mol L™}, pH = 7.0) were prepared in
water.

TH and 3C NMR spectra were taken on a Varian Mercury-300
spectrometer with tetramethylsilane (TMS, 0.00 ppm) as an
internal standard and CDCl; as solvent. Chemical shift multiplicities
are reported as s = singlet, d = doublet, t = triplet, q = quartet and
m = multiplet. MS spectra were determined on a Bruker Daltonics
Esquire 6000 spectrometer. Absorption spectra were determined
on a Varian UV-Cary100 spectrophotometer using quartz cells of
1.0 x 1072 m path length. Fluorescence spectra measurements were
performed on a Hitachi F-4500 spectrofluorimeter and a Shimadzu
RF-540 spectrofluorophotometer equipped with quartz cuvettes of
10 mm path length with a xenon lamp as the excitation source. An
excitation and emission slit of 5.0 nm or 2.5 nm were used for the
measurements in the solid state. Quantum yields were determined
by an absolute method using an integrating sphere based upon that
originally developed by de Mello et al. [11], using an FLS920
supplied by Edinburgh Instrument. All pH measurements were
made with a pH-10C digital pH meter. All spectra were recorded at
room temperature except for fluorescence microscope images. The
fluorescence microscope experiment was carried out with a Nikon
TE2000-5.

2.2. Cell incubation and imaging

Images of human bladder cancer cell line EJ: Human bladder
cancer cell line E] were obtained from Laboratory Center for
Medical Science of Lanzhou University. Cells were cultured in RPMI
1640 (Gibco, NY) supplemented with 10% Fetal Bovine Serum
(FBS, rongye Bio-tech, China) and penicillin (1 x 10°> U L™!)/strep-
tomycin (1 x 10~*kg L) in an atmosphere of 5% CO, at 37 °C. One
day before imaging, cells were seeded in 96-well flat-bottomed
plates. Immediately before the experiments, incubating cells with
the probe L (2.5 x 107> mol L~!) and supplementing cells with
2.5 x 10> mol L~ Cu(Cl04); or Hg(Cl04); in ethanol—PBS (1:4, v/v,
PBS: phosphate-buffered saline) at 37 °C under 5% CO, for 0.5 h. The
cells were washed with PBS three times and then imaged. The
fluorescence imaging of intracellular was observed under a Nikon
Eclipse TE2000-5 inverted fluorescence microscopy with 20x
objective or 40x objective lens (excited with green light). The EJ
cells only incubated with L (2.5 x 107> mol L™1) for 0.5 h at 37 °C
under 5% CO, was as a control.

Images of human leukemia K562 cells: human leukemia K562
cells were obtained from Laboratory Center for Medical Science of
Lanzhou University. Cells were cultured in RPMI 1640 (Gibco, NY)
supplemented with 10% Fetal Bovine Serum (FBS, rongye Bio-tech,
China) and penicillin (1 x 10° U L~ 1)/streptomycin (1 x 10~% kg L™1)
in an atmosphere of 5% CO, at 37 °C. One day before imaging, cells
were harvested by centrifugation and resuspended in PBS buffer.
Immediately before the experiments, cells were incubated with the
probe L (2.5 x 10> mol L~1) at 37 °C under 5% CO,, and they were
exposed to 2.5 x 10> mol L~ Cu(ClO4); or Hg(ClOy4); in etha-
nol—PBS (1:4, v/v) for 0.5 h. The cells were washed with PBS three
times. And then they were passed into a 96-well plate and imaged.
The fluorescence imaging of intracellular was observed under
a Nikon Eclipse TE2000-5 inverted fluorescence microscopy with

a40x objective lens (excited with green light). The K562 cells only
incubated with L (2.5 x 107> mol L~1) for 0.5 h at 37 °C under 5%
CO, was as a control.

2.3. Preparation of rhodamine sensor (L)

Compound L was synthesized from rhodamine 6G by a simple
two-step reaction as depicted in Scheme 1. Rhodamine 6G hydra-
zone is prepared according to the literature method [12].

Rhodamine 6G hydrazide (1.0 mmol, 0.428 g) and vanillic
aldehyde (1.0 mmol, 0.152 g) were mixed in boiling ethanol then
the mixture was refluxed in an air bath for 6 h. After that, the
solution was cooled and allowed to stand at room temperature
overnight. The precipitate which appeared next day was filtered
and washed 3 times with 10 mL cold ethanol. After drying under
reduced pressure, the reaction afforded 0.390 g (0.69 mmol) L (69%)
as white solid. "H NMR (300 MHz, CDCl3): 6 11.96 (s, 1H), 9.11 (s, TH),
8.0—7.97 (t, 1H, J = 3.9 Hz), 7.50—7.47 (t, 2H, ] = 2.7 Hz), 7.08—7.06
(t,1H,J = 4.1 Hz), 6.81-6.71 (m, 3H), 6.38 (s, 2H), 6.30 (s, 2H), 3.82
(s, 3H), 3.47 (s, 2H), 3.22—3.15 (m, 4H), 1.89 (s, 6H), 1.32—1.27 (t, 6H,
J = 6.9 Hz); 13C NMR (75 MHz, CDCl3) é 164.55, 152.63, 151.73,
151.50, 148.15, 148.02, 147.53, 133.55, 128.94, 128.36, 127.56, 123.91,
123.26, 123.17, 118.45, 117.95, 113.04, 105.25, 96.83, 66.21, 55.92,
38.24, 16.71, 14.68 ppm; ESI-MS: m/z obsd 563.3 ([M + H]" calcd
563.3 for C34H34N404).

3. Results and discussion

Solutions of L in aqueous or organic media are colorless and
non-fluorescent, indicating that the spirolactam form of L
predominates. The characteristic peak near 66 ppm in the >C NMR
spectra of L also supports this conclusion [13]. The significant
change in visible absorption spectra of L after the addition of Cu®*
makes L a selective visual chemosensor for rapid and selective
detection of Cu®*. Interestingly, L is an excellent fluorescent che-
mosensor for Hg?* in biosystems and abiotic systems.

Fig. 1 shows the absorption spectra of L in the presence of
various metal ions in 1:99 ethanol/H,0 (v/v, pH 7.0) solution. The
absorption spectra of L alone (2 x 10~ mol L~!) exhibited no band
above 500 nm, which indicated L was in the spirolactam form.
Upon the addition of Cu?* ion, a strong absorption band centered at
530 nm appeared, corresponding to a clear color change from
colorless to pink (Fig. S1). A slight increase at 530 nm after the
addition of Hg?>" and Fe3* was also observed at the same concen-
tration. We conclude that Fe** and Hg?* have lower binding affinity
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Scheme 1. Synthetic route of target sensors: i) hydrazine hydrate, ethanol, reflux, 2 h,
91%; ii) vanillic aldehyde, ethanol, reflux, 8 h, 69%.
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Fig. 1. Absorption spectra of L (2 x 107> mol L™") in 1:99 ethanol/H,0 (v/v, pH 7.0) in
the presence of different cations (5 equiv, respectively).

to L compared with Cu?* in aqueous media. L exhibits no change in
absorbance at 530 nm after addition of 5.0 equiv of other metal ions
in 1:99 ethanol/H,O (v/v) solution. Therefore, L can serve as
a highly selective visual chemosensor for Cu®*. An important
feature of the sensor is its high selectivity toward the analyte over
other competitive species. The addition of Cu®* ion still resulted in
large absorption changes even in the presence of miscellaneous
competitive cations (Fig. 2). This indicates that the selectivity of L
for the Cu®* over other competitive cations in the water medium is
remarkably high. The nice nonlinear fitting of the absorbance
against Cu?* concentration (Fig. 3) indicated a 1:1 binding stoi-
chiometry between L and Cu?*. The ESI-mass spectra of L—Cu®*
also showed a 1:1 stoichiometry. The unique peak at m/z = 625.4
(caled = 625.2) corresponding to [CuL]t was clearly observed when
Cu®* was added to L (Fig. S5). L without Cu?* exhibited peak only at
m/z = 563.3 (calcd = 563.3) which corresponded to [L + H]™. Job’s
plots also suggested that a 1:1 stoichiometry is the most likely
binding mode between L and Cu®* (Fig. 4) [14]. To achieve this 1:1
stoichiometry, carbonyl O, imino N, and phenol O atoms of L are the
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Fig. 2. Selectivity of L (2 x 10> mol L) for Cu®* (1 x 10~ mol L~') over other
cations. The bars indicate the absorbance change that occurs immediately following
the addition of interfering ions (1.0 equiv. of the Cu?>* ions) to the 1:99 ethanol/H,0 (v/
v, pH 7.0) solution containing L and Cu?* ions, the absorption wavelength is 530 nm.
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Fig. 3. Absorption spectra of L (2 x 107> mol L™") upon addition of increasing amounts
of Cu?* in 1:99 ethanol/H,0 (v/v, pH 7.0). Inset: absorbance at 530 nm as a function of
Cu* concentration, indicating a 1:1 metal—ligand ratio.

most likely binding sites for Cu>*. Scheme 3 displays the proposed
structure of L—Cu?".

For practical applicability, the optimal pH condition of chemo-
dosimeter L was evaluated. Fig. 5 shows that for free L, the absor-
bance intensity is strong when pH < 4. It is due to that the ring
opening of rhodamine occurred at acid conditions (pH < 4) for the
strong protonation. No obvious absorbance was observed when
pH > 4. However, the absorbance intensity has significant
enhancement after the addition of Cu®* ion between pH 4 and 10.
Fig. 5 shows that L can detect Cu** ion with a wide pH span (3—12).
This is because of the L—Cu®* complex formed with the addition of
Cu?* jon in this pH region. L is colorless without Cu®* ion since the
spirolactam form of L predominates.

The change of fluorescence spectrum of L in the presence of
various metal ions was investigated in ethanol. The fluorescence
emission band of L near 550 nm is very weak. Significant
enhancement in fluorescence intensity was created upon addition
of Hg?* or Cr>* (Fig. 6), and the emission quantum yields () were
0.335 and 0.445, respectively. However, fluorescence produced by

Absorbance

T T
0.0 0.2 0.4 0.6 0.8 1.0
Mole fraction of Cu®*

Fig. 4. Plots according to the method for continuous variations, indicating the 1:1
stoichiometry of the L—Cu?* complex. The total concentration of L and Cu®* ion is
4 x 107> mol L™,
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Scheme 2. Mercury-promoted hydrolysis of isopropenyl acetate.

the addition of Cr>* disappeared after the addition of a small
amount of water to the ethanol. No such obvious change was found
in the fluorescence that depended on the appearance of Hg?* ion.
The change of fluorescence intensity in different ratios of water-
ethanol mixtures upon the addition of Hg>" or Cr’* was studied
(Fig. 7). Fig. 7 shows that the fluorescence intensity of L—Hg*"
declines slowly with the addition of water content. In contrast, the
fluorescence upon the chelation of L and Cr** quenched quickly
after the addition of water to ethanol. As we know, the coordination
ability of Cr>* with water is very strong. The rapid quenching of the
L—Cr>* complex may be caused by hydrolysis upon the addition of
water. The hydrolysis between H,0 and Cr>* result in the formation
of Cr(OH)3, which can inhibit the formation of complex between L
and Cr3*. Thus, L has good selectivity to Hg?* ion in ethanol—water
mixtures. The responses of other ions, such as Li*, Nat, K*, Ca®*,
Mn?*, Fe3+, Co®*, Ni?t, Cu®*, Zn?*, Ag*, Cd%>*, Ba** and Pb%*, toLin
fluorescence spectra in ethanol were also investigated. Most of
these ions gave no visible change except for Zn’>* and Fe**, which
caused faint increases compared to Cr>* and Hg?*. The open ring
form of L created by the binding of Cu?* has no fluorescence, which
is ascribed to the quenching of the fluorescence by Cu®*, based on
the well-known paramagnetic effect of the d° Cu?* system [15].
Fig. 8 illustrates the fluorescence emission changes of L in 50%
ethanol—water at pH 7.0 upon the addition of various metal ions.
Minimal fluorescence near 555 nm was observed in the fluores-
cence spectrum of L. The fluorescence intensity of a solution of L
containing Hg?" ion increases largely, and the emission quantum
yield was 0.298. The response of the fluorescence spectra upon
adding other ions to L was investigated. A tiny increase was
detected when Fe3* or Cr3* was added to a solution of L. Other ions
gave no distinct response in ethanol—water mixtures. Fig. 9 shows
the fluorescence response of L to Hg?* in the presence of miscel-
laneous competitive ions in 50% ethanol—water solution. A back-
ground of most selected coexistent metal ions does not interfere
with the sensing of L for Hg?*. The existence of Cu** can interfere
with Hg?* detection. But Hg?>* also induced large enhancement of

[L+H] [CuL]* -
M/Z :563.3 g M/Z:6254 o O
N’N\

[HgL(CIO,) + HI*
M/Z : 863.3

Rhodamine-19
M/Z : 415.4

Scheme 3. Proposed binding stoichiometry of L with metal ions.
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Fig. 5. Absorption intensity (530 nm) of free L (2 x 10> mol L™!) and L + 5 equiv of
Cu®* ion in 1:99 ethanol/H,0 (v/v) with different pH conditions.
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Fig. 6. Fluorescence spectra of L (2 x 10~°> mol L) in the presence of different metal
ions (5 equiv, respectively) in ethanol. The excitation wavelength is 515 nm.
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Fig. 7. Fluorescence spectrum of L (2 x 10~> mol L~!) upon the addition of Hg** or
Cr¥* (1 x 107* mol L") in different ratios of water—ethanol mixtures (total:
water + ethanol. Aex = 515 nm).



L. Wang et al. / Dyes and Pigments 92 (2012) 1083—1090 1087

3000 - 5000
2+
L+Hg —a— | only
2500 4 —e—L + 5 equiv Hg™
; E 40004 quiv g
] i
> 2000 e
3 © 3000-
5 =
£ 1500 £
8 £ 2000
8 (0]
@ 1000+ 2!
5 & 10004
it [0]
C 500 3+ 3+ 5
L+Cr Lre L+X and L only 3
(T 04
0 T T T T ¥ T ! 1 T T T T T T 1
540 560 580 600 0 2 4 6 3 10 12 14

Wavelength / nm

Fig. 8. Fluorescence spectra of L (2 x 10~ mol L~") in 50% ethanol—water (pH 7.0) in
the presence of the Hg?* ion and miscellaneous cations (5 equiv, respectively.
Jex = 515 nm). Each spectrum was acquired 10 min after Hg?" addition.
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Fig. 10. Fluorescence intensity (555 nm) of free L (2 x 107> mol L™") and L + 5 equiv of
Hg?* ion in 1:1 ethanol/H,0 (v/v) with different pH conditions.
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water medium. & 40004 10%
The effects of pH on the sensor L was evaluated. Fluorescence pH ped 202'5
titrations of the sensor were carried out in 50% aqueous ethanol i igo’z
(v/v) solution. Fig. 10 shows that for free L, the fluorescence g 3000 50%
intensity is strong at pH < 4. It is due to that the ring opening of = 60%
rhodamine took place for the strong protonation. No obvious % 2000 4 70%
fluorescence was observed when pH > 4. However, the fluores- g 80%
cence intensity increased largely after the addition of Hg?* ion g 902’“
between pH 4 and 11. Fig. 10 shows that L can detect Hg?>* ion with Z 1000 9BH
awide pH span. This is because of Hg?*-promoted ring opening and
hydrolysis. L is colorless without Hg>* ion since the spirolactam 0

form of L predominates.

The ESI-mass spectrum analysis of L—-Hg>* was performed to
explore the mechanism. The peaks at m/z = 763.4 (calcd = 763.2)
and mfz = 863.3 (calcd = 863.2) corresponding to [HgL]™ and
[HgL(ClO4) + H]" were observed, respectively, in organic solvent
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Fig. 11. Fluorescence spectra of L (2 x 107> mol L~') upon addition of Hg?*

(1 x 107 mol L) in ethanol containing different concentrations of water (total:
water + ethanol. Jex = 515 nm). Each spectrum was acquired 10 min after Hg?* addition.
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Fig. 9. Selectivity of L (2 x 107> mol L) for Hg?>* (1 x 10~4 mol L~") over other
cations. The bars indicate the fluorescence change that occurs immediately following
the addition of interfering ions (1.0 equiv. of the Hg?* ions) to the 1:1 ethanol/H,0 (v/v,
pH 7.0) solution containing L and Hg?" ions, the emission wavelength is 555 nm.

Fig. 12. Absorption spectra of L (2 x 10~> mol L~!) upon addition of Hg?*
(1 x 107 mol L") in ethanol containing various concentrations of water (total:
water + ethanol). Each spectrum was acquired 10 min after Hg?* addition.
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Fig. 13. Fluorescence emission spectra of L (2 x 10> mol L~!) with addition of various
concentrations of Hg(ClO4); in 10% aqueous ethanol solution. Inset: Fluorescence
intensity at 552 nm for L as a function of the concentration of Hg?* ion. The excitation
wavelength is 515 nm.

containing L and Hg(ClOy4); (Fig. S6). Both peaks disappeared when
the medium was switched from organic solvent to aqueous—
organic mixtures (v/v, 1:1). Thus, we speculate that the large
enhancement of fluorescence intensity in aqueous—organic solu-
tion of L containing Hg(ClO4), was possibly caused by two-step
reaction (Scheme 3b and c). That is Hg*"-promoted ring opening
and hydrolysis. In the absence of Hg*, L was colorless and non-
fluorescent due to the closed spirolactam ring. The addition of Hg?*
jon led to spirocycle opening via coordination. But the L—Hg?*
complex is just an intermediate compound which would undergo
rapid Hg?*-promoted hydrolytic reaction in the presence of water.
The second step (Hg>*-promoted hydrolysis) is based on the
Hg?*-promoted irreversible hydrolysis of isopropenyl acetate [16]
(Scheme 2). We anticipate that a hydrolysis reaction occurs when
a similar but modified molecular moiety of isopropenyl acetate was
liberated by Hg?*-facilitated ring opening of the spirocycle group

(Scheme 3c). However, a new peak at m/z = 415.4 (calcd = 415.2)
corresponding to rhodamine-19 appeared (Fig. S7) which is solid
evidence of the Hg>"-promoted hydrolysis mechanism. Herein,
Hg?* acts not only as an analyte but also as the promoter for the
hydrolytic reaction.

The fluorescence change that occurs upon addition of water to
an ethanol solution containing L and Hg?* ion was investigated
(Fig. 11). The fluorescence intensity of a solution containing L and
Hg?* ion declined rapidly with the change of water content from
0% to 10%, and then the fluorescence intensity decreased slowly
with the addition of more water (10%—80%). The fluorescence was
quenched quickly when the content of water reached 90%. The
fluorescence spectrum of a solution of L containing Hg?t ion
underwent a gradual blue shift with the consecutive addition of
water, indicating the reduction of metal-to-ligand charge transfer
(MLCT). The blue shift can be explained by the shortened
m-electron conjugation system formed by hydrolysis. It is also an
evidence of the Hg?*-promoted hydrolysis mechanism. A similar
decrease occurs in the UV—Vis absorption of an ethanol solution
containing L and Hg?* ion with the change of water content in
solvents (Fig. 12).

To determine the detection limit, fluorescence titration experi-
ments were performed by mixing various amounts of Hg>* ion with
a fixed concentration of L in 10% aqueous ethanol solution (Fig. 13).
The emission intensity of L without metal ions was measured 10
times and the standard deviation of blank measurements was
determined. The fluorescence intensity of L (2 x 10~ mol L™!) at
552 nm was found to increase linearly with the concentration of
Hg?" in the range of 0.1-2.8 x 107> mol L™! (R? = 0.9962) (Fig. 13,
Inset). The detection limit was then calculated with the equation:
detection limit = 3gpi/m, where op; is the standard deviation of
blank measurements and m is the slope of the intensity versus
sample concentration. The detection limit of Hg?* in 10% aqueous
ethanol was measured to be 1.41 x 10~ mol L~ According to
a Chinese EPA (Environmental Protection Agency) standard, the
maximum permissible limit of Hg?* jon in drinking water is
1x10 kgL ! (~5.0 x 10~ mol L™1). This means that probe L is
sensitive enough to monitor the quality of drinking water.

Subsequent experiments using a fluorescence microscope pro-
bed the ability of L to track Cu®>* and Hg?* levels in living cells. To

Fig. 14. (TOP) Bright-field transmission images of Human bladder cancer cell line EJ: The EJ cells stained with probe L (2.5 x 10~> mol L~') for 30 min (a). Image of cells stained with
L (2.5 x 107> mol L") and 2.5 x 107> mol L~! Cu®* (c) or Hg?* (e) for 30 min (BOTTOM) Fluorescence image of Human bladder cancer cell line EJ: The EJ cells loaded with probe L
(2.5 x 107> mol L") for 30 min (b). Fluorescence image cells loaded with L (2.5 x 107> mol L™!) and 2.5 x 10~ mol L~! Cu®* (d) or Hg* (f) for 30 min c and d were obtained under
a 20x objective lens, other images were obtained under a 40x objective lens. Incubation was performed at 37 °C.
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Fig. 15. (TOP) Bright-field transmission images of human leukemia K562 cells: cells loaded with probe L (2.5 x 10~> mol L~") for 30 min (a). Image of cells supplemented with
L (25 x 107 mol L™!) and 2.5 x 107> mol L™' Cu®** (c) or Hg?"* (e) for 30 min (BOTTOM) Fluorescence image of human leukemia K562 cells: cells loaded with probe
L (2.5 x 10> mol L) for 30 min (b). Fluorescence image of cells incubated with L (2.5 x 10~> mol L") and 2.5 x 10~ mol L~! Cu?* (d) or Hg?* (f) for 30 min. All images were

obtained under a 40x objective lens. Incubation was performed at 37 °C.

determine the cell permeability of L, Human bladder cancer cell
line EJ were incubated with L. EJ cells incubated with
2.5 x 107> mol L~ L for up to 30 min at 37 °C show no intracellular
color and no fluorescence. Treatment of EJ cells loaded with
2.5 x 107> mol L~ L with Cu?* (2.5 x 107> mol L") for 30 min at
37 °C, the color changed from colorless to pink (Fig. 14c). But they
showed negligible fluorescence. In contrast, incubation of EJ cells
stained with 2.5 x 107> mol L~! L with Hg?* (2.5 x 10> mol L) for
30 min at 37 °C displayed remarkably enhanced cytosolic fluores-
cence (Fig. 14f), and further control experiments without ligand L or
metal ions gave no fluorescence over background levels. Taken
together, theses data clearly demonstrate that the probe is
membrane-permeable, and the fluorescence change in the EJ cells
was really due to the synchronous appearance of L and Cu?* or
Hg?*. Thus, probe L can be used to image intracellular Cu?>* and
Hg?" in biological systems. It should therefore be potentially useful
in the study of the toxicity or bioactivity of Cu?>* and Hg?* in vivo.
Fig. 15 displayed the changes in the fluorescence image of L stained
human leukemia K562 cells after the addition of Cu®>* or Hg>* ion.
The K562 cells loaded with L showed no color and fluorescence.
Upon supplementing cells stained with L with Cu®* or Hg®*, the
K562 cells showed visible pink color and obvious fluorescence
(Fig. 15c and f), respectively.

4. Conclusion

In summary, a convenient and highly selective chemosensor L
based on rhodamine 6G was synthesized and its chemosensing
properties were investigated. It can be used as a selective visual
chemosensor for Cu?* in natural water, and L is also an excellent
fluorescence probe for Hg?* based on a proposed Hg?*-promoted
hydrolysis mechanism in ethanol—water mixtures. To the best of
our knowledge, this is an excellent example of a single molecular
sensor capable of detecting multiple metal analytes with different
spectral responses. The spectral data and fluorescence image of
living cells indicated that L could be applied to the detection of Cu®*
and Hg?* not only in abiotic systems but also in a biosystem. Thus, L
can serve as promising chemosensor for Cu** and Hg?* in envi-
ronmental monitoring or medical research.
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