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Abstract A new type of ratiometric fluorescent probe capa-
ble of detecting Hg*" ions at nanomolar-concentration level
with high selectivity was developed based on an indole-
trizole-rhodamine triad and its practicability for intracellular
Hg”" sensing was verified. The as-prepared fluorescent probe
is capable of detecting Hg*" over other competing metal ions
including Ag" with high selectivity. The synergistic effect of
Hg”"-assisted conversion of the nonfluorescent ring-closed
rhodamine moiety to the highly fluorescent ring-open form
as well as the fluorescence signal amplification originating
from the Forster resonance energy transfer (FRET) from
indole-trizole conjugate to rhodamine moiety contributed to
a detection limit of 11 nM of the probe for Hg”" sensing.
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Introduction

As one kind of the most toxic forms of heavy metals and
widespread global pollutant, mercury is widely distributed
in air, water and soil, derived from human activities such as
alkali and metal processing, mining and incineration of
coal, causing lethal threat to human beings [1]. The toxicity
of mercury and it’s other chemical forms, such as methyl-
mercury (CH;Hg"), originates from it’s highly affinity to-
ward thiol groups of amino acids and enzymes [2]. As
mercury ion can easily pass through biological membranes,
long-term exposure to high levels of mercury can lead to
the malfunction of cells and cause many adverse health
effects in the brain, kidney, central nervous system and
endocrine system [3]. The accumulation of mercury in the
body can cause a series of diseases, such as Minamata
disease and Alzheimer’s disease [4, 5]. A considerable
amount of effort has been devoted to developing new
probes for detecting and analyzing mercury ion in vivo
and in vitro with high sensitivity and selectivity [6-8].
Compared with conventional analytical methods such as
atomic absorption/emission spectroscopy [9], plasma-mass
spectroscopy [10], continuous flow cold vapor atomic fluo-
rescence spectrometry [11], fluorescence-based detection
[12—15] possesses salient figure of merits including ultra-
high sensitivity, excellent spatiotemporal resolution, facile
manipulation, and suitability for high-throughput screening
applications and therefore plays active roles at the forefront
of bioanalysis.

In recent years, a large number of probes for mercury
ion sensing were developed based on fluorescence en-
hancement [16—19] or quenching [20-23]. However,
intensity-based fluorescent probes generally encounter
some limitations, which stems from the fact that the fluo-
rescence intensity signal is sensitive and liable to
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numerous external factors including temperature, excita-
tion power, medium characteristics, dye concentration,
and detector sensitivity [24]. Ratiometric fluorescent
probes are intrinsically capable of circumventing these
limitations based on the built-in correlation of two fluo-
rescence emission bands [7, 25-27]. Forster resonance
energy transfer (FRET) is the most common mechanism
involved in the design of ratiometric fluorescent probes.
Specifically, such utility of FRET resides at the moment
when fluorescent acceptor signal rises in the expense of
the donor signal falls. The opposite swing of the donor
and acceptor fluorescence establishes the intrinsic corre-
lation, revealing the information of probe-analyte interac-
tions. Rhodamine-based fluorescent probes have received
tremendous attention due to their excellent spectroscopic
properties such as high fluorescence quantum yield, large
molar extinction coefficient, and excellent photostability.
Specifically, the ring-closed rhodamine spirolactam or
spirolactone derivatives typically undergo ring opening
reaction, triggered by appropriate metal ions or other
types of stimuli, and then converts the nonfluorescent
ring-closed form of the derivatives to the counterpart
ring-open spirolactam/lactone derivatives that gives rise
to strong fluorescence emission [28]. Based on such con-
version between spirocyclic and ring-open forms accom-
panied with a marked change in fluorescence emission,
considerable of FRET-based fluorescent probes for vari-
ous analytes have been developed [29-34]. Recently,
Chen and co-workers have synthesized a novel class of
indole-trizole based blue-light-emitting molecules [35].
Based on the chemical properties of trizole molecules
for offering potential coordination sites for metal ions,
we have reported a new type of hydrazinecarbothioamide
modified trizole fluorescent probe capable of dual-
channel detection of Ag" and Hg>" with detection limit
of 97 and 142 nM, respectively [20]. In this work, we
developed a new type of ratiometric fluorescent probe
based on indole-trizole-thodamine hydrazide (ITR) triad
derivative for Hg*" ion sensing. Specifically, such type
of probe typically underwent Hg?"-dependent FRET
from the indole-trizole conjugate, the donor, to the rho-
damine hydrazide moiety, the acceptor, and thus enabled
the built-in correlation between two fluorescence emis-
sion bands sensitive to the concentration of Hg®". It is
noted that Ag" and Hg®" are two kinds of chemically
closely related heavy transition metal ions and most fluo-
rescent probes developed to date display nonspecific
fluorescence quenching upon complexation with them,
which is a crucial impediment to discrimination between
these two toxic metal ions [36-39]. The Hg*" probe de-
veloped in this work is capable of detecting Hg*" over
other reference metal ions including Ag” with detection
limit down to 11 nM, filling the bill for the upper limit
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of 2 ppb (10 nM) for Hg(Il) in safe drinking water that
the Environmental Protection Agency (EPA) in USA set.
Additionally, the preliminary cell imaging verified the
practicability of this type of probes for intracellular
Hg*" sensing.

Experimental
Chemicals

HgCl, and other metal ion inorganic salt used in the experi-
ments were obtained from Shanghai Shenbo Chemical Co.,
Ltd., China. Rhodamine B, hydrazine hydrate, 1-methyl-1H-
indole, 1H-benzo[d][1,2,3] triazole, NIS(N-iodosuccinimide),
N,N-dim ethylformamide (DMF), hydrazinecarbothioamide,
ethanol and other organic reagents were purchased from Alad-
din Chemistry Co., Ltd., China and used directly without fur-
ther purification unless otherwise stated. All solutions were
freshly prepared before use. Milli-Q ultrapure water
(18.2 MQ2cm) was used in all experiments.

Characterization

"H NMR spectra were recorded in DMSO-de using a Bruker
400 MHz NMR Spectrometer. UV—Vis absorption spectra
were recorded on Shimadzu UV2550 UV-VIS Spectropho-
tometers. Fluorescence spectra were obtained on Horiba
FluoroMax4 spectrofluometer. MALDI-TOF mass spectrum
was performed on Bruker Biflex III MALDI-TOF
spectrometer.

Synthesis

The synthetic procedure of the target fluorescence probe (ITR)
is shown in Scheme 1. Rhodamine hydrazide 2 and 2-(2H-
benzo[d,1,2,3]triazol-2-yl)-1-methyl -1H-indole-3-
carbaldehyde was prepared according to the previously report-
ed procedures [20, 40]. In a typical protocol for synthesis of
ITR, a solution of Rhodamine hydrazide 2 (28 mg, 0.06 mmol)
and 2-(2H-benzo[d,1,2,3]triazol-2-yl)-1-methyl-1H- indole-3-
carbaldehyde (18 mg, 0.06 mmol) in ethanol (3 mL) was
refluxed for 10 h under argon atmosphere. After the solution
was cooled, the solvent was removed under reduced pressure.
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Scheme 1 Synthesis of the target indole-trizole-rhodamine hydrazide
(ITR) triad fluorescent probe
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The crude product was purified by column chromatography
with petroleum-ethyl acetate (v/v=10/1), yielding a yellow
solid 1 (27 mg, 60 %). "H NMR (400 MHz, DMSO-de): §
8.79 (s, 1H), 8.38 (d, J=7.1 Hz, 1H), 8.39-7.99 (m, 4H),
7.74-7.65 (m, 4H), 7.48-7.34 (m, 4H), 7.03 (d, /=6.9 Hz,
1H), 6.62 (d, J=8.3 Hz, 1H), 6.37-6.27 (m, 4H), 3.90 (s,
3H), 3.30-3.29 (m, 8H), 1.15-0.99 (m, 12H); '*C NMR
(100 MHz, DMSO-dy): & 153.2, 151.2, 147.8, 144.9, 134.4,
131.5, 129.9, 128.6, 118.5, 109.7, 108.4, 96.8, 62.3, 43.7,
31.3, 12.4; MALDI-TOF MS: [M-H] Calcd for
C44H42N80$: 7303, Found: 729.5.

Results and Discussion

The ion recognition behaviors of the as-prepared probe ITR in
EtOH-MOPS mixed solvent with 70 % MOPS (v/v) were
investigated using UV—Vis absorption and fluorescence emis-
sion spectroscopy. It can be clearly seen from Fig. 1a that
among a series of physiologically important metal ions includ-
ing Hg>", Ag’, A", Cd**, Co**, Cr*", Cu*', Fe*', Fe®", K,
Li", Mg®", Na", Ni**, Pb*", Zn*", only Hg*" induced marked
increase in the absorption band centered at ~565 nm while the
absorption features of the probe remained nearly unperturbed
upon the addition of other metal ions, suggesting the excellent
ion selectivity of the as-prepared probe. Such Hg**-induced
change in the absorption feature was accompnied by a clear
change in the color of the probe solution from colorless to
vivid pink upon addition of Hg*", as shown in the inset in
Fig. 1a, suggesting the practicability of this type of probes
for facile visual detection of Hg”" by human eyes. The supe-
rior high ion selectivity of ITR toward Hg>" was clearly dem-
onstrated in the fluorescence emission features of the probe in
the absence and presence of Hg>" and other reference metal
ions, as shown in Fig. 1b. It can be seen that upon addition of
the reference metal ions, including A", Cd*", Co**, Cr’",
Cu*', Fe*, Fe**, K7, Li*, Mg*", Na', Ni**, Pb*", and Zn*",
fluorescence emission intensities of the probe solution sample
centered at ~590 nm remained nearly unchanged as compared
to that of the free probe. The addition of Ag" induced slight

Fig. 1 UV-Visible absorption a

increase in the emission intensity in the identical condition. In
sharp contrast, a remarkable enhancement in the emission in-
tensity of the probe solution sample was observed upon addi-
tion of five equiv. of Hg**, unequivocally indicating an excel-
lent selectivity of ITR for Hg”" over other interfering metal
ions. Owing to such significant change in the fluorescence
feature of the sample that Hg*"-induced, a vivid yellow fluo-
rescence color, in sharp contrast to the free probe sample, was
observed.

Another noteworthy feature demonstrated in Fig. 1b is the
Hg*"-induced remarkable increase in the emission band cen-
tered at 590 nm concomitant with a slight decrease in the
emission band centered ~490 nm. It is known that the ring-
open rhodamine derivative generally possesses high fluores-
cence quantun yield while the counterpart spirocyclic deriva-
tive of rhodamine is nearly nonfluorescent. Taking this, it is
plausible that the abovementioned remarkable increase in the
emission band centered at 590 nm originated from the Hg?'-
induced ring-opening reaction of the probe. Additionally, the
excitation wavelength of 390 nm matches the optimum ab-
sorption band of the indole-trizole conjugate, at which wave-
length, however, the ring-open rhodamine derivative displays
negligible absorption. Taking this, along with the increase in
the emission band centered at ~590 nm at the expense of the
emission band centered ~490 nm, an energy transfer process
from the indole-trizole conjugate to the ring-open rhodamine
moiety, as a product of the Hg>" induced ring-opening reac-
tion, was most probably involved in. Figure 2 illustrated the
ratios of the fluorescence intensity at 590 nm over that at
490 nm (I59¢/I490) of the probe sample in EtOH-MOPS mixed
solvent with 70 % MOPS (v/v) upon addition of various metal
ions. It can be clearly seen that upon addition of the reference
metal ions such as A", Cd2+, Co?", cr*t, Cu*, Fez+, Fe*,
K*, Li*, Mg*", Na*, Ni**, Pb*", Zn?", the ratio of Ise0/Is00
nearly remained either unchanged or minimally affected com-
pared to the that of ITR sample prior to the addition of metal
ions. An exception case is Ag", which induced a ratio of /5q¢/
Lyoo about three times that of the free probe sample. In sharp
contrast to the effects that these reference metal ions exerted
on the emission features of the probe sample, Hg>" induced a
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spectra (a) and fluorescence
emission spectra (Ax=390 nm)
(b) of probe (10 uM) in the
presence of 5 equiv. of different
metal ions in EtOH-MOPS mixed
solvent with 70 % MOPS
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Fig. 2 Fluorescence intensity ratio (Isgo /I490) (Aex=390 nm) of probe
(10 uM) in EtOH-MOPS mixed solvent with 70 % MOPS in the
absence and presence of 5 equiv. of different metal ions

Is9o/1490 ratio up to 120, approximately 65 times larger as
compared to the free probe sample, indicating a high selectiv-
ity and sensitivity of the FRET-based probe for Hg*" sensing
in aqueous milieau.

In order to gain detailed information of the Hg”"-probe inter-
action, UV—Vis absorption and fluorescence titration experi-
ments were preformed. Figure 3a showed the changes in UV—
Vis absorbance spectra of the probe in the EtOH-MOPS mixed
solvent upon gradual addition of Hg*". It can be seen that upon
addition of Hg”", the low-energy band with wavelength the re-
gion of 485-600 nm gradually increased at the expense of the
broad characteristic absorption features in the region of 350—
485 nm, resulting in a typical isobestic point at ~485 nm. Such
emergence of isosbestic point and the low-energy absorption
band upon addition of Hg®" are indicative of a Hg*'-trigered
one-to-one converstion and the formation of Hg® -IRT complex.
Figure 2b displayed the evolution of fluorescence emission fea-
tures of the probe upon gradual addition of the probe. It can be
seen that upon excitation at 390 nm, the probe displayed two
weak emission bands, centered at ~490 and ~590 nm, respec-
tively, which can be attributed to the emission of indole-trizole
and ring-closed form of thodamine hydrazide. Upon addition of
Hg?", the emission band attributed to the ring-open rhodamine
derivative significantly increased concomitant with a gradual

decrease in the emission band of indole-trizole conjugate moiety.
Informatively, such evolution of fluorescence emission spectra
revealed an isosbestic-like point at ~547 nm, suggesting a Hg*'-
induced clean one-to-one conversion from the probe. Upon ad-
dition of 1.6 equiv. of Hg*", the fluorescence intensity of the
probe sample centered at ~590 nm was almost saturated,
resulting in a Isgo/l490 ratio approximately 65 times larger than
the counterpart ratio of the probe sample prior to the addition of
Hg%. The inset in Fig. 2b displayed a plot of I59¢/I49¢ against the
concentration of Hg>" ranging from 4 to 14 uM and the corre-
sponding linear fit (R*=0.983). Based on such titration result, a
detection limit of 11 nM of the as-prepared ITR probe for Hg*"
sensing was obtained, which is capable of reliably sensing the
Hg”" concentration in drinking water with respect to the U. S.
EPA limit. It is noted that our previous fluorescent probe based
on the thiosemicarbazide-functionalized indole-trizole conjugate
for Hg*" sensing displayed a detection limit of 142 nM, which is
more than one order of magnitude higher than the detection limit
that the ITR probe enabled. As aforementioned, the ring-open
rhodamine derivative has efficient quantum yield while the coun-
terpart spirocyclic derivative of rhodamine is nearly nonfluores-
cent, which is expected to give rise to huge contrast in the fluo-
rescence signal intensity between the cases in the absence and
presence of Hg*" that is capable of triggering the ring-opening
reaction of the ring-closed rhodamine moiety. Additionally, as
compared to the ring-open rhodamine derivative, the indole-
trizole conjugate moiety displays insufficient quantum yield,
typically less 0.1 [20]. Thus, the FRET process from the
indole-trizole conjugate moiety to the ring-open rhodamine de-
rivative actually enabled the amplification of the fluorescence
signal for sensing. The synergistic effect of the abovementioned
two factors is expected to mainly contribute to the observed
disparity in the detection limits of these two types of probes.
Competetive binding experiments of Hg>" with the probe
in the presence of other reference metal ions with much higher
concentration were performed to verify the recognition spec-
ificity of the IRT probe for Hg*". Typically, fluorescence emis-
sion spectra of the ITR probe (10 uM) in the absence and
presence of 5 equiv. of various reference metal ions, Na',
K+, Li+, C02+, Mg2+, Cr3+, Ni2+, Cu2+, Zn2+, Pb2+, Ag+,

Fig.3 Absorptionspectra(a)and @ b x107
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Cd*", Fe*", and Fe’", respectively, were acquired firstly and
then the counterpart spectrum of each sample with subsequent
addition of 2 equiv. of Hg*" were acquired under the identical
condition. By calculating the /59¢/149 ratio of each spectrum
and comparing the ratio values in each pair of probe sample,
namely samples before and after the addition of Hg?*', the
binding features of probe to Hg”" in the presence of various
interfering metal ions were obtained, as shown in Fig. 4a. It
can be clearly seen that the coexistence of most interfering
metal ions can hardly interfere the binding of Hg”" to the
probe, definitely indicating the ion selectivity of the ITR probe
for Hg®" against other metal ions. It can be seen that the co-
existence of Ag" likely exerted discernable influence on the
binding of Hg*" to the probe, likely due to the prior coordina-
tion of Ag” with the S atom of rhodamine and N atom of
trizole. However, in such case, the Is59¢/149¢ ratio after the ad-
dition of Hg*" was 15 times larger than that of the sample prior
to the addition of Hg*", even if the concentration of Ag" was
2.5 times that of the Hg**. Unequivocally, such contrast is
high enough for a reliable discrimination of Hg*" from Ag".
Figure 4b illustrates the influence of anions on Hg**-induced
fluorescence increasing of the ITR probe. Taking that the fluo-
rescence intensity of the probe solution almost kept
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Fig. 5 Fluorescence emission spectrum of the free probe sample (black
curve), that of the probe sample upon addition of 1 equiv. of Hg*" (red
curve), that of the probe sample after the sequential addition of 1 equiv. of
Hg*" and 5 equiv. of KI (blue curve) and that of the probe sample upon
sequential addition of 1 equiv. of Hg*", 5 equiv. of KI, and another 5
equiv. of Hg®" (green curve)

unchanged upon addition of Na', as demonstrated in Fig. 4a,
inorganic sodium salts containing typical anions such as
NO,, CI', HCO;, H,PO,, NO;, F, S*, SO,>, I were
used as the sources of anions in the experiment. It can be seen
from that the presence of these typical anions did not exert
remarkable on the fluorescence intensity ratio Isgp/I499 of the
probe upon addition of Hg*" except iodine anion. Owing to
the poor solubility of Hgl, salt in water, I actually functioned
as the Hg”" chelator for the sequestration of Hg*" and there-
fore significantly supressed the Hg*"-assisted ring-opening
reaction of the ring-closed rhodamine moiety. As a result,
the remarkably decreased fluorescence intensity ratio Isgy/
I490 of the probe in the presence of I upon addition of Hg2+,
as compared to the cases in the presence of other types of
anions, was observed.

Figure 5 displays the recoverability of the fluorescence
emission spectrum of the ITR probe upon alternating binding
and debinding of Hg>". Specifically, taking the negligible in-
fluence that K" exerted on the fluorescence emission features
of the probe, KI was used as the Hg*" chelator for sequestra-
tion of Hg®". It can be seen that the fluorescence emission
band centered at 590 nm significantly increased upon addition
of 1 equiv. of Hg*" and such fluorescence enhancement was
completely offset by the subesequent addition of 5 equiv. of
KI, suggesting the perfect recoverability of the fluorescence
emission features of the as-prepared hybrid NPs in the present
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Fig. 6 Job’s plot of changes in the absorbance (at 562 nm) of the probe
sample at varying mole ratio of probe and Hg?", [probe]+[Hg>*]=20 uM
in EtOH-MOPS mixed solvent with 70 % MOPS

@ Springer



1264

J Fluoresc (2015) 25:1259-1266

Scheme 2 Proposed reversible 1:1 binding mode between probe (IRT)
and Hg>"

work. It is noted that upon the subsequent addition of 5 equiv.
of Hg**, fluorescence intensity of the probe sample after a
increase-then-restoration cycle significantly increased again
but displayed some discrepancy as compared to the intensity
with Hg*"-induced enhancement in the first round. The scat-
tering factor due to the formation of Hgl, precipitate in the
aqueous sample, as well as the possible entrapment of the ITR
molecules in the Hgl, precipitate most probably affected the
fluorescence recoverability of the sample and therefore con-
tributed to such discrepancy.

Job’s plot analysis was investigated to obtain the informa-
tion about Hg**-probe complexation in EtOH-MOPS mixed
solvent with 70 % MOPS (v/v). As shown in Fig. 6, the Job’s
plot analysis result obtained using continuous variation with a
total concentration of 20 uM probe and Hg*" exhibited a
maximum absorbance value at ~0.5 mol fraction of Hg*",
indicating the formation of a 1:1 stoichiometric complex of
probe-Hg”*. Such speculation about the formation of a 1:1
stoichiometric complex found support from the MALDI-
TOF MS characterization results of the ITR probe sample
prior to and after the addition of HgCl,. Specifically, the free
probe displayed a characteristic mass-to-charge ratio at m/z=
729.5 (Caled. 730.3) while the ITR-Hg*" complex presented a
characteristic mass-to-charge ratio at m/z=967.5 that matches
the structure of Hg* -CI-ITR. Thus, the Job’s plot analysis
result and the MALDI-TOF MS characterization results veri-
fied the 1:1 stoichiometry of the complex, with the possible
binding/debinding mechanism shown in Scheme 2.

The effects of pH on the fluorescence emission features of
the probe were also investigated. Figure 7a displayed the fluo-
rescence intensity ratio, Is9g/l499, of IRT probe in mixed

solvent with various pH value in the absence and presence
of Hg®". It can be clearly seen that the Isoo/lsoo ratio of the
free probe sample did not displayed discernable change upon
changing the pH value in the range of pH 1.0-11.0, suggesting
the excellent stability of the probe even in such broad range of
acidic/alkaline milieu. Importantly, the probe sample under
the pH region of 7.2-7.4 in the presence of Hg”" exhibited
the maximum /s9¢/I490 ratio up to 137, in sharp contrast to the
counterpart ratio of the free probe, indicating the most sensi-
tive response feature of the ITR probe to Hg”" in the typical
physiological pH conditions. Figure 7b displayed time-
dependent fluorescence intensity ratio (/599/499) of probe in
EtOH-MOPS mixed solvent in the presence of Hg*". It can be
clearly seen that the fluorescence signal of the probe reached a
saturated state approximately 5 min after the addition of Hg*"
and faithfully kept stable thereafter, suggesting the prompt
stimuli-response features and stable signal output of the IRT
probe for Hg2Jr sensing. Taking this, along with the aforemen-
tioned maximum fluorescence signal in the typical physiolog-
ical pH conditions, such new type of probe ia expected to have
great potential for practical Hg*" sensing.

The applicability of the probe for intracellular Hg*" sensing
was also confirmed with the results shown in Fig. 8. In a
typical imaging experiment, MCF-7 cells were incubated with
10 uM IRT probe in DMEM medium at 37 °C for 30 min
before the acquisition of the DIC (Fig. 8a) and fluorescence
images of the cells via confocal laser scanning microscopy
(CLSM). It can be seen that the cells with internalized ITR
probes exhibited faint fluorescence (Fig. 8b). Subsequently,
the cells were treated with Hg>" (10 uM) for another 30 min
at 37 °C and then the fluorescence images of the cells with
internalized ITR probes and Hg*" were acquired. In sharp
contrast to the faint fluorescence of the cells before the treat-
ment of Hg?*, the fluorescence images of the cells after the
treatment of Hg*" acquired exhibited cellular contours with
much stronger brightness, a result of the Hg> -induced fluo-
rescence enhancement in the red fluorescence region (Fig. 8c).
Such a dramatic contrast in fluorescence brightness between
Fig. 8b and c clearly demonstrated the usefulness of the as-
prepared ITR probe for intracellular Hg*" sensing.

Fig. 7 The PH- (a) and time- a b 14
dependent (b) fluorescence 140+ . 0 -
intensity ratio (Isoo/l490) (Aex= 120- ° o ¢ 120+ .
390 nm) of the probe in EtOH- U 100-
MOPS mixed solvent with 70 % ¢ 1001 . g
MOPS upon addition of 2 equiv. ~ 80 'i' 80 1
of Hg*" 3 60 5 6014
G e probe + Hg*" 5
40 40 1
20 | e probe
20 1
0 e " u g 8® sspg = s 08 g 0
0 2 4 6 8 10 12 14 0 5 10 15 20 25 30

pH
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Fig. 8 The bright field (a) and
CLSM fluorescence images (b) of
the MCF-7 cells with internalized
ITR probe; the CLSM
fluorescence images of the MCF-
7 cells shown in (a) and (b) after
the following incubation with

H g2+

Conclusion

In summary, we have developed a new type of indole-
trizole-rhodamine triad based ratiometric fluorescent probe
for Hg®" sensing. The as-prepared fluorescent probe is ca-
pable of detecting Hg*" over other reference metal ions
including Ag" with high selectivity. The indole-trizole con-
jugate provides coordination site for Hg®" recognition and
meanwhile functions as the energy donor while the rhoda-
mine hydrazide moiety undergoes Hg® -assisted ring-
opening reaction yielding ring-open rhodamine product act-
ing as the energy acceptor. The synergistic effect of the
huge contrast in the fluorescence signal that the ring-open
and ring-closed moiety bestowed and the FRET-enabled
amplification in the fluorescence signal of the probe con-
tributed to a detection limit of 11 nm for Hg*" sensing.
Additionally, the Hg*"-induced marked change in the color
of the probe solution bestowed this type of probes with
practicability for facile visual detection of Hg*" by human
eyes. The preliminary cell experiment results have revealed
the practicability of this type of probes for intracellular
Hg”" sensing.
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