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ABSTRACT: Mercury detection remains an important task because of its high toxicity.
Herein a new dual-signal probe based on a boric acid (BA)-functionalized lanthanide metal−
organic framework (BA-Eu-MOF) was developed for the detection of Hg2+ and CH3Hg

+ ions
for the first time. The BA-Eu-MOF was synthesized by coordination of Eu3+ with 5-
boronobezene-1, 3-dicarboxylic acid (5-bop) through a one-pot method. The 5-bop ligand
not only acted as the “antenna” to sensitize the luminescence of Eu3+ but also provided
reaction sites for Hg2+ and CH3Hg

+. Owing to the electron-withdrawing effect of the BA
group, the “antenna” effect of the ligand was passivating and the BA-Eu-MOF showed weak
red emission in water. Upon addition of Hg2+ or CH3Hg

+ into the system, a transmetalation
reaction took place, i.e., BA groups were replaced by Hg2+ or CH3Hg

+; therefore, the
“antenna” effect of the ligand was triggered, leading to the enhancement of red emission. As
Hg2+ or CH3Hg

+ concentration increased, the red emission was gradually enhanced, and the
color change was also observed with the naked eye under 365 nm ultraviolet light. Owing to
the porous characteristics and the surface effect of the MOF, as well as the unique transmetalation reaction between the BA group
and Hg2+ or CH3Hg

+, the developed nanoprobe showed excellent characteristics for simultaneous detection of Hg2+ and CH3Hg
+,

such as simple preparation, convenient operation, “turn-on” signal output, high sensitivity, and selectivity. The unique features of the
BA-Eu-MOF make it an attractive probe for monitoring Hg2+ and CH3Hg

+.

Mercury is a class of extremely toxic heavy metal
pollutants and exists extensively in the ecosystem

through numerous anthropogenic and natural sources.1 The
most common form of organic mercury, methylmercury
(CH3HgX; X = halide), is much more toxic than its inorganic
form (HgX2). Both Hg2+ and CH3Hg

+ can accumulate in the
human body through food chains and cause severe damage to
nerves, digestion, kidney, cardiovascular, and endocrine
systems even at trace levels.2 Owing to the severely toxic
characteristics and the trace lethal concentration of Hg2+ and
CH3Hg

+, highly sensitive, selective, and cost-effective methods
for on-site detection are particularly needed.
However, detection of mercury, especially CH3Hg

+ in real
samples, remains a great challenge because of its trace level
concentration and the variety of metal ion disturbances as well
as lack of a special response site. Several facile and novel
analytical methods for the detection of inorganic mercury Hg2+

have been established, including fluorescence,3−5 electro-
chemical6,7 and colorimetric8−10 sensing probes, etc. Because
mercury is a common quenching reagent, most sensors for
mercury detection are signal “turn-off”,11,12 which suffer from
more background disturbance than signal “turn-on” detection.
Colorimetric methods based on gold nanoparticles show great
potential due to unique characteristics, such as simple
operation, on-site test, naked eye detection, etc. However,

these methods are only used to detect inorganic Hg2+ ions. In
fact, many reported sensing probes for mercury detection can
only respond to inorganic Hg2+ ions, and few methods have
been reported for CH3Hg

+ detection. Therefore, development
of convenient, selective, and sensitive methods with colori-
metric signal output for detection of both organic and
inorganic mercury at trace levels presents great challenges.
An intelligent sensor playing a dual role of enrichment and
special response site to target will be a perfect candidate.
Metal−organic frameworks (MOFs) have emerged as a class

of promising and unique materials owing to their high porosity
and large surface area.13,14 MOFs have shown potential
applications in the fields of gas storage,15,16 separation,17,18

sensors,19−21 drug delivery,22,23 catalysis, and biomimet-
ics.24−26 Especially, lanthanide MOFs (Ln-MOFs), formed
by coordination of lanthanide metal ions to organic ligands, are
generally preferred to construct skeletal materials having
luminescent properties.27−30 Luminescent Ln-MOFs exhibit
unique fluorescent properties, such as large Stokes shifts, long
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fluorescence lifetime, narrow emission spectra, etc. On the
basis of these unique advantages, Ln-MOFs have drawn great
attention for sensing applications.31−34 It has been previously
reported that MOFs functionalized by NH2 or SH groups are
high-efficiency probes for Hg2+ detection due to the interaction
between Hg2+ ions and N, S.35−37 However, these methods are
based on the coordination of Hg2+ to amino or thiol groups,
and other metal ions having similar electronic shell structures
can influence detection.38 Most importantly, although CH3Hg

+

showed much more toxicity than Hg2+, few probes have been
reported for the detection of CH3Hg+, especially the
simultaneous detection of Hg2+ and CH3Hg

+. Therefore,
development of MOF sensors with unique recognition sites for
response to both CH3Hg

+ and Hg2+ is greatly desired.
Fortunately, phenylboronic acid showed a special activation
of Hg2+ and CH3Hg

+ through transmetalation. By C−B bond
breaking and C−Hg bond forming, boric acid (BA) groups can
be replaced by Hg2+ or CH3Hg

+.39−41 This is an important
finding for mercury detection.
To take advantage of Ln-MOFs and the unique recognition

of phenylboronic acid for Hg2+ and CH3Hg
+, herein, on the

basis of predecessors,27 we compounded a BA-functionalized
luminance MOF (BA-Eu-MOF) using Eu3+ as the metal node
and 5-boronobezene-1,3-dicarboxylic acid (5-bop) as the
ligand through a one-pot process for simultaneous monitoring
of Hg2+ and CH3Hg

+ in aqueous solution (Scheme 1). As

shown in Scheme 1, the synthesized MOF showed sphere
morphology with a uniform size and a diameter of about 400
nm. After incubation of the probe with Hg2+ or CH3Hg

+, the
transmetalation reaction occurred between the BA groups of
the probe and the mercury ions; therefore, the red fluorescence
emission of the probe was greatly enhanced. When other ions
were incubated with the probe, the fluorescence emission
exhibited no obvious change. The resultant probe not only
offered a unique response site to Hg2+ and CH3Hg

+ but also
showed an enrichment effect to targets owing to the adsorption

effect of MOF. Therefore, a “turn on” fluorometric and
colorimetric probe based on BA-Eu-MOF has been developed
for highly selective and sensitive detection of Hg2+ and
CH3Hg

+ ions in aqueous solution. Compared with previously
reported UiO-66 @ Butyne,3 N-CQD,5 and other methods,
the BA-Eu-MOF probe showed great advantages for mercury
detection, such as simple preparation and operation, sensitive
and selective response, fluorescent and colorimetric dual-signal
output, simultaneous detection of organic and inorganic
mercury, etc. The unique transmetalation reaction between
the BA group and Hg2+ or CH3Hg

+ can provide a potential
strategy for the exploitation of promising sensing platforms for
monitoring mercury ions.

■ EXPERIMENTAL SECTION
Chemicals and Reagents. Europium(III) nitrate hexahy-

drate (Eu(NO3)3·6H2O) was purchased from Aladdin
(Shanghai, China). 5-Boronobezene-1,3-dicarboxylic acid (5-
bop) was purchased from Zhengzhou Alpha Chemical Co.,
Ltd. (Zhengzhou, China). N,N-Dimethylformamide (DMF)
and dichloromethane were purchased from Tianjin Chemical
Reagent Co., Ltd. (Tianjin, China). Mercury chloride (HgCl2)
was purchased from Shandong West Asia Chemical Service
Co., Ltd. (Linyi, China). Methylmercury (GSB 08675) and
diphenylmercury (GSB 61851) were obtained from the
National Institute of Metrology (Beijing, China). Phenyl-
boronic acid (PBA) was purchased from Aladdin (Shanghai,
China). The distilled water was purchased from Watson
(Guangzhou, China). All chemical reagents were of analytical
grade and used without further purification.

Instrumentation and Characterization. Thermal field
emission scanning electron microscopy (SEM) (Carl Zeiss AG,
Sigma 500 VP) and transmission electron microscopy (TEM)
(JEOL, JEM-2100PLUS) were performed. Fourier transform
infrared (FT-IR) spectra in the range of 4000−500 cm−1 were
recorded on a Nicolet iS5 Fourier transform infrared
spectrometer, and we used KBr pellets for tableting. A
Bruker-500 MHz NMR (500 MHz/AVANCE III HD) was
used. High performance liquid chromatography (HPLC)
(Infinity II/1260) was performed. The UV detection was
performed with a UV752pc spectrophotometer. Sample
excitation wavelength, emission wavelength, and fluorescence
detection were detected on a Hitachi F-7000 fluorescence
spectrophotometer (emission slit width: 5 nm; excitation slit
width: 10 nm; photomultiplier voltage: 400 V).

Preparation of BA-Eu-MOF. BA-Eu-MOF was prepared
by a simple solvothermal method.27 Briefly, 0.1 mmol of
Eu(NO3)3·6H2O and 10 mmol of 5-bop were mixed in a
beaker with 10 mL of DMF/H2O (7:3, V/V), and then the
mixture was stirred vigorously for 2 h on a magnetic stirrer.
After that, the mixed solution was transferred into a Teflon
vessel in a stainless steel autoclave and heated in an oven at
150 °C for 12 h. After the mixture was cooled to room
temperature, the product was collected by centrifugation and
washed with DMF and ethanol at least three times and then
dried in an oven at 60 °C for 12 h. BA-Eu-MOF was collected
as a white powder.

Fluorescence Sensing Experiment. Fluorescence re-
sponse of BA-Eu-MOF toward aqueous solutions of various
metal cations was investigated for their suspensions. The BA-
Eu-MOF aqueous solution was first prepared by dispersing BA-
Eu-MOF into water (0.3 mg/mL), and then the metal ions
(Hg2+, CH3Hg

+, Ni2+, Zn2+, Ca2+, Mg2+, Al3+, K+, Mn2+, Fe2+,

Scheme 1. BA-Eu-MOF Synthesis and Representation of the
Sensing Process of BA-Eu-MOF toward Hg2+ and CH3Hg+

Ions Based on Transmetalation
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Na+, Ag+, Zn2+, Cd2+, Co2+, Pb2+, and Cu2+) were introduced
into the aqueous solution to the final concentration of 120 μM
at room temperature. The mixtures were modulated to pH 6
and then used for fluorescence measurements.
Determination of Hg2+ and CH3Hg

+ in River Water
Samples. The river water, obtained from the Dayi River
(Qufu City, Shandong Province), was filtered through a
cellulose membrane of 0.22 μm. Water samples containing
different concentrations of Hg2+ or CH3Hg+ ions were
prepared by spiking different amounts of Hg2+ or CH3Hg

+

ions into the filtered river water and modulating the pH to 6
and then performing fluorescence detection.

■ RESULTS AND DISCUSSION

Sensing Mechanism. The as-synthesized BA-Eu-MOF
showed characteristics of red light emission (fluorescence
emission of Eu3+), good dispersion, stability in water, etc.
Owing to the electron-withdrawing effect of the BA group, the
“antenna” effect of the ligand was passivating and the BA-Eu-
MOF exhibited weak red emission in water. However, upon
addition of Hg2+ or CH3Hg

+ into the system, the spontaneous
transmetalation reaction between Hg2+ or CH3Hg

+ and BA
groups took place, i.e., the C−B bond broke and the C−Hg
bond formed.39−41 Because the BA groups were replaced by
Hg2+ or CH3Hg

+, the electron-withdrawing effect from the BA
group was lost and the “antenna” effect of the ligand was
sensitized, leading to the enhancement of the red emission
(Scheme 1). As Hg2+ or CH3Hg

+ ion concentration increased,
the red emission was gradually recovered, and the color change
was observed with the naked eye under ultraviolet light at 365
nm. Owing to the porous characteristic and the surface effect
of the MOF, as well as the unique transmetalation activity of
BA groups with Hg2+ or CH3Hg

+, this BA-Eu-MOF nanoprobe
showed high sensitivity and selectivity to mercury.
Characterization of BA-Eu-MOF. The structural informa-

tion on the prepared BA-Eu-MOF was investigated by SEM
and TEM. As shown in Figure 1, the morphology of BA-Eu-
MOF was a uniform nanosphere with an average diameter of
about 400 nm. In addition, all the nanospheres were well-
dispersed, which was beneficial for quick response to the
targets.27

The FT-IR spectra were shown in Figure 2A. From Figure
2A, we can see that the peak of the ligand at 1695 cm−1, which

is derived from the CO stretching vibration of the ligand, is
missing in BA-Eu-MOF, indicating that the carboxyl groups
were coordinated with Eu3+ to form BA-Eu-MOF. The
absorption peak at 1313 cm−1, which is derived from the BA
group, was observed both in 5-bop and BA-Eu-MOF,
suggesting that the BA-functionalized BA-Eu-MOF was
successfully synthesized.27 The absorption peak at 1583 cm−1

is the stretching vibration of CC on the benzene ring. After
Hg2+ was added, a new absorption peak at 1450 cm−1 was
observed, which was derived from the stretching vibration of
the C−Hg bond.39 These results indicated that the trans-
metalation reaction between Hg2+ ions and BA-Eu-MOF took
place.
As shown in Figure 2B, BA-Eu-MOF exhibited absorption

profiles similar to that of 5-bop, but there was about a 20 nm
blue-shift after 5-bop was coordinated with Eu3+ to form BA-
Eu-MOF. The porosity of the BA-Eu-MOF was confirmed by
the N2 sorption−desorption isotherm, and the result is shown
in Figure 2C. According to the curve shape classified by
IUPAC classification, this sorption−desorption process is
classified as a type-V isotherm, indicating the weak interaction
between BA-Eu-MOF and N2. The BET surface area of the
synthesized BA-Eu-MOF was measured by N2 adsorption at 77
K. The results showed that the BET surface area was 39.7011
m2/g. We also measured the excitation and emission
wavelength of BA-Eu-MOF (Figure 2D). When excited with
wavelength at 275 nm, the BA-Eu-MOF emitted red light at
620 nm.

Stability of BA-Eu-MOF. The stability of BA-Eu-MOF was
investigated in aqueous solution, and the results are shown in
Figure S1. As shown in Figure S1, the fluorescence intensity of
BA-Eu-MOF suspension (0.3 mg/mL) at 620 nm showed
negligible change after standing for 7 days, indicating the good
day-to-day fluorescence stability in aqueous solution. More-
over, the characteristic emission of Eu3+ at 620 nm also
exhibited satisfactory pH-independent stability in the pH range
of 5−10 (Figure S2). The good fluorescence stability of the
BA-Eu-MOF showed great potential for development of the
probe in aqueous samples.

Figure 1. SEM images of BA-Eu-MOF with a ruler of 5 μm (A) and
200 nm (B). TEM images of BA-Eu-MOF with a ruler of 200 nm (C
and D).

Figure 2. (A) FT-IR spectra of 5-bop (black), BA-Eu-MOF before
(red) and after (blue) response to Hg2+. (B) UV−vis spectra of 5-bop
(red) (0.01 mg/mL) and BA-Eu-MOF (black) (0.05 mg/mL). (C)
Nitrogen adsorption (ADS) and desorption (DES) curves. (D)
Emission (Em) spectra of BA-Eu-MOF with λEx = 275 nm (black);
excitation (Ex) spectra of BA-Eu-MOF with λEm = 620 nm (red).
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Luminescence Properties of BA-Eu-MOF. The lumines-
cent properties of BA-Eu-MOF were investigated at room
temperature, and the results are shown in Figure 2D. From
Figure 2D we can see that BA-Eu-MOF emitted two
characteristic peaks at 595 and 620 nm, respectively, with
excitation at 275 nm, which was derived from the 5D0 → 7F1
(595 nm) and 5D0 → 7F2 (620 nm) transitions of the Eu3+

ions. The main emission peak located at 620 nm corresponded
to the transition of 5D0-7F2 (electric dipole transition),
suggesting that the “antenna” effect successfully occurred.
Briefly, as shown in Scheme 2, the electron of the ligand (5-

bop) was first excited to its S1 state and was then followed by
intersystem crossing to T1 state. When nonradiative energy
transferred from T1 state of the ligand to Eu3+ ions, Eu3+ ion
emission was observed.27,29

Sensing of Hg2+ and CH3Hg
+ Ions. Taking advantage of

the above characteristics, BA-Eu-MOF was utilized as a
luminescence probe for the detection of Hg2+ and CH3Hg

+.
First, the response kinetics of the probe toward Hg2+ was
investigated. With the concentration of Hg2+ at 60 μM, the
fluorescence intensity of BA-Eu-MOF at 620 nm was measured
with different response times. Figure 3 shows the fluorescence

spectra of the detection system with different response times
and the kinetics curve within 25 min. As shown in Figure 3,
when the response time was less than 15 min, the fluorescence
intensity of BA-Eu-MOF at 620 nm was enhanced gradually
with an increase in response time and became constant when
the response time reached 15 min. With continued increase in
the response time, the fluorescence intensity showed no

obvious increase. Similarly, the response kinetics of the probe
toward CH3Hg

+ ions was also investigated. CH3Hg
+ ions were

first dissolved in methanol and then were diluted greatly with
water to different concentrations. The influence of methanol
on the fluorescence of BA-Eu-MOF was then investigated. The
results showed that methanol had no influence on the
fluorescence of BA-Eu-MOF (Figure S3). As shown in Figure
4, the fluorescence intensity of BA-Eu-MOF at 620 nm became

constant when the response time reached 20 min. These
results indicated that Hg2+ and CH3Hg

+ ions can respond
quickly to BA-Eu-MOF, indicating feasibility of the sensor for
detecting Hg2+ and CH3Hg

+.
The pH value is an important factor for sensors; therefore,

the influence of pH value on the fluorescent emission of the
detection system was investigated. The fluorescence of BA-Eu-
MOF in response to Hg2+ (120 μM) in aqueous solution under
different pH values was studied, and the results are shown in
Figure S4. From Figure S4A, we can see that the highest
fluorescence intensity was achieved at pH values of 6 and 7. To
achieve sensitive signal response for the detection of Hg2+, the
fluorescence intensity before and after adding Hg2+ at a pH
value of 6 or 7 was compared, and the results are shown in
Figure S4B. It can be seen from Figure S4B, the highest
sensitive signal response was achieved at a pH value of 6.
Therefore, the pH value of 6 was chosen as the optimal pH in
the following detection work.
After the optimal conditions were obtained, the detection of

Hg2+ and CH3Hg
+ was then carried out. In the presence of

different concentrations of Hg2+ or CH3Hg+ ions, the
fluorescence intensity at 620 nm of BA-Eu-MOF (0.3 mg/
mL) was measured after 15 min (CH3Hg

+, 20 min) at pH 6.
From Figure 5A/6A, it can be seen that the fluorescence
intensity at 620 nm enhanced gradually with the increase in
concentration in the range of 0−240 μM for Hg2+ and 0−200
μM for CH3Hg

+. As shown in Figure 5B, the fluorescence
intensity showed a good linear relationship versus the
concentration of Hg2+ in the range of 1−60 μM with a linear
correlation coefficient (R2) of 0.9905, indicating a good linear
relationship between Hg2+ ion concentration and fluorescence
intensity. Similarly, the fluorescence intensity showed a good
linear relationship versus the concentration of CH3Hg

+ in the
range of 2−80 μM (Figure 6B), and the linear correlation
coefficient (R2) was 0.9998, indicating a good linear relation-
ship between CH3Hg

+ ion concentration and fluorescence
intensity. Figure 5C and Figure 6C show photographs of the
detection system at various concentrations of Hg2+ and
CH3Hg

+ under UV light at 365 nm, respectively. Based on
the signal-to-noise ratio of S/k = 3, the limit of detections

Scheme 2. Ligand−Metal Energy Transformation for
Luminescence Emission and the Enhanced “Antenna” Effect
of the Ligand Triggered by Hg2+ and CH3Hg+

Figure 3. (A) The fluorescence intensity of BA-Eu-MOF (0.3 mg/
mL) at 620 nm response with 60 μM Hg2+ ions with different
response times. (B) Linear relationship between the fluorescence
intensity at 620 nm and response time.

Figure 4. (A) The fluorescence intensity of BA-Eu-MOF (0.3 mg/
mL) at 620 nm response with 60 μM CH3Hg

+ ions with different
response times. (B) Linear relationship between the fluorescence
intensity at 620 nm and response time.
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(LODs) of Hg2+ and CH3Hg
+ were calculated to be 220 nM

and 440 nM, respectively. By comparison with other reported
methods, this established sensor showed several advantages,
such as simultaneous detection of both Hg2+ and CH3Hg

+,
turn-on signal output, high sensitivity, wide detection range,
facility, naked eye detection, etc. (Table S1).
Selectivity Study. To verify the specific recognition of BA-

Eu-MOF toward Hg2+ and CH3Hg+ ions, a series of
fluorescence tests in the presence of various metal ions were
performed, and the results are shown in Figure 7. The results
showed that under the same conditions, only Hg2+ and
CH3Hg

+ lead to remarkable fluorescence enhancement, while
other metal ions (Ni2+, Zn2+, Ca2+, Mg2+, Al3+, K+, Mn2+, Fe2+,
Na+, Ag+, Zn2+, Cd2+, Co2+, Pb2+, and Cu2+) showed negligible

influence on fluorescence intensity of the BA-Eu-MOF.
Especially, Cu2+, Al3+, and Fe2+ ions led to slight fluorescence
quenching. The selectivity of the BA-Eu-MOF to Hg2+ and
CH3Hg+ in the presence of interference ions was also
examined, and the results are shown in Figure S5. As we can
see in Figure S5, the probe still exhibited high selectivity for
Hg2+ or CH3Hg

+ ions in the presence of other interference
ions. In addition, the selectivity of the probe was also examined
with other species that may be present in natural water
samples, such as humic acid and fulvic acid. As shown in Figure
S6, these substances showed negligible effect on the
fluorescence intensity of BA-Eu-MOF. Furthermore, as
shown in Figure S7, the response of the BA-Eu-MOF probe
to different sources of Hg2+ has been investigated using HgCl2
with inorganic anions of MnO4

− (oxidative anion) and NO2
2−

(reductive anion) as representatives. The results showed that
both the oxidative anion of MnO4

− and the reductive anion of
NO2

2− have almost no influence on the fluorescence intensity
of BA-Eu-MOF. This revealed that BA-Eu-MOF exhibited high
specific recognition of Hg2+ and CH3Hg

+.
Transmetalation Reaction Mechanism Investigation.

To investigate the transmetalation reaction of Hg2+ or CH3Hg
+

ions with the probe, we employed PBA as the substrate to react
with the Hg2+ or CH3Hg

+ ions. Because the carboxyl groups of
the ligand 5-bop coordinated with Eu3+ to form BA-Eu-MOF,
we just investigated the reaction activity of the BA groups on
the benzene ring. We used PBA to take the place of 5-bop in
the mechanism study. After adding 1 mL of mercury chloride
(5 mM) to 4 mL of PBA (1 mg/mL) aqueous solution at pH
6, the mixture was allowed to stand for 15 min, and then the
floccule was collected by centrifugation and washed with
deionized water three times and dried at 40 °C. The resulting
product was subjected to 1H NMR spectroscopy. As shown in
Figure S8, the 1H NMR characteristics of PBA are as follows:
1H NMR (DMSO-d6, 500 MHz): δ 7.44 (d, J = 6.5 Hz, 2H),
7.31−7.27 (m, 3H), 3.32 (s, 2H); the 1H NMR characteristics
of the reaction product (diphenylmercury) are as follows: 1H
NMR (DMSO-d6, 500 MHz): δ 7.89−7.88 (m, 1H), 7.79−
7.77 (m, 1H), 7.39−7.31 (m, 3H). Comparing the 1H NMR
spectra of PBA and the product, we found that the hydrogen
on BA disappeared, which indicated that the BA groups were
cleaved from the benzene ring after adding mercury ions.
To further verify that the BA groups were replaced by

mercury ions, HPLC was performed with PBA standard and
diphenylmercury. As shown in Figure S9A,B, the retention
times of diphenylmercury and PBA were 10.7 and 4.1 min,
respectively. From Figure S9C, we can see that the

Figure 5. (A) The fluorescence spectra of BA-Eu-MOF under
different concentrations of Hg2+ in aqueous solution; inset: before
(left) and after (right) adding Hg2+ ions. (B) Linear relationship
between the fluorescence intensity at 620 nm and Hg2+ ion
concentration. (C) Photographs of the detection system of BA-Eu-
MOF (0.3 mg/mL) in response to different concentrations of Hg2+

(0−240 μM) for 15 min under UV light at 365 nm.

Figure 6. (A) The fluorescence spectra of BA-Eu-MOF under
different concentrations of CH3Hg

+ in aqueous solution. (B) Linear
relationship between the fluorescence intensity at 620 nm and
CH3Hg

+ ion concentration. (C) Photographs of the detection system
of BA-Eu-MOF (0.3 mg/mL) in response to different concentrations
of CH3Hg

+ (0−200 μM) for 20 min under UV light at 365 nm.

Figure 7. (A) Fluorescence spectra of BA-Eu-MOF toward various
metal ions at the same concentrations (120 μM). (B) (F − F0)/F0 of
different metal ions; the inset shows the detection system of BA-Eu-
MOF (0.3 mg/mL) in response to 120 μM concentrations of different
metal ions under UV light at 365 nm (the white numbers correspond
to the ions below from left to right).
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diphenylmercury peak at 10.7 min was observed after PBA
reacted with Hg2+, which indicated that the BA group was
cleaved from the benzene ring and that the mercury ions
connected to the benzene ring successfully. From Figure S9D,
we can see that a new chromatographic peak at 2.6 min
appears after PBA reaction with CH3Hg+, which was
concluded to be methylphenylmecury. In addition, the IR
spectra of diphenylmercury and the reaction product of PBA
with Hg2+ also indicated that the C−Hg bond (1450 cm−1)
formed (Figure S10). Therefore, all these results showed that
mercury ions can easily replace the BA groups on the benzene
ring under the optimized conditions.
Practical Application. To verify the reliability and

accuracy of BA-Eu-MOF for quantitative detection of Hg2+

and CH3Hg
+ ions in real water samples, the BA-Eu-MOF

probe was used to detect Hg2+ and CH3Hg
+ ions in river water

samples. To record the original content of the targets, the
sensing performance was carried out with original water
samples. The results showed that there were no mercury ions
in the river water tested. Then the original water samples were
spiked with different concentrations of the standard, and the
sensing process was performed. The experimental results are
shown in Table 1. As shown in Table 1, satisfactory recoveries

(90.6−102.3%) and good analytical precision were achieved,
which further confirmed the reliability of the BA-Eu-MOF
probe for monitoring Hg2+ and CH3Hg

+ ions in water samples.

■ CONCLUSIONS
To summarize, we have developed a BA-functionalized
lanthanide metal−organic framework (BA-Eu-MOF) as a
fluorescent nanoprobe for selective and sensitive detection of
Hg2+ and CH3Hg

+ in aqueous solution. The synthesized BA-
Eu-MOF displayed uniform nanosphere morphology, high
stability, porous property, and red fluorescence emission. The
fluorescence intensity of as-prepared BA-Eu-MOF was
sensitive toward Hg2+ in the linear range from 1 to 60 μM
with an LOD of 220 nM and was also sensitive toward
CH3Hg

+ in the linear range from 2 to 80 μM with an LOD of
440 nM. Moreover, the specificity is an upshot of the fact that
Hg2+ and CH3Hg

+ are only capable of fast transmetalation with
the boronic acid group of BA-Eu-MOF under various potential
interfering ions. When the proposed probe was applied to
detect Hg2+ and CH3Hg

+ in real water samples, satisfactory
results were achieved. By comparison with other fluorescence
probes for detection of mercury, our probe exhibited
advantages of a “turn on” signal, excellent anti-interference
ability, and the capability for detecting Hg2+ and CH3Hg

+

simultaneously in aqueous samples with a wide detection
range. These results indicated that this BA-Eu-MOF nanop-
robe possesses potential applications for Hg2+ and CH3Hg

+

monitoring in a wide variety of environmental and biological
samples.
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