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Spectroscopic properties of a chromone-fluorescein conjugate as Mg2+
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A B S T R A C T

In this study, a novel fluorescein-derived Schiff-base ligand bearing a chromone moiety which was called
6-Hydroxy-3-formylchromone fluorescein hydrazone (1) has been designed, synthesized and evaluated
as a Mg2+ “turn on” fluorescent probe. This probe 1 exhibited high selectivity and sensitivity towards
Mg2+ over other important metal ions investigated, and the remarkable enhancement in fluorescence
emission centered at 504 nm was observed in the presence of Mg2+, which was attributed to the ring-
opening process of the fluorescein fluorophore in probe 1 upon complexation of 1 with Mg2+.
Furthermore, the “turn on” response of this probe 1 to Mg2+ was nearly completed within 3 min, which
indicated that this probe 1 could be utilized to sense and monitor Mg2+ for real-time detection.
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1. Introduction

Recently, the interest in the development of highly selective and
sensitive methods for detecting and monitoring metal ions has been
a current thrust in the active research fields [1–5]. Among a variety of
environmentally and biologically important metals, widespread
applications of magnesium are found in many fields, such as aircraft
industry [6], optical instruments [7], photographic technique [8] and
alloy metals [9]. It is well known that magnesium is the eighth most
abundant element on the earth’s crust and the fourth most abundant
cation in the human body [10]. Mg2+ is widely distributed in the
macronutrient in the bone and plays a crucial role in various
biologicalprocesses likebone remodeling[11], skeletaldevelopment
[12], DNA synthesis [13] and signal transduction [14]. Furthermore,
Mg2+ is also required for the proper functioning of central nervous
systems and immune systems [15,16]. The regulated amounts of Mg2
+ are beneficial to human health [17], but the deficiency of Mg2+ can
lead to serious problems including skeletal, neurogenic, gastroin-
testinal and renal losses [18–21], causing some chronic diseases like
osteoporosis[22], hypertension[23], coronaryheartdisease[24] and
diabetes [25]. Therefore, it is desirable to develop a simple and rapid
method to detect and sense Mg2+ in biological assays [26].

Among various detecting techniques for metal ion monitoring,
fluorescence detection has attracted broad interests among scien-
tists due to its relevant advantages, such as simplicity, high
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sensitivity, inexpensive apparatus, real-time detection and non-
destructive property [27–29]. In the past decades, a number of
Mg2+ selective and sensitive fluorescent probes have been reported
[30–32], but some are suffering from interferences from other
important biological species, especially Ca2+, which is in the same
group as Mg2+ in the periodic table, and has similar spectroscopic
properties with Mg2+ [33]. Thus, it is of great challenge to design and
synthesize Mg2+ fluorescent probes with high selectivity and
sensitivity in the presence of other environmentally and biologically
important metal ions [34].

Fluorescein and its derivatives have been extensively used as
organic dyes to design fluorescent probes, labels and immunological
probes by chemists and biologists, because of their excellent
photophysical properties, such as long absorption and emission
wavelength, large absorption coefficient, high fluorescent quantum
yield and great photostability [35,36]. In recent years, several
fluorescein-derived fluorescent probes that were designed and
synthesized to recognize metal ions like Fe3+, Cu2+, Zn2+, Hg2+ and
Mg2+ have been studied [37–41]. It is well known that these
fluorescein-derived fluorescent probes exist in a spirocyclic form,
which is colorless and non-fluorescent. However, when a specific
metal ion is added, the ring-opening process of the fluorescein
moiety can be observed upon complexation of this probe with this
metal ion, which results in the appearance of color and fluorescence
[42].

Owing to their excellent spectroscopic and pharmacological
properties, chromone-based compounds have been widely applied
in antitumoral agents, cardio cerebrovascular drugs and fluoro-
phores [43]. Bearing these in mind, we have designed and

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jphotochem.2016.03.001&domain=pdf
mailto:yangzy@lzu.edu.cn
http://dx.doi.org/10.1016/j.jphotochem.2016.03.001
http://dx.doi.org/10.1016/j.jphotochem.2016.03.001
http://www.sciencedirect.com/science/journal/10106030
www.elsevier.com/locate/jphotochem


C.- Li et al. / Journal of Photochemistry and Photobiology A: Chemistry 356 (2018) 700–707 701
synthesized a novel fluorescein-derived fluorescent probe bearing
the chromone moiety which was called 6-Hydroxy-3-formylchro-
mone fluorescein hydrazone(1) (Scheme 1). This probeshowed high
selectivity and sensitivity for Mg2+ with remarkable fluorescence
enhancement centered at 504 nm based on the ring-opening
process of the fluorescein moiety in ethanol, but the fluorescence
emission intensity was decreased to a certain degree with addition
of water. Hence, this probe could be utilized to detect and recognize
Mg2+ using fluorescein moiety as a fluorophore in ethanol.

2. Experimental

2.1. Materials

Hydroquinone, acetic anhydride, concentrated sulfuric acid,
aluminum chloride, phosphorus oxychloride, fluorescein, hydrazine
hydrate, ethyl acetate, absolute ethanol, N,N-dimethyl formamide
(DMF), anhydrous sodium sulfate and salts of Mg2+, Al3+, Ba2+, Ca2+,
Cd2+, Co2+, Cr3+, Cu2+, Fe2+, Fe3+, K+, Mn2+, Na+, Ni2+, Pb2+ and Zn2+

were obtained from commercial suppliers, and used as received
without further purification. Stock solution of compound 1 (10 mM)
was prepared in absolute ethanol. Stock solutions (10 mM) of the
salts of Mg2+, Al3+, Ba2+, Ca2+, Cd2+, Co2+, Cr3+, Cu2+, Fe2+, Fe3+, K+, Mn2

+, Na+, Ni2+, Pb2+ and Zn2+ in absolute ethanol were also prepared.
Distilled water was used throughout all experiments.

2.2. Apparatus

1H NMR spectra were recorded on the JNM-ECS 400 MHz
instruments spectrometers using TMS (tetramethylsilane) as an
internal standard and DMSO-d as a solvent. The ESI–MS data were
obtained in ethanol from a Bruke Esquire 6000 spectrometer. UV–
vis absorption spectra were collected on a Shimadzu UV-240 spec-
trophotometer. Fluorescence measurements were performed on a
Hitachi RF-5301 fluorimeter equipped with quartz cuvettes of 1 cm
path length at 298 K. Melting points were determined on a Beijing
XT4-100x microscopic melting point apparatus without correction.

2.3. Synthesis

Hydroquinone diacetate (2), acetylquinol (3) and 6-hydroxy-3-
formylchromone (4) were synthesized according to the reported
methods [44]. The synthetic route of compound 1 was shown in
Scheme 1.

2.3.1. Synthesis of compound 5 (Fluorescein hydrazine)
Fluorescein (1.25 g, 3.75 mmol) was dissolved in absolute ethanol

(30 mL) and hydrazine hydrate (2.0 mL, 2.06 g, 41.28 mmol) was
added to the orange red solution above. The mixture was refluxed for
18 h under stirring, during which time the color of fluorescein
disappeared. After the reaction was completed, the reaction mixture
was cooled to room temperature, and poured into ethyl acetate
(100 mL). Then the mixture was washed with distilled water for
6 times and the organic layer was dried with anhydrous sodium
sulfate. After filteration to remove anhydrous sodium sulfate, the
filtrate was evaporated under reduced pressure. The obtained solid
wasrecrystallizedfrom absolute ethanol (30 mL)to givecompound 5
as a pale yellow powder (Scheme 1). Yield: 0.67 g (51.59%). m.p.
248–250 �C, 1H NMR (400 MHz, DMSO-d) (Fig. S1): 9.65 (s, 2H,
�OH), 7.79-7.73 (m,1H, H7), 7.51-7.45 (m, 2H, H4,5), 7.00-6.94 (m,1H,
H6), 6.59 (d, 2H, J = 2.4 Hz, H1), 6.45 (dd, 2H, J = 8.8 Hz, J = 2.4 Hz, H2),
6.40 (d, 2H, J = 8.8 Hz, H3), 4.27 (s, 2H, �NH2). MS (ESI) (Fig. S2): m/z
[M + H+]+ calcd 347.3265, found 347.0830; [M + Na+]+ calcd
369.3084, found 369.0626.
2.3.2. Synthesis of compound 1 (6-Hydroxy-3-formylchromone
fluorescein hydrazone)

A solution of fluorescein hydrazine (5) (0.328 g, 0.948 mmol) in
absolute ethanol (30 mL) was added dropwise to another solution
containing 6-Hydroxy-3-formylchromone (4) (0.180 g,
0.948 mmol) in absolute ethanol (30 mL) under stirring. The
mixture was refluxed for 13 h under stirring, and then cooled to
room temperature. The reaction mixture was poured into distilled
water (50 mL) and an earth yellow solid was separated out from the
solution. Then the solid was filtered under reduced pressure,
washing five times with distilled water (10 mL). The obtained crude
product was recrystallized from absolute ethanol (30 mL) to afford
the desired product 1 as an earth yellow powder (Scheme 1). Yield:
0.38 g (77.38%). m.p. 259–261 �C, 1H NMR (400 MHz, DMSO-d)
(Fig. S3): 10.14 (s, 1H, �OHchromone), 9.95 (s, 2H, �OHfluorescein), 8.71
(d, 1H, J = 0.8 Hz, H8), 8.32 (d, 1H, J = 0.8 Hz, �CH¼N-), 7.93 (dt, 1H,
J = 7.2 Hz, J = 0.8 Hz, H7), 7.63 (td,1H, J = 7.2 Hz, J = 0.8 Hz, H5), 7.58 (td,
1H, J = 7.2 Hz, J = 0.8 Hz, H6), 7.51 (d, 1H, J = 9.2 Hz, H9), 7.27 (d, 1H,
J = 3.2 Hz, H11), 7.22 (dd, 1H, J = 9.2 Hz, J = 3.2 Hz, H10), 7.09 (dt, 1H,
J = 7.2 Hz, J = 0.8 Hz, H4), 6.67 (d, 2H, J = 2.0 Hz, H1), 6.50 (d, 2H,
J = 8.4 Hz, H3), 6.46 (dd, 2H, J = 8.4 Hz, J = 2.0 Hz, H2). MS (ESI)
(Fig. S4): m/z [M + H+]+ calcd 519.4583, found 519.1340; [M + Na+]+

calcd 541.4401, found 541.1175.
Scheme 1. The synthetic route of compound 1.



Fig. 1. Change in UV–vis absorption spectra of 1 (100 mM) upon addition of various
amounts of Mg2+ (0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0 equiv.,
respectively) in ethanol.
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2.4. General information

Test solutions were prepared by placing 10 mL of the probe stock
solution into cuvettes, adding an appropriate aliquot of each metal
ion stock, and diluting the solution to 2 mL with ethanol. For all
fluorescence measurements of compound 1, the fluorescence
intensity of the test solution was recorded at 504 nm, and the
excitation wavelength was set at 323 nm. The excitation and
emission slit widths were both 3 nm in fluorescence emission
spectra of 1.

The binding constant value for complex 1-Mg2+was determined
on the basis of the nonlinear filtting of the fluorescence titration
curve assuming a 2: 1 stoichiometry by the Benesi–Hildebrand
method (1) [45,46]:

1
F � Fmin

¼ 1

K � Fmax � FminÞ Mg2þ½ � þ 1
F�Fminð Þ

� ð1Þ

Where Fmin, F, and Fmax are the emission intensities of the organic
moiety considered in the absence of magnesium ion, at an
intermediate magnesium concentration, and at a concentration of
complete interaction, respectively, and where K is the binding
constant concentration.

The detectionlimit wasestimatedfromthe fluorescencetitration.
The emission intensity of compound 1 without any anion was
measured to determine the S/N ratios [47,48], and the standard
deviation of blank measurements was calculated. The detection
limit was calculated based on 3 � sblank/k, where sblank is the
standard deviation of the blank solution and k is the slope of the
calibration plot.

3. Results and discussion

3.1. Synthesis and characterization of compound 1

Compound 1 was synthesized according to the synthetic route
outlined in Scheme 1. Hydroquinone diacetate (2), acetylquinol (3)
and 6-hydroxy-3-formylchromone (4) were synthesized according
to the reported methods [44]. Fluorescein hydrazine (5) was
prepared by reacting fluorescein with hydrazine hydrate under
refluxing in absolute ethanol. Then the reaction between fluores-
cein hydrazine (5) and 6-hydroxy-3-formylchromone (4) in
absolute ethanol afforded compound 1 as an earth yellow powder.
The structure of compound 1 was characterized by 1H NMR and
mass spectrometry. The details of the characterization data of
intermediate product and compound 1 were presented in the
Supporting Information (Fig. S1–S4).

3.2. UV–vis titration of compound 1 with various amounts of Mg2+

Firstly, we examined the UV–vis titration spectra of compound 1
in the presence of various amounts of Mg2+ in ethanol and the
results were shown in Fig. 1. The free compound 1 exhibited three
weak bands centered at 224 nm, 283 nm and 332 nm (Fig. S5), which
were probably assignable to chromone moiety. However, upon
addition of increasing amounts of Mg2+, the gradual enhancement
in the absorbance of this three bands was observed. Simultaneously,
a new intense peak at 426 nm with two shoulders at 408 nm and
449 nm which was ascribed to fluorescein fluorophore appeared
with increasing absorbance (Fig. 1). This phenomenon was
attributed to the ring-opening process of the fluorescein fluo-
rophore upon complexation of compound 1 with Mg2+, which led to
the UV–vis absorption enhancement. From the results above, it was
concluded that the chromone unit and fluorescein moiety in
compound 1 participated in the coordination with Mg2+.
3.3. Fluorescence performance of compound 1 for sensing Mg2+

The influence of reaction time on the fluorescence emission
response of compound 1 to Mg2+was conducted to determine if this
compound 1 could be utilized as a Mg2+ fluorescent probe for real-
time detection. For this purpose, the fluorescence emission
intensity at 504 nm was recorded at different time in ethanol
solution of a mixture of 1 and Mg2+ (1.0 equiv.). As shown in Fig. S6,
the reaction process between compound 1 and Mg2+ was nearly
completed within 3 min and the fluorescence emission intensity at
504 nm did not change further with more reaction time (Fig. S6),
which demonstrated that this compound 1 could be used as a Mg2+

fluorescent probe for real-time detection. Interestingly, because Ca2
+may coordinate with compound 1, we also conducted the effect of
reaction time on the fluorescence emission response of 1 to Ca2+.
During this experimental process, little enhancement in fluores-
cence emission intensity at 504 nm was observed in the presence of
1.0 equiv. of Ca2+, and the reaction was nearly completed within
2 min (Fig. S7), which indicated that this compound 1 had high
selectivity towards Mg2+ over Ca2+ and could also respond to Ca2+

rapidly.
The changes in fluorescence emission spectra of compound 1 in

the presence of various respective metal ions (Mg2+, Al3+, Ba2+, Ca2+,
Cd2+, Co2+, Cr3+, Cu2+, Fe2+, Fe3+, K+, Mn2+, Na+, Ni2+, Pb2+, Zn2+) were
then explored in ethanol and the results were depicted in Fig. 2 (a).
Upon excitation of the chromone moiety at 323 nm, compound 1 in
the absence of any metal ion displayed nearly no fluorescence
emission in the range of 410–640 nm. Nevertheless, significant
enhancement in fluorescence emission intensity at 504 nm was
observed in the presence of Mg2+. Interestingly, the addition of Zn2+

into the solution of compound 1 showed similar fluorescence
response with that of Mg2+, but the intensity was relatively low
(Fig. 2 (b)). However, the addition of other metal ions investigated,
especially Ca2+, caused almost no change in fluorescence emission
spectra (Fig. 2 (a)), which indicated that the selectivity of compound
1 was high for detecting and monitoring Mg2+.

To obtain insight intothe spectroscopic properties of compound 1
towards Mg2+ in the presence of various metal ions, competition
experiments were carried out by adding these metal ions into the
ethanol solution of 1-Mg2+. As illustrated in Fig. S8, the fluorescence



Fig. 3. Fluorescence emission spectra of 1 (50 mM) in the presence of increasing
amounts of Mg2+ (0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0 equiv., respectively) in
ethanol with an excitation at 323 nm. Insert: A linear calibration curve of the
fluorescence emission intensity at 504 nm versus the concentration of Mg2+ over
the range 0–50 mM.
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intensity of 1-Mg2+ at 504 nm quenched significantly in the
presence of Al3+, Co2+, Cr3+, Cu2+, Fe2+, Fe3+ and Ni2+, which was
due to the formation of the complexes between ligand 1 and these
metal ions, leading to the electron and energy transfer processes
from ligand 1 to them [49–51]. However, these metal ions were
present in relatively low concentrations in living systems [52].
Nevertheless, when other metal ions tested were added to the
solution of 1-Mg2+, almost no change in fluorescence intensity at
504 nm were observed (Fig. S8). Thus, compound 1 could be utilized
as a fluorescent probe for recognizing Mg2+ in the presence of most
interfering metal ions in human body.

The fluorescence emission spectra of compound 1 towards
increasing amounts of Mg2+ was then examined in ethanol and the
results were illustrated in Fig. 3. With excited at 323 nm, nearly no
fluorescence emission was observed in free 1. It was probably due to
the spirocyclic structure of the fluorescein moiety in compound 1,
which was non-fluorescent [53]. Nevertheless, the fluorescence
emission centered at 504 nm enhanced gradually with increasing
amounts of Mg2+, and reached a plateau in the presence of 0.5 equiv.
of Mg2+ (Fig. 3), which indicated that compound 1 formed a 2:
1 complex with Mg2+. The reasonwas attributed to the ring-opening
process of the fluorescein moiety upon complexation of 1 with Mg2
+, which resulted in the remarkable fluorescence enhancement [54–
57] (Scheme 2). Furthermore, the detection limit of compound 1 for
sensing Mg2+ was calculated based on the fluorescence titration
spectra. As shown in Fig. 4, the fluorescence enhancement could be
easily detected when the concentration of Mg2+ reached 0.05-
0.50 mM, and a linear relationship between the fluorescence
intensity at 504 nm and Mg2+ concentration was obtained in the
range of 0.05-0.40 mM (Fig. S9). On a basis of the results above, the
detection limit was calculated to be 2.67 � 10�8M (0.64 ppb). As a
result, the fluorescence emission intensity at 504 nm increased by
about 49.58-fold in the presence of 0.5 equiv. of Mg2+ with high
selectivity and sensitivity.

3.4. Binding stoichiometry between compound 1 and Mg2+

In order to confirm the binding stoichiometry between com-
pound 1 and Mg2+ in ethanol, a Job’s plot was conducted by keeping
Fig. 2. (a) Changes in fluorescence emission spectra of 1 (50 mM) upon addition of Mg2+

323 nm. (b) The fluorescence intensities at 504 nm of 1 (50 mM) in the presence of Mg2+ (
ethanol. ((1) 1; (2) 1 + Mg2+; (3) 1 + Al3+; (4) 1 + Ba2+; (5) 1 + Ca2+; (6) 1 + Cd2+; (7) 1 + Co2

1 + Na+; (15) 1 + Ni2+; (16) 1 + Pb2+; (17) 1 + Zn2+) (lex = 323 nm, slit: 3.0/3.0 nm).
the total concentration of 1 and Mg2+ constant at 100 mM. As can be
seen from Fig. 5, the fluorescence emission intensity at 504 nm was
dependent on the molar ratio of Mg2+ in complex 1-Mg2+ in the
range of 0.1–0.9, and it reached maximum at the molar ratio of 0.3
(Fig. 5). These results suggested that a 2: 1 complex was formed
between compound 1 and Mg2+.

Moreover, in order to prove the binding stoichiometry between
compound 1 and Mg2+, the electrospray ionization mass spectra
(ESI–MS) of complex 1-Mg2+ was further explored by adding Mg
(NO3)2�6H2O into the ethanol solution of compound 1. As depicted
in Fig. 6, the peak at m/z 1123.6156 that was assignable to [2�1 + Mg2
+ + C2H5OH + H2O � H+]+ (calcd m/z 1124.2812) was observed in the
spectra, which proved the 2: 1 stoichiometry between compound 1
and Mg2+. Based on the results of fluorescencetitration spectra, Job’s
(1 equiv.) and other respective metal ions (5 equiv.) in ethanol with an excitation at
1 equiv.) and other respective metal ions (5 equiv.) under the identical conditions in
+; (8) 1 + Cr3+; (9) 1 + Cu2+; (10) 1 + Fe2+; (11) 1 + Fe3+; (12) 1 + K+; (13) 1 + Mn2+; (14)



Scheme 2. The proposed binding mechanism for the response of 1 to Mg2+.
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plot and ESI–MS spectra that indicated 2: 1 stoichiometry, the
binding constant (K) of compound 1 with Mg2+ was estimated as
5.62 � 106M�1 by the Benesi–Hildebrand equation (1) from
fluorescence titration experiment (Fig. S10), and the result was
within the range 103–109M�1 of those reported Mg2+ fluorescent
probes [58–60].

A comparison between our fluorescent probe 1 and other
previously reported probes for Mg2+ detection was listed in
Table 1. In comparison with other fluorescent probes, our probe
1 had similar detection limit and binding constant value with
that of others [61–63], and the detection of Mg2+ was not
interfered from Ca2+, indicating that 1 could recognize Mg2+ with
Fig. 4. Change in fluorescence emission spectra of 1 (50 mM) measured in ethanol
upon addition of various concentration of Mg2+ (0.05, 0.10, 0.15, 0.20, 0.25, 0.30,
0.35, 0.40, 0.45, 0.50 mM, respectively) with an excitation at 323 nm.
high selectivity and sensitivity without interferences from most
of other common metal ions.

3.5. 1H NMR experiments

Finally, 1H NMR experiments were studied to further investigate
the binding mechanism for the response of 1 to Mg2+. Fig. 7 shows
the spectral changes of compound 1 upon addition of 1.0 equiv. of
Mg(NO3)2�6H2O in DMSO-d. Treatment of 1.0 equiv. of Mg2+ to the
solution of compound 1 led to the considerable downfield shift in
the proton signal of the hydroxy group from chromone from d
10.14 ppm to d 10.26 ppm and two proton signals of the hydroxy
group from fluorescein from d 9.95 ppm to d 10.07 ppm,
respectively, which indicated that two intramolecular hydrogen
Fig. 5. Job’s plot for determining the stoichiometry between 1 and Mg2+ in ethanol
(XMg = [Mg2+]/([Mg2+] + [1]), the total concentration of 1 and Mg2+ was 100 mM).



Fig. 6. ESI–MS spectra of 1 and Mg2+ in ethanol.

C.- Li et al. / Journal of Photochemistry and Photobiology A: Chemistry 356 (2018) 700–707 705
bonds were formed after complexation of compound 1 with Mg2+.
Additionally, the proton signal of the methenyl group (at d
8.32 ppm) was shifted downfield to d 8.36 ppm and the signal of
the eighth proton H8 of the chromone moiety (at d 8.71 ppm) was
shifted upfield to d 8.65 ppm, respectively. However, almost no
spectral changes were observed in other proton signals in the
presence of Mg2+ (Fig. 7). From the results above, it was concluded
that the oxygen atom of the carbonyl group from chromone moiety
and the oxygen atom of the carbonyl group from the ring-opening
structure of fluorescein moiety participated in the coordination of
compound 1 with Mg2+, and the ring-opening structure of the
fluorescein moiety was observed in complex 1-Mg2+. In order to
satisfy the coordination number of Mg2+ (CN = 6) [64–66], one
hydrogen oxide molecule and one ethanol molecule were also
Table 1
Comparison of the characteristics of probe 1 with those previously reported Mg2+ fluo

Fluorescent probe Interfe

diethyl-2,20-(3-nitro-2-oxochroman-4-ylazanediyl) diacetate Ba2+, C
(E)-2-((2-pyridin-2-yl)hydrazono)methyl)quinolin-8-ol Ca2+, C
7-hydroxy-4-methyl-8-((pyridine-2-yl-imino)methyl)-2H-chromen-2-one No int
6-Hydroxy-3-formylchromone fluorescein hydrazone Zn2+
coordinated with Mg2+ in the complex 1-Mg2+ (Scheme 2), which
was well consistent with the UV–vis titration spectra and ESI–MS
spectra.

4. Conclusion

In summary, we designed and synthesized a novel fluorescein
derivative 1 bearing the chromone moiety. This compound 1 could
selectively bind with Mg2+ and responded to Mg2+ in the UV–vis
and fluorescence emission spectra. The fluorescence emission
intensity at 504 nm increased by about 49.58-fold in the presence
of 0.5 equiv. of Mg2+ with high selectivity and sensitivity, for the
detection limit could reach 2.67 � 10�8M (0.64 ppb), and most
metal ions that were abundant in human body did not interfere
rescent probes.

ring ions Detection limit (M) Binding constant (M�1) Ref.

s+ 5.00 � 10�8 5.05 �105 [58]
d2+ 1.91 �10�8 1.91 �107 [59]
erferences 9.00 � 10�8 2.17 � 104 [60]

2.67 � 10�8 5.62 � 106 This work



Fig. 7. 1H NMR spectra of 1 upon addition of Mg2+ in DMSO-d6 (a) 1; (b) 1 and Mg2+ (1.0 equiv.).
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with the fluorescence response of 1 to Mg2+. Furthermore, the
reaction process between compound 1 and Mg2+ was nearly
completed within 3 min, and the 2: 1 stoichiometry between
compound 1 and Mg2+ was determined by fluorescence titration
spectra, Job’s plot and ESI–MS spectra. Therefore, this compound 1
could be utilized as a fluorescent probe for detecting and
monitoring Mg2+ for real-time detection and might accelerate
the development of other fluorescein-derived probes.
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