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水溶性萘酰亚胺类荧光探针对 Fe3＋和 －2
72Cr O 的特异性检测 
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摘要  合成了一种能选择性识别 Fe3＋和 2
2 7Cr O －的探针 N-(2-(2-(2-羟基乙氧基)乙基)-1,3-二氧基-2,3-二氢-1H-苯并[de]异

喹啉-6-基)呋喃-2-甲酰胺(1), 这是首个基于萘酰亚胺检测 2
2 7Cr O － 的小分子探针. pH 滴定表明, 分子内电荷转移

(intramolecular charge transfer, ICT)效应增强引起的光谱红移是酰胺负离子形成的结果, 还研究了探针 1 在 CH3CN/N-2-
羟乙基哌嗪-N'-2-乙磺酸(HEPES)缓冲溶液中对 Fe3＋和 2

2 7Cr O －的选择性、浓度滴定、时间依赖性、猝灭常数、检测限和

识别机理等. 研究表明, Fe3＋和 2
2 7Cr O －通过内滤效应(IFE)快速猝灭探针 1 的荧光, 猝灭在 30 s 后恒定, 猝灭常数分别为

6.14×103和 6.55×103 L•mol－1; 探针 1 对 Fe3＋和 2
2 7Cr O －的检测限分别为 1.62 和 1.56 μmol/L; 水样中 Fe3＋和 2

2 7Cr O －的

测定结果表明, 探针 1 可以作为一种在实际应用中的潜在检测工具. 
关键词  荧光探针; 2
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Abstract  N-(2-(2-(2-Hydroxyethoxy)ethyl)-1,3-dioxo-2,3-dihydro-1H-benzo[de]isoquinolin-6-yl)furan-2-carboxamide (1) 
that can selectively recognize Fe3＋ and 2

2 7Cr O －  was synthesized, which was the first small molecule probe based on naph-
thalimide to detect 2

2 7Cr O － . The pH titration showed that the spectral red shift caused by the enhancement of intramolecular 
charge transfer (ICT) effect was as a result of formation of amide anion. Besides, the selectivity, concentration titration, time 
dependence, quenching constant, detection limit and recognition mechanism of probe 1 to Fe3＋ and 2

2 7Cr O －  were also 
studied in CH3CN/N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) buffer solution. The results showed that 
Fe3＋ and 2

2 7Cr O －  could rapidly quenched the fluorescence of probe 1 through the inner filter effect. The quenching effects 
remained constant after 30 s, and the quenching constants were 6.14×103 and 6.55×103 L•mol－1, respectively. The detection 
limits of probe 1 for Fe3＋ and 2

2 7Cr O －  were 1.62 and 1.56 μmol/L, respectively. The determination of Fe3＋ and 2
2 7Cr O －  in 

water samples made it clear that probe 1 could be used as a potential detection tool in practical application. 
Keywords  fluorescent probe; 2

2 7Cr O － ; Fe3＋; naphthalimide; inner filter effect 

 
1  Introduction 

With the rapid development of modern industry and ag-

riculture, more and more toxic heavy metal ions, inorganic 
anions, small organic molecules, antibiotics and pesticides 
enter the environment and become the main pollution 
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source in water.[1-2] Therefore, it inevitably poses a serious 
threat to human life, health and living environment.[3-4]   
Fe3＋ is an essential trace element in organisms.[5-8] The 
human body requires about 30 mg per day to maintain a 
variety of life activities,[9] such as protein synthesis, osmotic 
pressure regulation, pH balance stability, hemoglobin for-
mation, oxygen metabolism, cytochrome, enzyme catalysis, 
photocatalysis and electron transfer in DNA and RNA 
synthesis.[10-17] However, insufficient or excessive Fe3 ＋ 
content can lead to many health problems.[12,14-15] Excessive 
Fe3＋ ion in the body may lead to the risk of osteoporosis, 
hemochromatosis, diabetes, depression, hepatitis, organ 
failure, respiratory problems, convulsions, cardiac arrest, 
ucleic acid and protein damage, gastrointestinal diseases 
and other diseases.[5-6,8,11,13,18-19] At the same time, insuffi-
cient Fe3＋ ion in the human body will induce Parkinsonʼs 
disease, Huntingtonʼs disease, Alzheimerʼs disease, anemia, 
insomnia and hair loss.[1,9,17,20] It is well known that chro-
mium is a heavy metal element, and its two oxidation states 
(Cr3＋ and Cr6＋) dominate in water and soil.[21,22] Although 
Cr3＋ is a necessary trace ion for mammals,[21] excessive  
Cr3＋ will bind to DNA and destroy cell structure.[23] Cr6＋ 
is a toxic ion, and even low concentration of Cr6＋ can pose 
a threat to life and health,[24-25] such as respiratory diseases, 
gastrointestinal diseases, skin damage, kidney diseases, 
central nervous system diseases, tumors, cancers, malfor-
mations and gene mutations.[24-28] As an anionic salt of Cr6＋, 

2
2 7Cr O －  also has high toxicity, carcinogenicity, teratogen-

icity and bioaccumulation.[29-32] Long term exposure to the 
environment with 2

2 7Cr O －  anion may lead to some adverse 
health effects, including allergic reaction, renal failure, 
rhinitis, gene mutation, cancer, etc.[3,28,33-35] 2

2 7Cr O －  is not 
only identified as “A” carcinogen by the world health or-
ganization (WHO),[19,25,34] but also listed as a priority pol-
lutant by the U. S. A. Environmental Protection Agency 
(EPA).[31,36] Therefore, it is of great significance to deter-
mine the contents of Fe3＋ and 2

2 7Cr O －  ions in the envi-
ronment and organisms for life health, environmental safety 
and medical diagnosis and treatment. 

To date, various analytical methods have been used to 
detect metal ions and anions, including chromatography, 
mass spectrometry, electrochemical atomic absorption/ 
emission spectrometry, graphite flame atomic absorption 
spectrometry, voltammetry, solid phase microextraction, 
high performance liquid chromatography, inductively cou-
pled plasma atomic emission spectrometry, plasma reso-
nance rayleigh scattering spectroscopy, Raman spectros-
copy, spectrophotometry and ion mobility spectrosco-
py.[3,7,15,22,32,37-39] However, most of these technologies have 
high cost, low sensitivity, long time-consuming, complex 
preprocessing and need skilled operators.[8,17,26,35] In con-
trast, fluorescent probe detection has the characteristics of 
high selectivity, high sensitivity, low cost, rapid response, 
visualization and biological imaging, which can make up 
for the shortcomings of traditional analytical meth-
ods.[11,15-16,24,37] At present, there are many reports on fluo-
rescence sensing for the detection of Fe3＋, including organic 

small molecules,[4-6,11-12,16,18,20,26] metal organic framewor- 
ks [2,7-8,10,38,40-42], quantum dots and so on.[9,13-15,39,43] How-
ever, when considering the practical application ability of 
the probe in selectivity, sensitivity, competitiveness and 
applicable conditions, researchers believe that there is still a 
need for development and progress for Fe3＋ fluorescent 
sensors.[6,11,15,39] Compared with the fluorescence sensor of 
Fe3＋, there are fewer reports on the fluorescence sensor of 

2
2 7Cr O － , and most of them are based on metal-organic 

framework (MOFs) sensors, such as Zn-MOFs,[1,31-32,35-36,44] 
Cd-MOFs,[25,33-34,45] Co-MOFs,[2] In-MOFs,[46] Eu-MO- 
Fs,[47] Mn-MOFs,[48] Zr-MOFs[28] and Pb-MOFs.[48] Alt-
hough the preparation process of MOFs sensors is relatively 
simple, it is not enough safe, convenient and quick, because 
the preparation or detection process may cause metal ions 
such as Zn2＋, Co2＋, Cd2＋, Eu2＋, Mn2＋,  Pb2＋ to enter the 
environment, and most of the detection processes require 
ultrasonic treatment or room temperature storage for a cer-
tain time.[2,27,34-35,44-48] Thus, it is very promising and nec-
essary to develop fluorescent probes for Fe3＋ and 2

2 7Cr O －  
ions with convenient detection, sensitive response, safe use 
and strong practicability. 

1,8-Naphthalimide is the photosensitive part of photo-
chemical sensor. It not only has large rigid plane and con-
jugated π system, but also has the characteristics of bright 
color and fluorescence, good light stability, high fluores-
cence quantum yield and easy modification.[49-51] Therefore, 
naphthalimides are widely used as fluorophores in probes 
structure design. In this paper, we reported naph-
thalimide-based probe 1 with selectivity, sensitivity and 
rapid response for Fe3＋ and 2

2 7Cr O －  ions, and realized its 
practical application for the determination of Fe3 ＋ and 

2
2 7Cr O －  in drinking water. Furthermore, probe 1 is the first 

organic small molecule probe based on naphthalimide for 
detecting 2

2 7Cr O － , which has higher water solubility, sensi-
tivity, convenience and practicability than the reported 
probes. Probe 1 was prepared according to the synthetic 
route shown in Scheme 1 and its structure was identified by 
NMR and MS analysis. 

  
Reagents and conditions: (a) 2-(2-aminoethoxy)ethanol, DMF, 
150 ℃; (b) furoyl chloride, Et3N, CH3CN, 90 ℃. 

Scheme 1  Synthesis of probe 1 
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2  Results and discussion 
The test medium plays a major role in the fluorescence 

properties of the probe. In this study, common solvents that 
can be miscible with water will be selected as the test me-
dium of probe 1. The results showed that probe 1 had the 
most sensitive fluorescence emission in CH3CN, and 
CH3CN was selected as the experimental medium to further 
explore the fluorescence performance of probe 1. 
2.1  Study on pH interference of probe 1 

To eliminate the interference caused by pH in the process 
of identifying analytes, the fluorescence titration experi-
ment of probe 1 about pH was carried out in the environ-
ment of CH3CN/H2O (V∶V＝1∶9) (Figure 1, a). The 
curves relationship between fluorescence emission intensity 
of probe 1 at 463 nm and pH value was established (Figure 
1, b). The results showed that fluorescence intensity of 
probe 1 remained almost constant when the pH range was 
1.67～9.66. When pH≥10.91, the fluorescence intensity of 
probe 1 decreased dramatically or disappeared gradually at 
463 nm. When pH≥12.87, the emission peak of probe 1 
clearly showed obvious red-shift to 568 nm. 
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Figure 1  (a) Fluorescence spectra of probe 1 (10 μmol/L, 
CH3CN/H2O, V∶V＝1∶9) under different pH and (b) curves 
between fluorescence intensity of probe 1 at 463 nm and different 
pH values 

To reveal the reason of the fluorescence change of probe 
1 caused by the change of pH value, the UV-Vis spectra of 

probe 1 were scanned about pH titration. The UV-Vis ab-
sorption spectra and fluorescence emission spectra of probe 
1 showed a high agreement in the process of pH titration. 
The ultraviolet absorption peaks of probe 1 were assigned, 
in which the absorption peak at 292 nm was due to the n-π* 
transition of furan group and the absorption peak at 363 nm 
was due to the n-π* transition of C＝O double bond in 
amide group. Moreover, since the amide group could form 
amide negative ion under alkaline conditions, which may 
lead to enhancement of intramolecular charge transfer (ICT) 
effect and spectral red-shift caused by the enhancement of 
power supply capacity at position 4 of naphthalimide 
fluorophore. Therefore, the fluorescence change mecha-
nism of probe 1 under strong alkali conditions was rea-
sonably and accurately provided (Scheme 2). 
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Scheme 2  Response mechanism of spectra of probe 1 under 
strong basic conditions 

2.2  Recognition properties and mechanism of probe 
1 to Fe3＋ 

Based on the excellent fluorescence properties of probe 1, 
its cation recognition performance was further explored 
(Figure 2). Under 300 nm excitation wavelength, the cations 
were added to the CH3CN/N-2-hydroxyethylpiperazine- 
N'-2-ethanesulfonic acid (HEPES) buffer solution (V∶V＝  

 
Figure 2  Fluorescence spectra of probe 1 in CH3CN/HEPES 
(V∶V＝1∶9, 10 mmol/L, pH＝7.4) buffer solution upon addi-
tion of Pb2＋, Na＋, Ba2＋, Sn2＋, Cd2＋, Co2＋, Ag＋, Cr3＋, Mn2＋,  
Ni2＋, Fe3＋, K＋, Ca2＋, Hg2＋, Zn2＋, Al3＋, Cu2＋, Mg2＋ and Fe2＋ 
ions 
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1∶9, 10 mmol/L, pH＝7.4) of probe 1 with a concentration 
of 10 μmol/L, respectively. Compared with the fluorescence 
quenching caused by Fe3＋, the fluorescence changes caused 
by the ions involved in the test could be ignored. Obviously, 
probe 1 could be used as an effective fluorescent probe to 
recognize Fe3＋. 

Fe3＋ ion was added to the CH3CN/HEPES (V∶V＝1∶
9, 10 mmol/L, pH＝7.4) buffer solution of probe 1 with a 
concentration of 10 μmol/L to establish the curvilinear 
relationship between Fe3＋ concentration and fluorescence 
intensity of probe 1 (Figures 3a and 3b). It could be seen 
that with the increase of Fe3＋ ion concentration, the fluo-
rescence intensity of probe 1 at 463 nm decreased gradually, 
and the curve between the fluorescence intensity and Fe3＋

concentration deviated from linearity gradually. Therefore, 
the appropriate Fe3＋ concentration was selected to establish 
a linear relationship with the fluorescence intensity of probe 
1 at 463 nm. The linear relationship was y＝918.80－4.50x  
(R2＝0.997). Therefore, probe 1 could be used as a potential 
fluorescent probe to accurately detect Fe3＋ with a concen-
tration of 0～50 μmol/L. 
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Figure 3  (a) Fluorescence titration spectra of probe 1 in 
CH3CN/HEPES (V∶V＝1∶9, 10 mmol/L, pH＝7.4) buffer so-
lution upon addition of Fe3＋ and (b) curves between fluorescence 
intensity of probe 1 at 463 nm and different Fe3＋ concentration 

For evaluating the quenching efficiency caused by Fe3＋, 
the quenching constant was calculated by the Stern-Volmer 
(SV) equation: I0/I＝1＋Ksv[M] (where I0 and I are the 
emission intensity of probe 1 in the absence and presence of 

Fe3＋, Ksv is the quenching constant and [M] is the Fe3＋

concentration). The result was Ksv＝6.14×103 L•mol－1. In 
addition, the formula D＝3δ/K (where D is the detection 
limit of Fe3＋ recognized by probe 1, δ is the standard de-
viation of fluorescence intensity of blank sample scanned 
for 15 times, and K is the slope value of the linear rela-
tionship between fluorescence intensity and Fe3＋ concen-
tration) was used to calculate the limit concentration of 
probe 1 in response to Fe3＋. The results were δ＝2.59, K＝
4.80, D＝1.62 μmol/L. The detection limit was lower than 
the maximum allowable concentration of Fe3＋ in drinking 
water specified by Chinaʼs drinking water standard (GB 
5749-2006) and the U. S. A. EPA, which was 5.36 μmol/L. 

The time-dependent spectra of probe 1 in response to  
Fe3＋ were measured, and the curve between the fluores-
cence intensity of probe 1 at 463 nm and the addition time of 
Fe3＋ were also established. The results showed that the 
fluorescence of probe 1 could be quenched rapidly by Fe3＋, 
stabilized within 30 s and remained stable at least 60 min. 

The UV-Vis spectra of probe 1 were recorded with the 
addition of Fe3＋. It was found that the absorption peaks 
increased and slightly blue-shifted, and a wide absorption 
band appeared in the range of 400～550 nm. These phe-
nomena were inconsistent with the fluorescence emission 
spectrum of probe 1 added with Fe3＋ ion. Further, we 
scanned the UV-Vis spectra of probe 1 and Fe3＋, and the 
fluorescence spectrum probe 1 (Figure 4). Obviously, Fe3＋ 
ion has ultraviolet absorption, and the absorption band 
overlaps with the absorption band and emission band of the 
probe 1. Based on a series of fluorescence and UV-Vis 
spectral behaviors of Fe3＋ recognized by probe 1, these 
indicate that the recognition mechanism is not due to the 
structural collapse of probe 1 and the complexation between 
probe 1 and Fe3＋, which is due to the inner filter effect (IFE) 
mechanism. These spectral phenomena had been reported 
previously in literature.[1,31,33,35,40] Researchers believe that 
fluorescence quenching is due to the energy competition 
caused by the absorption overlap between the probe and the 
analyte, and the deviation from linearity in the relationship  
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Figure 4  Absorption spectra of probe 1 and Fe3＋ and the fluo-
rescence spectrum probe 1 in CH3CN/HEPES (V∶V＝1∶9, 10 
mmol/L, pH＝7.4) buffer solution. 
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between fluorescence intensity and analyte concentration is 
due to the energy transfer caused by the emission of the 
probe overlap the absorption of the analyte. 
2.3  Recognition properties and mechanism of probe 
1 to －2

r2 7C O  
Besides, its anion recognition performance was explored 

(Figure 5). Obviously, 2
2 7Cr O －  could quench the fluores-

cence of probe 1. 

 
Figure 5  Fluorescence emission spectra of probe 1 in 
CH3CN/HEPES (V∶V＝1∶9, 10 mmol/L, pH＝7.4) buffer so-
lution upon addition of 2

2 7Cr O － , 2
2 5S O － , CH3COO－, ClO－, 

3NO－ , 2
3CO － , Br－, 3HCO－ , 2 4H PO－ , Cl－, 2

2 3S O － , 3HSO－ , 
3ClO－ , I－, 2

4SO －  and 2NO－  ions 

The 2
2 7Cr O －  ion was added to the CH3CN/HEPES (V∶ 

V＝1∶9, 10 mmol/L, pH＝7.4) buffer solution of probe 1 
to obtain the fluorescence titration spectra and the change 
trend was established (Figures 6a and 6b). It could be seen 
that the fluorescence intensity of probe 1 at 463 nm de-
creases gradually with the increase of 2

2 7Cr O － , and the 
curves between the fluorescence intensity of probe 1 and the 
concentration of 2

2 7Cr O －  deviated from linearity gradually. 
Therefore, the 2

2 7Cr O －  of 0～50 μmol/L were selected to 
establish a linear relationship with the fluorescence inten-
sity of probe 1 at 463 nm. Clearly, probe 1 could be used as 
a fluorescent probe to accurately detect 2

2 7Cr O －  ion with a 
concentration of 0～50 μmol/L, and the linear relationship 
was y＝929.18－4.97x (R2＝0.996). 

The quenching constant was 6.55×103 L•mol－1, and the 
detection limit was 1.56 μmol/L. The detection limit was 
less than the maximum allowable concentration of 2

2 7Cr O －  
in water by the U. S. A. EPA (1.92 μmol/L). Similarly, the 
time-dependent spectra of probe 1 in response to 2

2 7Cr O －  
were measured. The results showed that the fluorescence of 
probe 1 could be quenched rapidly by 2

2 7Cr O － , and stabi-
lized within 30 s and remained stable at least 60 min. 

By studying the absorption spectral response of the probe 
1 to anions and the spectral overlap between the probe 1 and 

2
2 7Cr O －  (Figure 7), it was proved that the response mecha-

nism of probe 1 to 2
2 7Cr O －  was the same as that of Fe3＋, 

which was the IFE. Further, similar spectral behaviors had 
been recorded in previously reported litera-
tures.[25,27,32,35,45-46,52-53] 
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Figure 6  (a) Fluorescence titration spectra of probe 1 in 
CH3CN/HEPES (V∶V＝1∶9, 10 mmol/L, pH＝7.4) buffer so-
lution upon addition of 2

2 7Cr O －  and (b) curves between fluores-
cence intensity of probe 1 at 463 nm and different 2

2 7Cr O －  con-
centration 
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Figure 7  Absorption spectra of probe 1 and 2

2 7Cr O － , and the 
fluorescence spectrum of probe 1 in CH3CN/HEPES (V∶V＝1∶
9, 10 mmol/L, pH＝7.4) buffer solution 

2.4  Differentiation of Fe3＋ and －2
2 7Cr O  by probe 1 

In order to distinguish Fe3＋ from 2
2 7Cr O － , EDTA was 

added as chelating agent or auxiliary agent of Fe3＋ to shield 
the fluorescence quenching caused by Fe3＋ when the probe 
1 was detecting 2

2 7Cr O －  (Figure 8). It was obvious that 
EDTA hardly affected the fluorescence of probe 1 and the 
fluorescence of probe 1 recognizing Fe3 ＋  or 2

2 7Cr O － . 
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Therefore, EDTA can not be used as an auxiliary or che-
lating agent for probe 1 to distinguish Fe3＋ and 2

2 7Cr O － , 
and EDTA can not realize the reversible application of 
probe 1. 
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Figure 8  Discrimination of Fe3＋ and 2
2 7Cr O －  and the reversi-

bility of probe 1 assisted by EDTA 

2.5  Water sample detection of Fe3＋ and －2
r2 7C O  by 

probe 1 
In order to assess the practicability of probe 1, the detec-

tion was carried out in water samples (Table 1). Obviously, 
the found values of Fe3＋ and 2

2 7Cr O －  in water samples 
were very close to the added value of Fe3＋ and 2

2 7Cr O － , 
respectively. The values of relative standard deviation 
(RSD) were less than 3.30% and 2.31%. This clearly indi-
cated that probe 1 could be used as a potential tool in prac-
tical application. 

Table 1  Determination of Fe3＋ and 2
2 7Cr O －  in water samples 

(n＝5). 

Tested ion Ion added/ 
(μmol•L－1) 

Ion found/ 
(μmol•L－1) Recovery/% RSD/% 

Fe3＋ 
2.00 2.13 106.50 3.30 
5.00 5.20 104.00 1.01 

10.00 10.34 103.40 1.97 

2
2 7Cr O －  

2.00 1.98 99.00 2.31 
5.00 5.01 100.20 1.94 

10.00 9.99 99.90 0.99 

3  Conclusions 
In conclusion, a water-soluble probe that can recognize 

Fe3＋ and 2
2 7Cr O －  based on the inner filter effect has been 

developed. When the pH value was high, due to the for-
mation of amide anion strengthening the ICT effect, the 
spectra of probe 1 were red-shifted. In CH3CN/HEPES (V∶  
V＝1∶9, 10 mmol/L, pH＝7.4) buffer solution, probe 1 
could be rapidly quenched by Fe3＋ and 2

2 7Cr O － , respec-
tively, and the quenching constants were 6.14×103 and 
6.55×103 L•mol－1. The detection limits of probe 1 for   
Fe3＋ and 2

2 7Cr O －  were 1.62 and 1.56 μmol/L, respectively, 
which were lower than the maximum allowable concentra-

tion values of Fe3＋ and 2
2 7Cr O －  in drinking water specified 

by the EPA. Moreover, the result of practical application in 
water samples indicated that the probe could be used as a 
potential tool for detecting Fe3＋ and 2

2 7Cr O － . This work 
provided a new method with selectivity, sensitivity, con-
venient detection and potential practicability for detecting 
Fe3＋ and 2

2 7Cr O － .  

4  Experimental section 
4.1  General  

All the analytical grade reagents and solvents were pur-
chased from commercial sources and used as received 
without further purification. An aqueous solution with a 
concentration of 0.01 mol/L was prepared from chlorides or 
nitrates of metal ions (Pb2＋, Na＋, Ba2＋, Sn2＋, Cd2＋, Co2＋, 
Ag＋, Cr3＋, Mn2＋, Ni2＋, Fe3＋, K＋, Ca2＋, Hg2＋, Zn2＋, Al3＋, 
Cu2＋, Mg2＋ and Fe2＋). An anionic aqueous solution with a 
concentration of 0.01 mol/L ( 2

2 7Cr O － , 2
2 5S O － , CH3COO－, 

ClO－, 3NO－ , 2
3CO － , Br－, 3HCO－ , 2 4H PO－ , Cl－, 2

2 3S O － , 
3HSO－ , 3ClO－ , I－, 2

4SO －  and 2NO－ ) was prepared from 
sodium or potassium salts. The concentration of ClO－ was 
determined at 292 nm (ε＝365 L•mol－1•cm－1). 

NMR spectra were determined on a Bruker Avance 400 
MHz instrument. Chemical shifts of NMR were given rela-
tive to tetramethyl silane (TMS) and referenced to the sol-
vent signal. Melting points were measured on an X-4 digital 
melting-point apparatus. HRMS (ESI) was measured on an 
Agilent 1100 LC-MSD-Trap-VL system. Elemental anal-
yses were performed by a CARLOERBA-1106 microele-
mental analyzer. UV-Vis absorption spectra were con-
ducted on a PerkinElmer Lambda 650 spectrophotometer. 
Luminescent spectra of the obtained samples were recorded 
on a PerkinElmer LS55 spectrophotometer. 
4.2  Synthesis 

The preparation of compound A referred to the reported 
literature.[54-55] Acenaphthene was used as raw material, and 
A was obtained through nitration, oxidation and reduction 
reactions. Orange solid, 90.1% yield. m.p. 284.1 ～
285.2 ℃; 1H NMR (400 MHz, DMSO-d6) δ: 8.92～8.00 
(m, 3H), 7.74 (d, J＝70.3 Hz, 3H), 6.87 (s, 1H); 13C NMR 
(100 MHz, DMSO-d6) δ: 162.50, 160.82, 154.40, 136.39, 
133.51, 133.07, 131.18, 124.88 119.78, 118.77, 109.20, 
102.71; MS (ESI) m/z: 212.0 [M－H]－; Anal. calcd for 
C12H7NO3: C 67.61, H 3.31, N 6.57, O 22.51; found C 
67.60, H 3.31, N 6.58, O 22.52. 

Compound A (400 mg, 1.88 mmol) and N,N'-dimethyl- 
formamide (DMF) (2 mL) were taken to reflux at 150 ℃, 
and diethylene glycol amine (250 μL, 2.50 mmol) was 
added dropwise. After thin-layer chromatography (TLC) 
monitoring showed that the reaction was completed, the 
solution was cooled to room temperature and water was 
added to separate out the product. The residue was collected 
by suction filtration, and washed with water and absolute 
ethanol to obtain 581.3 mg of compound B. Orange solid, 
89.5% yield. m.p.＞300 ℃; 1H NMR (400 MHz, DMSO- 
d6) δ: 8.67～8.54 (m, 1H), 8.47～8.34 (m, 1H), 8.19 (dd,   
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J＝8.3, 2.6 Hz, 1H), 7.70～7.57 (m, 1H), 7.45 (s, 2H), 
6.89～6.75 (m, 1H), 4.57 (s, 1H), 4.20 (d, J＝6.3 Hz, 2H), 
3.62 (t, J＝6.3 Hz, 2H), 3.47 (s, 4H); 13C NMR (100 MHz, 
DMSO-d6) δ: 164.30, 163.36, 153.24, 134.48, 131.53, 
130.20, 129.83, 124.44, 122.15, 119.82, 108.65, 107.88, 
72.55, 67.57, 60.66, 38.79; MS (ESI) m/z: 299.2 [M－H]－; 
Anal. calcd for C16H16N2O4: C 63.99, H 5.37, N 9.33, O 
21.31; found C 63.98, H 5.35, N 9.37, O 21.32. 

Compound B (102.2 mg, 0.34 mmol) and acetonitrile (2 
mL) were taken to reflux at 110 ℃, and furoyl chloride (75 
μL) and triethylamine (85 μL) were added dropwise. After 
TLC monitoring showed that the reaction was completed, 
column separation was carried out with CH2Cl2/CH3OH 
(V∶V＝50∶1) to obtain 98.20 mg of probe 1. Bright yel-
low solid, 73.3% yield. m.p.＞300 ℃; 1H NMR (400 MHz, 
DMSO-d6) δ: 10.78 (s, 1H), 8.57～8.48 (m, 3H), 8.09 (d,   
J＝8.0 Hz, 1H), 8.04 (dd, J＝1.7, 0.7 Hz, 1H), 7.88 (dd,    
J＝8.5, 7.3 Hz, 1H), 7.53 (dd, J＝3.5, 0.7 Hz, 1H), 6.79 (dd, 
J＝3.5, 1.7 Hz, 1H), 4.57 (s, 1H), 4.26 (t, J＝6.5 Hz, 2H), 
3.67 (t, J＝6.5 Hz, 2H), 3.48 (s, 4H); 13C NMR (100 MHz, 
DMSO-d6) δ: 163.95, 163.47, 157.43, 147.45, 146.87, 
140.08, 131.57, 131.57, 130.73, 128.78, 127.12, 126.47, 
123.24, 122.67, 119.47, 116.33, 112.83, 72.59, 67.39, 
60.66, 39.24; HRMS (ESI) calcd for C21H18N2O6 [M＋H]＋ 
395.1243, found 395.1230. Anal. calcd for C21H19N2O6: C 
63.96, H 4.60, N 7.10, O 24.34; found C 63.97, H 4.64, N 
7.06, O 24.36. 
4.3  Fluorescence response experiments 
4.3.1  Solvent selection 

Since the probe has different luminescence properties in 
different solvents, common water-soluble organic solvents 
were selected. The dimethyl sulfoxide (DMSO) solution of 
probe 1 was taken with a concentration of 1 mmol/L and the 
solutions of CH3CN, CH3OH, CH3CH2OH, DMSO, DMF, 
and H2O were prepared with concentration of 10 μmol/L. 
Then, 3 mL of probe solutions in different solvents were 
taken at an excitation wavelength of 300 nm, and the fluo-
rescence emission spectra of probes in different solvents 
were collected. 
4.3.2  pH response 

In order to study the effect of different pH test environ-
ments on the fluorescence emission spectra of the probe, the 
CH3CN/H2O solutions of probe 1 was prepared with a 
concentration of 10 μmol/L and different pH values were 
adjusted. The fluorescence emission spectra of probe 1 in 
different pH test environments were measured at an excita-
tion wavelength of 300 nm.  
4.3.3  Ion response 

Because probe 1 has excellent fluorescence properties, 
the fluorescence emission spectra of probe 1 with concen-
tration of 10 μmol/L in CH3CN/HEPES (V∶V＝1∶9, 10 
mmol/L, pH＝7.4) buffer solution and excitation wave-
length of 300 nm was studied. To evaluate the selectivity 
and utility of the response of probe 1 to ions, selectivity 
experiments as well as fluorescence titration experiments, 

detection limit calculations, and response time measure-
ments for the selectively responsive ions were performed. In 
addition, according to the UV-Vis absorption spectra and 
fluorescence emission spectra of the responsive ions of 
probe 1, the mechanism of the selective response of ions of 
probe 1 was rationally explained. 
4.4  Tap water detection with probe 

Water samples were collected from the taps of the School 
of Chemical and Environmental Engineering, Yangtze 
University, and the same concentrations of ions were added 
to 5 natural water samples. The RSD of 5 samples and the 
recovery of spiked samples during analysis were calculated 
based on the fluorescence response of probe 1 to evaluate 
the practicability and accuracy of the probe in practical 
applications. 
 
Supporting Information  Performance comparison be-
tween probe 1 and reported probes, fluorescence emission 
spectra of probe 1 in different solvents, UV-Vis absorption 
spectra of probe 1 under different pH, linear relationship 
between fluorescence intensity of probe 1 at 463 nm and 
concentration of Fe3＋, the variation curve of fluorescence 
intensity of probe 1 at 463 nm with Fe3＋ ion addition time, 
UV-Vis absorption spectra of probe 1 upon addition of 
cations, linear relationship between fluorescence intensity 
of probe 1 at 463 nm and concentration of 2

2 7Cr O －  ion, the 
variation curve of fluorescence intensity of probe 1 at 463 
nm with 2

2 7Cr O －  ion addition time, UV-Vis absorption 
spectra of probe 1 upon addition of anions, and the 1H 
NMR, 13C NMR and ESI-MS analysis of intermediate and 
probe 1. The Supporting Information is available free of 
charge via the Internet at http://sioc-journal.cn. 
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