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Abstract

The asymmetric salamo-based probe molecule (H:L) was synthesized and characterized
structurally. When DMF / H>O (9 : 1) was used as the solvent, it was shown the probe Hz2L
has high- sensitivity to Cu?*. Using high-resolution mass spectrometry and theoretical
calculation, it was found that the probe HzL can form a more stable complex (1:1) with Cu®*,
the minimum detection limit (LOD) of H:L for Cu®" was calculated as 9.95 x 10® M. In
addition, the probe H:L can also be used to identify B4O7*~ under the same detection
condition and the minimum detection limit (LOD) of HzL for BsO7*~ was calculated as 4.98
x 107" M. At the same time, the DFT theoretical calculation further proved the flexibility of
the probe Hz2L. Through the action of EDTA, the probe H:L had a cyclic ability to recognize
Cu?*, and showed a better response in the physiological pH range, and the probe HzL had the
characteristics of fast recognition speed and high efficiency. In addition, the probe H:L tested
the test paper of Cu** and B4O7*", and the effect was more obvious. Meanwhile, the probe

H:L can be used to quantitatively detect Cu?* in water samples.
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1| INTRODUCTION

Copper ions are widely found in nature and are essential micronutrients for human
health [1]. Although their content is very small, the human body will be abnormal once it is
lacking [2]. Copper ions are the structural components and active centers of some enzymes in
the body, and also act as activators to affect the activity of enzyme [3- 6]. It has an important
influence on the development and function of blood, central nervous system, immune system,
hair, skin, bone tissue, brain, liver and heart [7-10]. In addition, copper often appears in the
form of complexes, and it has a variety of forms, usually can be used as a small molecule
catalyst, which makes copper complexes widely used in industrial production [11]. However,
in industrial production and human environment [12-14], excessive copper ions will lead to
environmental pollution and abnormal body functions, which becomes very important for the
rapid and accurate detection of copper ions [15].

Borax is a very important boron-containing mineral and a boron compound [16-18].
Borax has a wide range of uses and can be used as a cleaning agent, a cosmetic, an insecticide,
and other boron compounds [19,20]. Although boron is a necessary trace element in the
human body, the content is too low and too high, which will have a damaging effect [21-23].
Adding borax to food may cause cumulative damage to the human body [24,25]. Long-term
excessive intake of boron has toxic effects on human reproduction, development and
endocrine system. It is widely used as a food additive in various countries in the world, but
because it is highly toxic, although it is very necessary to detect borax [26]. At present, the
detection of borax is mainly carried out by the neutralization titration method, the steps of
this method are relatively cumbersome and the cost is relatively high [27,28]. Therefore, the
development of a fluorescent probe for quantitative analysis of BsO7%> becomes extremely
important for living organisms and the environment [29-31]. However, the use of salamo-

based ligands for fluorescence detection of B4O% is very rare.
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People are devoted to designing and synthesizing low-cost and fast-response high-
sensitivity fluorescent probes for identifying water, environment, and organisms to quickly
and effectively detect heavy metal ions and more toxic anions [32-35]. Salamo-based
compouns and their derivatives are the most versatile chelating ligands in inorganic and
organometallic chemistry [36-39]. The salamo-based ligands are coordinated by oxygen and
nitrogen atoms, and have basically similar coordination characteristics with a wide range of
metal ions [40-43], and have the advantages of relatively simple preparation method,
relatively easy structure modification and good selectivity [44-46]. The catalysts [47,48],
magnetic materials [49], electrochemistry [50,51], luminescent materials [52,53], antibacterial
activities [54,55] and probe properties of salamo-based complexes make them more widely
used [56-58]. In this study, a new fluorescent probe was discovered for the detection of
B4O7*~ and Cu?*, which is very rare, and the detection of B4O7*~ and Cu?* can be achieved by

its fluorescence intensity [59-61].

2|EXPERIMENTAL
2.1 | Materials and methods

The reagents and solvents selected are analytical grade reagents from the Cologne Reagent
Plant in Chengdu. All metal salts used in the cation test were of the formula M (NO3),xH>0,
while the sodium salt was used in the anion experiment. 'H and '*C NMR spectra were
recorded in CDCIl; solution at room temperature on a Bruker AV 500 MHz spectrometer at
500 and 126 MHz, respectively. The melting point was obtained using a micro melting point
apparatus manufactured by Beijing Tyco Instrument Co., Ltd. Fluorescence spectroscopy was
performed on an F-7000 FL 220-240V spectrophotometer from Hitachi, Tokyo, Japan. All pH
measurements were made using a pH-10C digital pH meter.

The probe H2L (3.30 mg, 0.01 mmol) was dissolved in 10 mL of DMF: H>O (9:1, V/ V)
solution to a final concentration of 1 x 107 mol/L. The arrangement of anionic and cationic
salts was also 1 x 102 mol/L, respectively. All tests were performed in Tris-HCI solvent with
pH = 7.23. The fluorescence test was performed with a 1 cm adaptive cuvette at room

temperature. A fluorescence spectrometer was used to monitor the change in fluorescence
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intensity (Aex = 310 nm, slit width 10/10 nm).

All quantum calculations are run using Gaussian 09, using density functional theory
(DFT), using the Becke’s three parameter hybrid method by using the Becke88exchange
functional and LYP correlation functional (B3LYP), and selecting the 6-31G (d, p) basis set
for geometric optimization. The molecular electrostatic potential (MEP) and molecular orbital
analysis of the probe was done with Multiwfn3.7, and the three-dimensional space map was

drawn using VMD software.

2.2 | Synthesis of the probe H:L

6-Methoxy-2,2'-[ethylenedioxybis(nitrilomethylidyne)]diphenol (H2L) was synthesized
according to a similar method previously reported [62,63]. The reaction procedure for the
synthesis of the salamo-based probe (HzL) was shown in Scheme 1. Finally, a white powder
was obtained in a yield of 77.9% (Based on 2-hydroxybenzaldehyde). M. p.: 72-74 °C. Anal.
calcd. for C17H1sN2Os: C, 61.81; H, 5.49; N, 8.48. Found: C, 61.96; H, 5.54; N, 8.36. 'H
NMR (500 MHz, CDCls): & 9.74 (s, 2H), 8.24 (s, 2H), 7.29 (d, J = 7.1 Hz, 1H), 7.16 (d, J =
6.1 Hz, 1H), 6.97 (d, J = 8.2 Hz, 1H), 6.91 (d, J = 3.6 Hz, 2H), 6.86 (s, 1H), 6.82 (dd, J = 7.8,
1.7 Hz, 1H), 4.48 (s, 4H), 3.91 (s, 3H). (Figure S1). *C NMR (126 MHz, CDCls): & 157.46
(C), 152.33 (CH=N), 152.01 (CH=N), 148.20 (C), 147.13 (C), 131.39 (CH), 130.94 (CH),
122.44 (CH), 11957 (d, CH), 116.78 (CH), 116.49(C), 116.20(C), 113.57 (CH),
73.14 (CHy), 72.95 (CH>), 56.21 (CHs). (Figure S2).

3IRESULTS ANDDISCUSSION

3.1 | Solvent selection
3.1.1. Solvent effect

In order to study the effect of solvents on the fluorescence intensity of the probe HaL,
more than ten commonly used solvents (MeOH, EtOH, DMK, THF, ACN, Py, TCM, DCM,
PhH, EA, DMF and DMSO) were selected for testing, and a suitable solvent was selected for

subsequent testing of the probe H2L. The best emission wavelength of benzene with the
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lowest polarity was selected as the emission wavelength of the test, and the fluorescence
spectra of the probe HzL were tested for the above solvents at the same emission wavelength
(Figure 1). The experimental phenomenon indicated that the probe HzL shows the strongest
fluorescence in DMF solvent. Therefore, DMF solvent was selected as the best solvent for the

test.

3.1.2. Water-containing system study

The influence of the aqueous organic mixing system on the probe H:L needs to be
further studied, and the organic mixing system with the optimal water content was selected as
the solvent for subsequent experiments. As the water content increased, the fluorescence
intensity weakened relatively. When the water content in the system reached 90%, a large
amount of flocculent precipitates was generated in the solution, and the fluorescence was
quenched (Figure 2). Therefore, the performance of the probe HzL was selected in a 90%

DMF aqueous solution and used as a solvent for subsequent experiments.

3.2 | Fluorescence response of H:L to various metal cations
3.2.1. The probe H:L response to cations

Based on the above experimental basis, the detection of cation recognition by the probe
H2L was carried out in the solvent system of DMF: H,O (9:1, V / V). When Cu?* was added
to the probe H:L solution, the color of the solution changed significantly. Under a normal
light source, the color of the solution changed from the original light yellow to bright brown.
Under the irradiation of a 365 nm UV lamp, the solution of the probe HzL was bright blue,

and the color of the solution disappeared after the addition of Cu?* (Figure 3).
At an excitation wavelength of 330 nm, the probe H:L solution showed a strong
fluorescence emission band at approximate 387 nm. Excessive cations were added to the

probe HoL solution, and the experimental results found that the fluorescence of the probe
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H:L solution was completely quenched only when Cu?* was added. In addition, after added
Zn?*, Mn?* and Fe**, the fluorescence of the probe HL solution also quenched to some
extent, but these results did not affect the recognition of Cu?* by the probe HzL (Figure 4a).

The specificity and sensitivity of the probe HzL to Cu?* recognition was further studied
through fluorescence anti-interference experiments (Figure 4b). After added various metal
ions (Li*, Na*, K*, Mg?", Ca?", Sr**, Ba?*, Cr**, Mn**, Fe**, Co?*, Ni**, Cu?', Zn>', Pb*", Ag",
Cd**, APP* and Hg?") to the probe HzL solution respectively, the fluorescence intensity of the
solution hardly changed, and then a certain amount of Cu?* was added to the metal ion-
containing solution respectively, and the fluorescence intensity of the solution was quenched.
The results of anti-interference experiment are consistent with the results of Irving-Williams
sequence, the L-Cu?* complex is more stable in the corresponding complexes formed by
transition metal ions and the ligands containing N coordination atoms. Interestingly, the
fluorescence intensity of L-Cu?* solution decreases to a lower value after added Pb?*, which
can be attributed to the closing of the fluorescence group of the probe HL, resulting in a
decrease in the fluorescence of L-Cu?* [64]. The experimental results showed that other metal
ions have little effect on the recognition of Cu?* by the probe HaL, which reflected the
specificity of the probe HaL.

Subsequently, a fluorescence titration experiment was performed to check the binding
ability of HzL to Cu?*. In 2 mL of Tris-HCI buffer solution (1 x 10 mol/L), added 20 uL of
H:L solution, and added Cu?* solution to it. As the amount of Cu?* continues to increased,
the fluorescence intensity of the solution gradually weakened. When 1.0 equivalent of Cu?*
solution was added, the fluorescence of the solution was completely quenched, and after
exceeding 1.0 equivalent, the fluorescence intensity of the solution no longer changes, as
shown in Figure 4c. The titration results indicated that the probe H2L formed a 1: 1 stable
complex and Cu?*. At the same time, we also draw the working curve of the probe molecule
HaL to identify Cu?*, which further proved that the ratio of HaL to Cu?* is 1: 1 (Figure S3).
In addition, LOD (9.95 x 108 M) and LOQ (3.32 x 107 M) were calculated (Figure S4a)
[7,35]. According to the Hill equation (Figure S4b) [15], the binding constant K of HzL and

Cu?* was estimated to be 1.36 x 10° M, the calculation results showed that the probe HaL
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has a high binding capacity for Cu?*.

3.2.2. Recognition mechanism of the probe H>L for Cu’*

Based on the above experimental results and theoretical basis, the recognition
mechanism of the probe H:zL to Cu?" was explored. High-resolution mass spectrometry was
performed on the copper complex (Figure S5). From the high-resolution mass spectrum, the
highest peak could be seen at 394.14, the molecular weight of the probe H:L was 330.34,
which was exactly the same as the molecular weight of the different copper atoms (64). This
result was consistent with the above titration part, and the probe H:L formed a 1: 1 complex

with Cu** (Scheme 2).

In addition, the theoretical calculation of the probe H:L and its copper(Il) complex was
carried out [38,39]. The structure of the optimized probe H:L and copper(Il) complex was
shown in Figure 5. The HOMO and LUMO orbits of the probe H:L showed that there were
high electron densities on the N and O atoms, which indicated that the cavity formed by N
and O atoms was easy to coordinated with Cu?*. When Cu?* was added, the phenolic
hydroxyl group of the probe HzL was completely deprotonated, and Cu?* coordinated with its
phenolic oxygen and oxime nitrogen atoms and formed a new copper(ll) complex. The
energy gap difference between the HOMO and LUMO of the copper complex was 6.09655
eV, which was lower than the energy gap difference between the HOMO and LUMO of the
probe HzL (6.8227 eV), which indicated that L-Cu?* was more stable, which further indicated

that the addition of Cu?* caused fluorescence quenched.

3.2.3. Reversible test of HzL recognition of Cu’*

Through the study of the mechanism, the reversibility of the probe H:L for Cu®*
recognition was further studied. EDTA is a more commonly used complexometric agent. In
this process, EDTA was selected as the probe H:L to recognize the reversibility of Cu?*. By
alternately adding Cu?* and EDTA, the fluorescence change of the probe H:L in the "off-on-

off" mode was achieved. As shown in Figure 6, the fluorescence emission of the probe H:L
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showed alternating fluorescence quenching and enhancement in at least three cycles, and the
fluorescence loss was small, indicating that the recognition process of Cu®* by the probe H2L
was reversible.

Finally, the previously reported literatures were compared with the binding constants
and detection lines of Cu®* and B4O+*~ identified in this work. From Table 1, we can see that
our probe H:L is superior to them [5,6,9,10,26,61].

3.3 | Fluorescence response of H:2L to various anions
3.3.1. The probe H:L response to anions

In order to further explored the response of the probe H:L to anions (F~, ClI', Br, T,
HPO4*", H,PO4~, P207*, S*7, OAc, SO+, CO3*", HCOs~, CN™, ClO4~ and B4O7%), it was
studied by added different anions to the probe HzL solution, as shown in Figure 7a. When the
B4O7* was added, the fluorescence intensity of the probe H:L solution was quenched,
different from identifying Cu®*, new peaks appeared at 392 and 452 nm during the
identification of B4O7*, and it could be seen in the illustration that their solution disappeared
under a 365 nm UV lamp. However, after added other anions, the fluorescence intensity of
the probe H:L solution did not change significantly. Among them, only when F~ was added,
the fluorescence intensity had a small changed and weakened. The experimental results
showed that the probe HzL had a highly specific recognition of B4O7*~ in common anions.

The effect of other anions on the recognition of BsO7*~ by the probe Hz2L was further
studied through anti-interference experiments, as shown in Figure 7b. After separately added
other anions to the probe HzL solution (F~, Cl-, Br, I, HPO4*", H,PO4~, P2O7*, S*7, OAc,
SO4>", COs*>", HCO3;", CN™ and ClO4"), the fluorescence intensity of the solution did not
change significantly, and then separately added BsO+*~ solution to the above solution, the
fluorescence intensity of the solution was quenched immediately. The experimental results
indicated that the presence of anions had little effect on the probe HzL recognized B4O7*".

In addition, for the cause of detect the binding capacity of H:L and B4O7*, a
fluorescence titration experiment was performed, and BsO+*~ solution was added dropwise to
the HzL solution until the end point. As shown in Figure 7c, as the amount of B4sO7*~ was

continuously added, the fluorescence intensity of the probe H:L solution was continuously
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weakened. When added to 5.0 equivalents, the fluorescence of the solution was completely
quenched; and the fluorescence intensity no longer changed after continued addition. The
experimental results showed that the probe H2L formed a 1: 5 coordination with B4O7*". In
addition, LOD (4.98 x 10" M) and LOQ (1.66 x 10°® M) were calculated (Figure S6a). By the
Hill equation (Figure S6b), it was estimated that the binding constant K of H2L and B4O7*"
was 3.72 x 108 M!, which indicated that HzL had a higher binding ability to B4O7*".

3.3.2. B4O7*~ Recognition mechanism

For the cause of further exploring the reaction mechanism and predicting the attack site
and charge density of the chemical reaction, electrostatic potential (ESP) analysis was
performed on the probe Hz2L [65]. As shown in Figure 8, the values of different electrostatic
potentials on the molecular surface are marked with different colors, where red represents a
positive electrostatic potential, blue represents a negative electrostatic potential, and the white
part represents the zero-potential area. The negative potential that appears near the benzene
ring is mainly due to the delocalized m bond contained in it, and the negative potential is also
concentrated near the N and O atoms. This is mainly because these two atoms can act as

electron donor, there by forming other new complex.

Borate could be hydrolyzed to boric acid was the main reason led to fluorescence

quenched:

|B4os(OH),| Y4 OSH0 === 4H,BO; + 20H 2H;BO; + 2B(OH),

Due to the electron donor nature of the probe HzL, the special configuration of boric
acid entered the H:2L conjugated system, which led to photo-induced electron transfer (PET),
which changed the optical properties of the system and quenched fluorescence [26]. On the
other hand, the most stable configuration of boric acid was the C3h point group, and the C3h
point group of boric acid molecules was conducive to the expansion of the intermolecular

hydrogen bonding system, which could form a periodic structure in the two-dimensional
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plane, which also made boric acid molecules were in a state of aggregation in solution,

caused the occurrence of aggregation-caused quenching (ACQ).

3.4 | Effect of pH on the probe H:L

In order to investigate whether the probe HzL can be practically used in a physiological
environment, the pH range of H2L, L-Cu®" and L-B4O7*~ were tested (Figure 9). When the pH
value was 1~3, the acidity of the solution was too strong, which might cause the probe HzL
to lose activity, and led to low fluorescence intensity. When the pH is between 4~12, the
fluorescence value of the probe H:L increased, which indicated that the applicable range of
H:L was between pH = 4~12. After added Cu®* to the probe H:L, it was found that the
fluorescence intensity in the pH range of 1~3 was consistent with that of the probe HzL, and
the fluorescence intensity was quenched in the pH range of 4~10. The range of applicable pH
for the probe H:zL to recognized Cu?" was 4~10. Similarly, it can be observed that the range
of suitable pH for HzL to recognized B4O7*~ was 4~9. From the above conclusions, the probe
H:L was an excellent probe that could detect Cu?’" and Bs4O7* in a physiological

environment, and had excellent application prospect.

3.5 | Time response of the probe H:LL

In order to further understand whether the probe H:L has the ability of rapid
recognition, the effect of time on recognition was studied (Figure 10). Within 10 seconds of
adding Cu*" to the H:2L solution, the fluorescence of the solution was quenched, and within
the next 1 minute, the fluorescence intensity no longer changed, which indicated that within
10 seconds, the probe HzL could perform on Cu** quickly identified. According to the same
method as above, a time response test was performed on the probe HzL recognition BsO7*,
and it was found that the probe H:L recognition of B4O7*>~ can also be within 10 seconds. It
was indicated that the probe H:L has the characteristics of high efficiency and rapid

recognition of Cu®** and B4sO7*".
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3.6 | Practical application of the probe Hz:LL

In order to evaluate the practical application of the probe H:L in life, it was used to
detect the Cu®" content in different water samples [15]. Added quantitative Cu?" to different
water samples, and analyzed the test samples by standard addition method used fluorescence
spectroscopy. As shown in Figure 11 and Table 2, the Cu?* content in tap water, river water,
and rain water is 2.3, 5.2, and 7.6 uM, respectively. Repeat the test 3 times, and the relative
standard deviation is within 5%. The experimental results showed that the probe H:2L can be

used for the quantitative detection of Cu?" in different water samples.

In order to facilitate the rapid detection of Cu** and B4O7*" in the probe H:zL in daily life
[13,66], corresponding test strip test strips were made, as shown in Figure 12. Dip the dilute
hydrochloric acid treated filter paper in a DMF: H,O (9:1, V / V) solution with a
concentration of 1.0 x 107 mol/L H:L for loading. After the load was uniformed, place the
test paper in a vacuum drying-box for low temperature dried, and used the dried test paper for
the detection of Cu?" content, the test paper was blue under an ultraviolet lamp before the
test. After the Cu?" solution was dropped on the test paper strip, the color of the blue color of
the test strip would disappear within 10 seconds. After the solution of other metal ions was
added dropwise on the test paper, the test paper still showed blue under the UV lamp. After
added Cu** to the test paper again, the fluorescence of the test paper test strip disappeared
under the UV lamp. The same test was performed on B4O7*~ according to a similar detection
method, and the experimental effect was quite impressive. This test strip was more

convenient for daily life detection, and made it more widely used.

4|CONCLUSIONS

In this work, a new salamo-based probe H:L was synthesized, which can be used to
detect Cu?' and B4O7* in the physiological range, with a fast detection rate and simple
preparation. Through high-resolution mass spectrometry, it was found that the probe Hz2LL can
coordinate with Cu?* to form a new copper(Il) complex. Further DFT theoretical calculations

indicated that the newly formed complex has a stable structure, which led to fluorescence
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quenching. The recognition of B4O7*~ was mainly due to the fact that B4O7*~ is prone to
hydrolysis, and the formed H3BO3 had a unique structure. Through the ESP analysis of the
probe HzL, it can be seen that the N and O atoms of the probe HzL had a stronger ability to
electrons donor, and photo-induced electron transfer would occur. H3BOs affects the electron
cloud density of Hz2L, which caused fluorescence quenching. Finally, the probe H:L can
measure the content of Cu?" in different water samples in real life, and obtained a test strip

for rapid testing of Cu®" and BsO7*".
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FI1 G U R E 1 Fluorescence intensities of H2LL measured under different solvents.
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FI G U R E 2 Spectra of Hz2L solutions (DMF) measured in different proportions of water.
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FI1G U R E 3 Comparison of the probe H2L and L-Cu®* solution under normal light (left),

and comparison between HzL and L-Cu®* solution under 365nm UV lamp (right).
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FI G U R E 4 (a) Fluorescence spectra of Hz2LL solution (DMF: H>O (9:1, V / V)) in the
absence and presence of various metal cations (Li*, Na*, K*, Mg?', Ca*", Sr**, Ba*", Cr*",
Mn?', Fe**, Co?*, Ni*', Cu**, Zn?*, Pb**, Ag", Cd**, AI** and Hg?"). (b) Fluorescence response
of the L-Cu?" solution to various metal ions (value at 387nm). Aex = 330 nm. (c) Fluorometric

titration of Cu®" with the probe HzL.
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FI1G U R E 5 HOMO and LUMO level orbit diagrams of Hz2L and L-Cu?".
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FI G U RE 6 Reversible fluorescence experiment of H2L on Cu?".
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FI G U RE 7 (a) Fluorescence emission spectra of H2L solution in the presence of different
anions (F, CI", Br, I, HPO4*", H,PO4~, P07, S*°, OAc™, SO4*, COs>", HCOs ™, CN,
ClO4~ and B4sO+*"). (b) Fluorescence response of L-B4O7>~ solution to other anions (value at

387nm). Aex = 330nm. (c) Titration of B4O7*~ into HzL solution.

This article is protected by copyright. All rights reserved.



W A712

Vet 20.98 ESP (kcal/mol)

22.00
17.60
13.20

8.80

' -14.29 4.40
R 0.00
\° —4.40

-8.80

-13.20
-17.60
13.91 -22.00

" 17.35 \ \

e 11.43

12.02 14.33

F1I G U R E 8 Electrostatic potential (ESP) diagram for HzL.
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This article is protected by copyright. All rights reserved.



(2)2500

)
b
<
<
=]
|

1500

1000 —

Fluorescence intensity (a.u.

500 -
01— ' , ; . . . ;
350 400 450 500 550
Wavelength (nm)
(b) 2500
—O0s
—10s

- 2000 —20s
- S

fi 30s
= ——40s
et

g 1500 - —50s
5..; ——— 60§
5 —70s
£ 1000 - —80s
W@

S ——90s
@

et

=]

=

B 5004

ILL +B,0”
——
0

350 I 400 ' 450 ‘ 500 : 550
Wavelength (nm)
FI1G URE 10 (a) The time response of Cu?" to probe HzL. (b) The time response of B4O7*"
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This article is protected by copyright. All rights reserved.



2500

u.)

2000

0
.

1500

1000 -

Fluorescence intensity (a

500

Tap water
River water
Rain water

T T T T T \ T —1
350 400 450 500 550
Wavelength (nm)

F1G U R E 11 The probe Hz2L detects the fluorescence intensity of Cu®" in different water

samples.
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FI G U R E 12 Test paper (Under 365nm UV lamp).
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T AB L E 1 Comparison of binding constants and detection lines between chemosensors.

Binding Det.ec'.uon Identification ~ Environmental pH
No. sensor constant limit . Reference
(M) (M) substance monitoring range

(\/

0 _N._0O
&
1 F . N 45x10°  44x107 Cu? Lake water None [5]
X
G

o

\
N
BNC

2 SO 642x10° 47x10° Cu?* Lake water 4-8 6]

e I HN)%@ _ Well water
5 N 4 7 2+ ~
3 H 3.27x10%  4.6x10 Cu Tab water 1~10 [9]

ChrCS

Sl g
4 9.82 x 103 None Cu?* None None [10]

NS SN
O,N NO,

R ‘
0 NT

N
“ HO'

A

s UL, 472x10° 861x107 B0 None 1~7 [26]
)
0 NH, HD@

stlCL T 251x10° 131x107  Cu* Tap water 7~9 [61]
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0 o
—N N=
Tap water
7 OH HO 1.36 x 10° 9.95x 108 Cu?" River water 4~10 This work
o Rain water
/ H,L
None 4~9 This work

3.72x 108 4.98 x 107 B4O7*

T AB L E 2 Probe HzL to detect different water samples.

Sample Added Cu* Found Recovery (%) R.S.D.(n=3)
(M) (M) (%)
Tap water 50.0 523 104.6 1.3
river water 50.0 55.2 110.4 0.95
rain water 50.0 57.6 115.2 1.1
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Graphical Abstract

The asymmetric salamo-based probe (H.L) was synthesized and structurally
characterized. Using high-resolution mass spectrometry and DFT theoretical calculation, it
was found that the probe H,L formed a more stable complex (1: 1) with Cu?* to quench its
fluorescence, and the probe H.L can also identify B4O7%~. The probe H.L has the ability to
recognize the circulation of Cu?*, and showed a better response in the physiological pH
range, and the probe has the characteristics of fast recognition speed and high efficiency. In
addition, the probe H,L tested Cu?* and BsO;* test paper, the effect is more obvious.

Meanwhile, the probe HaL can be used to quantitatively detect Cu?* in water samples.

Graphical Abstract

Probe for the detection of Cu?*and B407%:
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