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8-Hydroxyquinoline-based probeSQ and NQ revealed excellent selective
recognition towards Al with obvious vision changes of color in DMSQ@® (1/2,
v/v) solution. The both complexedQ-Al*" and NQ-AI** can further detect Fwith
the detection limits 1.64xI0 and 3.58x1T M, respectively. The fluorescence
spectra, UV spectra, HRMS and so on were usedttroa 1:1 complex between the
sensorsSQ andNQ and AP, and the complexation mode between the complexsss w
inferred by nuclear magnetic titration. In additidiiter paper and cell imaging
experiments proved the prob&Q and NQ had the potential application value to

monitor AP* and F in environment and vivo.



Fluorescent schiff base probes for sequential teteof AI** and F and
cell imaging applications
Jiaxin Fu, Bai Li, Huihui Mei, Yongxin Chang, KuoXu"”

College of Chemistry and Chemical Engineering, Henaivéssity, Kaifeng 475004, Henan, China
Abstract: Two novel Schiff-base fluorescent probe8) and NQ based on
8-hydroxyquinoline moiety were designed and syn#iees The both probes were
capable of binding with A by naked eye detection to produce a significant
fluorescence enhancement response with a detditidrof 1.48x10° and 4.23x10
M, respectively. At the same time, the formed camrpsSQ-Al** andNQ-AI** could
sequentially detect Fand the detection limits of Rvere determined to be 1.64x10
and 3.58x1T° M, respectively. The “off-on-off’ fluorescence respe process
demonstrated that the binding were reversible. diiobes were further successfully
utilized to detect AT" and Fin vitro PC12 cells.

K eywords: Schiff base; Visible sensing; &land F; off-on-off; Cells imaging

1. Introduction

Among variant analytes, the role of metal ions mvienment and living
organisms cannot be ignored, particularly*Atistributing in all corners of the earth
and frequently utilized in various fields, such lagh tension wire, space shuttle,
kitchenware and clinical drugs [1]. Neverthelessi] acidity increasing Al ion
caused is detrimental growing crops [2, 3] and marine lives. The toxigsut of
Al** jon is not only known to affect the plants and atéu ecosystem but also
confined to humans. It is threatening even deallf exposure of mankind to the
inevitable aluminium environment for a long timehieh probably poses several
neurodegenerative diseases, including represeata#izheimer's disease [4] and
Parkinson's disease [5], as well as glucose irdota¥, memory loss and cardiac arrest
[6, 7]. Though conventional analytical techniqueke | as atomic absorption
spectrometry (AAS) [8, 9]Jpn chromatography (IC) [10, 11] and inductivelyupted
plasma mass spectrometry (ICP-MS) [12, 13] are eyapl to detect ions or neutral
molecule at short intervals. However, the vital vdvacks still exist where
cumbersome pretreatment test only in vitro, poal-tiene monitoring and high
maintenance costs make them subject to a good afeedstrictions in practical

applications. Fluorescent probe, as the cruciabareh realm of supramolecular
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chemistry, occupies a valuable position in molectggognition, which is relevant to
its traits containing facile operational procedureigh selectivity and sensitivity in
fluorescent assays [14-16], alongside the possibaf applications in biologically
and environmentally pertinent species [17-19]. 8ithh many Al* fluorescent probes
have been developed, there still exist some shestaguch as suffering from the
interferences of P& CU* and Zif* ions, poor water-solubility. Thus it is
indispensable and pressing to go in quest of higielective and sensitive &l
fluorescent probe. Meanwhile, the function of asi@annot be neglected as well on
the environment and biology, particularly, Rvhich plays the part of the field of
biology and environment, such as pharmaceuticahtagieerapy of osteoporosis and
prevention of dental caries [20, 2The disorder of Fis in charge of several diseases
containing stomach ulcer and urolithiasis [22, 28I hence it is high time to identify
F to guard against related untoward conditions.

8-Hydroxyquinoline and its derivatives were seldcter synthesis not only as
fluorophore and recognition group, but also dudhte features of high absorption
coefficient, long-wave absorption and emission ewgth after modification.
Considering that poor coordination ability of*Atompared to transition metals and
the lack of spectroscopic chatacteristics [24, #%, introduction of the C=N double
bond also enhances its ability of selection anageition for AF*. So Schiff-base
ligands 8-hydroxy-N'-(2-hydroxybenzylidene)quin@i-carbohydrazideSQ and
8-hydroxy-N'-((2-hydroxynaphthalen-1-yl)methyleneiapline-2-carbohydrazid®Q
based on 8-hydroxyquinoline were applied in thigsgrao detect A and F [26, 27].
The detection of Fthrough particular interactions betweer*’Abnd F utilize the
non-covalent interactions with low energy to forAiH,]"™ complex [28, 29], which
saves the cost, enhances specific recognition bnabifity. Due to excited-state
intramolecular proton transfgESIPT) and C=N isomerization, the fluorescence
intensities 0fSQ andNQ were greatly reduced, but once combining with"Ab form
complexes, the rigid chelation structure of the l@hgystems were turned up and the

fluorescence intensity were greatly improved. Wihile fluorescence of the resulting



complex quenched by interacting with Bnd the “off-on-off” fluorescent changes
were reflected by changes in the spectrum (UV-uifluorescence). These analytical
phenomena were also supported in PC12 cell imagipgriments and indicated the
potential of applications iwvo.

Compared with some of the fluorescent probes réceateased for Al ion
detection [30-36], in general, our probes have sauhantages over other probes,
while the other probes rarely do better. Firstpasgion constant (Ka) represents for
the tightness between host and guest. The Ka valug® andNQ are greater than
that of most. Besides, detection limit means thesisieity of probes towards analyte.
Our probes illustrate TOM sensitivity to metal ions, while few probes esérvalues
in this range. Finally, our probes both accomplishanion recognition, paper test and

cell image. Comprehensive comparison is listethénTable 1.

Table 1 Performance comparison of recently publighebes
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2. Materials and methods
2.1. Materials and instrumentation

IR spectra was measured using a Nicolet 670 FlptRtsophotometetH NMR
and *C NMR was recorded on Bruker-AV-400 NMR spectrometgV-visible
absorption spectra was acquired on a Perkin-Elmeamda-25 UV-Vis
spectrophotometer. Electrospray ionization masstspaetry (ESI-MS) spectra was
measured on a Brukerama Zon SL mass instrumerdrddoence spectral was carried
out in an F-7000 fluorescence spectrophotometes. Mklting point was taken on a
MEL-TEMP 1l melting point apparatus. The fluorescenquantum yield was
evaluated with JY HORIBA FluoroLog-3 Steady-TramsiBuorescence spectrometer.
The reagents and pharmaceuticals referred hereiga axailable from commercial
suppliers and used without further processed. Tawlnions used were all nitrate or
chloride salts, and the anions were tetrabutylamomoeror sodium. The intermediate

compoundl was prepared with the reported literatures [37, 38

2.2. Analysis

The nitrate or chloride salt of various metal i@amsl the tetrabutylammonium or
sodium salt of anions were separately dissolve®l nmL deionized water to prepare a
stock solution for concentration of 0.1 M, and tleeresponding volume was taken up
using a micro syringe during spectrome®@ or NQ were formulated into a DMSO

stock solution of 0.01 M, and diluted to 3.33X1L0M in a cuvette containing
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DMSO-H,O (1/2, viv) solution for analysis. The test saativolume was 3 mL. In
the fluorescence spectroscopy experiment, diffezententrations of metal ions were
added separately to a series ) or NQ solutions and mixed evenly; next the
fluorescence intensity of every system after additivere recorded to judge the
identified metal ion. The screening process of am@s similar to the method above.
Then the affinity ofSQ or NQ was evaluated to recognize*Abr F in the presence
of other interfering ions. During the titration exjment, AP* or F was gradually
added to the singlésQ or NQ system until equilibrium, and the UV-vis or
fluorescence spectrum data were collected unifarifiyg excitation wavelengths of
SQ andNQ were 405 and 455 nm, respectively. In tHeNMR titration experiment,
Al®* with different concentrations were added to sdvédMSO-ds solutions

containingSQ or NQ, and the chemical shifts were observed.

2.3. Yynthesis:

CompoundL: *H NMR (CDCk) & 10.22 (s, 1H), 8.32 (d,= 8.5 Hz, 1H), 8.16 (s,
1H), 8.06 (dJ = 8.5 Hz, 1H), 7.63 () = 8.0 Hz, 1H), 7.43 (d] = 7.8 Hz, 1H), 7.29
(d,J=7.7 Hz, 1H).

Compound2: Compoundl (0.43 g, 2.50 mmol) was placed in a round bottom
flask, 20 mL of 30 % KD, and 2 drops of formic acid were added, and theti@a
was stirred at room temperature for 8 h until doyelprecipitate appeared. The solid
was filtered and dried to give compoudyield: 96 %.'*H NMR (DMSO-dg) 5 10.23
(s, 1H), 8.57 (dJ = 8.5 Hz, 1H), 8.15 (d] = 8.5 Hz, 1H), 7.64 () = 7.9 Hz, 1H),
7.54 (d,J = 8.2 Hz, 1H), 7.22 (d] = 7.6 Hz, 1H).

Compound3: Thionyl chloride (0.5 mL) was added dropwise iatoontinuously
stirring round bottom flask containing 15 mL of ma&hol in an ice bath, then
compound (0.47 g, 2.50 mmol) was added to the above systahthe reaction was
refluxed for 6 h under Nprotection. After the reaction, the solvent waaparated
under reduced pressure to give compoB8rak orange solid. Yield: 82%H NMR

(CDCl) & 8.24 (d,J = 8.5 Hz, 1H), 8.11 (d] = 8.5 Hz, 1H), 7.51 (] = 8.0 Hz, 1H),



7.33 (d,J = 8.2 Hz, 1H), 7.18 (d] = 5.6 Hz, 4H), 5.23 (s, 1H), 4.00 (s, 2H).

Compound: Compound (0.50 g, 2.50 mmol) was dissolved in a round botto
flask with 15 mL of ethanol, then 80 % hydrazineltate (0.93 mL, 15.00 mmol) was
added and refluxed for 8 h. After the reaction edplthe solid was precipitated,
filtered, washed with ethanol and dried to give poomd4 as yellow solid. Yield:
87%.H NMR (DMSO-ds) § 10.78 (s, 1H), 8.49 (d = 8.5 Hz, 1H), 8.12 (d) = 8.5
Hz, 1H), 7.55 (tJ = 7.9 Hz, 1H), 7.47 (dJ = 8.1 Hz, 1H), 7.15 (d] = 7.5 Hz, 1H),
4.66 (s, 2H).

SQ and NQ: Salicylaldehyde (0.31 mL, 3.00 mmol) or
2-hydroxy-1-naphthaldehyde (0.50 g, 3.00 mmol) added to a round bottom flask
containing compound (0.51 g, 2.50 mmol) in methanol (20 mL), and redld for 6
h, finally the precipitate was filtered and dried.

SQ: vield: 86 %. Mp: 129.6-130.7). 'H NMR (DMSO-dg) & 12.66 (s, 1H),
11.08 (s, 1H), 10.19 (s, 1H), 8.87 (s, 1H), 8.59)(d 8.6 Hz, 1H), 8.25 (d] = 8.5 Hz,
1H), 7.68 (dJ = 7.7 Hz, 1H), 7.63 () = 7.9 Hz, 1H), 7.54 (d) = 8.1 Hz, 1H), 7.35
(t, J= 7.2 Hz, 1H), 7.24 (d] = 7.5 Hz, 1H), 6.99 (d] = 3.9 Hz, 1H), 6.97 (J = 8.1
Hz, 1H); **C NMR (DMSO4g) & 160.30, 157.87, 154.10, 149.02, 146.91, 138.62,
136.85, 132.16, 130.38, 130.25, 129.37, 119.98,6219119.46, 118.22, 116.93,
112.37; IR (KBr) cni: 3452, 3203, 1622, 1500, 1366, 1158, 747; MS: Céit:
[M+H]": 308.1030, Found: 308.1033.

NQ: vield: 89 %. Mp: 264.2-264.71. '*H NMR (DMSO-ds) & 12.83 (s, 1H),
12.61 (s, 1H), 10.19 (s, 1H), 9.58 (s, 1H), 8.61)(d 8.5 Hz, 1H), 8.53 (d] = 8.6 Hz,
1H), 8.27 (d,J = 8.5 Hz, 1H), 7.98 (d] = 9.0 Hz, 1H), 7.92 (d] = 8.0 Hz, 1H), 7.64
(t, J= 7.8 Hz, 2H), 7.56 (d] = 8.1 Hz, 1H), 7.44 () = 7.4 Hz, 1H), 7.29 (d] = 5.4
Hz, 1H), 7.27 (dJ = 4.0 Hz, 1H);"*C NMR (DMSO4ds) 5 160.23, 158.65, 154.10,
148.17, 146.83, 138.66, 136.90, 133.52, 132.09,4P30130.29, 129.44, 128.40,
128.32, 124.10, 121.89, 119.65, 119.31, 118.28421209.33; IR (KBr) cil: 3373,
3226, 1655, 1502, 1464, 1391, 1324, 1239, 1192; 886: Calcd for: [M+H]:
358.1186, Found: 358.1190.
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Scheme 1 Synthetic route 8 andNQ.

2.4. MTT assay and Cell imaging studies

PC12 cells were cultivated with fetal bovine ser{id %) in Dulbecco's modified
Eagle's medium (DMEM) at 37 °C and 5% £fOr 24 h. To begin with, MTT assay
was carried to assess the toxicity 8Q and NQ in PC12 cells at different
concentrations 0, 30, 60, 90, 1281 and then monitor the livability. Probe with
applicable concentration 10 was selected to incubate with PC12 cells at 370tC
0.5 h in PBS buffered solution, which were washeth WBS (phosphate-buffered
saline) buffered solution to eradicate the distodea of residue probe in the
extracellular media. In addition, the cells witlolpe were incubated with &lanother
for 0.5 h. Then Fwas added in the same ways. The cells were oltenveer the

DMI8 inverted fluorescence microscope after evesgtiment.

3. Resultsand discussion
3.1. Synthesis and characterization

Taking 8-hydroxyquinaldine as a raw material, th@ngline carboxylic acid
compound? was obtained by two oxidations via Seghd BHO,, and then compound
4 was obtained by esterification reaction with matilaand subsequent trapping,
which finally condensed with salicylaldehyde or yiloxy-1-naphthaldehyde to give

final compoundsSQ and NQ, respectively (Scheme 1). The structures were
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confirmed by IRH NMR, *C NMR and HRMS (Fig. s1-s7).

3.2. Spectroscopic studies of probe SQ and NQ on Al®*

Initially, the fluorescence selectivity experimentsSQ andNQ were carried out
on metal ions. Almost no fluorescence emission pediSQ (Aex. 405 NM,® = 0.51)
andNQ (Aex 455 nm,® = 2.39) were observed in the DMSQ@Hsolution (1/2, viv).
When Li', Na', K*, Ag", Mg?*, C&*, AI**, C&*, Ni**, CU#*, F&€*, Mn**, P, Zr?",
B&', Het*, cd*, Cr**, F€" ions were added respectively into several solstion
including SQ or NQ, it was found that no obvious fluorescence chareyespt for
Al** (Fig. 1).Once Af*existed,SQ andNQ had prominent 270-foldi( = 0.86) and
460-fold @ = 7.16) fluorescence enhancement at 505 nm andnfQ9separately,
alongside the colors of both systems changed fralorless to green (under UV-light

365 nm).

(a) 3004

250

400 / \ A
w0 NQ, Li*, N, K', Ag’, Mg”",
) cd’, cd’, Ni™", e, Fé",

~ Mn*, PE, 2", BE", HY,
. cd, ¢ and F&

: \\
1004 \\\

Wavelenth (nm) Wavelength (nm)
Fig. 1. Fluorescence spectrum changes ofS@e(a) or NQ (b) solution (3.33x10 M) after
separately different metal ions added in DMSEBH1/2, v/v) solution, inset: color change3f)
solution before and after adding®Alon. Inset: color change of tiQ or NQ solution before and
after the addition of AT

2004 —

SQ, L', Nd, K, Ag', Mg™,
c&', cd’, NiZ', Cf, F€',
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150 4
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1004

Fluorescence Intensity (a.u.)
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On top of the phenomenon above, the competitiorexgnt further verified

13*. With different interfering ions (5

the specific selectivity o8Q and NQ for A
equiv.) aforementioned added into tI8€) and NQ solution, the fluorescence
intensities had no significant effect. Then*Aas added continuously, and the
fluorescence emission data were collected and ritemsity values were compared
before and after the addition of *Al and drastically enhancement appeared, which

illustrated thatSQ and NQ were more intimate to Al in the presence of other
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interfering ions and had excellent fluorescencectility for AI**

ilon(Fig. s8).

In order to investigate the recognition performant&Q andNQ for Al*Y, a
fluorescence titration experiment was performedrifi@uthe titration, fluorescence
intensity ofSQ or NQ augmented with the incremental concentration f5f.AVhen
the AP* concentration reached 2.52 and 5.00 equiv., réspdgc the fluorescence
intensity of SQ or NQ became steady at 505 nm and 509 nm (Fig. 2). This
phenomenon can be explained by the fact that theeistructure usually makes the
fluorescence of the system weak, partly due tarttramolecular -C=N- double bond
isomerization in the excited state [39, 40], andlpalue to the ESIPT [41], in which
protons are transferred from phenol to methylimihatom. But after forming a stable
complex with AP, both processes are inhibited, the molecular rigidctures are
formed, and the chelation between the host andgtlest also made fluorescence
enhancement (CHEF), so that the apparent fluoreseenhanced responses are
captured [42, 43]. According to the fluorescendmtion data, a linear fit with the
Benesi-Hildebrand equation [44, 45] to obtain tbenplex constants (Ka) &Q and
NQ with AI** were both 9.40xT0M™ (Fig. 3), and the detection limits towards’ Al
were 1.48x1T and 4.23x1T M (Fig. s9) (3/S, whereo is deviation of the blank
signal and S is slope of calibration curve), whicht the limit about drinking water
according to the WHO standard (7 4¥) [46, 47].

@ § ®

600
. ~ 5.00 equiv.
4 2.52 equiv. ) i 550

— 500 -]

450 o
400 o
350 o
300+

Fluorescence Intensity (a.u.)
Fluorescence Intensity (a.u.)

Wavelength (nm) Wavelength (hm)
Fig. 2. (a) Fluorescence spectral changes o8(¢3.33x10° M) solution with different ratios of
Al®" (0-2.52 equiv.) added in the DMSQ/®I (1/2, v/v); (b) Fluorescence spectral changehef
NQ (3.33x10° M) solution with different ratios of AT (0-5.00 equiv.) added in the DMSG:®!
(1/2, viv). Insert: error bars were obtained from the standdediation of three replicate
experiments.
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Fig. 3. (a) Linear fitting with the Benesi-Hildemc equation ofSQ and APF* for complexing
constant Kag& 9.40x16 M™ (R? = 0.9934); (b) Linear fitting ofNQ and AF* with
Benesi-Hildebrand equation for the complexationstant Ka= 9.40x16 M™ (R* = 0.9968).

In the UV spectroscopy experiment, as shown in &idreeSQ had three main
UV absorption peaks, and the UV absorption peak®5at nm and 296 nm were
mainly due to intramolecular #* electronic transitions and imines -C=N- structure
while UV absorption at 340 nm was attributed torantolecularz-7* electronic
transitions and OH-C=C-C=N- chromophore. When thecentration of Al" was
gradually increased in theQ system, the three main absorption peak§@fwere
gradually decreased, and new two enhanced absonptiaks were generated at 309
and 387 nm, which was attributed to the effectiombination ofSQ and AP*, equal
absorption points were formed at 302 nm, 325 nm 28l nm, which marked the
equilibrium transition between fre2Q andSQ-Al>*. Similar toSQ, the freeNQ had
three main absorption peaks, the absorption peakRSGnm and 331 nm are due to
the intramolecular m* electronic transition, and the 373 nm was duethe
intramoleculam-n* electronic transition. After Al gradually added to tHeQ system,
the most obvious was the new broadband absorpgak pt 404-450 nm, and the
absorption peak intensity at 373 nm gradually desme, and the equal absorption
points were formed at 349 nm and 395 nm, indicatirggbalance betweddQ and
NQ-AI®*,
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ratios of AP* to NQ (3.33x10° M) DMSO-H,0 (1/2, v/v) solution, inset: color change N6
solution before and after addition of'Ain day light.

3.3. Binding mode studies

In order to explore the complexation mode betw8Enand NQ for Al**, the
Job's curve was first plotted to estimate the ktormoetry of the complexation
between the host and the metal ions, what shouldva® maintaining the total
concentration of A" andSQ or NQ at 1.00x10" M and changing the ratio (1:9-9:1)
between Al andSQ or NQ. The abscissa of largest fluorescence intensipyvegs at
0.5, indicating thathe ratio ofSQ or NQ with AlI** were both 1: 1 (Fig. s10), which
was also supported by HRMS, *Alwas added ir5Q andNQ system and the peaks
were captured at m/z 395.0579 and m/z 445.0732ectsply assigned to
[SQ-AI**+NOs-H'T" and NQ-AI**+NOs-H™* (Fig. s11 and Fig. s12).

IR spectra was then made 80, SQ-AI*" and NQ, NQ-AI** (Fig. s13), and
3452 and 3373 cih were -OH stretching vibration belonging to thermline unit
and salicylaldehyde unit i5Q and NQ, 3203 and 3226 crhwere stretching
vibrations of amide NH, 3054 and 3060 tmwere due to the presence of quinoline
ring, and 1622 and 1655 chwere peaks of -C=0, and 1500 and 1502 'cwere
attributed to the -C=N- extension vibration. Wh&® combined with A}, the
phenolic hydroxyl stretching vibration at 3452 ¢nalisappeared and the peaks at
1622 and 1500 cm also changed significantly, indicating that thepblic hydroxyl
atom, oxygen atom of the -C=0 group and the nitmogeom of the -C=N- group

participated in the complexation with %Al Similarly, whenNQ complexes with AT,
11



the phenolic hydroxyl peak at 3373 €nshifted to 3384 cit, and the -C=N group at
1502 cm* disappeared, the stretching vibration peak at 1865 was transferred to
1610 cm, indicating that the oxygen atom of phenolic hydicayd -C=0 group and
the nitrogen atom of the imine group participatedomplexation with AT

To further explore the complexation patternSgy or NQ with AI**, *H NMR
titration experiment was performed in DMSfsolution. As shown in the Fig. 5, a, b,
and c represented separately the NMR spectrumlpf3, 0.5 equiv. At*, 1.0 equiv.
Al** to theSQ solution. With the gradual addition of % the peak of the probgQ
changed significantly, and the proton signal pe&4k) (of the phenolic hydroxyl group
gradually disappeared, indicating that the O atéphenolic hydroxyl participated in
the coordination with AT. The proton signal peak (H3) of the acidamide el
hydroxyl (H4) signal peak of the quinoline ring dmbt change significantly (the
integral value did not change). The proton signehkp (H2) of the imine group
(-CH=N-) shifted from 8.86 ppm to a high field to88 ppm, indicating that the
nitrogen atom of the imine group took part in tl®mination with Af*. In addition,
combining with HRMS data, we knew that®Aformed an additional coordinate bond
with another oxygen atom through the nitrate anibme same analyzed way was

carried out foNQ and the results were given in the Fig. s14.

H3 H1 H4

¢ -

A

—

N \=0
‘JL_JL_—JW}ULJMJL{ e
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) 1 iyl

Fig. 5."H NMR spectrum of (a%Q, (b) 0.5 equiv. Al" and (c) 1.0 equiv. A added in DMSQd.

]
— — 5

In order to further explore the sensing mechanistwéen the probeSQ or NQ
with AI**, we performed the B3LYP/6-31G(d) method on the 3igm 09 program

for the optimization structures of the proB®, NQ, the complexesSQ-Al*" and
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NQ-AI** (Fig. 6 and Fig. 7). The quinolyl group and the milegroup of the free
probeSQ were not in the same plane with the dihedral aB§ld6° formed, which
was due to the isomerization of the -C=N- doublacd theSQ molecule. Upon
complexation with Al*, the quinoline group and the phenol group formed a
coplanarity with Af* such that inhibition of -C=N- double bond isomatian and
attenuation of the non-radiative transition of ti$€), resulting in enhanced
fluorescence. According to the results of NMR titma experiments and IR
spectroscopy, it was found that *Alformed three coordination bonds with the
carbonyl oxygen atom, nitrogen atom of the imineugr and the oxygen atom of the
phenolic hydroxyl group oBQ. The bond lengths of O-Al N-AI**, and O-AF* were
1.8372, 1.9681, and 1.7709 nm, respectively. Intaad AlI** formed an additional
coordinate bond with another oxygen atom throughnitrate anion. The HOMO and
LUMO orbital energy gaps d8Q before and after complexing Alwere calculated
by DFT. The energy gap difference between HOMO autMO of composite
SQ-AI** (E=1.1070 eV) was much lower than that % (E=3.8708 eV), which
indicated that the free probe and’lend to complex and the thermodynamics of the
complex SQ-AI®" was stableNQ was similar to the coordination & and Af*.
Combining with the above fluorescence and IR spsctpy, HRMS andH NMR
titration, we proposed the possible complexationden@and sensing mechanism

between the probedQ or NQ with AI** and F (Scheme 2).
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Scheme 2. The possible complexation mode and gens@thanism between the prol&€3 or
NQ with AI** and F.

3.4. Determination of AI** in filter paper

In order to explore the field-test performance ofgesSQ and NQ, a simple
and direct filter paper experiment was conductadhe first place, 3L solution of
SQ (0.1 mM) in ethanol was prepared and dropped erfilter paper to give a dark
yellow dot under the UV lamp. Furthermorepll metal ions (0.1uM) to be tested
were covered at the point 80Q. The test method dfiQ was the same &Q. The
final consequence manifested that*’Apresented a change in fluorescent color
different from other metal ions (Fig. 8 and 9), @hilaid a foundation in practical

applications.

Agh Hg" AP* cd®* Li' K° Mn?' zp? Ca¥ H,0

P 0 00O®OCo o

5

Mn2+ Fe2+ Cu2+ Fe3+ Na+ Mg2+ Cr3+ Ba2+ Ni2+ C02+

Fig. 8. Photographic image of metal ions36y on filter paper by UV-light (wavelength 365 nm).
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Fig. 9. Photographic image of metal ionsNb® on filter paper by UV-light (wavelength 365 nm).

3.5. Spectroscopic studies of SQ and NQ on anions

In view of the particular interactior§Q-Al** andNQ-AI** were used as anion
probes to perform anion screening, as shown in Hgdifferent anions F CI', Br,
I”, PO, SGQ*, NO; , HSQ;", SCN, S7, CO™, HCOs, S05°, HSQ, HPOr,
CrO/", SQ*, HPQ*, CH,COO, PPi and citrate anion (0.1 M) were added
respectively taSQ-Al** andNQ-AI** in DMSO-H,0 (1/2, viv) solution to determine
its selectivity for anion, and it was found th&Q-Al**, NQ-AI** produced
fluorescence quenching effect only for different from other anions, the resulting
fluorescence intensity and color of solution weoasistent with the initial fre&Q

andNQ.

(a) 200+ sQl I'SQ) 15Q ) NQ TNG NO
AR AR 600 TAR +APY
g F J ‘ ‘ -
250 _ +F
— o 5004
= <
< =
z ™ L5+AI™, CI, Br, I, CHCOO, SO 2w —
Z + . e S
2 €1 Br 1, CHE00. 50T, 2 L6+AI™, CI, Br, I, CHCOO, SO7,
e S0, PO%, NO,, HSQ;, HSO) , S, = / 2 AT M- et e &
£ 1501 S P [ 0,7 PO’ NO,, HSQ), HSQ;, S,
3 S0, HCO;, €O}, HPQ;, Cro?, = \ : , ,
S . ) N SO, HCO,, CO,, HPO,, CrO.",
§ 1004 SCN, HPOf, PPi and citrate anions § N 3 3 ) HPO,. Cr0,
3 o 204 \\HPO?, SCN, PPi and citrate anions
: 5 AN
“ s L 04 N /
04 0
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Fig. 10. (a) Fluorescence spectral changes oB@l>* (3.33x10° M) solution after addition of
different anions in DMSO-pO (1/2, V/V). Inset: color change &Q-Al** before and after F
added in; (b) Fluorescence spectral changes dfi@e\l** (3.33x10° M) solution after addition
of different anions in DMSO-D (1/2, v/v). Inset: color change of th&)-Al*" solution before
and after Fadded in.

A fluorescence competition experiment was then queréd to detect the
anti-interference recognition ability &Q and NQ to identify F (Fig. s15). The

above anions were added separately in the DMSO-#/2, v/v) containingsQ-Al*,
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NQ-AI**, then F was added to these systems and fluorescence déatacsllected.
The consequence suggesteddfill had obvious fluorescence quenching effect on
SQ-AI** and NQ-AI®**, which exhibited good anti-interference and sélect
recognition ability for F.

The fluorescence titration experiments were perémtronSQ-Al** andNQ-AI**
on F to explore their sensing properties (Fig. 11).dBedly increasing Fin SQ-AI®*
andNQ-AI* (3.33x10° M) solutions respectively and collecting fluoresoe data. It
was found that the fluorescence emission peal&QeAl®*" at 505 nm antNQ-Al®" at
509 nm became reduced, until thedéncentration reaching at 1.88 and 1.68 equiv.,
the fluorescence intensity got equilibrium, whiclasmdue to the Fgradual pulled
Al** out from theSQ-AI®*" and NQ-AI®** complexes and released fr8® and NQ.
This result was proved in HRMS, after addingirF the systems o8Q-Al** and
NQ-AI**, respectively, the peaks 8f) andNQ were captured at m/z 308.1033 and
m/z 358.1190, which were assigned 88+H"] and NQ+H"] (Fig. s16 and Fig. s17).
The detection limits 08Q-AI** andNQ-AI** for F were calculated to be 1.64%10
and 3.58x1T M, respectively (Fig. s18).

(a)

Fluorescence Intensity (a.u.)
Fluorescence Intensity (a.u.)

T T T T 1 T T T 1
450 500 550 600 650 500 550 600 650
Wavelength (nm) Wavelength (nm)

Fig. 11. (a) Fluorescence titration 8®-Al** (3.33x10° M) in the DMSO-HO (1/2, v/v) solution
with different concentration of H0-1.88 equiv.) added; (b) Fluorescence titratidriNQ-AI**
(3.33x10° M) in the DMSO-HO (1/2, v/v) solution with different concentratiafi F~ (0-1.68
equiv.) added. Inset: error bars were obtained ftbe standard deviation of three replicate
experiments.

In the UV-visible titration experiment &Q-AlI*" andNQ-AI** on F (Fig. 12), it

was found that the main absorption peakS@fAI*" at 309 and 387 nm gradually
17



decreased while the Feoncentration increasing in the system, and trsorgition
peaks at 257 and 340 nm increased. The absorpsiak iptensity at 405-450 nm of
NQ-AI** gradually decreased while the peak at 373 nm gthdincreased, and the
peak between 250-349 nm gradually recovered tostmae as fredNQ, which
indirectly proved that the presence of Was to pull A" out in theSQ-AI** and
NQ-AI®" systems, releasing fr& andNQ.

(@) 144 SQ sQ sQ (b) 18- No' (NG) NG

Absorbance
Absorbance

Wavelength (nm) Wavelength (nm)
Fig. 12. (a) UV absorption spectrum changes of taddidifferent ratios of F to SQ-A
(3.33x10° M) DMSO-H,0 (1/2, v/v) solution, inset: color changeSf-Al** solution before and
after F addition; (b) UV absorption spectrum changes afitazh different ratios of Fto SQ-AI**
(3.33x10° M) DMSO-H,0 (1/2, v/v) solution, inset: color changeN®-Al®" solution before and
after F addition.

3+
I

Next, the reversibility of probe8Q andNQ was explored to identify Al and F
(Fig. s19). A¥* and F were alternately added to ti8§ and NQ solutions which
caused switchable fluorescence changes and thessible cycle can be repeated
several times, indicating th&) andNQ can have an "on" fluorescence response to
AI**, while the SQ-AI** and NQ-AI®*" complexes exhibited a "off* fluorescence
response to F After several repetitions, the recognition effiety of the probeSQ

andNQ for AI** and F was still appreciable.

3.6. pH affection to the recognition of SQ and NQ

pH tests was performed @Q andNQ in DMSO-H0 (1/2, v/v) systems (Fig.
s20) to explore their effect on recognition for’Aand F. The fluorescence emission
states ofSQ and NQ were relatively stable at the physiological pH3(®.3 and
6.3~10.3), but the recognition abilities 8® andNQ for Al** were affected in both

high acid (pH < 5.3) and high alkali (pH > 10.3heTrecognition effect 08Q-Al**
18



andNQ-AI** on F was relatively stable. This phenomenon in vitrglaysiological
pH laid a favorable foundation for us to carry ouvivo object recognition, and it is

expected to be applied in food, environment andm@ems.

3.7. MTT assay and Cell imaging

To explore the prospect of application value ofb@®SQ or NQ in organisms,
MTT assay in PC12 cells was preferentially exectibedssess the toxicity & and
NQ to cells at different concentrations 0, 30, 60, 820 uM and the consequence
indicated thaSQ was amicable on cells viability even at high coriaion, butNQ,
to a certain extent, may exist some threat at luighcentration. The fluorescence
imaging experiment was next performed in biologicells. PC12 cells were firstly
incubated with 2QuM SQ and NQ in sterile PBS at 37 °C for 30 min, then were
washed three times with PBS buffer and observedewrd fluorescent inverted
microscope. The bright field image indicated goetl configuration (Fig. 13a and
13g), which did not appear fluorescence in darldf{&ig. 13b and 13h). Then, the
cells culture medium witlsQ and NQ was incubated with 3QM Al 3 for 20 min.
After the incubation, the cells were washed thnees with PBS buffer, and observed.
The cells showed brightness and green fluorescaender dark field (Fig. 13d and
13j). Finally, when we continued to add @M F into the cells for another 20 min,
the fluorescence of the cells in the dark field waenched (Fig. 13f and 13l), which

was consistent with the analysis obtained in auwsriscence spectra.

19



Fig. 13. (a) Bright-field fluorescence microscopiage of live PC12 cells only cultured wiiQ);

(b) Dark-field fluorescence microscopic image of(e) Bright-field fluorescence microscopic
image treated with Al after a; (d) Dark-field fluorescence microscopimage of c; (e)
Bright-field fluorescence microscopic with™ Rreated after c; (f) Dark-field fluorescence
microscopic image of e; (g) Bright-field fluorescenmicroscopic image of live PC12 cells only
cultured with NQ; (h) Dark-field fluorescence microscopic image o©f (i) Bright-field
fluorescence microscopic image with*Atreated after g; (j) Dark-field fluorescence mamopic
image of i; (k) Bright-field fluorescence microseopmage with F treated after i; (I) Dark-field
fluorescence microscopic image of k. Scale barsib0

4. Conclusion

In summary, the probeSQ and NQ based on 8-hydroxyquinoline revealed
sequentially recognition towards Aland F (Aex 405 and 455 nm) with obvious
vision changes of color as well as an ‘OFF-ON-ORBDrescent response in
DMSO-H,0 (1/2, v/v) solution. The detection limits 80 andNQ for AlI** were
1.48x10° and 4.23x1¥ M and for F 1.64x10° and 3.58x1T M, respectively. The
complexation mode between the prob8® or NQ and AF* was inferred by
fluorescence spectra, UV spectra, HRMS and NMRLti@n to obtain a 1:1 complex,

which was through ESIPT and CHEF mechanism. DFgutation also simulated the
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distribution of electron clouds and energy chanfefore and after mating. In
addition, filter paper and cell imaging experimeptsved the probeSQ andNQ had

the potential application value to monitorAnd F in environment and vivo.
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. Two fluorescent 8-hydroxyquinoline-based proB&andNQ were synthesized.
. The probesSQ andNQ for the sequentially detected of%Aknd F in aqueous
solutions.

. The binding modes of probeSQ and NQ with Al**and F had been well
demonstrated by ESI-M$H NMR and DFT calculation.

. The filter paper and cell imaging experiments prbpeobesSQ andNQ had the

potential application value to monitor?Aland F in environment and vivo.
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